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CHAPTER 1 

CEREAL FORTIFICATION: AN OVERVIEW 

James E. Austin 

The Nutrition Problem 

Over half the developing world's population suffers from nutritional
 
deficiency. Table 1. 1 shoiws that over 1. 3 billion of its people do not consume
 
enough calories; of this number, 932 million suffer a daily caloric deficit of
 
more than 250 calories 
(Table 1.2). And where there are calorie shortages,
 
Table 1.3's data suggest, other severe nutrient deficiencies are also likely
 
among people of all income levels.
 

Protein-calorie malnutrition's toll is particularly heavy for young children;
 
it contributes directly or indirectly to 57 percent of the deaths 
of one-to-four year 
olds in Latin America (Berg, 1973). Anemia and vitamin deficiencies are less
 
threatening to life, but they can lead to the severe functional impairment of broad
 
segments of the population. In Guatemala, for example, 78 percent of the popula
tion is estimated to suffer some degree of vitamin A deficiency, which can impair 
vision and, in extreme cases of xeropthalmia, lead to blindness (Austin and 

Ickis, 1974). 

Malnutrition pervades both urban and rural areas. Its etiology most 
frequently, though not always, involves poverty; poor city dwellers and their 
rural cousins are its principal victims. Although the rural malnourished are 
more numerous, Table 1.4's data on West Pakistan suggest that urbanites suffer 
the most severe nutritional deficiencies. 

These statistics reveal awesome human suffering. They also suggest a serious 
erosion in human capital that impedes economic development and socioeconomic 
progress. Clearly, global malnutrition is one of the most pressing problems 
facing the international community. 



Table 1. 1 

Population with Calorie Intake Below Requirements, 1975 

Millions Percentage of
Region of People Total Population 

Asia and 	Far East 924 82 
Africa 	 243 77 

Near East 	 112 51 
Latin America 	 94 36 

1,373 	 71 

Source: 	 Shlomo Reutlinger, Marcelo Selowsky, I. B. R. D. Working
Paper No. 202, December 1975. 

Table 1. 2 
Population with Daily Deficits in Excess of 250 Calories 

Millions Perc-!ntage of
Region of People Total Population 

Asia and Far East 707 63 
Africa 93 61 
Near East 61 33 
Latin America 71 23 

932 	 48 

Source: 	 Shlomo Reulinger, Marcelo Selowsky, I. B. R. D. Working
Paper No. 202, December 1975. 
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Table 1.3 

Caloric and Nutritional Intakes as a Percentage of Requirements Accordin 

to Income: Rio de Janeiro, 1973 

Monthly per Capita Income, in Cruzeiros 

From From From From From From From 
Less 50.00 100.00 150.00 200.00 250.00 300.00 400.00 

Calories and than to to to to to to to Above 

Nutrients Total 49.99 99.99 149.99 199.99 249.99 299.99 399.99 499.99 500.00 

Calories (cal) 
Consumed 1707 1208 1462 1892 1835 1954 1680 2158 1945 2441 
Required 2019 1834 1881 2291 1985 2057 1711 2145 2189 2171 

Percentage of coverage 84.6 65.9 77.7 82.6 92.4 95.0 98.2 100.6 88.9 112.4 

Total Protein (g) 
Consumed 52.3 36.0 43.9 56.3 56.5 61.2 54.0 72.7 55.7 84.8 
Required 46.9 42.1 43.1 53.3 46. F 47.9 40.6 50.1 53.4 51.9 
Percentage of coverage 111.5 85.5 101.9 105.6 120.7 127.8 113.0 145.1 104.3 163.4 

Lipid (g) 
Total 45.5 21.7 36.7 50.9 56.7 55.6 41.8 62.1 58.0 80.1 

Calcium (mg) 
Consumed 370.5 247.8 456.2 345.5 386.7 359.6 500.9 541.4 354.6 419.0 
Required 496.9 515.2 469. 1 478.6 492. 1 500.6 554. 3 570.0 534.3 546.6 
Percentage of coverage 74.6 48.1 97.3 72.2 78.6 71.8 90.4 95.0 66.4 76.7 

Iron (mg) 
Consumed 11.9 8.7 10.1 12.5 13.3 13.7 12.0 17.8 14.2 16.6 
Required 18.5 13.3 18.0 17.1 20.6 19.6 15.9 25.7 19.9 43.0 
Percentage of coverage 64.3 65.4 56.1 73.1 64.6 69.9 75.5 69.3 71.4 i8.6 

Phosphorus (mg) 729.1 496.8 619.0 800.2 811.7 829.8 656.6 1016.0 797.0 1248.0. 

Thiamin (mg) 
Consumed 0.47 0.36 0.40 0.50 0.53 0.53 0.47 0.62 0(46 0.72 
Required 0.80 0.73 0.75 0.91 0.79 0.82 0.68 0.86 ". RR 0.87 
Percentage of coverage 58.8 49. 3 53.3 54.9 67.1 64.6 69.1 72. 1 -2.3 82.8 

Riboflavin (mg) 
Consumed 0.59 0.34 0.50 0.64 0.71 0.68 0.64 0.77 0.67 0.90 
Required 1.10 1.001 1.03 1.26 1.08 1.13 0.94 1.18 1.ZO 1.18 
Percentage of coverage 53.0 34.0 48.5 50.8 65.7 60.2 68.1 65.3 55.8 76.3 

Niacin (mg) 
Consumed 9.5 6.6 8.1 9.9 11.2 11.3 9.3 13.5 9.7 14.0 
Required 13.3 12.0 12.4 15.0 13.0 13. 

r
1 11.3 14.1 14.4 14.3 

Percentage of coverage 71.4 55.0 65.3 66.0 86.2 83.7 82.3 95.7 69.8 97.9 

Ascorbic Acid (mg) 
Consamed 33.0 21.9 Zb.2 29.5 42.9 43.9 40.7 42.3 48.5 53.5 
Required 26.0 24.0 25.2 28.5 26.2 26.1 21.3 28.2 27.1 27.0 
Percentage of coverage 126.9 91.3 104.0 103.5 163.7 168.2 191.1 150.0 179.0 198.1 

Source: Fundacas Getulio Vargos, Instituto Brasilero de Economia, Diui Saode E Statistical Econometrica, 
Pesquisa Sobre Consumo Aligmentar, Rio de Janeiro, 1975 



Table 1.4 

Per Capita Nutrient in Urban and Rural West Pakistan 

Nutrient Urban Rural Recommended 

Calories (cal) 1806 2126 2067-2088 

Protein (g) 58.4 69.8 58.5-59.5 

Fat (g) 41.3 40.8 

Carbohydrate (g) 300.2 369.9 * 

Calcium (mg) 356.6 369.9 465 

Iron (mg) 16.1 20.5 106.6-11.9 

Vitamin A (I. U.) 1610 1731 2985-3042 

Thiamine (mg) 1.59 2.05 0.83 

Riboflavin (mg) 0.64 0.79 0.83 

Niacin (mg) 17.9 21.7 13.7 

Vitamin C (mg) 22.5 28.0 28.2 

Source: 	S. M. Naseem. "Mass Poverty in Pakistan: Some Preliminary 
Findings, " Pakistan Development Review 12: 4 (Winter 1973).
Pp. 317-360.
 

*No recom-ended allowances. 

Fortification as a Solution 

During the past two decades, national governments and international 

agencies have increased their efforts to combat malnutrition. Protein fortifica

tion of cereal grains is one of the many different forms of "nutrition intervention" 

they have pursued. Others include supplemental feeding, nutrition education, 

agricultural production technology, new nutrient-dense processed foods, price 

subsidies, and programs combining improved health care with better nutrition. 

The relative emphasis placed on these interventions has varied by country 

and over time. In the 1960s the belief that the nutritional problem could be 

solved with the right technological solution was dominant. The tendency to settle 

on a single solution was exacerbated by the oversimplification of the world 

nutrition problem as a "protein gap. " In this climate, technocrats seized on 

cereal-grain fortification as the ideal approach. They heralded it, touted 
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it -- and oversold it. Field research in the seventies has revealed that
 
fortification's effect 
is far less dramatic or automatic than they presumed. 

Because of these negligible results, the seesaw of opinion may veer from 
excessive optimism to excessive pessimism. Yet neither extreme is conducive 
to effective nutrition planning, for there is no one solution to the nutrition 
problem. When the teeter-totter comes plummeting down in the other direction, 
the landing is still likely to be unsettling for the riders. Fortification is only one 
of a number of intervention options, many of which can be used together. A
 
planner should view his 
or her task as designing a portfolio of nutrition programs 
that best fits a particular environment and its nutritional problems. Fortification 
may or may not play a role in any one nation's nutrition strategy. 

The widespread belief that some form of fortification may help solve global

malnutrition is 
 evidenced by the World Food Conference's recommendation that
 
countries seriously consider it 
 as part of their nutrition programs. The real
 
question for planners, then, is 
 the desirability and feasibility of fortification
 
intervention for their nations. 
 That issue is the focus of this study. 

Purpose and Scope 

The basic purpose of our research has been to design and illustrate an 
analytical framework for assessing the feasibility of fortification interventions.
 
The study is not normative; it 
 does not conclude that fortification is good or bad.
 
It starts from the premise that it could be either, 
 depending on the situation. 

We have not addressed the strategic question of whether a country should
 
invest in nutrition, nor do we 
deal with the relative attractiveness of 
fortification compared to other nutrition interventions, we presume the desire 
to allocate resources toward nutrition programming. The focal point of the 
analysis is fortification intervention's feasibility. It is this feasibility -- or lack 
of it -- that will be a crucial consideration in the planner's comparison of 
alternative nutrition interventions. 

Throughout this work we use the Joint FAO/WHO Expert Committee on 
Nutrition's definition of fortification: "the process whereby nutrients are 
added to foods to maintain or improve the quality of the diet of a group, a 
community, or a population (1971)." However, our examination is basically 
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restricted to the fortification of cereal grains: rice, wheat, and maize. The
 
cereal grains are the basic foods 
of most of the world. They supply the majority 
of the world's calories and proteins, yet they are deficient in nutrient quality and 
so lend themselves to improvement by fortification. Our methodological 
approach is, however, largely applicable to carriers other than cereal grains. 
We will examine both macro-fortificants (proteins and calories) and micro
fortificants (vitamins and minerals). 

This study began with a literature review. A selective annotated bibliography 
is included in Appendix A for the benefit of other researchers. Harvard 
researchers and their colleagues from sister institutions in Guatemala,
 
Thailand, 
 and Tunisia the:n carried out joint field studies. They used various
 
types of surveys and tests in this 
research. These particular three countries
 
became the objects of our research because they rely on 
the three basic staples
 
and because they were the locations of previous longitudinal studies on the
 
biological effect of protein fortification of cereal grains. 
 Those studies, like
 
this one, were financed by the U. S. 
 Agency for International Development. 

The research methodology of this study was multifaceted. The complex nature 
of malnutrition and the battle against it dictate such an approach. Accordingly,
 
the research team included economists, nutrition scientists, dieticians,
 
medical doctors, sociologists, anthropologists, food technologists, and
 
management specialists. The 
resultant analytical framework therefore 
incorporates a variety of perspectives. The bond holding these disciplines 
together -- the concept of implementation barriers -- here also serves as this 
book's organizing principle. 

Organization 

As with all nutrition interventions, there are barriers to the effective 
implementation of cereal fortification. Identifying, understanding, and evaluating 
each of these obstacles is essential to determining the feasibility of a fortification 
program. 
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The implementation barriers to fortification fall into the following five 
general categories: 

(1) 	 Nutritional need  improved nutrient quality may not alleviate certain 
deficiencies or their causes 

(2) 	 Commodity system structure - the system may limit access to the 
target groups or create excessive administrative problems 

(3) 	 Technology  making and handling the fortificant, or adding it to the 
grain, may be excessively complicated 

(4) 	 Consumer acceptability - fortification may adversely alter the 
cereal's organoleptic characteristics, cooking properties, or cultural 
meaning, thereby generating consumer resistance 

(5) 	 Intervention economics - the cost of fortification may outweigh its 
benefits or may be excessively burdensome to affected groups 

These are the hurdles that must be overcome to achieve feasibility. Each
 
potential barrier has various aspects which determine how 
 seriously it
 
threatens implementation. 
 We must examine each to assess its significance.
 
The following five chapters explore, 
 in turn, the above categories. They 
present an approach and illustrate its relevance with examples from the literature 
and 	from the field research in the three countries. The last three chapters of 
the 	book apply the general feasibility methodology in more detail in examining 
fortification barriers in Guatemala, Tunisia, and Thailand. Different
 
dimensions of the methodology are emphasized in 
 each country analysis because 
the scope of our study did not permit complete definitive feasibility studies. 
Barriers received varying attention so we might test our approach across 
countries and commodities. Even though the country studies are limit, d to 
prefeasibility analyses, we make tentative estimates of the feasibility o' cereal 
grain fortification in each. 

A concluding note on presentation is in order. Our methodology and analyses 
inevitably involve technical discussion. We have attempted to preserve the 
essence and detail of our studies while p,.esenting them in generally understandable 
language. We hope this effort results in a treatment that is of maximum utility 
for specialists and generalists alike. To enahnce the applicability of our method
ology, we have ended the five "barrier" chapters with feasibility questions which 
summarize the key elements of the methodology. 
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In addition, in Appendix S we have combined these check lists as well as 

presented the basic steps in costing out a fortification program so that readers 

can get a quick overview of the study as well as the basic elements needed for a 

feabilility analysis. 
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CHAPTER 2
 

NUTRITIONAL NEED
 

Eileen T. Kennedy
 

Mohammed el Lozy
 

Stanley Gershoff
 

Overview
 

Fortification interventions are undertaken with the belief that, in a given popu
lation, a nutritional need exists and this need can be met by a fortification project. 
Poor nutritional status can be diagnosed through a combination of biochem'cal, 

clinical, dietary, and anthropometric measures. Nutrient deficiency states can 

take many forms. "Micronutrient inadequacies" often present a very clear-cut 

disease state; for example, an insufficient intake of ascorbic acid may result in 

scurvy. "Macronutrient inadequacies" like low intakes of calories or protein 

generally show up in a nonspecific symptom like general growth retardation. 
Nevertheless, any nutrient deficiency will eventually affect the health of the 

individual. 

Some segments of the population have historically been more prone to nutrient 
deficiencies than others. Poverty and malnutrition have been closely related. It 
is not surprising, then, that lower-income groups have exhibited the most severe 

signs of undernutrition (Austin, 1976). Even within the low-income strata, certain 

groups are more "at-risk" of poor nutritional status because of their increased 
nutrient needs. As a general rule, nutrient requirements increase during periods 
of growth. Infants, preschoolers, adolescents, and pregnant and lactating women 

all have relatively greater nutrient needs than the general population -- and it is in 

these individuals that the detrimental effects of malnutrition are most prevalent. 

The high incidence of perinatal mortality, second- and third-degree malnutrition, 
and low birth weight in these groups reflects their particular vulnerability to 
nutritional insult. They are the primary targets for fortification interventions 

(Austin, 1976). 
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Once the nutrient deficiency has been identified, it can be eliminated by adding 

needed substances into a common food. .-Cereals, as the dietary mainstay of a 

large portion of the malnourished poor, are a logical candidate for the fortificants. 

Nutritional Importance of Grains: Role in Country/Region 

Grains are the major calorie source for the world, accounting for 5Z percent 

of the average per capitt intake of calories. In the developing countries, 95 per
cent of the population consumes cereals as its dietary staple (Abbott, 1969). 

There, rice is the predominant cereal grain, followed by wheat, maize, millet, 

and sorghum (Abbott, 1969).
 

The preference of dietary staple varies from area to area. Asians and 

Africans derive 60 to 75 percent of their caloric intake from cereals, whereas 

Latin American consumption is at approximately 50 percent of total calories 

(Milner, 1974). Table 2. 1 lists grain consumption patterns in major regions of 

the world. Rice, it shows, is the predominant staple in Asia. 

Wheat represents a high proportion of the diet of the Near an( Middle East. 

Bread and other wheat products provide 70 percent of the calories for inhabitants 

of these areas. In some of the rural regions of Iran, wheat products provide as 
much as 85-95 percent of total daily calories (Sen Gupta, 1962-67). 

Corn is the least globally-significant of the three major grains. Although 

fifty countries average an intake of less than 100 grams per person per day, four

teen countries consume 350 grams per capita. Corn is the primary cereal con

sumed in Latin America (Bressani et al., 1972). In Mexico, for example, corn 

provides 43 percent, wheat 8 percent, and rice 2 percent of the total calories. 

In the typical dietary pattern of low-income groups in developing countries, 
the staple grain is only occasionally supplemented with vegetables and inexpensive 

bits of fowl, meat, or fish (A. I. D., 1973). The diet has limited variety, and so 

the cereal becomes the main source of protein as well as of calories. 

In general, cereals provide 47 percent of the per capita protein intake of 
developing countries (F. A. 0., 1965). It has been estimated that bread is respon

sible for 83 percent of the protein intake in the Middle East. Corn provides 

44 percent of Mexico's protein, and rice contributes approximately 58 percent 

of the protein consumed in Thailand. Thus, rice, corn and wheat -- generally 
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Table 2. 1
 
Calorie Levels per Capita and Percentage of Calories from Food Groups by Subregion in
 

Ascending Order of Percent of Calories from High Carbohydrate Foods, 
Average 1959-6al
 

Subregion 
Calorie 
Level 

High 
Carbohydrate 
Foods Wheat Rice Corn 

Other 
Grains 

Other 
Starchy 
Crops 

Pulses 
and 
Nuts Sugar 

Vegetables 
and Fruits 

Fats 
and 
Oils 

Meat. 
Fish. 
Eggs 

and Milk 
Products 

No. % % % % ____ % 0 % % 

United States 3,190 40 17.4 0.9 2.0 0.5 3.1 3.3 15.7 6.2 20.5 16.9 13.5 
Canada 3.100 42 18.8 0.6 1.0 0.9 4.5 1.9 16.3 4.8 15.1 22.0 14.1 
Oceania 3,260 43 25.2 0.6 0.3 1.0 2.7 1.3 13.4 4.7 14.3 24.8 11.7 
Northern Europe 3,060 48 23.4 0.6 0.4 3.6 6.9 1.7 1,.4 4.5 17.8 16.4 11.3 
River Plate 3,200 56 33.2 1.7 1.2 1.1 6.0 1.0 12.4 3.3 12.5 Z.1.0 6.6 
Southern Europe 2.720 60 40.1 2.4 2.5 1.3 6.0 4.4 7.6 7.4 15.6 6.9 5.8 
Eastern Europe 3,000 66 32.1 1.0 5.7 10.8 7.8 1.3 8.5 2.9 11.4 11.9 6.6 
Central America
and Caribbean 2,240 69 8.8 9.4 19.2 3.8 12.7 5.9 15.0 4.2 8.6 7.4 5.0 
Mexico 2,580 70 11.1 1.6 42.0 0.2 1.8 8.0 13.0 2.8 8.1 6.1 5.3 
Other South America 2,260 70 16.9 5.9 13.8 2.2 15.5 3.9 15.9 3.9 7.5 9.0 5.5 
Brazil 2.710 71 8.6 14.5 11.0 0.2 20.9 8.9 15.4 2.3 5.9 8.4 3.9 
Southern Africa 2,670 72 14.0 1.1 39.1 2.5 1.1 1.7 14.0 2.4 5.3 12.4 6.4 
West Asia 2,350 72 48.0 4.2 4.2 4.6 1.6 4.1 9.4 7.6 8.1 4.0 4.2 
USSR 3,040 73 35.7 0.8 0.4 16.5 9.9 1.4" 9.8 1.9 8.9 8.1 6.6 
North Africa 2,210 73 26.4 3.1 7.6 28.6 1.3 5.7 6.1 6.1 6.0 4.3 4.8 
India 2.060 74 11.3 33.1 4.0 15.0 2.6 13.2 8.2 2.0 4.2 0.9 5.5 
Japan 2,360 78 11.7 46.9 -- 4.6 7.7 5.9 6.7 4.2 5.0 5.0 1.4 
Other EastAsia 2,150 78 1.8 50.1 7.1 0.6 12.7 6.6 5.2 5.4 5.7 4.1 0.7 
Other SouthAsia 2,120 79 19.4 47.1 1.9 3.0 1.0 5.9 6.7 3.6 4.0 3.0 4.4 
West Central Africa 2.460 81 1.2 -. 7 10.0 17.2 45.3 6.5 1.5 1.0 9.0 2.0 0.6 
East Africa 2.390 83 2.3 b.4 34.1 21.8 12.4 6.5 4.3 0.8 3.4 3.6 2.4 
Communist Asia 1.790 87 12.2 44.3 -- 18.1 11.1 5.9 1.2 1.7 3.1 2.3 0.1 

Source: aEconomic Research Service (1964). The World Food Budget, 
Agriculture, Washington, D. C., October 1964. 

bCereals, sugar, and other starchy crops. 

U. S. Department of 



thought of as calorie, providing foods -- are actually key protein sources for two
thirds of the world's population (Shertz, 1970). The greater the diet's dependence 
on cereals and cereal products, the more likely that a protein-deficient diet will 

also be deficient in calories. 

Limitations of Cereals as Protein Sources 

Although grains serve as primary sources of calories and protein for a major 
part of the world's people, cereals have nutritional shortcomings. The nutritive 
value of cereal protein is inferior to that of the higher quality protein of milk, 
meat, and eggs. This superiority of animal proteins has usually been attributed 
to their better ratios among the essential amino acids (Swendseid, 1969). Another 
reason for the superiority of animal protein is that essential amino acids form a 
higher proportion of its total amino acids than in plant protein. essen-The eight 
tial amino acids plus arginine, histidine, cystine, and tyrosine comprise more 
than 62 percent of the total nitrogen in egg protein. In corn, the figure is only 

48 percent. 

The efficiency with which cereal proteins will promote growth and maintain 
body tissue is a function of their quantity and quality. 

The absolute amount of protein in cereal grains is low, averaging between 
8 and 12 percent of total calories. Rice, however, contains only 7 percent 
protein. Corn has slightly less protein than wheat. A comparison of the protein 

content of the major grains is shown in Table 2-2. 

The quality of any protein source is determined by the essential amino acid 
content. All essential amino acids must be present and in the proportion neces
sary to optimize tissue growth and maintenance. 

Infants need approximately 2g of protein/kg of body weight, whereas adults 
only 0. 5g of protein/kg body weight (El Lozy and Hegsted, 1975). In addition, 
37 percent of the infants' total protein need must be supplied by essential amino 
acids; in adults, amino acids must supply only 15 percent of the total protein. 
Infant growth demands more total nitrogen and essential amino acids. If a grain 
lacks one or more essential amino acids, then they become the limiting factor 

in the use of other amino acids. 
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Table 2. 2
 
Relative Nutritive Value and Utilizable Protein in Various
 

Protein Sources 

ValuesbLiterature 
Relative a Based on Based on Based on

Protein Nutritive Utilizable FAO Amino Milk EggProduct Content Value Protein Acid Pattern Protein Protein NPU 

Lactalbumin 77.60 100 77.6 
Defatted egg 63.00 63.099 100 90 100 100 
Casein 86.30 75 64.6 80 75 60 72 
Fibrin 87.40 89 77.7
 
Fish protein concentrate 81.10 77 62.5 70 
 70 75 83
 
Cottonseed flour I 
 58.90 66 38.9 70 95 80 66 
Cottonseed four II 51.60 48 24.8 
Cottonseed flour III 37.70 65 24.5 
Soya flour, heated 51.90 60 31.1 70 85 
 70 56
 
Full fat soya 39.40 58 22.9 
Wheat gluten 71.00 24 17.0 40 40 40 37
 
Peanut flour 
 48.40 54 26.1 60 80 70 48 
Rice flour, high protein 19.10 44 8.4 70 75 75 57 
Sorghum 1 9.FO 31 3.0 70 60 
 60 56
 
Sorghum II 12.80 
 26 3.3
 
Sorghum IIJ 12.40 34 
 4.2
 
White flour 13.75 28 3.8 50 50 50 52 
Rice 8.30 50 4.2 70 75 75 57 
Corn meal 7.95 37 3.0 40 40 45 55 

a RNV x percent protein. 

bSource: World Health Organization, (1965) Protein Requirements. 

Report of a Joint FAO/WHO Expert Committee, WHO Technical
 
Series No. 301, World Health Organization, Geneva.
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The calories from human breast milk are only 5 to 6 percent protein, less
 
than the amount found in most cereals. But the milk protein is of greater value
 
because it is of significantly higher quality.
 

There are essentially two different approaches to the assessment of protein 
quality. The first is to compare the amino acid composition of proteins or diets 
with the amino acid pattern required by man, the so-called amino acid score 
(El Lozy and Hegsted, 1975). This is a most attractive approach, but unfortunately 
our knowledge of human amino acid requirements is very imprecise at present. 
Indeed, Irwin and Hegsted (1971), after reviewing the available literature on
 
amino acid requirements, concluded that "For most of the amino acids the esti
mated requirements may be no more accurate than k 50 percent. 
 Furthermore,
 
we know very little about the amino acid requirements of children after the first
 
few months of life. The FAO/WHO recommendations (1973) seem to assume that 
their needs are similar to those of infants, whereas one theoretical model (El Lozy 
and Hegsted, 1975) suggests that by the age of two years the amino acid require
ments of children may be close to those of adults.
 

The second approach is to assay protein biologically by their growth-promoting 
effect in rats. The most widely used methods are the Biological Value (B. V.), Net 
Protein Utilization (N. P. U. ), and the Protein Efficiency Ratio (P. E. R.). -:,ecently, 
Hegsted, (1974) has criticized these methods and suggested a more sophis
ticated (and more time consuming) method of slope ratio assayrs, leading initially 
to what they call the Relative Nutritional Value (R. N. V. ) and more recently to a 
slightly different Relative Protein Value (R. P. V. ). 

The result of this research is that the term "protein quality" is almost mean
ingless in isolation: any meaningful statement must discuss both the quality and the 
method of assay used. We have noted the difficulty in comparing a protein with 
human "requirements"; the same problem occurs with rats because different 
methods give different results (Miller, 1977). Furthermore, the weanling rat 
is not really a suitable model for human protein requirements since it uses about 
80 percent of dietary protein for growth, whereas in a child over two years the 

figure isaround 10 percent. 

Finally, an added complication is that the response of animals to lysine
 
deficiency is different from their response to deficiencies of other essential amino 
acids. Recently this difference has been attributed to a mechanism that causes 
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the main enzyme responsible for the degradation of lysine to decrease in animals 

fed diets low in lysine (Chu and Hegsted, 1976). This mechanism does not operate 
in the case of threonine, and it is not known whether it operates for any other 

essential amino acid. 

Bearing these reservations in mind, it is interesting to see how various 
cereals compare to each other and to animal proteins when measured by these 
different methods. Table 2. 3 summarizes the amino acid score of rice, wheat, 
and corn as compared to the reference amino acid pattern of milk and other high 

quality proteins. 

Table 2. 3 
Amino Acid Score of Common Foods 

Protein Amino Acid Score 

Whole Egg 100 

Human Milk 100 

Cow's Milk 95 

Soya Bean 74 

Milk 

Flour 

Toasted Grits 

Sesame 50 
Groundout 65 

Cottonseed 81 

Maize 49 

Millet 63 

Rice, Polished 67 

Wheat, Whole 53 

Source: World Health Organization, 1973. Energy and 
Protein Requirement. Report of a Joint FAO/
WHO Ad Hoc Expert Committee, WHO Tech
nical Series No. 522, World Health Organiza
tion, Geneva. 
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Table 2.2 compares the Relative Nutritive Value (R. N. V. ) for rice, wheat,
 
and corn. The R. N. V. of rice is high in comparison to the other grains. Its
 
higher lysine values account for rice's better score.
 

The amount of usable protein available from cereal grains is the product of 
the quantity of protein present and its quality. Therefore, although the protein 
quality of rice is high, its nutritive value as usable protein is low because of the 
small quantity of protein present. Table 2.4 illustrates the usable protein avail
able from two thousand calories of wheat, maize, and rice. A total of 67. 2 grams 
of wheat protein is available, but with protein quality scoring 40, the net usable 
protein is only 26. 9 grams. Similar calculations can be made for corn and rice. 

From a practical standpoint, the low amounts of usable protein in cereal 
grains suggests that large amounts must be eaten to achieve recommended amounts 
of protein. The FAO/WHO Joint Committee on Energy and Protein requirements 
(1973) has stated that it is possible to obtain useful amounts of protein from cereals 
if they are consumed in sufficient quantity. Bolourchi et al (1968) have demon
strated the possibility of maintaining a positive nitrogen-equilibrium in adults and 
in children aged seven and older with a diet based almost exclusively on a single 
cereal protein. However, this feat may not be possible for other groups in the 
population. Consuming enough vegetable protein to meet protein and lysine require
ments is difficult for infants and preschool children because of sheer volume of 
food required. Graham et al, (1969) have estimated that a one year old infant of 
10 kg with a lysine requirement of 9 mg/kg of body weight/day and a caloric 
requirement of 90 K calories/kg of body weight/day, consuming as his only source 
of protein a wheat flour with 11 percent protein and 2.5 grams lysine/100 grams 
protein, would have to consume 327 grams of flour daily to satisfy his lysine 
requirement. Even if he could consume and digest such a volume of food (which 

is impossible), he would become obese because of excess caloric intake.
 

Rice-
 and corn-based diets run up against similar bulk constraints. A rice 
diet is generally considered in,-aquate for normal growth in infants and toddlers 
(Huang and Tung, 1971). Here again, the protein content of the rice is low and 
it is deficient in lysine and theonine. It would be difficult for a weaning baby to 
eat enough rice to meet its protein requirements. A ten-month infant would have 
to consume 232 grams of rice per day to meet that requirement. Studies carried 
out in India show that children who were fed rice diets grew less well than those 
given protein-supplemented rice diets (Huang and Tung, 1971). 

18 



Table 2.4 

Nutritional and Economic Evaluation of Cereal Protein Enrichment 

Product tombinations giving 2000 kcal per day 

Total Usable 
Cereal Protein Che...Lcal Protein 
Product (gin) Supplement (R-) (gmia Score Igmi)c 

1 2 3 4 5 6 7 

Whole wheat 951 - 67.2 40 26.9 

551 Lysine-tIOL 0.79 68.0 52 35. 3 

523 Soybean flour 2Z.9 75.3 47 35.4 

5Z4 Skim milk powder 26.6 73. 5 48 35. 3 

529 Meat 35.5 73.6 48 35.3 

527 Fish 36.3 73.0 49 35.8 

Wheat flour 542 49.9 26 13.0 
(60-70 per- 54Z Lysine-HCL 1.09 51.0 48 24.5 
cent extrac

tion rate) 507 Soybean flour 29.0 61.1 41 Z4.5 

506 Skim milk powder 36.1 59.6 42 25.0 

514 Meat 45.8 58.9 42 24.7 

513 Fish 44.6 57.9 4Z 24.3 

548 FPC Z.5 69.3 51 35.4 

Bulgar 542 60.7 37 22.5 
(parbotled 
wheat) 

542 Lysine-HCL 0.76 61.5 50 30.7 

515 Soybhan flour 22.5 68.9 45 31.0 

515 Skim milk powder 27. ? 67.5 46 31.0 

520 Meat 36.0 67.4 46 31.0 

521 Fish 32.5 66.2 47 31.1 

Maiz. meal 532 50.5 38 19.2 

532 Lysine-HCL 0.97 51.5 59 30.4 

499 Soybean flour 28.3 61.5 50 30.8 

497 Skim milk powder 35.6 60.0 51 30.6 

504 Meat 46.7 59.7 51 30.4 

503 Fish 45.4 58.7 52 30.5 

Rice, 543 36.4 51 18.6 

polshed 543 Lysine-HCL 0.42 36.8 63 23.2 

532 Soybean flour 9.4 40.4 58 23.4 

53Z Skim milk powder 11.0 39.6 58 22.9 

533 Meat 17.3 40.1 58 23.3 

533 Fish 16.7 39.7 58 23.0 

Rice, 543 38.6 50 19.3 
parboiled 543 Lysine.-HCL 0.85 39.4 73 29.9 

509 Soybean flour 28.5 50.4 61 30.8 

508 Skim milk powder 35.0 48.7 63 30.7 

516 Meat 45.0 48.0 64 70.7 

515 Fish 43.0 47.1 65 30.6 

Z4,Content of foods and biological data on proteins. FAG Nutritional Studies No. 

Rome. 
bPercentage of the first limiting Amino Acid to the Reference protein. World Health Organization (1973), Energy and Protein 

Notes: 	 aAnalytical Data: FAG (1970) Amino Acid. 

Requirements Report of a Joint FAO/WIIO Ad Hoc Expert Committee WHO Technical Report. Series No. or He t 

rantzation, Geneva. 

Source: 	 Adapted from a table of Dutch State Mines, Agriculture, and Food Prodacts Division, Heerlen, The Netherlands, 

November 1968. 
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Corn has identical handicaps. To maintain a positive nitrogen balance, a 

10 kg child requires 338 grams of maize per day, which is the equivalent of what 

a Guatemalan adult would consume (Bressani et al., 1972). This amount of corn 

is difficult for a child to digest. 

Discussion thus far has centered on the protein and amino acid limitations of 

grains. However, because staple cereals are the primary food consumed, they 

supply the major portion of calories and protein and also contribute a significant 

proportion of the vitamin and mineral content of the diet. 

A diet of limited variety based solely on one cereal may precipitate a micro

nutrient deficiency. A study in rural Iran (Maltloudji et al., 1975) of children 

between 6 and 12 consuming a cereal-based diet found that 48 of 59 with a sub

optimal concentration of plasma zinc. The authors suggest that the pathogenesis 

of malnutrition may be due to insufficient zinc intake. Zinc insufficiency has been 

shown to decrease the net synthesis of DNA, RNA, and protein; inadequate growth 

may point to a deficient micronutrient intake. An inadequate intake of zinc might 

negate the beneficial effect expected of lysine fortification. In the case of zinc, 

34 percent of Tunisian children studied had hair zinc levels significantly below 

the normal or less than 75 ppm (Dept. of Nutrition, Harvard, 1976). 

These micro-level deficiencies are probably exacerbated by the high phytate 

and fiber content of local grains. The concurrence of iron-deficiency anemia 

despite the high iron content in the diet of a rural Iranian population is attributed 

to the substantial intake of phytate supplied by unleavened wheat bread 

(Haghshenass, 1972). 

Unlike other endeavors, fortification projects have alleviated micronutrient 

deficiencies. The erradication of endemic goiter in parts of Africa and the United 

States by iodinization of salt is but one example. 

Nutritional Impact Rationale for Fortification 

The nutritional status of populations consuming a diet based primarily on 

cereal does not seem adequate. Reports from countries where rice, corn, or 

wheat is the staple consistently show a high prevalence of protein-calorie mal

nutrition (PCM) among infants and preschool children of low income groups 

who are unable to supplement the staple with adequate quantities of other foods 

(Hedayat et al., 1973). The prominence of cereal grain proteins in the world's 
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diet raises concern that these plant proteins are not enough for normal growth and 
development. 

Fortification is one means of combating both macro- and micro-level nutrient 
deficiencies in particular foods. The nutrients employed as the fortificant can be 
protein, amino acids, vitamins, minerals, or fat. The primary rationale for 
balancing deficient amino acid patterns by fortification is that it increases protein 
use without increasing the volume of food (Altschul, 1969). Fortification of a food 
with amino acids eliminates or reduces the deficiency of the limiting amino acid in 
a diet. This approach has the practical advantage of selectively improving the 
protein component of the diet without changing eating patterns. 

If one is willing to make certain assumptions, improvements possible by 
fortification with limiting amino acids are impressive. The addition of a limiting 
amino acid can increase the biologically usable protein. The data in Table 2. 5 
show that the usable protein in 100g of wheat can be increased over 60 percent by 
the addition of 0. 2g of lysine • HC1. 

Milner (1974) estimates that the entire food supply of a country like Tunisia
 
can be improved by adding lysine to the wheat flour which is 
 its major source of 
protein and calories. Assuming an annual consumption of one million tons of 
wheat, Tunisia would gain the equivalent of 20, 000 tons of high quality protein by 
adding lysine at 0. 3 percent of the weight of wheat. Likewise, the usable protein 
of rice in a Thai village could be improved by the addition of 0. 3 percent lysine 
and 0. 1 percent theonine at the mill (Gershoff, 1975). Guatemalan villages' corn 
would be more nutritious if 0. 1 percent lysine and 8 percent soy flour were added 
to it (Chopra, 1974). Thus, amino acid fortification can increase usable protein 
without requiring an increase in grain consumption. 

Much of the interest in amino acid fortification stems from early experimental 
work on animals. Osborne and Mendel (1914) showed poor growth and low protein 
efficiency ratio (P. E. R. ) values where wheat protein was the sole source of protein 
fed to rats. This finding has been repeatedly confirmed in the last fifty years, 
not only in the case of wheat but for all cereals. The extensive literature on this 
subject has been reviewed by Jansen (1974). The results are often difficult to 
interpret, as many of these experiments were carried out under conditions so 
artificial that they are not much more relevant than rat studies and dealt with very 
small numbers of children. We will nevertheless review a few representative 

studies. 
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Table 2. 5 

Supplementary Effects of Amino Acids and Protein Concentrates 
on Cereal Proteins 

Exp. Protein Utilizable 
No. Products 	 Content RNV Protein 

Percent Percent Percent 

White flour 13.75 24 * 1.5 3.2 
White flour + 0.2 L-lysine . HCl 13.94 38 * 1.7 5.3 
White flour + 5 percent fish flour 16 66 42 * 1. 1 7.0 

11 White flour 1s.75 29 1.7 4.0 
White flour + 0. 5 percent lysine 14.25 46 - 1.3 6.6 
White flour + 0. 5 percent lysine + 0. 3
 

percent DL-threonine 
 14.55 56 * 1.5 8.2 
White 	flour + 0.5 percent lysine +0. 3
 

percent DL-theonine + 0. 3 percent

methionine 
 14.85 57± 1.5 8.4 

Whole wheat flour 16.03 33 * 1. 1 5.3 

111. White flour 13.75 29 * 2.1 4.0 
White flour + 0. 3 percent lysine 14.00 50 + 1.7 7.0 
White flour + 0. 3 percent lysine + 

0. 15 percent DL-threonine 	 14. 15 53 ± 2.2 7.5 
White 	flour + 2 percent protein from fish
 

flour 
 15.75 46 1 2.8 7.2 
White 	flour + 2. 8 percent protein from soy


protein concentrate 
 16.56 48 k 2.6 8.0 

IV White bread 13.40 27* 1.8 3.6 
White bread (88. 8 percent) + peanut butter 

(11.2 percent) 	 15.30 27 * 1.8 4.1 
White bread (92. 2 percent) + skim milk

powder (7.8 percent) 	 15.00 40 * 1.0 6.0 
White bread (81. 0 percent) + peanut butter 

(10. 8 percent) + skim milk powder
(8. 1 percent) 	 16.80 41 * 1.4 6.9 

V White rice 8.30 50*2.5 4.2 
White rice (90. 6 percent) + beans 

(9.4 percent) 9.60 58 * 1.8 5.6 
White rice (83. 7 percent) + beans 

(9.4 percent)+ skim milk powder 
(6. 8 percent) 11.30 70* 1.9 7.9 

VI Yellow corn meal 7.95 37 ± 2.6 3.0 
Yellow corn meal + 0. 1 percent tryptophan 8. 01 37 * 2.6 3.0 
Yellow corn meal + 0.3 percent lysine 8.31 45 * 2.7 3.7 
Yellow corn meal + 0. 1 percent tryptophan +

0. 3 percent lysine 8.37 61 - 1. 7 5. 1 
Yellow corn meal + 0. 1 percent tryptophan +

0. 3 percent lysine + 0. I percent threonine 
+ 0.1 percent isoleucine 	 8.51 67 * 1.3 5.7 

Source: 	 Hegsted, D. M. 1969, Nutritional Value of Cereal Protein in Relation to Human 
Needs. In: Protein Enriched Cereal Foods for World Needs Ed. by M. Milner,
American Association of Cereal Chemistry, St. Paul. Minnesota, Pg. 38. 
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Graham and co-workers (1969) conducted one such study at the British-
American Hospital in Lima, Peru. They measured nitrogen retention in six 

infants aged II to 48 months who were recovering from Protein Calorie Malnutri

tion (PCM). Their dietary protein was supplied by wheat. Protein intake was 
1. 5 to 2. 0 g/kg body weight/day with adequate caloric intake. They concluded that 
a 0. 12 percent lysine enrichment of white wheat flour would significantly enhance 

its protein value and increase rates of weight gain and nitrogen retention in 

growing infants. 

Pereira and co-workers (1969) studied the effect of lysine supplementation of 
wheat on the growth of preschool children in South India. They found a moderate 
but significant increase in the height of children consuming lysine-supplemented 

wheat compared with children in a control group who continued using unsupple

mented wheat. 

Huang and Tung (1971) provided rice diets supplemented with lysine and
 

threonine to infants aged 6 to 12 months. The protein level in their diet was
 
1. 32g percent wet weight and its caloric value was 79 kal/100g. The authors 
found that four out of five infants older than 7 months grew normally for one to four 
months with this diet. However, they cautioned that it may be too early to conclude 
that rice supplemented diets are adequate for feeding infants. Evidence from 
other studies has shown that in human experiments wheat (Hoffman and McNeil, 
1949; Cremer et al, 1951; Rice et al, 1970; Bressani et al, 1960), rice (Handley 

et al, 1957; Parthasarathy et al, 1964; Bressani, 1969) and corn (Truswell and 
Brock, 1961; Gomez et al, 1957), protein can be improved by the addition of 

lysine, theonine, and tryptophan. 

Other studies, however, have failed to demonstrate such positive effects. 
Reddy (1971) conducted nitrogen balance studies in six children aged 2 to 5 years 
who were moderately undernourished but did not show signs of severe PCM. 
The test diet consisted of 2. 0 grams of protein/kg of body weight - supplied solely 
by whole wheat - and 100 kcal/kg of body weight. The experimental diet, supple

mented with lysine, contained 72 mg of lysine/kg of body weight; the unsupple
mented diet had 56 mg of lysine/kg of body weight. Both diets were 10. 7 percent 
protein. Reddy alternated his subjects randomly between the unsupplemented and 

supplemented diets. In all subjects he found that nitrogen retention remained 
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largely the same despite diet; the children gained weight. The lesson of this 

study appears to be that supplementing wheat with lysine at a 0. 1 percent level 

does not promote greater retention of nitrogen. 

Results were similar in Abernathy's study of sixteen healthy 7-to-9-year-old 

girls (1972). His addition of the three amino acids he calculated to be the most 

limiting failed to raise apparent nitrogen retention above the level observed for a 

group receiving the same basic diet plus an iso-nitrogeneous amount of ammonium 

citrate. 

In Iran, Hedayat et al, (1975) monitored the effect of lysine fortification of 

bread in three groups of children. One group received a free school lunch without 

lysine fortification; the second group received a free lunch with lysine-fortified 

bread; and the third group, receiving no school lunch, served as a control. 

Children in both groups eating the school lunch had greater increases in height 

and weight than the control-group children. Apparently the lunch itself, not the 

lysine supplement, was the determining variable. 

The lysine supplementation of the diets of rural Haitian school children did 

not produce increases in height and weight greater than those that occurred in a 

control school (King et al, 1963). 

Finally, although Graham's study (1969) shows positive results, he notes that 

unsatisfactory results have been found in the treatment of marasmic infants. 

He suggests that mixtures of wheat and soy are not adequate sources of protein 

for malnourished or sick children. 

In view of these conflicting results, the United States Agency for International 

Development (USAID) decided to resolve the controversies about fortification with 

field trials of sufficient scale and duration and under sufficiently realistic condi

tions to produce convincing results. Three large scale trials were organized 

involving the fortification of wheat with lysine in Tunisia, of rice with lysine and 

threonine in Thailand, and of corn with lysine and tryptophan in Guatemala. The 

Guatemalan study produced very slight evidence of a decrease in morbidity and 

mortality rates, and the Tunisian and Thai studies showed no detectable beneficial 

effects at all. 
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Impact Limitations 

To evaluate the potential effects of amino acid fortification projects, a planner 

must consider several factors simultaneously. First of all, it is important to 

remember that amino acid fortification can only improve the nutritional value of 

protein by increasing its usable protein; it cannot increase the total quantity of 

protein, nor can it increase a diet's total calories. Improved protein quality will 

not reverse a negative nitrogen balance caused by inadeqiate caloric intake. 

Therefore, although enhanced protein quality may improve a negative nitrogen 

balance, it cannot totally reverse a negative nitrogen balance precipitated hy an 

inadequate energy intake (Swendseid, Harris, and Tuttle, 1969). In their review 

of wheat supplementation efforts, Vaghefi et al (1974) emphatically state that 

adequate caloric intake is a precondition of an accurate evaluation of lysine

fortified wheat products. Under no circumstances, they maintain, will improve

ments in protein quality be of any significant value unless calorie intake is 

sufficient to meet energy demands. The message is clear: in the face of caloric 

insufficiency, do not fortify with amino acids. 

Srikantia's surveys (1969) among Indian preschool children indicate that their 

primary dietary problem is a caloric deficiency of approximately 20 to 30 percent. 

Furthermore, Reddy (1971) has stated that when a preschool child consumes 

enough wheat to meet its protein needs, his lysine needs are also met. 

El Lozy and Hegsted (1975) are now suggesting that the protein reqairements 
for growth may represent, after the first one or two years, only a very small 

proportion of total protein needs. Table 2. 6 presents the percentages of protein 

required for growth. It demonstrates that growth needs fall rapidly with age and 

become similar to the adult pattern between ages 1 and 2. These data indicate 

that preschoolers' protein needs, especially for essential amino acid requirements, 

may be much smaller than once assumed. 

Data from a survey of dietary habits in Guatemala (INCAP, 1965), indicate 
that caloric intake in low-income groups at 86 percent of requirements is more 
limiting than protein intake at 118 percent of requirement. In a recent article, 

Hegsted (1976) comments that low total food intake is universally observed in 
countries where malnutrition exists. It is unclear whether protein-requirement 

standards are applicable when energy intake is below the recommended level. 
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Table 2. 6
 

Percentage of Protein Required for Growth and Essential Amino
 
Acids per gram Protein at Different Ages 

Percentage Protein Essential Amino Acids 

for Growth (mg/g Protein) 

Age 

M F M F 

Months 

0-2 50 373 

3-5 43 343 

6-8 27 272 

9-11 19 235 

Years 

1-2 13 210 

2-3 11 199 

3-4 9 193 

4-5 8 189 

5-6 10 195 

6-7 10 195 

7-8 10 194 

8-9 8 189 

9-10 9 190 

10-11 8 12 186 203 

11-12 9 11 192 201 

12-13 11 14 199 215 

13-14 15 11 218 200 

14-15 13 7 210 182 

15-16 10 4 194 167 

16-17 7 2 181 160 

17-18 3 2 166 160 

Adult 0 0 152 152 

Source: El Lozy, M. and D. M. Hegsted, 1975, "Calculation of the 
Amino Acid Requirements of Children at Different Ages by 
the Factorial Method. " American Journal of Clinical Nutrition 
28:1052. 
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Scrimshaw et al (1973) have published data indicating lysine supplementation 
may be beneficial despite inadequate caloric intakes. Over two months they 
studied sixteen healthy male students on an adequate and inadequate (20 percent 
less than recommended) caloric intake. Lysine supplement of wheat gluten was
 
their sole protein source. 
 Lysine fortification significantly improved the use of
 
wheat protein even at the lower level of caloric intake in 
 subjects undergoing loss 
of weight. Raising caloric intake from an inadequate to an adequate level increased 
nitrogen retention even more. The study results show that even at inadequate
 
caloric intake, the use of wheat protein in adult subjects can be improved by
 
supplementing the diet with the limiting essential amino acid.
 

In his discussion of these results, Scrimshaw underscores that a population's
 
caloric intake is classified as inadequate on the basis of a comparison with
 
established requirements, not with actual needs. Individuals customarily con
suming diets providing markedly less energy than the suggested allowance must 
reduce their physical activity and perhaps make metabolic adaptations to survive. 
Thus, although a diet might by reference standards be deficient, over a prolonged 
period it must correspond to individual, actual energy expenditure. 

It is important to note that the beneficial effects of lysine supplementation 
despite inadequate caloric intake was demonstrated in adults. Infants and pre
school children, however, have greater protein and energy requirements because 
they are growing. The evidence in toadult studies does not permit extrapolation 
younger age groups. To date, there are no data suggesting that young children 
can attain a positive nitrogen balance on an inadequate caloric intake. 

A second consideration in evaluating the feasibility of fortification projects 
are the public health implications. The ability to use dietary protein is affected 
by health and malnutrition is unfortunately often associated with infection 
(Scrimshaw, 1968). The effectiveness of amino acid fortification can be lessened 
or totally negated by acute or chronic infections. They can induce a reduction of 
food intake and cause malabsorbtive, catabolic, and internal losses of nutrients. 
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Because infection's are highly prevalent in areas where -nalnutrition is
 
common, it is logical to consider both problems together.
 

A third consideration -- that of bulk constraints -- has been discussed
 
earlier. It is doubtful that an 
infant could consume enough amino-acid-supple
mented grains to maintain a positive nitrogen balance if 
 a single grain were its
 
sole protein source.
 

Hegsted (1968) disputes the belief that adding small amounts of lysine and 
threonine to cereals will produce enough high quality protein to meet the needs of 
infants. If one assumes that P. E.R. values are proportional to nutritional value, 
then lysine-fortified white flour will have 64 percent of the rextritional value of the 
reference protein casein. According to FAO/WHO, a child between 6 and 9 months 
old requires a 1. 5g of high quality protein/kg of body weight, or an equivalent of 
3.33mg lysine/kg of body weight. An infant would probably be unable to consume 
enough grain to insure this level of protein. 

The final standard for evaluation is the composition of the total diet. Although 
cereal grains supply the major portion of dietary calories and protein, other foods 
are generally also present Jn the diet. As Reddy points out, wheat or another
 
grain is rarely the exclusive source of protein anywhere, 
 even for preschool
 
children (Reddy, 1971). Pulses, 
 milk, or both are usually at least a small part
 
of the diet, and these foods contribute 
to the diet's lysine content and increase the 
total nutritive value of its protein. In Latin America, a mixed diet of corn and
 
beans or 
rice and beans is common. Jeliffe recommends such a multi-mix diet 
in which protein is supplied by different foods, as a practical alternative to amino
 
acid fortification (Jeliffe, 1971). Fortification and multimixes 
could complement
 
each other, especially if other foods increase caloric intake.
 

Feasibility Questions 

Prelimina.y results of the three large fortification efforts in Guatemala, 
Thailand, and Tunisia do not reveal a clear positive effect. Many hypotheses 
explain the data. However, for future amino acid fortification efforts, Jansen 
(1977) has clearly pointed out the two issues that must be addressed. The first 
is whether protein quality is really the overall limiting factor in the diet. The 
second issue is the extent to which the fortification of staple foods is the best 
way to address nutritional need. 
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Undoubtedly, in situations where caloric and protein deficiencies exist, 

micronutrient inadequacies are also common. It would be logical to use fortifica

tion to also address these deficits. 

The following checklist is designed as a guide for future macro- and micro

fortification program design. 

For 	Problem Diagnosis: 

(1) What information (dietary, biochemical, 

nutritional profile of the population? 

clinical) is available for a 

(2) What nutrient deficiencies 

groups within it? 

exist in the general population and in specific 

(3) How great is the deficiency? 

(4) Who is most severely affected? 

For 	the Choice of Carrier: 

(5) 	 What are the dietary habits of the population and of the target groups? 

(6) 	 What food would be the best fortificant carrier? 

(7) 	 How much of this carrier do the target groups consume? 

(8) 	 Are variations of the fortificant mix needed to address regional 

deficiencies? 

For 	a Protein/Amino Acid Fortificant: 

(9) 	 Is protein intake inadequate? 

(10) 	 Is caloric intake adequate ? 

(11) 	 If caloric intake is inadequate, would an increase in calories alleviate 

the protein shortage? 

(12) 	 If calories are adequate, is the protein problem th.e lack of a specific 

amino acid or general nitrogen intake? 

(13) 	 Will the positive effect of the amino acid supplement be offset by other 

nutrient deficiencies? 
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For Other Nutrient Supplements: 

(14) What nutrients in addition to, or in place of, the amino acid supplement 

should be added? 

(15) Is the fortificant toxic at the level contemplated? 

(16) Do any of the substances in a mineral mix compete for absorption? 

(17) Does phytate or fiber interfere with absorption? 

(18) If absorption is hindered, would another carrier be effective? 

General Issues: 

(19) 	 How is the health of the general population and of the target groups? 

(20) 	 Does widespread infection threaten the probable results of fortification? 

(21) 	 Is the health of the target population being monitored during the fortifi

cation effort? 
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CHAPTER 3 

COMMODITY SYSTEM STRUCTURE 

James E. Austin 

Interventions and Commodity Systems
 

"Nutrition intervention" is a
more than piece of technocratic jargon. It is a 
literal description of an event: disruptive intrusion into ana on-going food system.
Failure to recognize this fact may blind planners to several obstacles to effective 
nutrition programming. Consequently, it is essential that planners understand
 
the commodity system into which they wish to introduce 
a fortification program. 

The fortification program's purpose is to adjust the food system to improve

the nutritional quality of the food reaching 
a target group. To achieve this goal,
the planner must identify the best place and method of intervention to reach that
 
group. Knowledge of the 
structure and operation of the cereal grain system is
 
crucial to this determination.
 

Davis and Goldberg (1959) define the agribusiness commodity system as
 
including:
 

all the participants involved in the production, processing, and 
marketing of a single farm product. Such a system includes farm 
suppliers, farmers, storage operations, processors, wholesalers, 
and retailers involved in a commodity flow from initial inputs to 
the final consumer. It also includes all the institutions which 
affect and coordinate the successive stages of a commodity flow 
such as the government, futures markets, and trade associations. 

In effect, we are dealing with everything from the seed to the consumer in this 
closely knit system. The interdependence of its elements dictates a systems 
approach to analysis because action at one point in the chain will produce 
reverberations at others. A change in processing, for example, will affect the 
consumer. The utility of such an analysis of commodity systems has been dem
onstrated in both developed (Goldberg, 1968) and developing countries (Austin, 
1972). 
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More recently, the systems perspective has also been applied to nutrition
 
planning. 
 The resultin~g strategies have ranged from relatively simple to more 
complex frameworks - even econometric models (Burkhalter, 1974). Most of these 
plans, however, have not been widely applied in the field; nutrition planning is a
 
relatively new 
art, and the field data that would permit the application of some
 
plans do not e. ist. This study's commodity systems analysis derives from the
 
agribusiness systems approach and 
some other nutrition-planning models. Its
 
scope has been narrowed in 
 tailoring it to the aspects of fortification intervention
 
that we hypothesize are serious implementation barriers. The two main system
 
characteristics we examine here are the system's 
structure and the commodity's 
movement through it. These are the dimensions with the greatest implications for 
target-group coverage and intervention organization. Analysis of structure 
involves documentation of the number, size, and location of the actors at each
 
stage in the food chain. An understanding of commodity movement is based on
 
knowledge of the volume, direction, and timing of grain's progress through the
 

system. 

Target-Group Coverage
 

The first thing to find out is 
 the extent to which the target group participates 
in thecommodity system, for participation is a prerequisite to coverage. Forti
fication intervention is sometimes criticized for not being able to reach remote,
 
rural families who, as subsistence farmers, 
 are not part of the commercial 
commodity system. Given that these families farm over 40 percent of the world's 
farm land (Wharton, 1966), cereal fortification may well be unable to correct 
rural malnutrition. For this reason alone it is vital that the feasibility analysis 
document the target group's participation. 

Grain is not consumed directly; it is first converted into a more palatable 
form by grinding (corn and wheat) pounding (rice).or The key factor in participa
tion, then, is the location of that conversion. If it takes place within the home, 
then the family cannot be reached by a fortification program operating in the 
commercial mill. Our three country surveys, which are detailed in chapters 7-9, 
revealed that participation was high and therefore not a serious barrier. Over 
90 percent of the rural families had their own grain milled for a service fee at 
the local mill (Table 3. 1). 

36 



Table 3. 1 

Rice and Maize Processing Patterns 

Thailand 

Province Percentage processed in mills Percentage pounded in home 

Phrae 99 1
 

Phichit 99 1
 

Ayuthya 100 0
 

Cahyaphum 88 12
 

Kalasin 100 0
 

Songkhla 85 15
 

Guatemala 

Area Percentage processed in mills Percentage ground in home 

Rural
 
Highlands 99 1
 

Rural East 98 2
 

Rural South 98 2
 

Semi-Urban 99 1
 

Such rural families generally enter the commercial commodity system, not 

as sellers or buyers but as users of its processing capacity. Although this form 

of participation is high, it is important to consider that the small percentages of 

families using in-home milling may do so because they cannot afford modest 

milling fees. If a fact, their poverty may also mean that they are among the 

most nutritionally deprived - a target group of greater importance than their 

numbers suggest. 

Unlike these small rural farmers, other segments of the nutritionally needy 

population are totally dependent on the commercial system for their grain. Rural 

landless laborers, small farmers producing cash rather than consumption crops, 

the urban poor, and some small grain farmers producing less than their family's 

needs all enter the system as buyers. 
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Distribution channels can vary. For example, Mock's analysis of the 

Tunisian wheat system in chapter 8 shows that about 60 percent of the nation's 

wheat flows through large government-regulated mills and the remainder is 

processed in local mills. The large mills supply the cities; their wheat reaches 

the urban poor. The village mills provide for rural farmers. However, southern 

Tunisia's wheat is largely supplied from surpluses in the north. Rather than 

shipping grain, central mills supply the south with processed flour. In this 

instance, then, the rural southern consumers could be reached by using the city 

rather than the village mill. Welsch et al point out in chapter 9 a similar big 

with the large mills acting largely asmill/small mill structure in Thailand, 


service millers and the small ones buying, milling, and selling. Some of the
 

large mills, however, are located outside main cities and therefore provide both
 

rural and urban populations.
 

Cereal grains are staples; they are consumed by the entire population, but 

lower income and nutritionally vulnerable groups are the planner's priority targets. 

Structural analysis should therefore identify the distribution channels that would 

best reach these needy groups. In Thailand, for example, the government sells 

its rice at a subsidized price through retail outlets, presumably for lower-income 

groups. Elsewhere there are similar targeted retail outlet systems: Pakistan's 

Ration Shops (Rogers and Levinson, 1976), India's Fair Price Shops, and Mexico's 

Milk Ration Outlets. Such distribution channels can help overcome the cost 

barrier discussed in chapter 6. 

Organizational Implications 

The structure and operation of the commodity system influence the organiza

tion of a fortification intervention in several ways. Program management is 

certainly affected. Conventional wisdom has it that fortification programs are 

feasible only where processing is centralized and therefore easy to control: 

The processing of the carrier food should be relatively
 

centralized (P. A. G. , 1970).
 

It is desirable that a single centre be designated within the 

region or country (F. A. 0. , 1971). 

Carriers are being evaluated on the basis of a fairly well 

defined checklist: --- Is the carrier processed centrally 

(Levinson and Berg, 1969).
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This idea has intuitive appeal and reflects a healthy appreciation for the practical 
problems of implementation. Nevertheless, it fails to recognize the importance 
of targeting. The potential weakness of fortification using centralized milling
 
is that the fortified product will reach many people 
who do not need a nutritional
 
supplement. Such overcoverage 
results in extra economic burdens without
 
accompanying nutritional benefits. 
 The smaller the target group and the more
 
centralized the milling, 
 the greater the cost of overcoverage. Fragmented,
 
decentralized milling lends itself much better to geographical targeting 
and can
 
greatly reduce overcoverage. Our country studies 
reveal that cereals, unlike
 
other possible carriers like sugar, 
 have widely scattered processing points,
 
most villages having one service
or more mills. This decentralization permits
 
the planner to identify and reach groups 
as small as village populations with
 
precision. A decentralized system, however, 
 does create a greater burden in
 
logistics and control costs. 
 The planner must identify the optimum balance between 
higher administrative costs and lower overcoverage costs. These economic issues 
are dealt with in more detail in chapter 6. 

The system's operation as well as its structure must be examined for its 
operational implications. The volume of grain passing through each mill must be 
documented if the proper quality of fortification is to that processor.to be delivered 
Fortificants are added at predetermined quantitie3 per pound of cereal processed, 
and as discussed in chapter 7 these levels can vary by region depending on 
nutritional deficits and consumption levels. Accordingly, the total fortificant 
required for the intervention is determined by the addition level and output of 
each mill. 

Another vital aspect of the commodity system's operation is timing. Cereals 
are not necessarily milled at uniform rates throughout the year. For example, 
in Thailand the milling pattern is irregular (Table 3. 2). 

Also affecting fortification management are seasonal fluctuations in the 
incidence and severity of malnutrition. At the end of the crop year, for instance, 
supplies may be low. If it is desirable to intervene only during such a period, 
?rogram logistics would have to adapt to this requirement. 
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Table 3. 2
 
Average Monthly Utilization, Expressed as a Percentage of Full
 

Capacity of Rice Mills Classified by Size
 
(Nakorn Pathon, Thailand, 1974)
 

Month of Year avg. 

Size Number of Mills Jan. Feb. Mar. Apr. May perJune July Aug. Sept. Oct. Nov. Dec. month 
Very small 16 27 35 35 28 25 24 25 26 27 26 20 20 26

Small 25 
 66 63 55 79 52 53 54 64 65 62 43 44 56
 
Medium 29 (Diesel) 54 68 76 60 55 51 
 53 80 82 76 51 42 6233 (Steam) 73 82 85 70 64 73 73 78 82 75 63 53 73

Large 39 (Steam) 100 100 100 
 88 88 88 100 100 100 100 90 83 95 

Source: Noprnanee Sornboo. b (1976) "Rice Milling Technology and Some Economic Implications: The Case of Nakorn Pathon,Thailand. " Masters Thesis, Dept. ofEconomics, Thammasat University: Bangkok. 

A final administrative consideration concerns the role of millerai in fortifica
tion. The mill is a more desirable intervention point than the home, so the miller'i 
cooperation is essential to an effective program. But intervention may require
 
disruptive changes in the millers' operations, so it could engender resistance.
 
Accordingly, identifying the nature and seriousness of the required changes 
and
 
their effect on millers is essential to a complete feasibility analysis.
 

The potential effects of intervention on millers are basically either operational 
or economic. Operational difficulties arise because millers have to add a new 
step and a new ingredient to their milling process. If fortification is complicated 
and demands highly trained people, the scarcity of such human resources in the 
villages and even at the larger urban mills might discourage or prevent miller 

,.cooperation. Our analyses of the technical aspects of fortification (chapter 4) and
 
the fortification experience in the field (chapters 7-9) do suggest that the technical
 
demands 
on the millers are not excessive. Nonetheless, the process demands
 
considerable care 
to assure the addition of the correct quantity of fortificant. This
 
requirement places 
an extra time burden on the millers. And unless they have
 
been properly trained and motivated, they may not perform this critical function
 
with the requisite care.
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The millers' incentive to do this work may have to be financial: fortification
 
requires the miller to spend more time and purchase new equipment. True, the
 
additional time required to insure the proper addition level is 
 small, but it is not
 
insignificant. The capital outlay for fortification feeder equipment is also small,
 
ranging from $1300 in village mills to $2200 in central mills (chapter 4). But the 
millers' profit margins could not absorb such added costs without serious erosion 
of their investment return. Also, survey data indicate that the consumers are
 
price sensitive and would resist paying the incremental costs themselves. In
 
Guatemala, for example, higher milling service fees were given as a primary
 
reason for switching patronage from one mill to another (chapter 7). Although 
the fortifying costs and even the larger fortificant costs are not large relative to 
the price of the cereal (e. g. , . 00038 percent to 0. 0058 percent of maize), they 
are almost equal to the milling fee and consumers would surely notice them. 

Resistance to fortification might also arise if intervention threatened increased 
government control of milling. Incidents of miller resistance to outside control 
have been reported. In one Asian country, millers refused to participate in a 
fortified rice program because they feared that if the government knew their real 
production and income it would increase their taxes. Similarly, sugar millers in 
one Latin American country resisted efforts to fortify sugar. Their lack of 
cooperation reportedly stemmed from a desire to prevent governmental monitoring 
of their sugar shipments. They wished to ship sugar out of the country without 
the requisite governmental permission and profit from prices considerably higher 

elsewhere. 

These experiences reveal the importance to planners of understanding the 
dynamics of the commodity system and the motivations of its actors. Without that 
understanding, they will be unable to identify the most effective means of nutrition 
intervention. The planner has three basic strategies for dealing with the system's 
potentially resistant actors: confront, circumvent, or co-opt. Confrontation 

might take the form of mandating fortification by law. If the operational or 
economic burden placed on millers is this may benot excessive, a reasonable 
approach. If the burden on millers is great, however, the law might result in 
the fortificant's fattening pigs and chickens instead of people. In such a situation, 
it is doubtful that any practical, economical enforcement system could outwit the 
millers' ingenuity in avoiding their burden. 
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Circumvention might be possible where some but not all millers ar- amenable 

to participation. By involving some millers, administrators can at least begin the 

program and demonstrate to the hold-outs that intervention is possible and not as 

burdensome as they believe. This circumvention strategy may also encourage 

cooperating millers to put social and maybe even economic pressure on the hold

outs if they believe the program is important to the community. 

Millers will be co-opted only if the program offers them an adequate incentive. 

The primary incentive will likely be economic, in the form of a subsidy in kind or 

in cash - providing the fortificant, for example, or paying for some of the miller's 

fuel costs or the replacement of grinding blades and wheels. The issue of who 

should pay for the intervention is addressed further in chapter 6. 

Feasibility Questions 

The analyst should address the following questions about a commodity system's 

structure when considering a fortification intervention. 

Target Group Coverage: 

(1) What portion of the target group uses commercially milled grain? 

(2) How nutritionally needy are those families who mill their own grain? 

(3) Which mills supply which population groups? 

(4) What distribution channels reach the most needy? 

Organizational Implications: 

(5) 	 To what extent is the grain centrally processed? 

(6) 	 How much overcoverage would result from using central mills? 

(7) 	 How decentralized is the milling structure? 

(8) 	 Will the decentralized system permit adequate targeting of fortified 

grain? 

(9) 	 How much greater will administrative costs be for the decentralized 

system? 
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(10) How do these additional costs compare with the savings from reduced 

overcove rage?
 

(11) What is the volume of grain milled in each mill, and how much fortificant 
would this quantity require (given the consumption patterns and deficit 
levels of the consumers served by that mill)? 

(12) What is the seasonal milling rate pattern? 

(13) Will the fortification program cause operational problems or an economic 
burden for the miller? 

(14) How is the miller likely to react to these factors? 

(15) What incentives or tactics would increase miller cooneration? 

(16) How resistant will millers be to the increased government intervention 

encouraged by the program? 

43
 



References 

Austin, James E. (1972) Marketing Adjustments to Production Modernization,Nicaragua.INCAE: Montefresco. 

Barkhalter, Benton (1974) A Critical Review of Nutrition Plannings Models and 
Experience, Report prepared for the United States Agency for International
 
Development: Washington, Chapter 3.
 
Davis, John and Ray Goldberg (1959) A Concept of Agribusiness, Division of 
Research, Harvard Business School: Boston, pg. 2. 

FAO/WHO/UNICEF Protein Advisory Group (1970) PAG Statement on Amino
Acid Fortification of Foods, PAG Statement No. 9 (8/14/70), United Nations: 
New York, pg. 12. 
Joint FAO/WHO Expert Committee on Nutrition (1971) Eight Report, FAO: Rome, 
pg. 20.
 

Goldberg, Ray A. (1968) Agribusiness Coordination, Division of Research, 
Harvard Business School: Boston. 
Levinson, F. J. and A. D. Berg (1969) "With a Grain of Fortified Salt", Food 
Technology, 23(9):1. 
Rogers, B.L. and F.J. Levinson (1976) Subsidized Food Consumption Systems
in Low-Income Countries: The Pakistan Experience, Discussion Paper No. 6,
MIT International Nutrition Planning Program: Cambridge. 
Wharton, Jr., C. R. (ed) (1966) Subsistence Agriculture and Economic 
Development, Aldere: Chicago, pg. 5. 

44
 



CHAPTER 4 

FORTIFICATION TECHNOLOGY 

Samuel H. Yong 

Introduction 

This chapter will discuss various technological aspects of cereal fortifica
tion: the chemical, 
 physical, and nutritional properties of the fortificants,
 
methods of adding nutrients to cereals, 
 and nutrient stability during processing 
and storage. Problems in these technical dimensions can frustrate fortification 
interventions. Costs figure in this chapter as a descriptive parameter. Their
 
implications will be discussed 
more fully in chapter 6. Because decentralized
 
fortification programs have begun to receive 
increasing attention due to the need
 
to avoid overcoverage, 
 reach target populations not participating in a centralized 
commodity system, and adapt fortification to various nutritional requirements 
within one country (Austin and Snodgrass, 1976), we will pay particular attention 
to aspects of fretification at the village level. 

Fortificants: Their Properties and Costs 

In theory, almost any nutrient can be added to basic cereals, depending on 
the needs of the target population. From chapter 2 we know that vitamin A, 
thiamine, riboflavin, niacin, iron, calcium, lysine, threonine, and tryptophan 
are the most likely candidates as fortificants (Tables 4. 1 4. 2) of staple cereals.-
In cases where the limiting amino acids are supplied in legume proteins like soy 
protein, methionine's addition must also be considered because it is often limiting 
in legumes. 

Vitamins 

The chemical structures of commercially produced vitamin A, thiamine, 
riboflavin, and niacin are illustrated in Appendix B. These vitamins are manu
factured in different chemical and physical forms to achieve various processing 
and stability characteristics. Currently, Hoffman-La Roche Inc. and Merck & Co. 

45 



Table 4. 1 

Nutrients in Cereals Compared with Recommended
 
Daily Allowances (Nutrients /1000 cal)
 

Nutrient White Flour Polished Rice Corn Meal RDA-Infants 

Vitamin A activity (IU) 0 0 1440 1650 
Thiamine (mg) 0.2 1.10.2 0.5 
Riboflavin (mg) 0.1 0.1 0.3 0.6 
Niacin (mg) 2.5 4.4 5.6 8 
Vitamin B 6 (mg) 1.2 1.0 1.2 0.4 
Ca (mg) 44 66 56 630 
P (mg) 240 260 720 560 
Mg (mg) 71 77 300 80 
Fe (mg) 2.2 2.2 6.8 15 

Source: 	 G. R. Jansen, (1974). "The Amino Acid Fortification of Cereals." 
In New Protein Foods. Ed, by A. M. Altschul, Academic Press, 
New York, P. 39. 

Table 4.2 

Limiting Amino Acids of Cereals 

Cereal 	 First Second 

Rice L-lysine L-threonine 

Wheat L-lysine L-threonine 
Corn L-lysine L-tryotophan 

Sorghum L-lysine L-threonine 

Millet L-lysine L-threonine 

Source: 	 F.R. Senti and J. W. Pence, (1971), "Technological 
Aspects of Adding Amino Acids to Foods. In" 
Amino Acid Fortification of Protein Foods. Ed. by 
N. S. Scrimshaw and A. M. Altachul. 
MIT: Cambridge, Mass. P. 467. 
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produce large portions of the world's vitamins by chemical synthesis (Wuest, 

1972; Wagner-Jauregg, 1972; Isler et al., 1967; Robinson, 1951). Vitamin A is 
commercially available as acetate and palmitate esters, which are more stable 
than vitamin A alcohol (Borenstein, 1975). Both the acetate and paImitate deriva
tives are marketed in oil solutions, emulsions, and dry encapsulated beadlets 
of standard potencies. Although the acetate form is less stable than the palmitate 
form, both are practically insoluble in water and labile in the conditions discussed 

later. Thiamine is commercially available in the mononitrate and the hydro
chloride forms (Borenstein, 1975). Thiamine mononitrate, which is less hygro
scopic and mnuch less soluble in water than thiamine hydrochloride, is the tradi
tional choice for dry mixes with long storage life. Where flavor is crucial, 

coated thiamine may be used and water-insoluble derivatives (like dibenzoyl
thiamine, thiamine naphthalene disulfonate, and thiamine dicetylsulfonate) are 
available to reduce leaching losses (Mitsuda, 1969). Niacin is commercially 

available as nicotinic acid and nicotinamide, both of which are non-hygroscopic 
and soluble in water and alcohol. Nicotinic acid is almost tasteless, but nicotina
mide has a bitter taste, so its coated form is most appropriate- for pharmaceutical 

uses (Borenstein, 1975). Riboflavin is manufactured as a yellowish product in 
different crystalline forms and sizes for a variety of color effects. Because it is 
not very soluble in water, liquid preparations usually require the use of riboflavin
5-phosphate. Riboflavin is also available in coated forms when it is necessary to 
mask its flavor (Borenstein, 1975). Because of riboflavin's adverse effect on the 
color of some carriers, colorless riboflavin precursors (like 6, 7-dimethyl-8

ribityllumazine) have been suggested for some fortifications (Mitsuda, 1963). 

The vitamin quantities needed for cereal fortification (listed in Table 4. 3) 
are so infinitesimal that they generally have no adverse effects on the processing 

and organoleptic properties of fortified cereals. But vitamin fortification is not 
without risk. Added vitamin A and thiamine reportedly cause undesirable odors 

when broken down by heat in toasted cereals, (Aylward and Morton, 1970; 
Borenstein, 19. 5). Riboflavin-fortified rice granules are known to impart to 
cooked rice the yellow splotches often associated with significant amounts of fine 
bran particles or mold (Mitsuda and Yasumoto, 1974). Riboflavin and thiamine 
are practically nontoxic when taken orally (Unna, 1972; Czaczkes and Guggenheim, 

1946). But in addition to the well-publicized toxicity of vitamin D, vitamin A and 
niacin have caused adverse physiological effects when given orally in great excess. 
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Table 4. 3 
Actual and Recommended Vitamin Fortification Levels 

(Per kg of Cereal Grain) 

Vitamin A Thiamine aCereal Riboflavin Niacin(IU) (mg) (mg) (mg) Reference
 
Enriched flour, U.S. 
 4.4-5.5 2.6-3.3 35.2-44 Code of Federal 

RegulationsEnriched corn meals and 
grits, 

- 4.4-6.6 2.6-4 35.2-52.8 Code of FederalU.S. 
Regulations


Enriched milled white 
 - 4.4-8.8 2.6-5. 3 35. 2-70.4rice, U.S. Code of Federal
 
Regulations


Fortified milled white 
 23,700 5 4 - Gershoff et al.,rice, Thailand 

Fortified corn flour 6,250 1975
 

21.4 13 154.4 Austin, 1976
Guatemala
 
Fortified milled white 
 - 2.5 7.5 37.5 Couslozio, 1966rice, Taiwan
 
Fortified wheat flour, 
 10,000 8.5 5.4 63.3 Wooden, 1974
 
Tunisia
 

Fortified wheat flour 11,000 2.2
recommended 2.2 23.1 Rubin and Cort,'1969
 
Fortified milled white 16,720 4rice, recommended 4.4 39.6 Rubin and Cort, 

1969 
Fortified corn grits 7,700 and meals, recommended 2.2 15.4 Rubin and Cort, 

1969 
Fortified wheat flour, 4,000 4.4 2.6recommended 35.2 MIT INP Program 

1975
 

Note: Recommended levels are for grain-eating nations. 
a. Based on thiamine mononitrate equivalent. 



Even after the cessation of excessive dosage, abnormal bone growth and enlarge
ment of the liver persisted in a child who ingested 240, 000 IU of vitamin A daily
between the age of 3 months and 3 years (Josephs, 1944). Nicotinic acid (but not 
nicotinamide) is a powerful vasodilator: a single dose of 50 to 100 mg produces 
transient flushing of the ears, face, and neck (Borenstein, 1975). To avoid these 
adverse effects, care should be taken to ensure adequate mixing, lack of segrega
tion stability, and good taste and appearance. 

Former and current vitamin prices are tabulated in Table 4.4. Although the 
sharp price decline sparked by technological innovations in the 50's and early
60s (Brooke, 1968) has come to an end, current prices should remain relatively 
stable unless petroleum-based raw material costs increase drastically. 

Table 4.4 

Current and Past Prices of Vitamins (U. S. $/kg) 

Vitamins 1977 1975 1972 
Vitamin A palmitate beadlet (250,000 IU/g) 15 15 13.1 

palmitate in oil (106 IU/g) 30 - -

acetate beadlet (500,000 IU/g) 23 - -
Thiamine (hydrocholoride or mononitrate) 25 23 14 
Niacin nicotinic acid 5 5 3.75 

nicotinamide 5.25 5.25 4.0 
Riboflavin 42 40 28 

Note: Prices are quoted for food-grade, "stabilized" vitamins in
quantities greater than one kg fob N. J. Vitamin premixes
for cereal fortification can be made by blending these
ingredients at desired levels. 

Source: Hoffman- La Roche, 1977. 
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Minerals 

Iron and calcium are often considered cereal fortificants because, as with 
iodine and fluorine, a significant number of people consume too little of them 
(Harris, 1970). We will not consider iodine and fluorine fortification here because 
the means of adding them to salt and water respectively are already well estab
lished. The various quantities of iron and calcium recommended for cereal forti
fication are listed in Table 4. 5, partly reflect the difficulty of assessing actual
 
body requirements for these minerals. 
 In addition to wide variations in the
 
requirements determined by age, 
 sex, activity, and metabolic stress, the biolo
gical availability of calcium and iron is considerably influenced by diet patterns
and the mineral's chemical forms. Calcium and iron are absorbed poorly from
 
diets rich in bulky carbohydrates, phosphates, 
 oxalates, and carbonates because 
of the formation of precipitates and polymers excreted in the feces (Harris, 1970).
Certain forms of iron and calcium are more readily absorbed than others. In
 
general, biological availability parallels solubility under conditions resembling

those in the digestive system (Davidson and Russo, 
 1976; Harris, 1970). Food
 
manufacturers, however, 
 prefer forms of iron and calcium with low solubility 
because they are less liable to cause flavor and taste problems by themselves or
 
in combination with other substances. 
 For instance, iron is a well-known catalyst
in the oxidative degradation of unsaturated fats and vitamins, which may yield off
flavor compounds. 

The sources and current prices of iron and calcium are given on Tables 4.6
 
and 4. 7. Although electrolytically and chemically reduced iron powder and cal
cium carbonate (chalk) are the most widely used sources of iron and calcium in
 
cereal fortification, their biological availability is low compared to 
some other
 
sources. 
 Reduced iron powder has less than 50 percent of the biological avail
ability of ferrous sulfate or ferrous fumarate, but sodium iron pyrophosphate and 
ferric orthophosphate are even less available biologically and are generally not 
recommended for fortification because they are extremely expensive (Davidson 
and Russo, 1976). A greyish powder with high bulk density, reduced iron, presents
off-color problems and is difficult to incorporate uniformly in a dry mix. Further
more, the magnets used to remove tramp metals from cereal products will also 
entrap the iron powder which, unlike iron salts, is magnetic. Ferrous sulfate, a 
low cost fine white powder, is therefore the iron source of choice whenever it can 
be used without adverse organoleptic effects (Davidson and Russo, 1976). In those 

50
 



Cereal Calcium (mg) Iron (mg) Reference 

Milled white rice, Thailand 
Corn flour, Guatemala 

Wheat flour, Tunisia 

Wheat flour, U.K. 

Wheat flour, recommended 

Wheat flour, recommended 

Milled white rice, recommended 

Corn grits and meal, 
recommended 

3320 

800 

1980 

2200 

1980 

80 

480 

56 

-

96 

17.6 

35.2 

6.6 

Gershoff et al, 1975 
Austin, 1976 

Wooden, 1974 

Akyroyd and Doughty, 1970 

MIT INP Program, 1975 

Rubin and Cort, 1969 

Rubin and Cort, 1969 

Rubin and Cort, 1969 

Ln 
Enriched milled white rice, U. S. 

Enriched wheat flour, U.S. 

Enriched corn meal and grits, 
U. S. 

1100-2200 
(optional) 
1100-1375 

(optional) 
1100-1650 
(optional) 

28.6-57.2 

28.6-36.3 

28.6-57.2 

Code of Federal Regulations 

Code of Federal Regulations 

Code of Federal Regulations 

Note: Recommended levels are for grain-eating nations. 



Table 4. 6 

Current Prices of Commercially Available Calcium 
Sources Important for Cereal Fortification 

Cost per kg Percentage of Cost per kg
Calcium source (U.S. $) contained calcium calcium (U.S. $) 

Calcium 	carbonatea 0.15 40 0. 375 
Calcium phosphate, dibasic 0.792 23.3 3.40
 
(dicalcium phosphate)
 

Calcium phosphate, tribasic 0.792 38.8 2.04
 
(tricalcium phosphate)
 

Calcium 	sulfate 0. 638 23.3 2.74 

Note: 	 Prices are quoted for food-grade calcium sources in bulk quantities

(e.g., 15 x 100 lb bags, 5 x 225 lb drums).
 

Source: 	 Mallinckrodt, Inc., 1977. 

a. Calcium carbonate is supplied by Pfizer Inc., N. J. 

Table 4. 7
 
Current Prices of Commercially Available Iron Sources
 

Important for Cereal Fortification
 

Cost per kg Percentage of Cost per kg 
Iron source (U.S. $) contained iron iron (U.S. $) 

Ferrous 	sulfate, dried 0.66 32.1 2.05
 
Ferrous 	sulfate, heptahydrate 0.84 20.1 4.16 
Chemically reduced iron 1.56 96.0 1.63 
Electrolytically reduced iron 2.55 97.0 2.64 
Ferrous 	fumarate 2.24 32.9 6.82 
Ferric orthophosphate 	 1.63 28.6 5.70 
Sodium iron pyrophosphate 1.80 14.5 12.45 

Source: 	 J. T. Davidson and M. E. Russo, "Iron Fortification in Breakfast 
Cereal", Cereal Foods World, 21 (1976), Pg. 534. 
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cases where organoleptic stability is a problem, previously mentioned iron sourcesof low solubility and low biological availability must be used (Anderson t al.,
1976). Stability problems have been reported when ferrous sulfate is added to

wheat flour; apparently the additive enhances 
chemical changes in flour during
storage. To avoid this problem, scientists are developing a "stabilized" form of
ferrous sulfate. Ferrous fumarate, due to its reddish-brown color and relatively
high cost, is usually not considered for fortification of basic cereals. As a cal
cium source, calcium phosphate dibasic (dicalcium phophate) is generally accepted
as a good compromise between biological availability and taste/flavor stability
 
(Harris, 1970).
 

Although a high intake of calcium may result in hypercalcaemia and excessivecalcification when combined with high levels of vitamin D or an alkali, adverse 
effects seldom result from an excess of calcium or iron alone. This effect is

probably because a healthy individual absorbs less than 15 percent of dietary

calcium and iron (Harper, 1971). The fortification of cereals with iron may notbe the most efficient way to reach a target population because the dietary require
ment for iron is much greater in women and in infants than in healthy adult males 
and women after menopause (Harper, 1971). 

Amino Acids and Proteins 

As shown in Table 4. 2, many cereals contain low quality proteins which arelimiting in one or more essential amino acids. L-lysine is the most important
limiting acid in all cereals, and L-tryptophan and L-threonine are also limiting

in corn and rice respectively (Senti and Pence, 
 1971). It is possible to add these
limiting amino acids to basic cereals synthetically or with rich protein supple
ments. Researchers found no 
difference in L-lysine use between supplements in

the form of L-lysine. HC1 
 and as protein (Longenecker and Hause, 1959; Schwartz
 
et al., 1959). However, 
 one must be aware that protein supplements may create 
a new limiting amino acid. caseIn the of soy protein, that limiting acid is 
methionine. 

The chemical structures of commercially synthesized lysine, threonine,
tryptophan, and methionine are given in Appendix C. Except for methionine,
which has the same biological value in both the D- and L-form because of thehuman enzyme system's capacity to convert the former into the latter, only the 
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L-forms of most essential amino acids are biologically active (Jansen, 1974; 
Ottenheym and Jenneskens, 1970). Primarily due to the difficulties and costs 
in resolving chemically produced DL-mixtures, methionine is currently the only 
essential amino acid manufactured by chemical synthesis from petroleum-based 
raw materials (Reisman, 1977; Denkenwater, 1976; Kacem, 1976). L-lysine, 
L-threonine, and L-tryptophan are all manufactured by fermentation, which
 
yields only the L-forms. 
 The process requires molasses, starch hydrolysates, 
sugars, and similar substances for energy and carbon sources. All fermentation 
methodr are patented, and practically all of the world's L-lysine, L-threonine, 
and L-tryptophan is manufactured by the Kyowa Hakko Kogyo Company and
 
Ajinomoto Company of Japan (Reisman, 
 1977). A diagram of the fermentation
 
process used to produce L-lysine. HC1 is included in Appendix D. 
 Although the
 
current production capacity for L-lysine is 
 estimated at 55 million pounds per 
year (Austin and Snodgrass, 1976), the requirement projected for 1980 is 143 
million pounds (Reisman, 1977). At this moment, L-tryptophan and L-threonine 
production are limited to pharmaceutical uses, and production capacity is esti
mated at less than 1 percent of that for L-lysine (Reisman, 1977). Markets for
 
these amino acids will probably not develop until a major market for L-lysine as
 
a protein fortificant emerges (Denkenwater, 
 1976). Production of DL-methionine 
and methionine hydroxy analogue is estimated at 205. 5 million pounds, of which 
64 percent is in Europe, 22 percent in Japan, and 11 perfcent in the U.S. (Austin 
and Snodgrass, 1976). Approximately 98 percent of the methionine and 90 percent 
of the lysine output is used for animal-feed supplements (Japan Chemical Annual, 
1974). Only a very small fraction of these amino acids is used for cereal forti
fication.
 

Table 4.8 lists former and current prices of the amino acids. At present,
 
it appears L-lysine and DL-methionine 
are the only amino acids that could be 
seriously considered for fortification on the basis of price and availability. 
Although the prices of L-threonine and L-tryptophan could decline considerably 
if production were to rise, their manufacturers are unlikely to comzz.A4 t resources 
to expanded production unless governments interested in fortification programs 
assure increased demands. However, the interesting nutritional relation between 
niacin and L-tryptophan may allow programs to avoid the latter's high price. 
L-tryptophan is a significant precursor of niacin in human beings at approximately 
60 mg L-tryptophan = 1 mg niacin (Borenstein, 1975). High-corn diets resulting 
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Table 4. 8 

Current and Historical Prices of Synthetic 
Amino Acids for Cereal Fortification 

U.S. $/kg 
L-lysine. HC 1 L-threonine L-tryptophan DL-methionine 

1972 3.80 4.20 
1973 3.80 - . 4.20 
1974 7.30 57.70 86.80 4.20 
1975 5.60 57.70 86.80 5.30 
1976 5.60 57.70 86.80 5.30 
1977 5.60 57.70 86.80 5.30 

Notes: Prices are quoted for food-grade L-lysine and DL-methionine 
in bulk quantities (a ton or more); for L-tryptophan and 
L-threonine, prices are quoted for pharmaceutical-grade in 
quantities greater than 50 kg. Except for DL-methionine prices,
which are obtained from Chemical Marketing Reporter, amino 
acid fob Japan prices are estimated from the "delivered prices"
given by Ajinomoto Co., U. S.A., using the following formula: 

estimated price = delivered price/(100 percent + handling
and transportation charge and customs duty) 

where customs duty is 6 percent for L-lysine. HC1 and 
L-threonine, 12. 5 percent for L-tryptophan; and transportation
and handling charge is estimated at 6 percent. 

in clinical deficiencies of niacin (pellarga) because corn is particularly limiting 
in L-tryptophan may, therefore, be improved with niacin instead of the more 
expensive L-tryptophan. One should also note the price fluctuations for L-lysine. 
They reflect the precarious balance between supply and demand, which is strongly 
affected by the markets for other lysine-rich protein feed supplements like soy or 
fish meal (Denkenwater, 1976; Wooden, 1974; Ajinomoto Company U.S.A., 1977). 
Only pharmaceutical-grade L-thronine and L-tryptophan currently produced,are 
but L-lysine and DL-methionine are available in three major grades: pharma
ceutical, food, and feed. They differ primarily in the amounts of impurities 
present. According to the Food Chemicals Codex (1972), food-grade amino acids 
must have a minimum purity of 98 percent, low levels of heavy metals (e. g., 
less than 50 mg iron and 20 mg lead/kg), and no pathogenic micro-organisms. 
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As of January 1977, food-grade L-lysine is approximately one-and-a-half times 
more expensive than its feed grade ($5. 60 vs. $3. 90/kg), and food-grade
 
DL-methionine 
is more than twice as expensive an its feed grade ($5. 30 vs. 
$2.40/kg). 

With the exception of methionine, all the previously mentioned essential
 
amino acids are on the U. S. 
 Food and Drug "Generally Regarded as Safe" list 

on the "List of Approved Food Additives"and (Beigler, 1969). Rat-feeding
 
studies have demonstrated 
that L-lysine and L-threonine are the least toxic of
 
all essential amino acids, 
 and that methionine is the moxt toxic, though closely
 
followed by L-tryptophan (Harper et al., 
 1970). The addition of 3 percent
 
L-lysine. HC1 to a 20 percent casein diet 
did not lower the rates of weight gain
and food consumption for rats (Acheampong-Mensah and Hill, 1970). On the other 
hand, methionine in excess of 1 to 2 percent of rations containing 10 percent pro
tein reduces growth by 40 to 60 percent of control values, except in Cases where 
the protein is deficient in methionine (Benevengu et al., 1968). In human studies, 
short-term vomiting, refusal to eat, and reduced nitrogen retention resulted when 
infants were fed cereals to which methionine was added in excessive amounts
 
(Jansen, 1974). These adversL effects 
have not been observed in children fed a 
cereal diet fortified with L-lysine and L-threonine (Jansen, 1974).
 

The solubility, color, and taste of cereals fortified with L-lysine, L-threonine, 
and L-tryptophan all seem acceptable (Senti and Pence, 1971). The taste threshold 
for L-lysine in white bread is 0. 5 g per 100 g of flour, which is more than double
 
the amount recommended for addition to wheat flour (Ehle et al., 
 1959; Matthews
 
et al., 1969; Graham, 1969). A number of double-blind taste panel tests 
con
ducted in Japan and using 0. 2 percent L-lysine in bread verify this level's
 
acceptability. 
 Corn products fortified with L-lysine and L-t'ryptophan are well 
accepted, even when used for tortillas in Central America (Beigler, 1969; 
Austin and Snodgrass, 1976). 
Ferrel et al. (1970) report that wheat kernels
 
infused with up to 15 percent L-lysine, added to yield a final fortification level of
 
0.1 percent, cannot be detected inwhole wheat by odor or appearance. However,
 
consumer resistance may arise ifthe added L-lysine isnot uniformly distributed
 
in the carrier cereal. Uneven distribution may be the result of errors in the 
fortification process or in handling, but in the case of fortified simulated rice 
granules it is inevitable. Mitsuda and Yasumoto (1974) report "salty spots" that 
reduce the palatability of boiled rice to which fortified simulated rice granules 
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containing 20 percent L-lysine have been added for final fortification level of 
0. 2 percent. Unlike other amino acids, methionine has flavor and taste problems 
even at low concentrations (Senti and Pence, 1971; Jansen, 1974). Although it
 
has been added at 0. 
 5 percent of soy protein (which is equivalent to approximately 
0. 01 percent in the final preparations), new rnethionine derivatives with better 
flavor are needed to ensure the acceptability of the fortified product. Chapter 5 
addresses the issue of acceptability more fully. 

Of the protein sources which have been considered for cereal fortification in 
different parts of the world (Bauernfeind, 1970), soybeans, fish, milk, and micro
organisms are rich in L-lysine, the most limiting amino acid in cereals
 

(Chemical Week, 1974; Jansen, 1974; Milner, 1969). 
 Cereal supplementation
 
with these proteins raises the quantity as well as the quality of proteins in the
 
final mixture. Groundnut and cottonseed proteins on the other hand, contain just
 
a little more 
L-lysine than cereal proteins (Jansen, 1974; Hegsted, 1969). 
Accordingly, these proteins have only limited value for cereal fortification unless 
synthetic L-lysine or lysine-rich proteins are added with them. Although cotton
seed flour has been degossypolized by extraction and heating and then used in
 
Incaparina and other protein-enriched 
cereal foods (Shaw, 1969; Dalby, 1969;
 
Bauernfeind, 1970), human-grade cottonseed flour with the brand 
name "Proflo"
 
(60 percent protein) is 
 no longer produced by Traders Oil Mill Company, Texas.
 
The primary 
reason for stopping "Proflo" production was the manufacturer's 
inability to meet EPA regulations (Martinez, 1977), but the underlying cause 
appears to be the failure to expand the "Proflo" market beyond its limited use in 
baked.' goods. For a few years, the Plains Cooperative Oil Mill, Texas, also 
manufactured de-gossypolized cottonseed flour, using the liquid Cyclone Process 
which was developed by the USDA Southern Regional Research Center. Contrary 
to expectations, technical difficulties prevented the plant to operate continuously 
and achieve a commercially viable production level. the PlainsIn late 1975, 
management closed their plant after suffering severe financial losses in their oil 
mill operation.. (Kraemer et al., 1977). Cottonseed protein, in addition to its 
inferior nutritive value per unit cost, has been expected to impart a strong yellow
green color to food in some applications. 

The current prices of different protein sources and their nutritive values are 
given on Table 4. 9. One can infer from the data that milk proteins, despite 
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Table 4. 9 
Current Prices and Nutritive Values of Different Protein Sources 

Percentage of Percentage ofProtein source proteina L-lysine 5 U.S. $/kg U.S. $/kgU. S. $/kg protein L-lysine P. E. R. 

Spray-dried whole milk 26.4 2.3 1.89 7.14 82.17 3 
Spray-dried skim milk 35.9 3.1 1.35 3.75 43.55 3 
Defatted soy flour 50 3.6 0.35 0.70 9.72 2-2.5 
Soy protein concentrate 70 4.2 0.77 1. 10 18.33 2-.5 
Soy protein isolate 95 5.7 1.46 1.54 25.61 •1-1.6 
Fish protein concentrate 80 7.2 1.50 1.88 20.83 3 
Full-fat soy flour 42 3 0.40 0.95 13.. 2-2.5 

VI Note: Prices of milk products and soy products are fob bulk rates quoted by Borden, Inc., and
00 Central Soya, respectively. Price for fish protein concentrate is estimated from fob 

Sweden prices quoted by Astra Nutrition U. S. A., Inc., for bulk quantities at $0. 235 - 1 
Swedish Krona. Price of full-fat soy flour quoted by ADM, Bordon, Inc., Decatur, Ill. 

a. Percentage of protein values are obtained from the manufacturers. 
b. Percentage of L-lysine values are obtained from Jansen and Ehle (1965a), Wolf and Cowan 

(1971), and Astra Nutrition U.S.A., Inc. 



their high nutritive values, are too expensive to be protein supplements for
 
cereals in poor developing countries that have 
to import dairy products. Further
more, due to their high content of reducing sugars which may readily combine 
with lysine in the Maillard Reaction and Strecker Degradation (discussed later), 
supplements of milk solids may reduce the biological availability of lysine. 
Although no significant lysine loss has been reported for CSM containing 5 percent 
added milk solids, Jansen and Ehle (1965b) note a drastic reduction in lysine
 
retention during bread baking when 
a large amount of skim milk solids is added
 
with the lysine. 
 Another possible protein source is single-cell protein, which is 
made by rupturing the cells and discarding the cell-wall debris of microorganisms 
grown primarily on petroleum-based raw materials. Such proteins, however, are 
currently manufactured only a pilot-plant scale,on and the process is not expected 
to be drastically cheaper than other protein sources because of escalating petro
leum prices. Therefore, 
 soy proteins and fish protein concentrate should be con
sidered the major protein supplements for fortification of basic cereals. 

Soy protein for food uses is available as full-fat soy flour, defat soy flour,
 
soy protein concentrate, and 
soy protein isolate. Except for full-fat soy flour, 
which is made by toasting or tne extrusion cooking and milling of cleaned, 
dehulled whole soybeans, all other soy proteins are manufactured from the soy 
solids that remains after the extraction of the bean's oil. The ways these soy

products are produced are illustrated in Appendix E. 
 Like many other pulses,
 
soybeans contain growth inhibitors (e. g., 
 trypsin inhibitor, hemagglutinins,
 
saponin) and enzymes that may help 
form off-flavor and bitter tasting compounds.
 
These 
substances must be inactivated by carefully controlled heating which mini
mizes the destruction of vitamins and amino acids (Smith, 1969; Nordal and
 
Fossum, 1974). 
 Full-fat soy flour of good flavor and high nutritive value can be 
commercially produced by high-temperature, short-time extrusion cooking. In 
addition to its use in cereal-based protein-enriched food, it is useful in the pro
duction of bread, pastries, sausages, and pasta products. Because of its high 
fat (20 percent) and protein content (40 percent), full-fat soy flour may serve both 
as a high quality protein supplement and as a compact source of energy. Unfortu
nately, it lacks long-term stability because of its high content of unsaturated fats. 
Defatted soy flour, with its relatively low price and good stability, is the most 
widely used protein supplement for the fortification of cereal-based foods. 
However, flours with defatted soy added produce Western and native breads of 
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darker crumb, smaller loaf volume, beany flavor, bitter taste, and reduced 

shelf-life (Hulse, 1974; Austin and Snodgrass, 1976; Milner, 1969t. Toasting the 
defatted soy flour largely eliminates these adverse effects and deactivates 
growth inhibitors at the same time (Hulse, 1974). Generally, breads supplemented 

with up to 6 to 7 percent toasted, defatted soy flour suffer no changes in their 

physical and organoleptic properties, but beyond this level adverse effects increase 
with the level of supplementation (Hulse, 1974; Jansen and Ehle, 1965a). Recent 
research has demonstrated that chemical treatment of soy protein or the addition 
of chemicals will largely offset the adverse effects of protein supplementation at 

high levels (Rainey and Horan, 1961; Pomeranz et al., 1969; Teen et al., 1971), 
but this strategy may be impractical for less developed nations. Soy protein 

concentrate contains approximately 70 percent protein and is prepared by 
removing water-soluble sugars, ash, and other minor constituents from defatted 

soy flakes and flours. Although its high protein content, bland taste, and white
ness make it superior to soy flours for many applications, it has not been used 
widely for cereal fortification, probably because of its high unit protein cost 

compared to soy flour (see Table 4. 9). Soy protein isolate, containing approxi

mately 95 percent protein, is the most refined form of soy protein. It is pre
pared by the isoelectric precipitation of proteins under mildly acidic (pH 4. 5) 
conditions after solvation and clarification in dilute alkali. As a sole source of 
protein, soy protein isolate has repeatedly been found inferior to soy flour and 

soy protein concentrate because methionine-rich proteins remain in solution when 
the majority of soy protein is precipitated (Bressani and Elias, 1974; Pruiett, 
1977; Cogan, 1968). Although the addition of 0. 3 percent methionine brings its 
P. E. R. value above that of casein (Cogan, 1968), soy protein isolate is not an 
adequate protein supplement because of a high unit protein cost and methionine's 

flavor problems. Unlike defatted soy flour, growth inhibitors appear to be largely 
removed or inactivated in soy protein isolate and concentrate (Jansen and Ehle, 

1965b). 

Commercially available fish protein concentrate contains approximately 80 
percent protein. It is manufactured by the extraction with isopropyl alcohol of 
fat from the flesh of schooling finfish. A detailed description and schematic 
representation of the manufacturing process is given in Appendix F. It is widely 

acknowledged that the high nutritional value of fish protein concentrate as a pro

tein supplement (evidenced by Tables 4.9 and 4. 10) is not matched by its utility 
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Table 4.10
 
Nutritional Value of Fish Protein Concentrate
 

Nutritional Comparison of ASTRA Protein 
with Common Protein Soui-ces 

80 percentaProtein (Nx6. 25) 

Fat 
 0.1 percent

Water 5 percent
Ash 14 percent
Calcium 3 percent 
Phosphorus 
 2 percent

Magnesium 0.3 percent

Sodium 0.3 percent
 
Potassium 0.5 percent
Chloride 0.2 percent 
Iron 150 ppm 
Zinc 120 ppm
Manganese 15 ppm 
Copper 6 ppm 
Fluorine 80 ppm 
Mercury 0.15 ppm 
Iodine 0.7 ppm
Residual isopropanol 50 ppm
Total bacterial count 10 00/g
Pathogenic bacteria absent 

a. 	 Percentage of total composition determined 
by proximate analysis. 

Amino acid Astra Protein Casein Egg Beef Wheat Soy
Lysine 9.0 8.1 7.2 8.4 2.3 6.3
Leucine 8.0 10.1 8.8 8.4 7.2 7.7 
Isoleucine 4.6 6.6 5.1 5.35.7 3.2
Methionine 3.3 3.1 3.8 2.3 1.4 1.3
Phenylalanine 4.1 5.4 5.7 4.0 4.8 4.8
Threonine 5.0 4.3 4.0 3.85.3 2.9

Tryptophan 1.5 1.3 1.3 1.1 1.1 1.3
Valine 	 5.7 7.4 8.8 5.7 3.9 5.2
 

Note: 	 Values for protein, ash, and minerals vary with the fish 
used as raw material. 

Source: 	 Astra Nutrition U.S.A., 1977. 
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in practice. Although fish protein concentrate is available a fat-free,as taste
less, odorless, and stable light-greyish powder (Astra Nutrition U.S.A., 1977), 
it has poor solubility -nd hydration characteristics (Milner, 1969). Due to its 
relatively high price (Table 4. 9) and poor functionality (e. g., solubility and
 
hydration characteristics), it 
has not been able to compete with soy proteins in
 
the U. S. market as an ingredient in baked goods, meat products, 
 beverages, and 
other foods (Astra Nutrition U.S.A., 1977; Wolf and Cowan, 1971). Nevertheless, 
fish protein concentrate has been used in cereal-fortification programs that have 
benefited many people in developing countries, primarily through the World Food 
Program of the United Nations (Astra Nutrition U.S.A., 1977). Because of its 
high nutritive value and lack of functional properties the addition of only 2 to 4
 
percent of fish protein concentrate will greatly increase protein quality and
 
quantity in the end product without causing any adverse interactions with other
 
ingredients (Jansen, 
 1974; Milner, 1969; Sanber-Maria, 1969). In general, the 
supplementation of basic cereal flours with 5 to 6 percent fish protein concentrate 
does not result in significant organoleptic changes in baked breads, tortillas, and
 
pasta products (Sanber-Maria, 
 1969; Milner, 1969; Astra Nutrition U. S.A.,
 
1977). It is interesting to note that tortillas fortified with 7.8 percent defatted
 
soy flour spoil faster than unfortified ones; the added soy flour increases the 
tortillas' ability to retain moisture (Austin and Snodgrass, 1976). This effect 
will probably not occur with fish protein concentrate due to its low solubility and 
poor hydration characteristics. This low solubility is very helpful in fortified 
pasta products, where the loss of added nutrients by leaching is a serious problem. 

Table 4. 11 compares the cost of wheat flour fortification with L-lysine with 
the costs using other protein sources. Caloric supply is constant at 2000 Kal, 
and all mixes provide approximately equal amounts of usable protein. Minor 
corrections for differences in vitamin and mineral content are required to estab
lish actual nutritive value, but the ingredient cost for fortification with L-lysine 
is approximately 40 percent lower than that with defatted soy flour, the cheapest 
protein supplement (Table 4. 9). Fortification with fish protein concentrate costs 
about three times more than with L-lysine, and fortification with skim milk 
powder costs eight times more. Provided there is no excessive loss of lysine 
during storage and cooking, L-lysine= supplementation of cereals is superior to 
supplementation with proteins not only for its failure to produce detectable 
organoteptic and textural changes, but also because it is cheaper. 
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Table 4. 11 

Economic Evaluation of Cereal Enrichment with L-lysine 
and with Protein Supplements 

Wheat 

flour(g) Supplement(g) 


542 

542 1.09 L-lysine- HC1 

507 29 soy flour, 
defatted 

506 36.1 skim milk 
powder
 

535 	 12. 5 fish protein 
concentrate 

Total 
protein(g)a 

49.9 

51 

61.1 

59.6 

58.3 

Chemical 
scoreb 

26 

48 

41 

42 

42 

Usable 
proteinc 

13 

24.5 

24.5 

25 

24.5 

Energy 
(Kcal) 

2000 

2000 

2000 

2000 

2000 

Cost of 
Enrichment 
(U. 	S. $)d 

0 

0.0061 

0.0102 

0.0487 

0.0188 

Percent 
Enrichment 
level 

0 

0.2 

5.4 

6.7 

2.3 

a. Analytical data from FAO, 1970. 

b. The chemical score is the percentage of the first limiting amino acid to "Amino Acid 
Content of Foods and Biological Data on Proteins." FAO Nutritional Studies No. 24. 
FAO: Rome. Reference. 

c. Usable protein is the protein content (x), the chemical score. 

d. Prices (U.S. $/kg) of supplements: L-lysine- HCl 
Defatted soy flour 
Skim milk powder 
Fish protein concentrate 

5.60 
0.35 
1.35 
1.50 

Source: Adopted from a table in H. H. Ottenheym and P. J. Jenneskens, "Synthetic Amino 
Acids and Their Use in Fortifying Foods. 1 Journal of Agricultural and Food 
Chemistry 18. Pg. 1010. 



Practically all the nutrients (vitamins, minerals, amino acids, proteins) 

which have been considered as cereal fortificants in this paper are produced in 

the 	developed countries, particularly the United States, Japan, and Western 

Europe. Their major markets are also in the developed world where they are 

used as feed ingredients, pharmaceuticals, and food additives. Fluctuations in 

the 	availability and cost of these nutrients could easily jeopardize a fortification 

program. Vitamins and minerals account for less than 10 percent of the ingre

dient cost for cereal fortification with vitamin-mineral-amino acid or vitamin

mineral-protein premix, so price fluctuations for these micronutrients should 

not 	greatly affect cereal fortification programs. However, the market prices of 

soy 	proteins and L-lysine, which generally constitute over 90 percent of the 

ingredient cost for protein fortification of cereals, have changed drastically 
between 1972 and 1976. Fish protein concentrate is not produced from fish meal, 

and 	it is relatively removed from such fluctuations. On the other hand, soy pro

teins for food uses are produced from soy solids after solvent extraction of oil. 

The 	market price of this raw material is determined by the present and future 

prices for the substitutes of soy meal, soybean oil, and soybeans (Figure 4. 1). 

In the past few years, the market for L-lysine has expanded rapidly because of 

escalating soybean prices (Chemical Week, 1974). Fluctuations in the market 

prices of food-grade L-lysine and protein supplements between 1972 and 1976 are 

illustrated in Figure 4. 2. Although a detailed analysis of the data in Figures 4. 1 
and 4. 2 is well beyond the scope of this paper, we can observe that the market 

prices of soy proteins and L-lysine for human consumption are strongly influenced 

by the animal-feed and the edible-oil markets. This relation is partly the result 

of the overwhelming importance of both soybeans and L-lysine to the feed market: 

approximately 90 percent of the world's L-lysine (Japan Chemical Annual, 1974) 

and 95 percent of soybeans in the United States (Pruiett, 1977) are used as feed 

ingredients. 

One way to circumvent the deleterious effects of market-price fluctuations 

is to manufacture the desired nutrients in the country where the fortification pro

gram is carried out. Of course, the investment required to do so is not justified 

unless the following criteria are satisfied: 

(1) 	 Improvements in the nutritional status of the target population 

must be demonstrated in large-scale fortification studies like 

the ones conducted in Thailand, Tunisia, and Guatemala. 
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Figure 4. 1
 
Fluctuations in the Market Prices of Soybean Products and Cottonseed Meal Between 1972 and 1977
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Figure 4.2 
Fluctuations in the Prices of Amino Acid and Protein Supplements Between 1972 and 1977 
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(2) 	 The demand for the protein supplement or L-lysine must be 

large enough to create a market for the output of a plant large 

enough to produce the nutrient economically. 

(3) 	 A cheap and abundant supply of raw materials for the production 

of protein supplements (e.g., schooling finfish, pulses) or 

L-lysine (e. g., blackstrap molasses, corn syrup solids) must 

exist. 

(4) 	 The technological basis of the host country must be able to support 

the manufacturing facilities. 

An economic evaluation of manufacturing facilities for protein supplements and 

L-lysine is given on Table 4. 12. 

Fortification Technologies 

The following general technological considerations apply to the fortification 

of all basic cereals to be discussed in this section: 

(1) 	 The selection of a method of nutrient addition must be carefully 

considered. The availability of reliable equipment is a factor in 

this decision. 

(2) 	 The fortification process should assure the uniform distribution 

of added nutrients at the mill as well as during the transportation, 

storage, and preparation of the food. 

(3) 	 Precise quality-control procedures must be used to determine 

the level and the distribution of nutrients in the fortification 
premix and in the fortified cereal. To monitor the level of cereal 

fortification at the mill, a rapid and reliable assay for an indicator 

nutrient must be available. 

(4) 	 The effects of processing, transportation, and storage on added 

nutrients must be defined and understood. 

(5) 	 The nutritional gains brought about by the addition of certain 

nutrients to cereals must be balanced against their adverse effects. 

The form of the nutrients and the point and manner of their addition must be 
treated individually because so many factors related to them can affect the 

nutrient levels of the final product. 
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Table 4. 12
 
Economic Evaluation of Manufacturing Facilities
 

for Protein Supplements and L-lysine
 

Million U.S. $ 

Cost ofProduction
capacity Capital Manufacturing supplementcostb cost (U. S. $/kg) c Quantity of cereal(tons/year)a 1977 1980 1977 1980 1977 1980 fortified (tons/year)d 

L-lysine-HC1 4500 12.1 16.1 7.8 10.4 4.42 5.89 2,255,000Fish protein 7000 7.1 9.1 1.7 2.3 1.26 1.67 297,000
concentrate
 
Soy flour, protein 10900 
 0.8 1.2 1.2 1.8 0.18 0.28 190,000flour from native 
sources
 

Note: Estimates are based on 1972-73 data from Denkenwater (1976) for L-lysine viafermentation, on 1975 data from Astra Nutrition U.S.A.concentrate, and on (1977) for fish protein1976 data from Wenger Manufacturing (1977) for soy andother proteinaceous flours. 
a. Production capacity is based on a continuous three-shift operation, 6000 hrs/yr. 
b. Capital and manufacturing cost estimates 

year. are based on 10 percent increments perCapital cost consists of expenses for machinery,facilities, buildings, and supportingwiring and piping, and installation. Manufacturingexpenses for cost consists ofraw materials, energy, operating supplies,maintenance. labor, management,The following table illustrates how the 
and 

cost estimates are actuallyderived from available data: 

c. Compare the U. S. $/kg cost of supplement values with those in Table 4. 8 and 4. 9. 
d. The quantity of cereal fortified (tons/year) is based on fortification with L-lysine. HC1at 0.2 percent level or its equivalent with protein supplements (refer to Table 4. 11).Soy flour or other protein-rich flours are assumed to containwith a P. E. R. 40-50 percent proteinequivalent to that of soy flour protein. 



Table 4. 12 (Cont.) 

L-lysine- HCl Fish protein concentrate Soy and other protein-rich flour 
Capital Manufacturing Capital Manufacturing Capital Manufacturing 

1972 7.5 4.8 ...
 

1973 8.3 5.3 ...
 

1974 9.1 5.9 -.
 

"1975 10.0 6.5 5.85 1.4 - 
-
1976 11.0 7.1 6.4 1.6 0. 8' 1. 2" 

1977 12.1 7.8 7.1 1.7 0.9 1.3 

1978 13.3 8.6 7.8 1.9 1.0 1.45
 

1979 14.6 9.4 8.6 2.1 1.1 1.6
 

1980 16.1 10.4 9.4 Z. 1.2 1.8
 

Capital costs for a fish protein concentrate production plant and a protein flour 
a, manufacturing plant are broken down as follows: 

** According to Wenger Manufacturing (1977), tctal operating cost for 4000 lb/hr. Unit 
is $16. 2/hr, or $97, 200/6000 hr/yr. To calculate total manufacturing cost, the 
protein source (pulses, etc. ) is estimated at $0. 1/kg, which is about half of the current 
soybean price in the U.S. Thus ($0. 1/kg (x) 10,900,000 kg) + $97,200 $1.2 million. 

Capital cost (million U. S. $) 
Fish protein concentrate Protein-rich flour 

Process machinery 3.59 0.24 
Buildings and related facilities 1.97 0.40 
Miscellaneous (running-in, etc.) 0.29 0.16 



Wheat 

Wheat is primarily consumed as flour in breads, cakes, biscuits, gruels,

and porridges. In some parts of the world like the Near 
, ast, bulgur, a par
boiled wheat, is an important staple. There is 
no need to make the nutrients
 
added to wheat flour and bulgur water-resistant because these products 
are
 
mainly used in preparations which involve no 
rinsing or discarding of excess
 
cooking water.
 

Wheat flour produced in large commercial mills -- most of the imported wheat 
in Peru (Beigler, 1969), Indonesia (MIT INP Program, 1975), and other developing
countries (Senti and Pence, 1971) -- can be efficiently enriched at the mill by
metering a vitamin-mineral -amino acid or vitamin-mineral-protein premix into 
the flour flowing into packing bins (Brooke, 1968). In large U. S. mills, which 
are equipped with mechanical or air conveyors constructed to ensure the uniform
 
distribution of supplements, vitamin-mineral premix is usually added at the rate
 
of 1 ounce per 100 pounds of flour (1 part premix into 1600 parts flour). Smaller 
U.S. mills with less sophisticated conveyors and feeders prefer to add a less
 
concentrated premix at the rate of 2 ounces 
per 100 pounds to minimize addition
 
and distribution errors (Brooke, 1968). 
 As the inclusion of L-lysine (or its
 
equivalent in protein supplements) at a 
0.2 percent level increases the amount of 
premix to be added to the wheat by a factor of at least ten or eleven (Tunisia 
Report, 1977), most of the centralized mills in developing countries should be
 
able to add the premix without much difficulty. They will have to install break
 
and reduction rolls and a dry chemical feeder between the packing bins, 
 and also
 
slightly modify the flour conveyor to 
assure the uniform distribution. A diagram
of flour milling and the point of premix addition is in Appendix G. 

Volumetric dry chemical feeders, which supply constant preset or propor
tional delivery by volume and do not recognize changes in material density, are 
usually used to dispense the fortification premix. Gravimetric feeders are com
mercially available, and they deliver accurately by weight regardless of varia
tions in density. But, these devices are much more expensive and require much 
technical knowledge for maintenance (Margiotta, 1977). The prices and feed 
rates of the volumetric feeders commonly used in wheat flour fortification are 
listed in Table 4. 13. Variable-speed drives easily modulate their feed rates. 
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From time to timc though, these rates must be checked because the feeder is 
volumetric and the bulk density of the fortification mixture may vary (Brooke, 

1968). 

Table 4.13
 
Prices and Feed Rates of Volumetric Feeders
 

Type Feed rates (ft3 /hr) Feed rates (kg/hr)a Price (U. S. $)b 

Roll-type .000167 to. 16 .00227 to 2. 176 1300 
Screw-type .001 to 11.4 .0136 to 155.04 1800 
Screw-type .001 to 18.5 .0136 to 251.6 2200 

Source: 	Wallace and Tiernan, 1977. 

aAssuming the bulk density of the premix is 30 lb/ft 3 or 13.6 kg/ft3 . 

bFOB Belleville, N.J. price from Wallace and Tiernan (1977). 

To minimize errors in feed rates, the premix must be free-flowing and con
sistent in bulk density. Furthermore, to avoid the separation of added nutrients 
and flour during transportation and storage, the premix must have a particle size 
("mesh") and bulk density similar to wheat flours. Accurately compounded, 
finely milled fortification premixes with wheat or cornstarch as the binder for 
vitamins and minerals are available from the U. S., Europe, and Japan at low 
incremental costs (less than 5 percent of the cost of vitamin and mineral ingre
dients). By buying preblended vitamins and minerals to order, the host country 
will avoid the many problems of premix manufacturing (Wooden, 1974). The 
imported vitamin-mineral premix can easily be blended with L-lysine, soy flour, 
fish protein concentrate, or a properly prepared native source of protein at some 
central location with a spiral ribbon mixer. Table 4. 14 shows the prices and 
capacities of several such mixers. When the host nation can afford to buy both 
the vitamin-mineral premix and the L-lysine or protein supplement from the 
same developed country, it may choose to eliminate its own blending operation 
to avoid the unnecessary expense of quality-control facilities. Data from the 
Tunisian Study (Tunisia Report, 1977) indicate that both the vitamin-mineral and 
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the vitamin-mineral-L-lysine premixes shipped from the U. S. are stable for 
twelve to eighteen months when packed in drums lined with an inert material and 
kirpt dry and cool. 

Table 4.14 
Prices and Specifics of Ribbon Mixers 

Working capacitya Bowl dimensions (inches) Flush plug 

ft 3 gate diameter Agitator Nominal Pricekg length width height (inches) speed (rpm) (U.S. $)b 

5 68 48 16 19 4 65 2 8,500
25 340 96 24 27 8 50 7.5 13,000
50 680 120 30 35 10 40 10 17,000

125 1700 120 48 56 12 
 25 25 
 32,000

260 3536 144 63 75 12 20 30 45,000
490 6664 144 87 101 12 12 50 76,000 

a Assuming the bulk density of the premix is 330 lb/ft or 13.6 kg/ft 3 
bFOB York, Pennsylvania price provided by READCO (1977). 

Sourc,.: READCO, 1977. 

The final vitamin-mineral -amino acid or vitamin-mineral-protein premix

must be checked for uniform composition with a statistical sampling plan. 
 This 
testing requires a quality-control laboratory capable of carrying out quantitative 
assays of the nutrients according to the standard analytical methods, such as 
those listed in "Official Methods of Analysis of the Association of Official
 
Analytical Chemists". 
 If the levels of nutrients in the final premix have been
 
carefully controlled in the manner 
we suggest, a check of the fortified flour for a 
single ingredient should be enough to ensure that all the other nutrients are pre
sent in the correct amounts. For example, 
 many mills use a quick, roughly

quantitative test for riboflavin. 
 The tester examines a flattened, wetted wedge

of enriched flour on a glass or 
metal strip in the dark, under ultraviolet light.
 
The intensity of fluorescence emitted by the wetted particles of riboflavin allows
 
him to estimate the level of enrichment (irooke, 1968). Both this method and 
the ninhydrin test for L-lysine are judged adequate for routine quality control of 
fortified flour in the Tunisia Study (Tunisia Report, 1977). The Tunisia Study
also finds no significant separation of added nutrients during transportation and 
storage, and very small variations in the premix feeding rate, even on a gravi
metric basis. 
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There are numerous technological difficulties and logistic barriers to the

fortification of wheat flour at village mills. 
 Unfortunately, a major portion of

the wheat flour produced 
at central mills in developing countries is consumed by
the middle- and upper-income groups in urban areas. Fortification of their
 
wheat results in excess nutritional coverage; it is an undesirable expenditure,

in terms of achieving nutritional improvements. Most native wheat, which is

often consumed by the nutritionally deficient rural populations, 
 is processed at

small local mills. For instance, 
 most milling in Tunisia is performed in the
villages with attrition mills of stone or iron, as illustrated in Appendix H. These
mills grind grain once, and 	the customer sifts the product. It is approximately
50 percent semolina, 30 percent flour, and 20 percent bran, which the livestock 
eat (Food and Feed Grain Institute, 1974). The quantity of wheat milled for each
customer is small. Under these circumstances, there are three possible methods 
to fortify the semolina and flour: 

(1) 	 At a central location, two premixes differing only in particle size, 
one at the mesh range of semolina, and the other at the mesh range
of flour. Each premix can be mixed with sifted semolina or flour 
at the village mill with a simple mixing bucket agitated by hand
rotated paddles. The mixing bucket and the measuring cups used 
to scoop the premixes can be standardized so the semolina and 
flour will be fortified at the proper levels (see Appendix I). 

(2) 	 Prepare a premix in the form of tablets or pellets. The village 
miller can add them to his attrition mill at controlled rates by 
slightly modifying the milling machine and attaching a simple
volumetric feeder similar to the one used in the Thailand Study
(Appendix M). The premix tablets will be added to the wheat 
stream just before it enters the attrition rollers, and mixing will 
take place during milling. Tablets or pellets can also be mixed 
with 	wheat by hand before the mixture is added to the milling 
machine. 

(3) 	 Prepare a premix in the form of heavily fortified whole-wheat 
kernels, which can 	be added to wheat as in the second method 
above. 
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The advantages and shortcomings of each of these methods are tallied inTable 4. 15. The first method is by far the most efficient in terms of premix andequipment costs, but to be effective it requires extensive cooperation from themill operator and his customers. Powdered premixes cannot be added accuratelyto the outcoming stream of milled wheat because its amount is small and alwayschanging. To avoid the separation of premixes with different bulk densities inthe feeder unit, one feeder must be installed for each premix. Furthermore,because there is no build-in mixing step, fortified semolina and flour must be 
mixed, possibly by hand. 

Both the second and the third methods require much less cooperation fromthe miller, especially if he can attach an inexpensive feeder to his millingmachine. The reliability and accuracy of such feeders (I * 0. 03 percent) isdemonstrated in the Thailand Study (Gershoff et al., 
 1975). Nevertheless, 
 thesecond method suffers from the high cost of the premix, possible customerresistance to the addition of exogenous material to food, 
 and the uncertain distribution of the added nutrients between semolina and flour after sifting. Unlessthe pellet or tablet is physically similar to the whole wheat kernel, a greaterportion of the added nutrients will end up in either the semolina or the flour.Unfortunately, no experimental data is presently available to pursue this discussion further. Unlike the second method, the third assures the uniform distribution of fortificants between semolina and flour (Table 4. 16) and provokes

the least customer resistance. 

Fortified whole wheat kernels are produced in the following manner (Grahamet al., 1968). First, a machine fitted with abrasive surfaces scores the surfacesof wheat kernels in a very light pearling treatment; second, the kernels are soakedin a 35 percent solution of L-lysine at 160*F for 3 hours. After draining for one
hour and careful drying to avoid giving the kernel surfaces a powdery, 
 saltedappearance, the fortified wheat kernels - containing 10 to 15 percent L-lysine -are ready for use. When blended into ordinary wheat at 1 to 2 percent, they areundetectable in appearance and taste. Upon milling, the retention of L-lysinefollows the extraction rate of the flour fairly closely. Washing the wheat kernelswill remove 25 or 30 percent of added L-lysine (Graham et al., 1968). VitaminA cannot be added to whole wheat kernels in this infusion process because of itslow solubility in water, but water-soluble B-vitamins can be readily incorporatedat desired levels. Our third method, therefore, appears to be the best way to 
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Table 4.15
 
Advantages and Shortcomings of Different Methods Proposed for
 

Flour Fortification at Village Mills
 

Extent ot 
cooperation 

Cost of required
Cost of Premix Cost of Limitations from the 
premix (U. S. $/,%g flour equipment Mill Distribution to nutrient miller and 

Methods (U. S. $/kg)a fortified) (U. S. $) Modification of nutrient addition customers 

Premix 4 0.008 	 10-15 None Uniform None Very much 
(mixing only if from both 
bucket) cooperation 

is good 

Tablets/ 7 0.07 50-100 Minor Unknown None Some from 
pellets (feeder); the miller 

0 (hand) None 
Ln Fortified 2.5 0.05 50-100 Minor Uniform Only Some from 

wheat (feeder); L-lysine the miller 
kernels 0 (hand) None and water

soluble 
vitamins; 
no vitamin A 

aThe cost of normal premix containing 60 percent L-lysine is estimated from data provided by Wooden (1974) with 
a corrective factor (2.3) for increase in L-lysine and vitamin prices. The cost of tablets/pellets is based on 
data provided by Mock (1977): $10 for Ajinomoto simulated rice granules containing 20 percent L-lysine, less 
$3 for L-threonine. The cost of fortified wheat izernels containing 10 percent L-lysine is estimated by allowing
$0.6 for nutrients (0.1 kg L-lysine at $0.56 and $0.04 for vitamins), $0.1 for 1 kg wheat, and $1. 8/kg for 
processing cost. 

bEstimates based on flour fortification at 0. 2 percent L-lysine level. 



Table 4.16 

Distribution of L-lysine in Whole Wheat Containing 
8 Percent L-lysine after Infusion 

Weight fraction Percentage of Free L-lysine as 
(percentage of free L-lysine a percentage of 
whole wheat) content L-lysine input 

0.30.5 	 5.27Bran 


Groats and middlings 7.2 14. 92 6.6
 

92.3 7.99 	 93.1Semolina and flour 

Source: 	 H. H. Ottenheym and P. J. Jenneskens. "Synthetic Amino Acids and 

Their Use in Fortifying Foods." Journal of Agricultural Food 

Chemistry 18. Pg. 1010. 

no special needfortify wheat semolina and flour at village mills where there is 

for vitamin A and protein supplements. But for all of these methods, the quanti

ties and distribution of added nutrients in semolina and flour can be monitored by 

describedthe semiquantitative riboflavin test and the ninhydrin test for L-lysine, 

previously. 

Bulgur, which is an important staple in the Near East, is prepared by par

boiling whole wheat kernels and removing the bran with friction after drying. 

Rarely rinsed before consumption, bulgar can be fortified with powdered nutrients 

or by spraying a concentrated solution into a moving stream of grain. Subsequent 

mixing of the grain distributes the fortificants uniformly as particles adhere to 

the kernel surfaces (Senti and Pence, 1971). This process, currently used to 

fortify bulgur exported from the U. S., is readily applicable to bulgar produced 

at central locations in developing countries. However, bulgur is also often pre

pared from wheat kernels at home, and no fortification method appears to be 

effective in this instance. Even if fortified whole wheat kernels were provided 

individual households, soaking and parboiling would inevitably result in the 

excessive loss of added nutrients. 
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Rice 

Rice is the staple of Asia. It is consumed mostly in a completely polished 

form and, in many countries, highly polished white rice is prized for its palata

bility (Mitsuda and Yasumoto, 1974; Somboonsub, 1976). As shown in Tables 

4. 1 and 4. 2, polished rice is deficient in a number of vitamins as well as 

L-lysine and L-threonine. Many biological experiments have demonstrated that 

the fortification of rice proteins with both L-lysine and L-threonine improves 

their nutritive value, but that fortification with L-lysine alone is less effective 

(Mitsuda and Yasumoto, 1974). Results from laboratory animal and human 

studies indicate that the quantity of usable protein in polished rice can be increased 

significantly by the addition of 0. 2 to 0. 3 percent L-lysine and 0. 1 percent 

L-threonine (Rosenberg, 1959; Hegsted, 1971; Mitsuda and Yasumoto, 1974). 

Like corn and wheat, the majority of rice consumed in rural areas beset by 

chronic nutritional deficiencies is processed by small village mills. For instance, 

over 90 percent of the rice consumed in Thai villages is processed at the village 

level (Gershoff et al., 1975; Austin and Snodgrass, 1976). Thailand in fact has 

over five thousand rice hullers scattered throughout the country (Somboonsub, 

1976; Call and Levinson, 1973). To carry out a successful rice fortification pro

gram there, logistic and administrative problems must be solved with government 

cooperation. 

Rice is almost always rinsed and foreign particles are eliminated before 

cooking. Furthermore, it is common practice in South Asia to cook rice in excess 

water which is later discarded. With fortified rice, the excessive nutrient losses 

due to leaching and the willful exclusion of exogenous fortified rice granules must 

be prevented. Currently, three methods have been used commercially or in 

large-scale field studies to produce rinse-resistant fortified rice kernels which 

can be added to milled rice. 

Surface Coating Method 

Used to fortify rice kernels with vitamins in the famed Bataan experiment 

(Brooke, 1968) and in Japan (Mitsuda and Yasumoto, 1974), this approach requires 

that a suspension of amino acids and vitamins be sprayed onto clean polished rice 

as it is tumbled in a large rotating cylinder. The solvent evaporates, leaving a 

relatively insoluble coating on the rice. The desired level of fortificants is built 
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up by repeating this operation. The surface is then covered with a rinse-resistant 

coating such as food-grade shelac, rosin, or ethyl cellulose. The coating 

material can also be incorporated into the nutrient suspension, eliminating the 

final coating step. In one Japanese process, a commercial coating mixture (17. 9 

percent L-lysine, 3.6 percent L-glutamic acid, and 78. 5 percent dextrin and 

vegetable oil) is dissolved in water at 35 percent (weight/volume), and the resul

tant emulsion is applied to clean polished rice at the rate of 1. 6 percent (volume/ 

weight) in a tumble coating machine. There are two serious drawbacks to the 

surface coating method: the lengthy proces-zing time required to build up the 

desired level of nutrients, and the resemblance of the fortified kernels to pills 

(Mitsuda and Yasumoto, 1974) because of the large quantity of amino acids that 

must be deposited on the rice to make the premix contain 20 percent L-lysine and 

for rice premixes10 percent L-threonine. Thus, this method is not recommended 

fortified with amino acids and vitamins, although it is acceptable for uniformly 

fortified rice (produced in Japan) or premixes fortified with only vitamins and 

minerals. In principle, proteins of low water solubility can serve as the coating 

material if protein rather than amino acid supplementation is preferred. However, 

such heavily fortified rice will not appear very much like rice. 

Infusion Method 

Described in Appendix J, this is probably the best method to make fortified 

rice premix because of the similarity between treated and untreated kernels. 

Furthermore, the technology of the infusion method is well established because it 

has been used in Japan for years to enrich rice with the B-vitamins (Senti and 

Pence, 1971; Mitsuda and Yasumoto, 1974; Akino, 1969). Unfortunately, it is of 

no use in protein supplementation. Also, because the premix it produces contains 

approximately 6 percent L-lysine, 2 to 3 Percent premix has to be added to 

ordinary rice to achieve final fortification levels of 0. 1 to 0. 2 percent. Those 

parts of the soaking tank that come into contact with acidic amino acid solutions 

must be made of stainless steel or coated with acid-resistant plastics to avoid 

corrosion. 

Simulated Kernel Method 

Simulated rice kernels are made by extruding a dough of fortificants and a 

binder of starch or proteins through a short-goods die in a macaroni press after 
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gelatilization at temperatures between 250 and 400*F (Brooke, 1968; Mitauda and 
Yasumoto, 1974; Senti and Pence, 1971). Patended by the Ajinomoto Company of 
Japan, this method permits the incorporation of nutrients at high levels. To 
prevent excessive nutrient losses during precook rinsing, the simulated granules 
are coated with water-resistant films of food-grade shellac, ethyl cellulose, or 
other materials (Mitsuda and Yasumoto, 1974; Gershoff, et al., 1975). A sche
matic outline of this process is presented in Appendix K. Because the technique 
can be adapted to simulate kernels of other cereal grains, Appendix L lists 
estimates of equipment and production costs. The high cost of extrusion equip
ment and related facilities prevents economical premix production unless the 
machinery's capacity (2000 to 4000 pounds/hour). is fully used. At 6000 produc
tion hours per year and at I percent premix addition, a single installation can 
fortify 540, 000 to 1, 080, 000 tons of basic cereals per year. In the early stages 
of a fortification program, it is therefore more practical to import simulated 
kernels or to contract a macaroni plant, with some equipment modifications and 
additions, to produce them. Simulated rice kernels reportedly reduce the palata
bility of rice and clump together when stored in a humid atmosphere like that of 
Southeast Asia (Mitsuda and Yasumoto, 1974). And because the fortification 
nutrients are exposed to high temperatures at moisture ranges of between 10 and 
60 percent during extrusion cooking (Steele, 1976; Smith, 1971), reducing sugar 
content must be kept at less than 0. 1 percent to a oid excessive loss of amino 
acids through Maillard Reaction or Strecker Degradation. Unless they are 
properly encapsulated to withstand these processing conditions, heat-labile vita
mins such as thiamine and vitamin A should be applied just before coating to avoid 
excessive loss or off-flavor development (Smith, 1971). With extrusion-cooked, 
ready-to-eat cereals, spraying vitamins on the surface prior to coating has made 
the product more acceptable to the consumer (Steele, 1976). Although the simu
lated kernel technique can fortify rice with protein supplements instead of amino 
acids, the ratio between rice and simulated kernels would probably be 20 or 30 
to 1 instead of 100 or 200 to 1. The increase in simulated kernals would undoubt
edly cause noticeable -- and probably objectionable -- changes in the taste and 

texture of the cooked rice. 

Fortified rice premix prepared by any of the above methods can be 
added to milled rice at fixed rates if a simple feeder unit is attached to the 
milling machine. The reliability and accuracy of the feeder have been 
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amply demonstrated in the Thailand Study (Gershoff,. 1975). The rate of premix 

addition is determined by the fortification level desired and the concentration of 

the nutrients in the premix. With simulated kernels containing 20 percent 

L-lysine, 0. 2 percent L-lysine fortification can be achieved by adding 1 part 

premix to 100 parts milled rice. But with infused kernels containing 6 percent 

L-lysine, 3. 3 parts premix must be added to achieve the same fortification 

level. As stated by Gershoff et al , 1975, a perfect premix would look like rice, 
cook like rice, taste like rice, and maintain its nutrient qualities through rinsing 

and cooking. Although fortification premixes made by any of the above methods 

will retain their nutrients relatively well, none has perfect organoleptic properties. 

All premixes have problems with salty-tasting spots from amino acids and yellow 
spots from riboflavin (Senti and Pence, 1971; Cousolozio, 1966). Unfortunately, 

these problems increase as the effectiveness of the coating material and concen
trations of added amino acid and riboflavin rise. So there are advantages and 

disadvantages to using a concentrated premix with highly water-resistant coating. 

To maintain quality control, the level of nutrients in the premix should be moni
tored with analytical procedures and a statistical sampling plan, as in the case of 

premixes for wheat flour fortification. Fortified rice kernels must be fully ground 

to ensure that analysis reveals all added nutrients. The level of fortification at 

the village mill can be monitored by grinding the final fortified product and testing 

it much as one does semiquantitative analysis for riboflavin and L-lysine in 

wheat flour. 

The advantages and shortcomings of various methods of making rice fortifi

cation premixes are listed in Table 4.17. 

Corn 

Like wheat and rice, the majority of corn consumed in rural areas is pro
cessed through village mills. In Guatemala, where corn is an important staple, 

over 95 percent of rural families mill their corn at the village nixtamal mill 

(Austin and Snodgrass, 1976). At home, corn is culled of foreign particles and 

soaked in lime water to remove the hull. After washing and drying, the village 
nixtamal mill wet-mills the dehulled kernels into a dough for tortillas or tama

litos. Traditional stone mills found in almost all areas of Guatemala further 
refine the corn dough (Garcia and Urrutia, 1976). It is then made into tortillas 

and, once in a while, tamalitos. 
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Table 4.17 

Advantages and Shortcomings of Different Methods Used in 
Making Rice-Fortified Premix 

Cost of 
Premix 

Methods 

Cost of 
premix 
($ U. S. /kg) a 

($ U.S./
kg rice 
fortified)b 

Limitations to 
nutrient addition 

Organoleptic and handling 
properties 

Surface Looks like drug pill at 
coating 4.0 0.04 Theoretically none this level of added 

nutrients 
Infusion 1.31 0. 043 No proteins Closest to ordinary milled 

rice 
Simulated 3. 5 (1O)c 0.035 (.1) None Problems with clumping 

during storage. Salty 
spots. Texture differs 
from that of rice. 

a) The cost of the premix (U.S. $/kg) is derived in the following way: 

Surface coating Infusion Simulated kernel 

Production cost 0.66 (Senti and 0.24 0.18 (Appendix lib, at 6000 tons/yr)
Pence, 1971) Mitsuda and 

Yasumoto, 1974) 

L-lysine 1.12 (20%) 0.336 (6%) 1.12 (20%) 
L-threonined 2.00 (10%) 0.600 (3%) 2.00 (10%) 



Table 4. 17 (Cont.) 

Surface coating Infusion Simulated kernel 

Starch, coating 
material 0.10 0.100 0.10 
Vitamins 0.10 0.035 0.10 

3.98 1.31 3.5 

b) 	 Cost of premix (U.S. $/kg fortified rice) is derived by assuming a final fortification 

level of 0.2 percent L-lysine and 0. 1 percent L-threonne. 

c) Ajinomoto Company estimates that simulated rice kernels would cost $10/kg, assuming 
$5. 50/kg L-lysine and $57/kg L-threonine. Using these values for amino acids, we 
obtained $7/kg premix. The remaining $3/kg is probably the company's charge for 
process development, etc. 

d) 	 L-threonine is assumed to cost $20/kg instead of the current price of $57. 70 for 
commercially available pharmaceutical-grade. 



When a milled cereal product is consumed without rinsing or discarding the 
cooking water, it can be fortified is the same ways as wheat at the village level. 
Fortification of nixtamal dough (wet-milled corn) should be easier than fortifying 
milled wheat because there is no need to sift the product into two particle sizes 
(semolina and flour). Wet-milled corn can be fortified by simply adding the forti
ficant mixture by hand or with a cheap feeder. Although the addition of 7. 8 per
cent soy flour reportedly darkens tortillas, reduces their storage stability, and 
changes the handling properties of the dough (Garcia and Urrutia, 1976), vitamin
mineral-amino acid and vitamin-mineral-protein premixes can also, technically, 
be milled along with dehulled corn. Because pelletization has no benefits but to 
make the premix look more real, it is not recommended for premix preparation 
unless consumer and miller resistance to powdered premix is very strong. 

Premixes for fortifying wet-milled corn can be manufactured with the proce
dures and quality-control measures used in the central mills (pages 80 - 82) for 
powdered premixes for wheat flour. The level and distribution of nutrients can
 
be monitored 
at the village nixtamal mill with the simple, semiquantitative tests
 
described previously. As stated previously L-tryptophan is a significant pre
cursor of niacin in human beings, so high corn diets limiting in both niacin and
 
tryptophan may be nutritionally improved by adding the less expensive niacin 
($5 to 5. 25/kg) instead of L-tryptophan ($86. 80/kg). With 1 mg niacin roughly 
equivalent to 60 mg L-tryptophan, a smaller amount is also necessary to ade
quately fortify corn. Nicotinamide, coated to mask its bitter taste, is recom
mended because nicotinic acid produces transient flushing of the face at oral doses 
of 50 or 100 mg. 

Corn grits present more fortification problems than wet-milled corn dough 
because they are often rinsed before cooking. But technologies like those for 
fortifying milled rice are readily applicable here. 

Stability of Added Nutrients 

The losses of added nutrients during fortification, storage, * and cooking must 
be evaluated to determine the fortificant quantities required and fortifications 

Although losses of cereals to insects and rodents are often significant in devel
oping countries (FAO, 1969), such losses will not be discussed here because all

cereals, fortified or not, are susceptible to them.
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Iactual cost: the 	expensive of delivering the nutrients the target population 
actually 

causes:
 

(1) 	 Chemical reactions that so alter nutrient molecules that they are notdigested, absorbed, or metabolized properly
(2) 	 Leaching, in which the added nutrients are removed from cereals 

during washing, rinsing or cooking,
(3) 	 Microbes, can yeasts or molds, render the added nutrients nutritionally unavailable and may, at the same time, produce dangeroustoxins or unsightly pigments. 

Chemical Reactions 

Although amino acids and proteins (actually amino acid subunits linked withpeoptide bonds) are relatively sturdy in dry, cool 	atmosphere, their stability icthreatened by the high temperatures arid humidity in many developing countriesand 	by reactive carbonyls and oxidizing agents in the diet. Nutrient loss in amino 
can occuracids and proteins by the destruction of essential amino acids or by adecrease in total nitrogen available from the digestive process. Lysine,

tryptophan, methionine, and 	threonine are 	among the most labile amino acids infood 	subjected to certain processing or storage conditions (Roubal and Tappel,

1966; Buttkus, 1967; Tannenbaum 
et al., 1969). 

Of the various chemical reactions which may reduce the biological availabilityof added amino acids and proteins during processing and storage, the Maillard
Reaction (fully described in Appendix M) is I robably the most important. 
 In it,the 	amino groups of amino acids or proteins combine with carbonyl groups from
reducing sugars or oxidized fats to form N-substituted derivatives, 
 which the
body digests and absorbs poorly (Tanaka 
et al., 1976; Erbersdobler, 1976).
Beyond its adverse nutritive effects, 
 the Maillard Reaction leads to extensive,unappealing browning. Another reaction that may reduce the biological availabilityof added amino acids under certain processing conditions, such as baking orfrying, is called the Strecker Degradation (see Appendix N), in which free aminoacids are 	degraded by the carbonyls to aldehydes and ketones containing onecarbon atom less (Schonberg and Moubacher, 1952). In spite of its adverse
nutritive effects, this reaction contributes importantly to the flavor of baked and
fried foods (Linko et al., 1962). 
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Amino acids added to cereals as proteins or as free amino acids may also be 
destroyed under such oxidizing conditions as the bleaching of flour with benzoyl 
peroxide, the sterilization of milk with hydrogen peroxide (Cuq et al., 1973), and 
the oxidation of fats during storage 'Tannenbaum et al., 1969; Lea, 1962). These 
oxidation reactions are described in Appendix N. 

Although c. nutritionist thinks of vitamins as a single group of nutrients, to an 
organic chemist, they are heterogeneous and without common structural attributes. 
To properly discuss the stability of vitamins during processing and storage is to
 
consider each vitamin separately.
 

Vitamin A and its precursor beta-carotene are sensitive to air, oxidizing 
agents, and ultraviolet light. Their decomposition is catalyzed by metal ions and 
accelerated by increasing temperature. Under acidic conditions (with pH less 
than 4. 5) or high temperatures, partial isomerization of vitamin A from all trans 
form to the less potent cis form will occur (De Ritter, 1976). Vitamin A losses 
in fortified food can be reduced substantially with the combined use of food
approved antioxidants (e. g., BHT, BHA, propyl gallate) and protective coatings,
 
and by minimizing exposure co high temperatures and acidity.
 

Thiamine, one of the most unstable vitamins, breaks down rapidly when 
exposed to neutral or alkaline conditions (pH greater than 5), high temperatures, 
oxidizing conditions, ultraviolet light, gamma-radiation, nucleophiles, and 
thiaminases (enzymes found in vegetable and animal products, particularly sea
foods). Metal ions catalyze its breakdown and ppoteins often have protective
 
effects (De Ritter, 
 1976). Thiamine degradation odors are objectionable in some 
c,!?,.:sls but almost unnoticeable in others (Borenstein, 1975). 

Riboflavin and niacin are much more stable than thiamine and vitamin A. With 
the exception of riboflavin's susceptibility to light and alkali, these two vitamins 
are practically stable in the conditions of food processing and storage. Schematic 
repreqentations of the chemical pathways leading to the degradations of vitamin A, 
thiamine, and riboflavin are given in Appendix 0. 

Unlike vitamins, amino acids, or proteins, minerals are rarely destroyed 
through chemical reactions in food. Instead, chemical binding to oxalates and 
phytates renders them biologically unavailable forming insoluble salts which pass 
through the digestive tract. 
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Leachina 

Leaching is an insignificant cause of nutrient lose when fortified cereals areconsumed without precook rinsing or disposal of the cooking fluid. Such is oftenthe case for flours and grits, which are used to prepare Western and native"breads' (e. g., chappatis in India and Pakistan, baladi and tannour in the MiddleEast, tortillas in Central America, couscous in North Africa, buns in China) andporridges (e. g. fereek in the Middle East, wholemeal flour porridge in India andPakistan). In the United States and some European countries, even rice may fallinto this category because it is rarely washed prior to cooking. On the other hand,leaching may contribute significantly to the loss of water-soluble nutrients iffortified cereals are washed prior to cooking or if the cooking water is discarded.
This treatment is most often true for rice in Asia and pasta products all over theworld. In the Far East and Southeast Asia, Dolished rice is rinsed with water atleast once to temove impurities before cooking. In South Asia, it is cooked inexcess water luter discarded (Farman, 1968). Subjected to these conditions, riceinevitably looses some of its nutrients, even from the fortified rice kernels treatedto minimize leaching losses. Among the nutrients we have considered for cerealfortification, thianAine, niacin, free ainino acids, and minerals are most susceptible to leaching losses. The previous section treated the technologies to minimize 

stich losses. 

Microbial Actions 

Fortified cereals offer microorganisms a more favorable nutritional environment for proliferation. At the high temperatures (80 to 100°F) and humidity
(greater than 80 percent) characteristic 
of the tropics and subtropics, microbial
actions may render the added nutrients biologically unavailable and also produce

toxins and unsightly pigments. 
 During storage and transportation, the equilibrium
moisture content of cereals easily exceeds 13 to 16 percent, the level at whichmolds and fungi grow (Appendix P). If the fortification premix is more hygroscopic than the bulk cereal, granules with added nutrients and higher surface water may provide the ideal environment for mold and fungi growth. High temperatureswill further aid these microorganisms. Mistsuda and Yasumoto (1974) point outthat simulated rice kernels tend to clump together in storage under humid conditions because of their hygroscopicity. Austin and Snodgrass (1976) report that some families refuse to have their corn fortified, knowing that tortillas of 
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protein-fortified corn dough tend to decompose more quickly than conventional
 
ones. Protein-fortified tortillas retain more water than the conventional 
ones. 
So cereal fortification may adversely affect the microbial stability of the car-ler. 
particularly in warm and humid climates. Unfortunately, this problem has not
 
been addressed sufficiently either in the laboratory or in field studies.
 

Stability of Added Nutrients under Specific Processing and Storage Conditions 

Up to this point, the factors which may affect the stability of :.dded nutrients 
in cereal foods have been discussed in general terms. Table 4.18 summarizes
 
the stability patterns of different fortificants under specific processing and
 
storage conditions. It shows that stability depends 
on processing ,rid storage 
conditions as well as on the chemical and physical form of the fortificant and the 
fortification process. The table further shows that very little work has evaluated 
the storage stability of added nutrients under the high temperature and humidity 
common in developing countries or the overall loss of added nutrients between 
fortification and consumption. Also, practically no experimental data exist to
 
compare the stability of protein and amino acid supplements. Free amino acids
 
are, however, thought to be less resistant to losses from leaching and chemical
 
reactions than the corresponding amino acids in proteins. Schnickels et al.
 
(1976) report that 50 percent of the free L-lysine they added to a model food
 
system which contained 20 percent moisture and 10 percent glucose (a reducing
 
sugar) was lost in less than a day when they incubated the system - 350C (88°F). 
By contrast, "bound" lysine in soy and fish protein did not suffer a 50 percent 
loss until the seventh and the nineteenth day of incubation, respectively. 
Table 4. 18 shows that losses of added free L-lysine can rise to 40 or 60 percent 
when fortified flour is made into pasta products or exposed to an environment 
rich in reducing sugars. Under these circumstances, bound amino acids in pro
teins are apparently more stable, but there does not yet exist enough experimental 
data to pursue this argument. 

Feasibility Questions 

Fortification projects offer definite potential for addressing the nutrient 
deficits in populations throughout the world. Our fortification technology is 
well-developed, but the planners should keep certain key questions in mind if they 
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Fortificant 

Vitamin A (as acetate 
oil) added to simulated 
kernel 

Vitamin A (as palmitate 
beadlets containing 
antioxidant) added to 
dry mix products 

Vitamin A (as palmitate 
beadlets) added to wheat 
or maize flour 

Vitamin A (as palmitate 
beadlets) added to wheat 
flour 

Vitamin A (as palmitate 
beadlet) added to flour 

Processing/storage 
conditions 

Extrusion cooking to prepare 
simulated kernel and storage 
for three months at 86*F 

Storage at room temperature 

Baking of bread (Western-
type, chapatis, tortillas)
Five days storage at room 

temperature after baking 

Three month storage at 
456C 
9 percent moisture level 

13. 5 percent moisture level 
Four month storage at room 
temperature 

9 percent moisture level 

13. 5 percent moisture level 

Baking of (Western-type 
bread, chappatis, tortillas) 

Percentage 
loss 

45-50 
(combined 
processing 
storage loss) 

0. 5/month 

0-10 

5-15 

13-20 

50-90 

0-2 

8-27 

10-13 
8 
0 

Reference
 

Gershoff et al. (1975)
 

Borenstein (1975)
 

Borenstein (1975)
 

Rubin and Cort
 
(1969) 

Rubin and Cort 
(1969) 



Fortificant 

Vitamin A added to 
nonfat dry milk 

Vitamin A sprayed on 
ready-to-eat cereal 
Thiamine added to corn 
grit 

Thiamine (encapsulated) 
added to protein-rich 
mixture 
Thiamine added to 
ready-to-eat cereal 

Thiamine added to 
wheat flour 

Thiamine added to 
pasta products 

Table 4.18 (Cont.) 

Processing/storage 

conditions 


Storage at 230C for twelve 

months 


Storage at 37 0 C for three 

months
 
Storage at 23 0 C for six 

months
 

Extrusion cooking at 300 0 F 

13 percent moisture level 
16 percent moisture level 

Extrusion cooking at 380OF 
13 percent moisture level 

16 percent moisture level 
Extrusion cooking 

Heating to prepare toasted 
cereal products 
Storage at 23 0 C for twelve 
months 
Commercial baking 

Baking of Devil's food cake 
(alkaline) 
Cooking and draining 

Percentage 
loss 

11-31 

0-6 

17 

39 

39 

I, 

52 

81 
10 

15 

0 

21-26 

93-100 

50 

Reference 

Bauernfeind and 
Parman (1964) 

De Ritter (1976) 

Beetner et al. (1974) 

Smith (1969) 

Borenstein (1975) 

De Ritter (1976) 

Shultz et al. (1942) 

De Ritter (1976) 

Rubin and Cort 
(1969) 



Fortificant 

Thiamine added to dry 
products (e.g., cocoa) 

Thiamine (as thiamine 
naphthalene disulfate) 
added to simulated rice 
kernel 
Thiamine added to 
bulghur 

Thiamine added to 
premix rice kernels 
by infusion method 
(with steaming of rice 
surface) 
Riboflavin added to 
pasta 

Riboflavin added to corn grits 

Riboflavin added to 
buighur 
Niacin added to pasta 
products 

Table 4.18 (Cont.) 

Processing/storage

conditions 


Twelve month storage at 75"F 
at 98"F 

Washing, soaking for six hours 
and slow cooking for two hours 
(combined loss) 

Steamed for table use 
Canned at 55 percent moisture, 

retorting 

Washing 
Washing and cooking 

Cooking and draining 

Extrusion cooking at 3009F
 
13 percent moisture level 


16 percent moisture level 

Extrusion cooking at 380"F 

13 percent moisture level 

16 percent moisture level 
Cooking and draining 

Steamed for table use 
Canned at 55 percent moisture 

retorting 

Percentage
loss 

13 
21 

24 

Negligible 

72 

7 
12 

30 

0 

13 

0 

46 
40 

10 
30 

Reference 

Borenstein (1975) 

Gershoff (1975) 

Pence et al. (1964) 

Kondo (1951) 

Rubin and Cort 
(1969) 

Beetner (1974) 

Rubin and Cort 
(1969) 
Pence (1964) 



Fortificant 

L-lysine added to 
wheat flour 

L-lysine added to 
Incaparina 

L-lysine added to 
whole wheat by the 
infusion method 

Table 4.18 (Cont.) 

Processing/storage 
conditions 

Baking of white bread with
4-6 percent nonfat milk 
powder (ordinary use) 

Baking of white bread with 
25 percent nonfat milk powder 
(high content of reducing 
sugars) 
Baking of sweet bread (high 
content of reducing sugars) 
Baking of unleavened bread 
(chappatis, poories, parathas) 
Boiling and draining of noodles 

Boiling or frying 

Storage for 51 and 83 days 
at room temperature 
Steaming to prepare couscous 

Baking of bread 
Boiling of Incaparina with 
nonreducing sugar for 24 
minutes 
Twelve month storage at 100°F 
13 percent moisture level 

Percentage 
loss 

5-25 

40 

30 


0-4 

50-60 


33 

Negligible 

Negligible 

9-17 
Negligible 

Less than 10 

Reference 

Matthews et al. (1969)
Jansen and Ehle (1965b) 
Ericson et al. (1961b) 
Jenneskens (1969) 
Gates and Kennedy 
(1964) 
Jansen and Ehle (1965b) 

Ericson and Larson 
(1962)
 
Matthews et al. (1969) 
Bains and Tara (1970) 
Akino (1969) 

Pereira et al. (1969) 

Tunisia Report (1977) 

Bressani et al. (1964) 

Ferrel et al. (1970) 



Fortificant 

L-lysine added to 
simulated rice 
kernels 

L-lysine added to 
fortified rice premix
by the infusion method 
(with and without 
steaming of fortified 
rice surface to form 
a-starch layer) 
L-lysine added to 
parboiled rice 

DL-threonine added 
to wheat flour 
L-threonine added to 
parboiled rice 
DL-threonine added 
to animal feeds 

Table 4.18 (Cont.) 

Processing/storage 
conditions 

Washing, soaking in water 
for six hours, and cooking 
for two hours 

Washing for ten minutes (no 
steaming)
3 minute steaming 

mmsuda 

10 minute steaming 


Cooking without draining the 
gruel 

Baking white bread 

Coking without draining the 
gruel 
One year storage at 50*C 

Percentage 
loss 

18 

40 

20 

10 

Negligible 

20-40 

Negligible 

Negligible 

Reference 

Gershoff et al. (1975) 

Mitsuda and 
and 

Yasumoto (1974) 

Bains and Tara (1970) 

Ericson et al. (19 6 1a) 

Bains and Tara (1970) 

Rohdenburg and 
Rosenburg (1956) 



are to select the proper fortification process. The following checklist can serve 
as a guideline for the design and implementation of an appropriate technology. 

For 	the Fortificant: 

(1) 	 Will the fortificant affect the organoleptic characteristics of the product? 

If so, how? 

(2) 	 How stable are the forms of the nutrients you propose to use? 

(3) 	 Will the proposed dosage of the fortificant have any harmful side effects? 

(4) 	 How well will the nutrients in the proposed mix be absorbed? 

(5) 	 Does absorption necessarily decline as taste acceptability rises? 

(6) 	 What are the price differentials among the various forms in which the 
nutrient could be supplied? Which form will be most cost-effective? 

(7) 	 Will the fortificant mix create a nutrient imbalance? 

(8) 	 Will large-scale fortification interventions create relative or absolute 

shortages of raw materials? 

(9) 	 How will fluctuations in nutrient availability and cost affect the program? 

(10) 	 Will chemical reactions in the fortificant mix alter nutrient digestion, 

absorption, or metabolism? 

For 	the Fortification Technology: 

(11) Can you include control system in the program? 

(12) How stable is the mix? 

(13) Can the vitamin-mineral-amino acid premix be centrally produced? If 

not, is the technology feasible? 

(14) Can uniformity in the premix composition be attained? 

(15) How easily can premix composition be tested in the field? 

(16) Can the proposed fortificant mix be incorporated into a carrier that wil 

reach the target groups? 

(17) Is the necessary equipment easily available vAthin the country? 
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(18) What 	is the cost of each processing method? 
(19) 	 What effect will local cooking practices have on the proposed fortificant 

mix? 

(20) 	 Will microbes contaminate the nutrient mix? How can this spoilage be 
controlled? 

(21) What are the optimal processing and storage conditions for each of the 
nutrients you plan to use? 

Notes:
 

Soy meal prices 
are from The Wall Street Journal at the beginning of January,
July, and December of each year. Prices for soy flour, soy protein concentrate,

and soy protein isolate are quoted by Cental Soya, 
 Chicago, 111., for truckload
 
quantities FOB Chicago. 
 L-lysine. HCl prices are estimated FOB Japan for 
quantities greater than a ton. (See 	Table 4. 8.) Prices for fish protein concentrate 
are estimated FOB Sweden, as quoted by Astra Nutrition U. S. A., Worcester, 
Mass., for bulk quantities at $0.235 = I Swedish Krona. 

Except for soy meal, which is used for animal feed, all the other products 
are food-grade. 

Because only the average yearly prices were available for soy flour and 
L-lysine.HCl between 1972 and 1976, these prices are plotted for June of each 
year. 
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CHAPTER 5
 

CONSUMER ACCEPTABILITY
 

Gail Harrison
 

Introduction
 

In the previous chapters we discussed how successful fortification interven
tions address a real nutrient gap, are tailored to. the commodity system's struc
ture, and use the appropriate technology. 
 But even after passing these nutritional, 
structural, and technological hurdles, the planner confronts another basic barrier: 
the food's color, flavor, texture, cost, meaning or value must rot change in such 
a way as to make it unacceptable to consumers. Consumer acceptability is 

extremely important when the fortified food is a staple cereal because these
 
foods play a central role in cultural systems. This chapter addresses the crucial
 

barrier of acceptance by consumers.
 

We will draw on data on the introduction and acceptance of innovations in 

cross-cultural situations, including this project's case studies in Tunisia, 
Guatemala, and Thailand. The Guatemala.. study produced the most information 
on these subjects, so it will be emphasized. But despite this emphasis, this 
chapter's analysis is general enough to allow planners to use if for other situa
tions and other countries. We hope to provide a perspective and guidelines for 
the collection and analysis of information on consumer reaction to fortified cereal 
g rains. 

Some Myths About Cultural Change 

To assess the potential for the acceptance of any innovation, a planner must 
acknowledge and challenge two widespread and probably erroneous ideas. Both 
seem to trace their origins back to anthropologists and others acutely conscious 
of cultural differences, but both have given rise to generalizations that prevent 

effective planning. 
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The first myth: "People usually - or even always-resist change." True,
 
people reject many innovations, 
 whether they arise within their culture or come
 
from outside it; but it is equally true that they accept many others. 
 Cultures do 
change. Rates of change vary from one population to another and within a culture 
from time to time, and in general rates of change have accelerated in recent 
decades. But cultural change is a constant. Cultures reject innovations for spe
cific and discernible reasons, not because of a human tendency to resist change in 

general.
 

It is possible to identify, on the basis of past experience, what factors are
 
most likely to result in rejection of a proposed change. Spicer (1952:18) gener
alizes that people 
resist changes that appear to threaten basic securities; they 
resist changes they do not understand; and they resist forced change. Niehoff and 
Anderson (1966), writing about socioeconomic innovation in peasant societies, 
attack the common practice of blaming "fatalism" for the failure of innovative 
programs. They acknowledge fatalism in peasant societies, and they identify 

three types: supernatural fatalism involving theology and magic), situational fatalism 
(provoked by the situation or the innovation, rendering it inaccessible or imprac
tical), and project fatalism (based on previous negative experiences with the agent 
of change or with similar innovations). Nevertheless, Niehoff and Anderson think 
fatalism is not usually as critical in predicting change as leadership, social struc
ture, economics, and the behavior of the agent of change. Coercion, bad commu
nication, the failure to get recipients actively involved, the disregard of local 
culture and motivations, and the lack of any perceived need all reinforce fatalism. 

The second myth: "There are social classes and even particular cultures 
which are more innovative, or accepting of change, than others." Every innova
tion is unique. Every innovation requires unique changes in ideas and behavior 
that the culture will interpret as acceptable or unacceptable. Within a cultural 
group, one class or another may accept some innovations more readily than 
others, and other innovations may be equally popular with all groups (Graham, 
1956). A culture or subculture cannot be identified as uniformly conservative or 
liberal, nor will any innovation (such as the fortification of staple cereals) meet 
with equal acceptance in all cultures. Thus, success or failure in each instance 
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depends on the change proposed; the degree to which it is compatible with cultural 

norms, values, and expectations; and the details of the situation. The astute plan

ner will adjust the process of change to maximize the chances of success. 

When a proposed change offers definite but uncertain benefits and requires a 

significant but risky investment, early acceptance is likely to be greatest among 

those vvith enough money or resources to risk. The rich may therefore exhibit a 

high degree of initial innovativeness, while the middle class is conservative. 

After the benefits are amply proven and the risk is lower, the middle class may 

support the change more strongly (Cancian, 1967). The introduction of a swamp

rice development scheme in Sierra Leone in 1965 provides a dramatic demonstra

tion of this generalization (Isaac, 1971). For the first two years the program met 

with very limited participation. Those who initially took part were the wealthier 

farmers who could mobilize both capital and labor. After they demonstrated the 

benefits of the program, middle-class farmers greatly increased their own par

ticipation. Many innovations may require months or years to reach this second 

stage of adoption. Their planners may be tempted to abandon a program with 

limited initial acceptance as a bad start unless they are aware of this general 

process.
 

A fortification program for cereal grains may or may not fit this model, 

depending on the specific situation. If fortification requires an economic invest

ment, for example, by grain millers, it may be well to aim initial publicity at the 

wealthier millers. But if, on the consumer level, fortified grain costs no more 

than unfortified grain, then economic risk is not at issue and classes other than 

the wealthy may be more receptive to the program. 

Data Requisites for Planning Change 

About the Innovation 

If the planner decides to attack macro or micromalnutrition by fortifying 

cereal grains, he has already decided, some fundamental characteristics of the 

innovation. Nevertheless, he has other choices to make, based on his estimate 

of the chances for success of one alternative over another. 
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Graham (1973) classifies innovations with seven characteristics that can 

potentially affect their acceptability: 

(1) 	 The form, meaning, and function of the innovation in relation to the 

cultural background of the re-.ipients 

(2) 	 The incremental or decremental nature of the proposed change, i. e., 

does the innovation add to a culture or require that something be taken 

away? 

(3) 	 Communicability: how complex or simple is the proposed change, and 

how easy is it to demonstrate its results? 

(4) 	 The length of time it takes to demonstrate the results of the change 

(5) 	 The number of decisions to be made for the innovation's acceptance 

(6) 	 rhe possibility for an easy trial period 

(7) 	 Can the public go back on a decision to adopt the change? 

Other things being equal, innovations stand a better chance of adoption if they 

are compatible with the culture, easily understood, have immediately evident con

sequences., require only one or a few decisions, are amenable to an inexpensive 

and easy trial period, and if the decision to adopt is easily reversible. The adop

tion of a simple, new technology like matches for lighting fires offers the advan

tages of being incremental, useful for an existing and recognized purpose, easy 

to demonstrate and use, immediately obvious in its benefits, cheap and easy to 

try, and reversible should tLe innovator decide to use other methods of firemaking. 

On the other hand, to stop smoking is a decremental change. It requires many 

repeated decisions, and the major beneficial consequences are far in the future 

and may be difficult to visualize or acknowledge. 

Fortification of cereal grains with protein, vitamins, or minerals has the 

advantage of being a rather small incremental change. Further, technology can 

minimize the change required of the consumer by reducing possible changes in 

the color, flavor, texture, keeping, and cooking qualities of the grain. On the 

negative side, cereal fortification has two disadvantages common to most nutri

tional interventions: it involves communication of relatively abstract, complex 
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ideas, and its benefits take a long time to manifest themselves. Thus it becomes 

important that the planner find and take advantage of incentives other than long
range health benefits -- financial advantage, perhaps, or social approval. 

The 	planner may manipulate other attributes of cereal fortification to his advan

tage. His ability to forecase the extent of a culture's resistance depends on his 
knowing a great deal about it, particularly those aspects related to the staple 
cereal. For example, all cultures treat illnesses by using or withholding partic
ular 	foods, especially in the case of children. If the population sees the staple 

cereal as an essential "superfood, " supplying all child's needs (Jelliffe and 
Jelliffe, 1968), then fortifying it to combat or prevent diseases to which children 

are 	susceptible may make intrinsic sense in that culture. The proposed change 
merely enhances or extends an already-recognized attribute of the foodstuff. If, 
on the other hand, the culture holds that the carrier is "strong, " or difficult for 

children to digest, their access to the fortified food may be restricted when they 
are ill (which, in many less developed countries, may be much of the time). 

In such a case, cereal fortification is much less likely to succeed if its goal is the 

treatment or prevention of disease in children. 

The number and reversibility of the decisions required for the adoption of 

cereal fortification depend to a great extent on who makes them. If millers 
decide to fortify all the grain they grind for a time, there are fewer decisions to 
make than if the consumer were free to select fortified or unfortified products 

everyday. In a society with centralized food production, fortification can be 
accomplished by policy decision or legislative act; only one decision maybe 
required. However, such a decision is much less reversible than one that results 

from decentralized decision making. 

About the Sociocultural Context 

Spicer (1952:281) has noted that programs of planned technological and social 

change have six basic categories of recurrent problems: 

(1) 	 Problems of cultural linkage. These are the products of failure to under

stand the interrelatedness of cultural beliefs, customs, and behavior. 
For example, Sharp (1952) reports in a classic paper the profound con

sequences for social interaction and division of labor when missionaries 
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introduced steel axes to replace the traditional stone axes of the Yir 

Yoront group of aboriginal Australians. Although the technological 

change was not a great one, the distribution of axes to the Yir Yoront 

men, women, and even children caused extensive disruptions in sex, 

age, and kinship roles and in traditional trading partnerships. Why? 
The stone for axheads had come from distant quarries through an estab

lished network of trading partners and could only be obtained by older 

adult men. Younger men and women frequently needed to use axes and 

had, each time, to borrow an ax from an adult male. When the ownership 
of axes became generalized, role expectations and behaviors which were 

intimately tied to the frequent necessity for borrowing axes broke down. 

(2) 	 Problems of social structure. Sometimes agents of change fail to work 

through existing social organizations or do not identify them properly. 

Ignored or antagonized social institutions may actually become the cen

ters of organized resistance to change. 

(3) 	 Problems of the role of the innovator. Poor relations between the people 

of the different cultures may arise if the change agent is a member of an 

ethnic group not trusted by the recipients, or from misunderstanding or 

poor definition of the innovator's role. 

(4) 	 Problems of cultural bias. Innovators and recipients will interpret one 

culture's behavior in terms of their own culture. Practical methods for 

dealing with this problem in information gathering will be treated later 

in this paper. 

(5) 	 Problems of participation. Often planners and administrators are reluc

tant to allow local leaders to do things in their own way and to make mis

takes. Participation problems arise from their failure to bring others 

into 	the planning and execution of their program. 

(6) 	 Problems of buffer organization. Organized resistance to change may 

develop from any of the above problems. Opposition is sometimes so 
strong that recognized needs the innovation might serve are obscured. 
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The prevention of these common, recui'ring problems in the introduction of 
cereal fortification requires careful, thorough research'ng of the target popula
tion's culture and society, a maximally compatible program design, and continuous 
follow-up and monitoring to identify and solve problems as soon as they arise. 
The data the planner should gather fall into four categories: the staple cereal's 
role in the culture; the characteristics of the decision makers he must reach; 
characteristics of the participants; and communication and program-design 

variables. 

Role of the Staple Cereal in the Culture 

Many societies regard their staple cereal as special, basic, essential, and 

even sacred. In a large part of the Far East, a meal is defined as a meal only if 
rice is eaten. Bread is considered sacred in parts of the Middle East, and crumbs 

spilled on the ground must not he trod upon. Corn has assumed a central place in 
American Indian religions in both North and Latin America. Often these regions' 

inhabitants follow standard procedures for growing, harvesting, grinding, cooking, 
and storing these grains. In fact, the procedures may be, to one degree or 
another, ritualized. So changes in the staple cereal, although they may benefit 

many people because of universal consumption, are potentially more culturally 

objectionable than changes in another, less important foodstuff. 

In general, fortification planners should attempt to minimize any change in 

the flavor, color, texture, or physical properties of the cereal. Some differences 
may be unavoidable, and it is important to know the possible consequences of the 
differences when this is the case. If technologists can enhance a property which 

is generally regarded as desirable, so much the better. But often cultural sub
groups will put different values on certain properties. For example, preliminary 

testing of soy-fortified tortillas in Guatemala indicates that the Indian community 

finds their darker color an improvement, but Ladino communities value the white
ness of the original tortilla. Careful taste-testing for consumer preference 

between fortified and nonfortified products -- and a survey of the respondents' 
reasons for their preference -- will tell more than if the fortified product is 

acceptable. Survey answers should teach planners which characteristics are the 

most important to the target groups. 
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Changes in the storage and cooking qualities of the grain may be at least as 
important in influencing acceptability as color or flavor. Data on these charac
teristics is more difficult to obtain, however, because researchers must wait until 

the recipients actually use the new grain for a time and report their reactions. 
In the Guatemalan studies, the reduced storage life of fortified-flour tortillas and 

the effect of altered hydration properties on the texture of tarnalitos were among 

the most important barriers to acceptability. 

Before planners consider a large-scale fortification program, they should 

obviously hather information on the target audience's perceptions of the flavor, 
texture, color, storage, and cooking qualities of the fortified grain. Perhaps less 

obvious is the need for information on the staple cereal's role in the culture. 
Investigators should become thoroughly familiar with the folk-medical domain and 

the allocation of labor and responsibility for food procurement and preparation. 

Every culture has ways of identifying, explaining, and treating illness and 

maintaining health by individual and group behavior. And in every culture, foods 
play an important role in folk medicine. Tradition names certain foods as good 
or bad for such people as babies, pregnant women, children with diarrhea or fever, 
and sick adults. Because of the special place of staple cereals in many societies, 
these grains and products made from them may be intimately bound up in the folk
medical system. For example, the mother of a child with diarrhea or measles 

may deny it all foods except the staple cereal; in another culture, she may feed 
the child a greatly diluted gruel instead of its usual ration of grain, or she may 
entirely replace the grain with herb teas. Such customs not only affect the con

sumption of cereal grains by vulnerable groups, they may cause recipients of 
fortified cereals to believe that the beneficial or dangerous aspects of the foodstuff 
have been enhanced or counteracted by the fortificant. Thus it is important to 
ascertain how the cereal grain fits into folk-medical beliefs and practice. "What 

should you feed a sick person? A child sick with' fever? With diarrhea? What 
should these people avoid eating? Is maiz (or rice, or couscous) good for your 
health? Why? Do you prepare maiz differently for a sick person? How? Why?" 
With such questions the planner can discover potential barriers or even helpful 

aspects of the local folk-medical system. 
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The planner must also find out who procures, handles, and cooks the product 
to be fortified, because the fortification system may otherwise disrupt established 
patterns. To take a hypothetical example: women are responsible for taking the 
day's grain to a mill, but only men are empowered to make decisions about family 
expenses. The new fortificant will raise the milling cost to the consumer. If the 
financial decision makers are not first brought into the program, it will probably 
encounter problems. 

Characteristics of the Decision Makers 

Householders adopt fortified cereal grain after making decisions regarding 
food patterns, health (if the reason for fortification is promotion of health), and 
finances (if the fortification raises the consumer-level cost of grain). So it is 
important to ascertain where, in any culture or subculture, the decision-making
 
power in these areas resides. If grandmothers act as the final authorities on
 
health, for example, it may be crucial to involve them in any educational programs 
undertaken. To gather information that leads to a clear picture of decision making 
power requires interviewing more than one adult per household. Garcia reports 
an example of this methodology in his Guatemalan fortification feasibility study 
(Garcia, n. d.). A male and a female interviewer visited each home in the sample, 
spoke separately with the husband and wife, and talked to them together only when 
the couple suggested doing so. 

Once the crucial decision makers are identified, planners should attempt to 
find characteristics of those individuals or their households that make them likely 
to accept the program. A man's concern for his family's health would logically 
seem to predispose him toward acceptance. Based on the Guatemalan data on the 
acceptability of slightly darker tortillas, we might hypothesize that Indian holuse
holds would be more quick to accept fortification than Ladino households. Flexi
bility and experimentation in food patterns and cooking, the amount of social 
contact, and the variety or complexity of a family's information sources are 
variables planners might consider along with more obvious demographic varia
bles: age, occupation of the head of the household, educational level, etc. In any 
case, it is well to carefully follow the pilot efforts to introduce fortified cereals 
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to confirm or disprove one's hypotheses about acceptors and rejectors. Continued 

open-endoed interviews will help define acceptors and rejectors and elucidate their 

reasons for participating in or resisting the program. 

Characteristics of the Participants 

At the household level in health interventions, very often the nature and extent 

of the need for the program are determined by someone outside the target group. 

Any program of planned change, to be effective, must meet the needs recipients 

believe they have. Finding out these needs is the planner's responsibility when 

designing a program of cereal fortification. The reduction of illness in infants 

and children by providing them more nutritious foods is likely to be a credible 

goal only if the target population thinks the amount of illness among its children 

is a problem, if it recognizes that the food one eats affects one's health, and if it 

is not concerned about other, presumably more immediate needs. 

Often a program can be designed to address problems the recipients believe 

are more pressing while it accomplishes the program goal. The possibility of 

such a strategy is clear in the reasons villagers in Santa Marta Caque, expressed 

for using soy-fortified grain in the INCAP feasibility study (Garcra n. d. ). Four 

of thirty-nine persons who gave specific reasons for using fortified corn said that 

their principal reason was that they were poor and the fortification provided, at 

the same price, a greater volume of masa and thus more tortillas. Certainly if a 

family does not routinely have enough food, the need for more will take precedence 

over other needs. In such a case, therefore, it would be worthwhile to make sure 

the fortified grain costs the consumer no more and that the fortification method 

does indeed add volume to the product. 

In developing a sense of felt need among participants, planners must take the 

time to involve the local community in all phases of planning and implementing the 

program. This stage in the process is likely to be slow, but circumventing it may 

prove disastrous. Spicer (1952) states the case for cooperation: 

People do not vary their customary behavior unless they feel some 

need which existing ways do not satisfy. The response to feeling 

such a need is to invent or to borrow from some other people a 
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technique or form of organization or belief which is felt to satisfy 

that need. This in essence is the basic process of cultural change. 

Needs cannot be established by fiat. Ordering people to adopt a 

new custom may focus them on resisting the command rather than 

on the advantages of the required change. Since people often 

behave in this way in response to commands, it is clear that resis

tance may be forestalled by findirg ways to establish a sense of 
need before proceeding with the change. One technique... is secur

ing participation by the people in all phases of the innovation 

process. Real participation involves taking part in the planning 

and discussion of advantages to be gained, in the devising of 

methods for introduction, and in the execution of the innovation. 

Participation through their own social organization not only gives 

people a chance to develop a feeling of need for the change, but 

also enables them to work out in their own way adjustments of the 

new to the pattern of existing customs. (Spicer 1952:292-3) 

Lewin has shown (Lewin, 1958) that group discussion and decision making, 

can have a greater effect on behavior than information giving followed by individ

ual decision making. It may be that the concensus and its joint articulation of the 
felt need for change is a major reason for the success of group discussion and 

decision making. 

Process and Communication Variables 

Communications are vital when the program works through a decentralized 

system and therefore requires many decisions by many individuals. Planners 

must answer many questions, among them: Who should participate in planning 

for the change? Who must make the ultimate decisions? What are their sources 

of information? What communication channels should be used? 

Graham (1973:331) has pointed out four possible sources of contact for cultural 

innovations: (1) the mass media; (2) commercial change agents, such local retail 

dealers or millers; (3) professional change agents, such as public health nurses 

and extension workers; and (4) personal contact with a community opinion leader 

who has already accepted or rejected the innovation. 
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Research in the U.S. suggests that mass media are most effective in publi
cizing innovations whose characteristics are easily explained or demonstrated. 
Personal contact may be much more important in conveying information about 
relatively complex innovations (Graham, 1956). Other research suggests that 
mass media work well with those inclined to be initial acceptors, but less well 
with people who accept somewhat later. The latter group is subject to permore 

sonal contact with influential individuals who have already accepted (Beal and
 
Rogers, 1960; Katz and Lazarsfeld, 1955). 

Spector et al. (1971) tested the effectiveness of radio messages, small-group 
audiovisual presentations, and both methods combined on the adoption of four inno
vations in several villages in rural Ecuador. They measured success by participa
tion in the desired behavior at the end of the campaign and three months and nine 
months after it. The most successful medium depended to some extent on the 
't-ehavior the researchers proposed, and the nature of the behavior had more effect 
on participation than did the medium through which they advocated it. With all four 
behaviors (building latrines, constructing smokeless stoves, making marmalade, 
and obtaining vaccinations against smallpox), the most important determinant of
 
participation was the cost/benefit ratio. Vaccination was the only free activity. 
 It
 
was the most popular of all.
 

Cereal-grain fortification's characteristics are relatively covert: adminis
trators may have to develop a felt need for it, and its advantages may take a long
 
time to demonstrate. Therefore, 
 personal contact with professional and commer
cial change agents and influential members of the community is probably extremely 
important, especialy when fortification renders a product all agree is desirable, 
but which is somewhat different than the original. This is certainly the case with 
the fortified tortillas tested in Guatemala, and it may be true for any fortification 
program that alters the carrier even slightly. 

The crucial questions then become: Who are the community leaders? What 
type of change agent will be most effective? Bock (1965) has written a field guide 
for assessing and identifying community leadership. His analysis is based on 
U.S. towns, but the framework is broadly useful and helps find the influential, not 
the merely visible. As he points out, the individual others identify as the most 
frequently contacted person may be merely a communication channel rather than 
an important decision maker. Bock advocates a method which combines the 
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sociologist's reputational method, in which a panel of individuals are asked to
 
identify the community leaders, 
 and the political scientist's "pluralistic method," 
in which community events are analyzed for leadership. Most communities have 
leadership structures which vary with the subject at hand. The influential individ
uals with regard to a change in the food supply may, therefore, be different from 
the ones who would decide other matters. 

The results of the field trial in Santa Maria Caque, Guatemala, demonstrate 
the importance of personal contacts in cereal fortification acceptance. Of thirty
nine persons asked to give their reasons for accepting and -using fortified grain, 
twenty-three cited the recommendations of clinic personnel and four others men
tioned other people who had tried the product and recommended it. That the
 
acceptors were providing still further influence is shown by the fact that twenty
one of the thirty-nine stated Jhat they had spoken with friends or relatives about
 
the benefits of the fortified grain. Of forty-six nonacceptors asked to give their
 
reasons for not using fortified grain, 
 ten responded that relatives or friends had 
told them of the poor keeping quality of tortillas made from the fortified flour, of 
flavor changes, or of their belief that it produced indigestion and diarrhea (Garcia, 
n. d.). 

Given the importance of personal contacts in implementing a program of cereal 
fortiication and the necessity for repeated decisions by consumers over time,
 
administrators 
should choose change agents for their continuing association with 
the community as well as for their credibility and rapport. 

Consumer Acceptability Research Strategy 
All we have had to say so far suggests that consumer-acceptability research 

is localized and that one's approach wil depend a great deal on the situation. 
Nevertheless, there are some general methorlologial strategies planners should 
bear in mind. They are to collect data relevant to tiie local culture rather than 
to the scientist's cultural frame of reference; strive f%r a holistic approach to the 
process in any given locale; and spend enough time in research to allow ongoing 
evaluation as a logical outgrowth of the initial data collection. 
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Culturally Relevant Data: Etics and Emics 

A critical problem in cross-cultural behavior research is that of collecting 

and interprefing data so that conclusions are relevant to the cognitive decision 
making framework of the target population. Cultural bias interpreting behavior 
from one culture in terms of another faces those who contemplate any planned 

change. The problem is obviously smaller when agencies and professional per
sonnel native to the country help plan and direct the program. But the involve
ment of native scientists and professionals should not lead us to assume that the 
problem is solved. An equivalent word in English and Spanish and Thai is not 
really a literal equivalent. And remember that there is often a cultural gap 

between scientists in developing countries and the village people who are usually 

the targets iutritional intervention programs,. 

The methodology for ensuring that one's questions are culturally relevant is 
based on the concept of the emic/etic distinction, originally delineated by Pike 
(1954) and Jsed on the structure of language. Other researchers have further 

developed the concept, and in its expanded version it refers to systems of cogni

tive categories and their behavioral concomitants (see, for example, Tyler, 1969; 
Pelto, 1970). In this context, "emic" refers to categories used by the people of 
a given culture (the "inside" view), and "letic" refers to a system of categorization 
and interpretation which is ostensibly okjective and absolute (the "outside", view of 
th , scientific observer). A shared etic framework allows scientists from diverse 
cultures to communicate with one another, but consumers make their decisions 
within the emic.framework. To influence decision making behavior, a planner 

must understand and use the emic context. Too often, scientists interpret con
sumer behavior in etic terms or -- where the decision making behavior is in a 
domain beyond their knowledge -- in their own emic system. 

Obtaining data on emic classifications requires intensive interviewing with a 
few informants wko are willing to teach the investigator very basic facts about how 

they classify objects and concepts. 

Acheson's (1972) study of accounting concepts and economic opportunities in 

Cuanajo, a Tarascan Village in Michoacan, Mexico, is an excellent example of a 
study of emic views relevant to grain fortification programs. Acheson compares 

the chances of business opportunities in an economist's (etic) terms and in local 
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(emic) terms for the nine major occupations in the village: large agriculture,
 
large store, molinos (mills), moneylending, grain selling, commerciantes
 
(marketers of locally made furniture), mechanized carpentry, unmechanized
 
carpentry, 
and day labor. He found local businessmen ranked these businesses 
in a hierarchy directly related to the accounting system they used. An economist 
would look at net revenue and at returns to capital as indices of economic oppor
tunity in each business, but the local businessmen measured economic gain
 
exclusively in 
 terms of ganancia. a term usually translated as "profit" but which 
they calculated quite differently from the way a North American (or urban 
Mexican) businessman would calculate profit. Different economic rankings of 
business opportunities resulted. Ganancia in Cuanajo is a measure of net cash 
income in the short run (daily or weekly in most cases, monthly on occasion). 
Acheson (1972:86) discusses the nature and consequences of ganancia as an index 
of business opportunity: 

The concept of ganancia is similar to the accountantf cash flow 
concept. For periodic planning and evaluation purposes, an 
accountant generally computes cash flow by taking into account 
the firm's cash receipts and cash disbursements over a period 
of one year or less. In calculating ganancia, the businessman 
of Cuanajo does very much the same thing. However, it should 
be clearly understood that while ganancia might be considered 
a truncated cash flow concept, it does not have the same value 
for business investment decision making. The basic difference 
is that the accountant's cash flow concept has a sufficiently 
lengthy time horizon to take into consideration reinvestment 
problems. On the whole, cash flow figures provide one of the 
best indicators of business profitability and long-run business 
opportunities .... this is not true of figures on ganancia. 
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In figuring ganancia a carpenter, for example, will add up 

his cash expenses, which he calls his gastos (wood costs, labor 

labor costs, glue, etc.) and then subtract the total of these 

short-term cash expenses from gross sales (ingreso), calling 

the difference his ganancia (profit). He does not include the 

costs of any resources for which he did not pay cash, such as 

family labor or wood he cut on his own land. Nor does he include 

any long term expenses, like taxes or depreciation. Taxes and 
other expenses paid at intervals are paid out of savings (ahorros). 

Thus, savings include what an accountant would call savings 

plus money which must be paid out for long term expenses. 

Since the businessmen of Cuanajo judge income earning 

opportunities in terms of ganancia, they see storekeeping, 

large-scale agriculture, and molinos as the best businesses 

in the pueblo, followed by moneylending and the grain business. 

Mechanized carpentry and commercio are judged to be only fair, 

while unmechanized carpentry, small-scale farming and day 

labor are thought to be very poor. 

On an etic (accountant's) basis -- figuring return to capital per year or net 
revenue per year -- commercio and mechanized carpentry are by far the best 

business opportunities; molinos and storekeeping are only fair. The pueblo's 

history of business failures suggests that many individuals invest in businesses 

with high ganancias and experience failures, leaving potentially more lucrative 

business underinvested. 

Although Cuanajo is a Tarascan village, Acheson thinks the accounting 
concepts are Spanish in origin, so his findings may be applicable to other small 

Latin America communities. His study illustrates several relevant cautions. 

First, there may be danger in assuming that translated words ("profit" for 

ganancia) carry the same connotations for decision making. And second, 

what may seem irrational decision making may be quite rational given the local 
system of classification and definition. Simpson (1970) puts it concisely: 

"Rational behavior must be considered within a cultural framework." 
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If the concept of ganancia is shared in similar villages in Latin America, 
it may require planning incentives to millers. Take care that daily net income 
does not decline. If fortification costs millers money, make them an infrequent 

expense.
 

More generally, Acheson's study illustrates the necessity of obtaining 
culturally relevant data where decision making is crucial. "How many kinds 

of are there? How do you figure out ? What does consist 
of? How is it different from ? How do you decide ? Is 

a type of ?1 Pelto (1970) gives more suggestions for eliciting information. 
In general, careful interviewing by a trained person will pay dividends. 

The Need for a Holistic Approach 

Assessment of the public response to a program involves careful study of a 
living, dynamic community of many interrelated parts. Thus it is important to 
undertake a complete acceptability study in one place at one time. If taste
testing, cooking, and storage tests, ethnographic data, and other relevant data 
are collected at different times or in separate places, predictions about consumer 
acceptability will be difficult and uncertain. Better to understand the community 

as a whole. Trail runs, or pilot tests, of a program could follow soon after the 
gathering of initial feasibility data. 

The Need for Ongoing Evaluation 

That nutritional intervention programs require ongoing evaluation to adjust 

to situations and to demonstrate success or failure is basic and obvious. However, 
initial feasibility studies have seldom been designed with long-range evaluative 
needs in mind. Because data collection for analysis of feasibility is in itself 
an intervention, the most useful data collected will be directly comparable 
(although not necessarily limited) to those collected later, as the program is 
evaluated. The evaluation methodology will have to be well thought out far in 
advance of the program's beginning. This is another often-mentioned but seldom

put-into-practice goals (Wray, 1970). 
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Feasibility Questions 

The nutritional effect of any fortification intervention is ultimately 
determined by what people chose to eat; consumer acceptability is critical in 
determining the overall feasibility of a fortification project. 

The following list of questions will help decision makers elicit the data 
they need to design a fortification program appropriate to the socio-cultural 

context. 

(1) 	 What is the role of the staple cereal in the folk-medical system? 

(2) 	 Is the proposed fortification program compatible with existing beliefs 
and grain uses ? If not, can the project be altered to become 

acceptable ? 

(3) 	 How are labor and decision making allocated in the procurement, 
processing, and preparation of the staple cereal? Is the fortification 
program reinforcing or antagonistic to existing arrangements? 

(4) 	 Are the color, flavor, texture, storage, or cooking characteristics 
changed by the fortificant ? Are these changes desirable or undesirable ? 
How can the adverse effects be minimized? 

(5) 	 Who must decide to adopt the fortified product? 

(6) 	 Who influences the decision makers ? 

(7) 	 How are the decision makers disposed to the program? 

(8) 	 Who are likely to be the initial acceptors ? 

(9) 	 What are the primary concerns of the target population with regard 
to food and health? Do these perceived needs allow or prevent the 

fortificant's introduction? 

(10) 	 Are there other needs to be addressed before fortification intervention? 

(1) 	 Who stands to benefit from the project, and how can this be communicated' 

(12) 	 Who stands to lose from the program? How? 

(13) 	 What are the risks of participation? How can they be minimized? 

(14) 	 What formal or informal communications networks can reach
 

decision makers?
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(15) 	 What local leaders are influential in matters pertaining to food and 
health and how can their help be enlisted? 

(16) 	 Has the community experienced similar programs ? What were the 
results, and how do they influence your endeavor? 
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CHAPTER 6 

ECONOMIC ASPECTS
 
Donald R. Snodgrass
 

Introduction 

This chapter deals with the "economic barrier" to the implementation of
 
cereal-fortification programs: how planners may analyze and possibly overcome
 

it with good program planning and evaluation. First we will discuss the nature of 
the economic barrier and then lay out the organization of the remainder of the 

chapter. 

Nature of the Economic Barrier 

The economic barrier exists because fortification programs require that 
some societal group pay for them with resources that might otherwise buy other 

goods and services. In itself this characteristic is hardly unique to cereal
fortification programs; all outputs of the public and private sectors (except a few 
"free goods") impose such costs. More important is the size of the costs 
involved. Microfortification programs generally cost little, but protein fortifica
tion programs often demand significantly more. Compared to earlier vitamin and 
mineral fortification programs, they entail higher fortificant costs and serve a 
smaller and harder-to-reach target population. Often, then, protein fortification's 
cost is relatively high compared to the cost of the carrier. Finally, a national 
fortification program, particularly one based on protein fortification, may 
claim a significant portion of a low-income nation's total resources. 

Before a government decides to begin a cereal fortification program, it should 
have assured itself that the program's benefits fully repay its costs. To survive 
the competition for scarce funds, the fortification program should demonstrate 
that its net benefits (the excess of benefits over costs) compare favorably with 
those offered by competing programs. 
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And if the government decides the program is worth undertaking, its planners 
must face another aspect of the economic barrier: Who pays ? Someone must 
sacrifice to finance the program. There are three basic possibilities: the con
sumers; the processors (millers and, in the case of baked goods, bakers); or
 
the entire society, through its fiscal system. The decision on sharing the cost
 
burden is 
 not to be taken lightly. It has important implications for economic
 
efficiency and social equity.
 

Purposes and Organization of the Chapter 

This chapter will present a costing methodology for cereal fortification pro
grams, estimate actual fortificant and fortifying costs, illustrate the methodology 
with field data, discuss methods of defining and measuring program effects, and 
examine financing considerations. 

In Section II we will identify and analyze the principal components of program 
cost. In the case of protein fortification programs, fortificant cost will likely
 
dominate regardless of program design. 
 We will discuss the varieties of fortifi
cants, their current costs and how they are determined, and their possible future 
prices. Then we will consider fortification and distribdtion and their costs. 
Finally comes our explanation and illustration of the costing methodology, which
 
includes the conversion of nominal costs to social costs.
 

Section III concerns itself with program effect, discussing two basic methods 
of evaluating success. The first is cost-effectiveness analysis, with which ana
lysts can compare alternative programs' coverage of the target population, the 
amounts of nutrients delivered, or the program's biological effects on recipients. 
The second method, more ambitious and difficult to put into practice, is cost
benefit analysis. It differs from cost-effectiveness analysis because it attempts 
to define and measure benefits in money terms and produces a measure compar
able to the measures calculated for other types of programs. 

In Section IV we analyze the financing problem. The three major options -

imposing the costs on consumers, on millers, or on the whole society -- are 
examined for their effects on overall economic efficiency, social equity, and 
incentives to program participation. 

In the final section we present our conclusions. 
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Inteilvention Costs 

Introduction 

What resources does a fortification program use and what will it cost? We 
do not yet have fully satisfactory answers to these questions. This section dis

cusses the methodological problems of estimating costs and summarizes the 

information available on probable costs and the factors which influence them. We 
begin by outlining costing methodology. 

The Methodology of Costing 

Program costing involves two necessary steps and a third optional one. In 
the first step, the planner lists the requirements of the program design. The 
second involves pricing these requirements in a common currency (either the 

local one or an international currency like U.S. dollars). The program's 
nominal cost results. In the optional step, the planner converts appropriate 

nominal cost items into adjusted social costs. The social cost principle assumes 
that the inputs with alternative uses should be included in the costing at their 

highest alternative values. Planners frequently accept nominal prices as approx

imations of social cost. However, significant price distortions involving an 
important share of program costs require price adjustment or shadow pricing. 
Estimates commonly shadow price unskilled labor and internationally tradeable 
commodities, both of which are sometimes undervalued by nominal prices. 

We shall discuss the first two steps in the costing methodology here and 
return to the optional third step after discussing nominal cost components. 

First, list as fully and accurately as possible the quantities of required 

inputs. Fullness and accuracy follow only from careful program design. Exper

ience with comparable programs or pilot projects can be a valuable aid in pre
dicting the input requirements uf an untried program. But keep in mind, though, 
that input requirements vary substantially from setting to setting or from a pilot 
project to full-scale field application. The analyst must foresee these variations. 

Include all program inputs in the list, regardless of who supplies or finances 

them. If the agency principally responsible for nutritional programs prepares 
the estimates, remember that other agencies (e. g. , educational authorities in the 
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case of a school feeding program) and program participants niy also incur costs. 
Although every agency will want to know the burden on its own I udget, base pro
gram evaluation on the total cost to society. 

To determine the inputs to a particular program, apply the marginal principle.
That is, include only those costs which would not have been incurred in the pro
gram's absence. Allocate "overheads" only if they meet this test. For example,
do not include any part of the central administrative costs of a concerned ministry 
or department unless its budget must be increased to undertake the program. If 
this is not the case, the extra services required by the program can be met by 
drawing on previously idle capacity -- without additional cost to society. 

The list of program inputs should describe each item unambiguously. State
 
quantities 
in physical rather than monetary terms when possible. 

The second step in costing is the valuation of each input in market prices.
 
Price data can be obtained from program or 
pilot project records, from private
 
sources, 
 or from general collections of price statistics. The figures used should 
apply to the needed quality of the input and include delivery to where they will be
 
used. Estimating prices for 
some inputs, such as the time and effort required
 
from program participants, requires ingenuity.
 

Anticipating price changes likely to occur within the planning period is a
 
major estimating problem. Thinking of price changes 
as either general inflation
 
or as increases beyond it 
may help. Most prices, in most countries, rise over
 
time. Therefore, it is generally prudent 
to apply an assumed rate of inflation to 
the cost of all inputs to be purchased in future years. In some cases, distinguish
ing between the inflation for imported and domestic items or between goods and 
labor may be realistic. 

Tables 6. 1 and 6. 2, which summarize more detailed tables presented in
 
chapter 8, 
 illustrate the first two steps of the costing methodology for two hypo
thetical protein fortification programs in Tunisia. The country's market for 
wheat, the fortificant carrier, is a dual one. The first hypothetical program
(Table 6. 1) is based on the conventional wisdom that an effective program requires
central processing. Some 40 to 50 percent of Tunisia's wheat supply passes 
through eighteen large urban mills; the annual operating cost is U. S. $6. 8 million 
to fortify this part of the wheat supply with lysine and vitamins. Table 6. 2 assigns 
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Table 6. 1 

Nominal Cost of Protein Fortification 

through Eighteen Large Mills (in U.S. $) 

Capital Cost 

Fortificant blender $46,600 

Feeders and spare parts 58,400 

Training 2,500 

Laboratory equipment 30,000 

Warehousing 84,488 

Warehot'se equipment 5,000 

Office equipment 2,000 

Publicity 30, 000 

Program start-up costs 24 200 

Total Capital Cost $283, 188 

Annual Operating Cost 

Fortificants $6,576, 130 

Shipping of fortificants 60,929 

Liners 17,575 

Shipping of liners 116 

Additional drums 17,500 

Cargo landing fee 5,254 

Transportation of fortificants and liners from 
dock to central mill 4,565 

Transportation of blended fortificant to eighteen 
mills 7,639 

Labor 80,700 

Electricity 9,795 

Warehouse operation 9,340 

Administration and quality control 24,000 

Office supplies 1,000 

Total Annual Operating Cost $6,814,543 

Total Annual Cost (assumes five-year depreciation 
on all capital items) $6,871,181 

Source: Chapter 8 
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Table 6.2
 

Nominal Cost of Protein Fortification
 

through Village Mills (in U.S. $)
 

Capital Cost 

Feeders for fortificant tablets 

Warehouses 

Warehouse equipment 

Office equipment 

Trucks 

Training costs 

Start-up costs 

Quality control equipment 

Publicity 

Total Capital Cost 

Annual Operating Cost 

Fortification tablets 


Shipping of tablets from France to Tunis 


Cargo landing fee in Tu-iis 


Transfer of tablets from dock to central
 
Tunis warehouse 
Transfer of tablets from Tunis warehouse 
to twelve regional warehouses 
Vehicle operation 

Payments to millers 


Warehouse operation 


Feeder operation 


Central administration 


Labor for program administration, fortificant 
distribution, and quality control 

On-call quality control personnel 

Publicity 

Total Annual Operating Cost 

Total Annual Cost (assumes five-year depreciation 
on all capital items) 

Source: Chapter 8 
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$320,000 

162,398 

15,000
 

8,000 

536,000 

310,970 

190,000 

13,000 

305,600 

$1,860,968 

$9,311,165 

81,577 

7,033 

5,489 

28, 814 
64, 719 

1, 356, 595 

23, 160
 

80, 160
 

27, 600 

497, 100 

100,800 

14,600
 

$11,598,652
 

$11,970,846 



costs to an alternative or supplementary program that would fortify the remaining 

50 to 60 percent of the wheat supply, which passes through some 3200 village 

mills. This program uses a tablet-form fortificant and requires greater outlays 

for training, supervision, and persuasion. It costs about U.S. $1. 9 million in 

capital costs and U.S. $11.6 million in annual operating costs. Both tables state 

cost in nominal terms. 

Anyone with programming experience will understand that the precision of 

Tables 6. 1 and 6. 2 is unrealistic. Nearly all of the figures cited, both quantities 

and prices, really represent ranges. To avoid unmanageable estimates, planners 

usually cite only the best estimate for each item. If the programmer does this, 

however, he should also conduct sensitivity analyses to get some idea of the effect 

of reasonable price changes on the program budget. 

We can illustrate sensitivity analysis with Table 6. 1, where the capital cost 

is shown as $283, 188 and the annual operating cost as $6, 814, 543. Many cost 

increases can be possible. For example, if the program began one year late for 

some reason, capital costs might rise 10 percent, to roughly $311,500. On the 

other hand, a 10 percent rise solely in the imported components of capital cost 

would only raise total capital costs by 5. 5 percent because imports account for 

55 percent of them (assuming that all equipment is imported and that imported 

materials make up half the cost of construction; these estimates are based on 

detailed costing in Chapter 8). 

Note that fortificant cost is a major influence on total operating cost in both 

examples. In Table 6. 1, centralized system, fortificant costs account for 96. 5 

percent of the total. In the decentralized system of Table 6. 2, the figure (includ

ing fortificant tableting) is 80. 3 percent -- lower, but still by far the largest com

ponent of total cost. If fortificant cost doubles, as the price of synthetic lysine 

did between 1972 and 1974, the cost of the centralized system could rise by 96. 5 

percent while the decentralized system rises 80. 3 percent -- if lower-cost forti

ficants could not be substituted. But if an alternative fortificant package, avail

able at 50 percent higher cost than that programmed in Tables 6. 1 and 6. 2, held 

its price (an unrealistic assumption, since prices of competing products generally 

move in the same direction, although not necessarily at the same rates), fortifi

cant cost could rise by no more than 50 percent and total operating cost by 48 
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percent in the centralized and 40 percent in the decentralized system. This 
example illustrates the calculations that afford some appreciation of the potential 
effect of fortificant price fluctuations on program costs. 

Nature and Magnitude of Component Costs 

Besides illustrating the first two steps of the costing methodology, Tables 
6. 1 and 6. 2 identify the major cost components of a protein fortification program 
and establish their relative magnitudes. For convenience, we will group pro
gram cost components into four categories: (1) fortificant costs, (2) costs
 
associated with the fortifying process, (3) logistical costs, and (4) control
 
costs. 
 As we have noted above, the Tunisian experience suggests that fortificant 
costs may be the dominant influence on total cost. In a microfortification pro
gram, as we shall see, fortificant costs are likely to be much smaller, absolutely 
and relatively. 

Fortificant Costs: Protein fortification programs are intended to increase
 
the amount of high-quality protein in the diet. 
 They can do this by increasing the 
amount or quality of total protein, or by combining these two methods. In 
practice there are two major types of fortificant, which may be used singly or in 
combination: synthetic amino acids, which raise protein quality without affecting 
quantity, and natural " otein sources, which increase both the quantity and the
 
quality of diet protein. The most important amino acid is L-lysine, the first
 
limiting amino acid in all cereals. 
 Of secondary importance are L-tryptophan,
 
the second limiting amino acid in corn, and L-threonine, the second limiting
 
amino acid in rice, wheat, sorghum, and millet. Natural protein sources avail
able for fortification programs include dried milk(whole 
or skim), soy flour (full= 
fat or defatted), fish protein concentrate, soy protein concentrate, and soy protein 
isolate. (See Chapter 4, above, for details. )
 

Synthetic amino acids are 
added to the carrier in minute quantities, much 
like vitamin and mineral supplements. Natural protein sources are added in 
larger quantities (e. g., 6 to 12 percent soy flour fortification in bread), displac
ing a significant amount of the carrier. 

Because either fortificant can meet nutritional objectives -- as can any of 
the several natural protein sources -- fortificants actually compete with each 
other in price. 
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Micronutrient fortificants (Vitamin A, Vitamin D, iron, etc.) correct specific 
nutritional deficiencies. They can be added to a carrier singly, in combination
 
with each other, or together with one or more protein fortificants.
 

Synthetic and natural fortificants differ greatly in actual cost and in the nature 
of their cost determinants. Chapter 4 discussed these matters in some detail. 
Only a few important general points need be reiterated here. 

In discussing fortificant cost, we can distinguish between cost per fortificant 
unit and cost per unit of the fortified carrier. The latter is partly a function of 
the former, but it is also influenced by the amount of fortificant used per unit of 
the carrier and by the cost of the carrier it displaces. We will begin by discuss
ing, in turn, the cost per unit for synthetic amino acids, natural protein sources, 

and microfortificants. 

Synthetic lysine, the most important synthetic amino acid for human nutri
tion purposes, can be manufactured by either the enzymic (fermentation) or 
chemical synthesis process. At present, all commercial production uses the 
fermentation approach. Two Japanese companies currently supply more than 90 
percent of world output (Ajinomoto Co., Inc., and Kyowa Hakko Kogyo Co., Ltd.). 
Chemical companies in the United States and Europe have produced or experi
mented with synthetic lysine in the past, and still others in France, the Nether
lands, Japan, and Mexico are reported to be considering or planning entry into 
the industry. In general, however, the chemical industry's current outlook for 
marketing synthetic lysine ranges between dubious and pessimistic. With existing 
technology, synthetic lysine probably cannot compete with soy beans consistently 
enough to repay the sizable investment in fixed plant that is required. It is highly 
competitive when soy bean prices are high, as occasionally they were in 1972, 

1973, and 1974, but such peaks are sporadic. 

At present, the world uses synthetic lysine primarily for animal feed, largely 

for poultry and hogs. Demand for human consumption, once thought to be on the 
verge of a takeoff, has remained small in the absence of any demonstration of 
clear-cut nutritional benefits at reasonable cost or willingness to provide the 

necessary program financing. 
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This failure of synthetic lysine is partly a matter of high and rising prices. 
Chemical industry sources report that the unit value of imports into the U.S. rose 
from about $0. 65 to $0. 85/lb: in the late sixties and early seventies to $1. 33 in 
1974 and $1. 30 in 1975. Prices reported by experimental fortification programs 
in various parts of the world ran at about $1. 00/lb in the late sixties and then 
rose in the early 1970s. During a 1974 spurt caused by rising soybean prices 
and limited production of synthetic lysine, they reached $3. 30/lb. In 1975 prices 
of L-lysine .HC1 subsided to $2. 50/lb, where they have since remained. Over 
the long run, the price of synthetic lysine is expected to remain at about this 
level in real terms; that is, it will rise approximately in step with world inflation. 
Another sharp increase in the relative price of petroleum is probably the only 
factor that could upset this trend and bring higher prices. The main possibility 
for a significant decline in real prices appears to lie with technology, which 
could discover a means for cheaper production. But there is no reason to think 
that such a breakthrough is imminent. If the demand for lysine rose significantly, 
lower prices might result in time because current producers might attain econ
omies of scale and new producers might be encouraged to compete in the market. 
Further discussion of synthetic amino acid prices and their determinants appears 

in Chapter 4. 

The most obvious difference between synthetic amino acids and natural pro
tein sources is that the former are produced in factories and sold in oligopolistic 
markets but the latter are produced on farms or drawn from the sea and sold in 
competitive markets. The prices of soybeans, fish meal, and other such products 
therefore fluctuate widely from month to month and year to year as the markets 
work out the imbalances of supply and demand caused by the individual decisions 
of millions of producers and consumers. (For recent price fluctuations, see 
Figure 4. 1.) As noted earlier, these products have suffered -- and will continue 
to suffer -- declines in their competitiveness with synthetic products. Over the 
long run, however, they will offer cheaper means of attaining most fortification 
specifications. According to a study by the U.S. Department of Agriculture 
(1974), no absolute resource constraints seriously inhibit the indefinite expansion 
of soybean production at roughly constant equilibrium real cost. Barring the 
possibility of a technological breakthrough, soybeans and other natural products 
seem capable of competing strongly with synthetic amino acids throughout the 

foreseeable future. 
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The previous paragraph referred to the world soybean market, which is 

dominated by the United States. The cost of soybeans in some developing countries 

is significantly above the present world price because of transport costs, import 

duties, and import quotas -- all of which raise the cost of imported beans. Yet 

production and marketing difficulties and the lack of a strong domestic market 

for soybeans as food or feed restricts the growth of local production. Still, 

soybeans can adapt to a wide range of growing conditions and the creation of 

greater domestic demand (perhaps by mandating a bread fortification program) 

may break the marketing barrier. Thus, as the cheapest natural protein source, 

the soybean seems at least potentially applicable to the nutritional needs of the 

developing countries and of the world. 

Our discussion here focuses on soybeans and ignores other natural protein 

sources because experience has shown soybeans to be by far the cheapest natural 

source of protein and L-lysine. Table 4. 9 proves this assertion. Other natural 

protein sources may, however, have more acceptable taste characteristics than 

soybeans. Soy is a normal part of the diet in only a few regions -- notably East 

Asia -- and soy fortification, in sufficient quantity, usually affects taste and 

organoleptic properties adversely. However, recent encouraging experiences 

with soy fortification of bakery products suggest that these problems may not be 

insuperable. 

Although soybeans are a cheaper source of protein and lysine than other 

protein-rich foods, they are not cheaper source than synthetic lysine, as Tables 

4. 8 and 4.9 demonstrate. The current cost of one kg of lysine in the form of 

L-lysine .HC1 is about $5. 60, defatted soy flour runs $9. 72, and spray-dried 

whole milk commands $82. 17. Synthetic lysine adds nothing to the quantity of 

protein or to other nutritional values, so the choice between it and a natural forti

ficant depends largely on nutritional objectives. The displacement effect, to be 

discussed shortly, also influences the cost per unit of carrier and tips the balance 

in favor of natural fortificants. 

Microfortificants vary widely in cost, as Tables 4. 4, 4. 6, and 4. 7 show. All 

those in common use are standard products of manufacturers in industrialized 

countries. The production difficulties of synthetic amino acids are therefore not 

a factor for microfortificant users, who may assume a steady future supply at 

approximately present prices, allowing for general inflation. 
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Cost per Unit of Carrier: The cost per unit of carrier is a function of (1) the 

fortificant cost per unit, (2) nutritional objectives, (3) the planner's success in 

selecting the cheapest fortificant or combination of fortificants to achieve those 

objectives, and (4) the price of the carrier itself. 

In practice, fortification programs usually use multiple fortificants, for the 
target population often suffers multiple deficiencies and adding several fortifi
cants is nearly as cheap as adding one. The cost of the total fortificant package 
will obviously depend on the nature and number of nutritional objectives. Tables 
4. 3 and 4. 5 show the makeup and the cost per carrier unit of the fortificant 
packages used in the Guatemala, Tunisia, and Thailand field trials. We see that 
fortificant cost, calculated with the formula on page 24, ranges from 5. 4 to 22. 9 
percent of the price of the unfortified carrier. These cost differences are attri
butable to differences in the fortificant mix's price *relative to the carrier price 
and to the amount of fortificant used. Of the three examples, Thai rice fortifica
tion costs most because the protein-quality objective requires adding expensive 
L-threonine as well as L-lysine. The mix for Tunisian wheat flour, which other
wise resembles it, costs only one-fourth as much. The corn fortification mix 
used in Guatemala is the only one of the three to use soy flour as well as lysine,
 
and it falls between the others in price.
 

Microfortification programs, as is well known, are much cheaper than forti
fication programs with any form of protein supplement. Tables 6. 3 to 6.5 verify 
this fact. There we see that the protein supplements make up 88, 92, and 99 
percent of the cost of the fortificant per kg of grain, respectively, in Guatemala, 
Tunisia, and Thailand. Removing the protein supplements from the fortificant 
package reduces fortificant cost to only 2. 2, 0. 5, and 0. 1 percent of the price of 
the carrier, respectively, in these three examples. 

A program can sometimes attain its nutritional objectives with any of a range 
of substitutable fortificants. As the prices of the usable fortificants differ, the 
cost per unit of carrier will also vary with the choice of fortificants. Any given 
set of prices dictates one a change in orleast-cost fortificant package; one more 
prices may change that package's makeup. Under these circumstances, what is 
the nutritional programmer to do? Although the least-cost package at today's 
prices is easy enough to determine, prices are sufficiently unpredictable to make 
identifying the cheapest package for a multiyear program much harder. The 
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Table 6. 3 

Fortificant Makeup and Cost: Corn Fortification in Guatemala 

Content/kg Price ($)/kg Cost of Fortificant/kg 
Nutrient G rain Nutrient Grain 

Thiamine 21.4 mg 25 0.000535 

Riboflavin 13. 0 mg 42 0. 000546 

Niacin 154.4 mg 5 0.000772 

Vitamin A (10 6 1U/g)a 6, 250 IU 30 0.00001875 

Ironb 480 mg 5. 70 0.002736 

Soy flour 78 gms 0. 35 0. 0273 

L-lysine • HCl 1.2 gins 5.60 0.00672 

0.0386277
 

Fortificant cost: C = a(PZ - Pl) (0. 08) (0.484 - 0. 20) = 11. 4 percent
P1 0.20 

Note: Assumes flour at 20 cents/kg. 

aVitamin A as palmitate in oil. 

bIron as ferric orthophosphate. 



Table 6.4
 
Fortificant Makeup and Cost: 
 Wheat Fortification in Tunisia 

(Premix B) 

Content/kg Price ($)/kg Cost of Fortificant/kgNut rient Grain 	 Nutrient G rain 
Thiamine 8 .5 mg 	 25 0.00021 
Riboflavin 5. 4 mg 42 0.00023 
Niacin 63. 8 mg 	 5 0. 00032 
Vitamin A (10 6 1U/g) 10, 000 IU 	 30 0.00003 
Vitamin D2 2, 000 IU 	 3 0 a 0. 000006 
Iron 55.9 mg 2.05 0.00011 
Tri-calcium phosphate 50. 0 mg 2.04 0. 0001 
L-lysine • HCl 2 gins 	 5.60 0. 0112 

0. 012206 

Fortificant cost: C a(P2= 
P1 

- Pl) (0. 002) (5. 59 - 0. 20) 5 percent0.20 

Note: 	 Assumes flour at 20 cents/kg. There is also a Premix A, which 
uses all listed nutrients except lysine. 

aCost data for Vitamin D2 is unavailable. This price is for Vitamin A. 



Table 6. 5 
Fortificant Makeup and Cost: Rice Fortification in Thailand 

Content/kg Price ($)/kg Cost of Fortification/kg 

Nutrient G rain Nutrient Grain 

Thiamine 5 mg 25 0. 000125 

Riboflavin 4 mg 42 0.000168 
Vitamin A (10 6 IU/g) 23, 700 IU 30 0. 00007 

Iron 80 mg 2.05 0. 000164 
L-lysine 2 gms 5.60 0.0112 

L-threonine 1 gm 57.70 0. 0577 

0.069427 

Fortificant Cost: C = a (PZ - Pl) = (0. 0031) (22.48 - 0.30) = 22.9 percent 
Pl 0.30 

Note: Assumes rice at 30 cents/kg. 



programmer might monitor the prices of alternative nutrient sources 
periodically and make any substitutions warranted by relative price changes. 
Manufacturers of commercial animal feeds do just that. If this flexibility is not 
possible, the program will have to go with the input mix that seems likely to be 
cheapest for its duration. This strategy entails the risk of commitment to an 
input mix that is not the cheapest, so programmers should avoid it if they can. 

Finally, the price of the carrier itself influences the fortificant cost per 
carrier unit through "the displacement effect. " The relation is inverse; that is, 

with other factors constant, the fortificant cost per carrier unit sinks as the 
carrier cost rises. The formal statement of the relation is: 

c (PZ - Pl)
-- PI
 

where 

C = fortificant cost as a share of the cost of the fortified product, 
P1 = price per weight unit of the carrier, 

P2 = price per weight unit of the fortificant or fortificant package, 
a = share of the fortificant per weight unit of the fortified product. 

It is evident that C is, positively related to P2 and toA, which might be termed 
the fortification ratio. But it is negatively related to Pl, the price of the 
unfortified carrier. This relation reflects the cost saving that results from the 
fortificant's displacement of some of the carrier. Given a steady price for the 
fortificant, the higher the price of the carrier, the greater the saving. 

The displacement effect may be insignificant in cases where a is very small 
when vitamins, minerals and synthetic amino acids make up the fortificant 
package. Conversely, it may become significant with the much bulkier natural 
protein sources. A recent discussion of bread fortification with toasted defatted 
soy flour in Ecuador dramatically illustrates this fact (Hoover 1976a, 1976b). 
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Compulsory fortification of bread and other bakery products may be 

attractive where most people consume these commodities, as is the case in 

most of Latin America, the Middle East, and urban areas practically everywhere. 

But it is only practical if consumers will accept the fortification and if its 

cost per unit of carrier is cheap enough to justify the overcoverage inevitable 

with universal distribution. Researchers at Kansas State University have 
developed a method of bread fortification using lightly toasted, defatted soy 
flour at a fortification rate of 6 or 12 percent. By adding sodium stearoyl-2

lactylate (SSL), they have minimized the changes in the bread's rising properties 

and color which soy flour would otherwise cause. At these high rates of 

fortification the relative prices of wheat flour and soy flour can largely determine 

program cost. In many circumstances, soy flour may be little or no more 

expensive than the wheat flour it displaces. Table 6.6 illustrates some 

possibilities from the Ecuadorian case. The estimates it summarizes (see 

Hoover 1976a) suggest the intriguing possibility of "free" bread fortification. 

In this illustration, fortification is nearly rather than truly free because 
consumers must give up something of value: the displaced wheat flour and its 

calories (the fortified bread is lower in calories). Fortification could be free, 

however, in the sense that a loaf of fortified bread might retail for little or no 

more than a loaf of unfortified bread. Cost savings might provide bakers 

incentive to cooperate with the fortification requirement. These savings accrue 

not only because the soy flour may be cheaper than the wheat flour, but also 

because soy flour absorbs more water and so requires less mixing time 

(Hoover 1976b). 

The important Ecuador case merits further investigation and replication 

elsewhere because it challenges the general conclusion that protein fortification 

must be significantly more expensive than vitamin or mineral fortification. With 

a little help from the displacement effect, a low-cost natural fortificant need not 

be more expensive. 
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Table 6.6 

Price of Soy-fortified Flour Relative to 
Price of Wheat Flour under Various 

Assumptions in Ecuador 

Soy-fortified Flour 
composed of: 4 

Level of Fortification (Percent) 
6 a10 12 

Subsidized wheat flour and 
soy flour (imported beans) 1.0373 1.0380 1.0388 1.0395 1.0403 

Subsidized wheat flour and 
soy flour (Ecuadorian bean,) 1.0508 1.0581 1.0656 1.0730 1.0804 

Unsubsidized wheat flour and 
soy flour (imported beans) 1.0217 1.0185 1.0154 1.0122 1.0090 

Unsubsidized wheat flour and 
soy flour (Ecuadorian beans) 1.0325 1.0347 1.0371 1.0393 1.0415 

Source: Hoover (1976a): 44. 

The Fortification Process 

Chapter 4 discusses the technology of fortification in detail. As we point 
out there, the nature of the equipment required and the effort needed to operate it 

vary with the carrier, its milling process, the fortificant, and the scale of milling 
operations. Generally speaking, a foreign or domestic chemical plant prepares a 

premix of the fortificant blend and any other substances required for good appear

ance or binding. At the mill, a feeder adds measured amount of the premix to the 

grain during the milling. In a large automated mill, feeder may also be automated. 

However, simple hand-operated models have also been developed for use in small 

village mills. 

The cost of fortification itself is likely to loom large in the initial setup costs, 

but it will take only a small share of the annual operating cost (and of the total 

program cost, if capital expenditure is amortized over several years). The pro

gram expenses for urban Tunisia in Table 6. 1 include capital costs of $46, 000 

for equipment to blend the fortificant into the premix and $58,400 for the feeders 

in eighteen large mills. These expenditures represent 37 percent of total capital 

cost, but only 2.8 percent of total annual cost, assuming five-year amortization. 

Add the labor and electricity for blending the premix and adding it to the wheat -
another 1. 2 percent of total cost -- and fortification amounts to only 4 percent of 

total program cost. 
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The program costed in Table 6. 2 substitutes an imported tablet fortificant 

for the locally prepared premix used in the previous example. Here, blending 

costs are part of the fortificant cost rather than part of the fortification cost. 

But the decentralized program assumed in Table 6. 2 also requires labor-intensive 

fortification on a much smaller scale at many sites. The capital component of 

fortifying cost falls, but its operating component increases. In the capital cost 

portion of Table 6.2, feeders cost only $320, 000, or 17 percent of total capital 

cost. But payments, ior feeder fuel and replacement parts, to the village millers 

whc, do the fortifying come to nearly $1.4. million, or 12 percent of annual 

operating cost. At about 12 percent of total program cost (assuming five-year 

amortization of capital costs, the fortification cost for the decentralized system 

is, proportionally, about three times as large as for the centralized system. It 

remains small, however, compared to the still-dominant fortification costs. 

Tables 6. 1 and 6. 2 both illustrate programs relying primarily on synthetic 

fortificants. Fortification costs could be negligible, or even negative, in a soy 

flour bread fortification program like the Ecuador experiment. The substitution 

of soy flour for wheat flour demands little extra effort apart from the addition of 

SSL, and any additional expense might be more than offset by savings resulting 

from the improved mixing properties of the bread. 

In programs using only microfortificants, fortification costs would 

probably approximate those for fortification with synthetic amino acids. But 

because of the much lower fortificant costs entailed, fortification would become a 

larger share of the much lower total program cost. 

Logistics: If the fortification program involves adding a fortificant to grain 

which would be delivered to the mills anyway, then logistical costs will relate 

exclusively to the fortificant. * These costs will likely be very small in a 

centralized program but much larger in a decentralized program. in Table 6. l's 

centralized program, the combined cost of shipping from the dock to the premix 

blender, from the blender to the mills, and warehousing is $21, 500 per annum, 

"'We will ignore the case in which the program delivers the fortified product to 
a narrow target population in a feeding p:'ogram. 
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only 0. 3 percent of annual operating cost. Table 6. Z's decentralized program
 

requires a much more elaborate logistical system. Its annual cost is estimated
 

at about $360, 000, or 3. 1 percent of total operating cost.
 

We thus see that logistics costs, although small relative to total program 

cost, are sensitive to program structure. The quality of the nation's transportation 

network would also clearly affect theme. 

Again, our examples have involved programs using low-bulk synthetic 

fortificants. High-bulk natural fortificants could raise logistics costs, 

especially if they were imported. However, the displacetment effect might perform 

here as a cost-saving mechanism. If domestic soy beans fortify domestic flour, 

no added logistical costs need be incurred. 

As for microfortification programs, the statements on fortifying costs in the 

preceding section apply here as well. Logistics costs should approximate those 

for synthetic amino acid fortification absolutely but will assume a larger share 

of the lower total program cost. The same is true of control costs, which we 

turn to next. 

Control 

The determinants of control costs are similar to the determinants of 

logistics costs, in that both are likely to be small in a centralized program 

and somewhat larger in a decentralized program. Again, we can illustrate by 
referring to Tables 6. 1 and 6. 2. In Table 6. 1 (the centralized program) 

expenditures for administration, quality control and office supplies are estimated 

at $25, 000 a year, or less than 0.4 percent of annual operating cost. In Table 6. 2 

(the decentralized program) annual expenditures for central administration, 

quality control and publicity are much larger: $378, 200, or 3. 3 percent of 

annual operating cost. In addition, under the decentralized program a sum of 

$819,570 is budgeted for one-time expenditures on training, planning and 

publicity. If capital costs are amortized over a five-year period, control costs 

become 4.5 percent of total cost under the decentralized system, versus only 

0.4 percent under the centralized system. One can expect that control costs 

would become still larger as a share of total cost if delivery of the fortified 

foodstuff to a target population via a feeding program were undertaken. 
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Converting to Social Cost 

Once the nominal costs of a program have been established as firmly as 

possible, the analyst should consider whether adjustment of some cost items to a 

truer social cost basis is warranted. Although we generally assume that the 

market price of a good or service adequately reflects its value to society, large 

and systematic price distortions are thought to be common in low-income 

countries. When these distortions have a significant effect on program costs -
"significance" being measured by the extent of price distortion times the share of 

the affected input in total cost -- a price correction should be made. The 

technique involved is called "shadow pricing. " 

Programmers commonly shadow price two types of program input: (1) anything 

which is bought with, or indirectly costs the country, foreign exchange (i. e., 

internationally tradeable goods), and (2) unskilled labor.* If using a shadow 

exchange rate or shadow wage rate is warranted, apply the same rates in all 

analyses. The nutrition planner will not need to calculate these rates because 

the project-analysis staff of the planning organization should have already done 

so. If it has not, however, the nutritional planner may have to supply the estimate, 

which he can do with the technique summarized in the Appendix Q to this chapter 

and described in more detail in the manuals cited there. In either case, he should 

understand why sh4;..cw pricing may be needed and what it does. 

Tables 6. 1 and 6. 2 suggest that unskilled labor will be an insignificant 

proportion of the total cost. On the other hand, tradeable commodities, 

especially imported fortificants, are frequently a major cost component. In 

Tables 6. 1 and 6. 2, unskilled labor makes up no more than 10 percent of capital 

and operating costs (usually they are closer to 1 percent), but tradeable 

commodities constitute 50 to 70 percent of capital cost and from 80 to 95 percent 

or more of annual operating cost. Thus, a shadow wage rate could not possibly 

have much effect on the program's estimated social cost, but a shadow exchange 

rate could affect the estimate considerably. To take an arbitrary example, if 

the Tunisian dinar were overvalued 50 percent by means of import duties, quotas, 

and exchange controls, then the social value of the first program's capital cost 

would be over 30 percent greater than its nominal cost; its annual operating cost 

'We will ignore the other applications of shadow pricing here. 
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would be nearly 50 percent higher in social than in nominal terms. (The 

approximate corresponding figures for the somewhat more labor-intensive 

program outlined in Table 6.2 are 25 percent and 40 percent. For a micro

fortificant program, where the fortificant represents a much smaller share of 

total cost, the overvaluation's effect would undoubtedly be still smaller.) These 

adjustments reflect the program's need for foreign exchange or its tendency to 

cost potential foreign exchange earnings, whose social value the official exchange 

rate understates. 

Appendix Q briefly discusses the shadow pricing of foreign exchange. 

iecause projec:t analysis does not require other applications of shadow prices, thf 

appendix does not cover them. It does include references, however, for those 

analysts considering shadow pricing unskilled labor or other inputs. 

Conclusion 

All fortification programs use scarce resources. Protein fortification 

programs are particularly costly compared to vitamin and mineral fortification 

programs of the past. High costs and the experimental nature of protein 

programs put a premium on their accurate costing. These factors also demand 

that the effects of proposed programs be carefully considered, that they be 

designed to maximize benefits, and that the assignment of costs be fair and 

pragmatic. 

Intervention Impact 

Introduction 

As important as it is, cost analysis is only one dimension of the economics 

of protein fortification. It has no true meaning for the nutritional planner apart 

from an analysis of a program's potential effects. We shall discuss various 

methods of analysis, all of which fall into the general categories of either cost

effectiveness analysis or cost-benefit analysis. Both types of evaluation involve 

comparison of expected or actual results with estimated or real costs. But 

cost-effectiveness analysis measures results in nonmonetary units whereas 

cost-benefit analysis expresses results in monetary terms. Both methodologies 

have several variants which allow analysis of differing program objectives and 

forms of available data. 
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The choice of a method of analysis should be determined by the government's 

objectives for the program and by the availability of information on i~s results. 

Cost-effectiveness analysis focuses on either nutrient delivery and target

population coverage or on the program's biological effects. There are two 

reasons possible for this concentration. Either better nutrition is an end in 

itself, independent of any broader benefits it might produce; or these broader 

benefits are considered immeasurable (or not yet measured), in which case 

deliveries, coverage, and biological effects serve in effect as proxies. To apply 

cost-benefit analysis, a planner must believe nutritional improvement is an 

instrument of socioeconomic improvement and that its benefits can be defined 

and measured accurately. 

Cost-Effectivene s s Analysis 

Cost-effectiveness analysis would be appropriate if, for instance, government 

policy stated that all children are entitled to a certain nutritional level, regardless 

of the cost to society. Acceptance of this ethically appealing principle simplifies 

the program evaluator's task by requiring cost analysis only of the different 

methods of achieving the objective. The question of whether to aiin for that 

target would not arise. 

Of course, cost-effectiveness analysis could be used to study different ways 

of achieving any level of nutrition. Even programs resulting in different nutritional 

outcomes could be compared on the basis of their cost-effectiveness ratios. 

However, the technique does not help determine how large a share of national 

resources nutritional programs should receive. 

Cost-effectiveness analysis can evaluate two levels of program effect. The 

first, involving immediate effects, is that of coverage and delivery. Measures of 

nutrients delivered and members of the target population reached, when compared 

with cost, determine cost-effectiveness. At the second level, biological 

consequences of the program are measured and used in a more far-reaching 

study of the effects of the program. Cost-benefit analysis allows the analyst 

another level of evaluation: the quantification in money terms of socioeconomic 

effects, and their comparison with the program's monetary costs. 
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Coverage and Delivery: Project analysis results in the acceptance or 
rejection of aspects of the tested plan. But the range of choices posed does limit 
this selection process. Thus, if analysis leads to rejection of a fortification 
project -- or even a group of proposed projects -- the results do not prove that 
fortification programs are in general bad, but only that those particular projects 
are poorly designed. Similarly, if a particular formulation appears acceptable, 
we still do not know if an even better project could be devised. Considerably 
more than cost analysis should go into program design. 

Among the objectives of program design are the following: 

(1) Extensive coverage - to deliver the fortificant to as much of the target 

population as possible. 

(2) Intensive coverage - to provide adequate fortification for as many as 
possible of those served. 

(3) Low-cost coverage - to minimize the program's cost. 

Obviously, there are trade-offs among these objectives, but a good cost
benefit analysis can help resolve them. The program analyst contributes to 
planning by developing effective and efficient program designs for consideration. 
The analyst might also try to solve suboptimization problems: How can the money 
available best improve the nutritional status of the target population? Or how 
can a given nutritional goal be achieved at least cost? 

In dealing with such questions, the aonalyst may encounter three major 
dilemmas: extensive or narrow targeting, consumer acceptance, and financing. 
We will discuss the first of these problems here. Chapter 5 treated the second and 
the third is the subject of this chapters Section 4 on intervention financing. 

Few governments would attach much value to fortification for groups outside 
theprimary target population; deliveries to nontarget populations increase costs 
w'thout increasing benefits. Thus the rationale for narrow or focused programs. 
But the focusing process does cost money, and it is difficult to design a project 
which will include all those who should be included and exclude those who should 
be excluded. The costs of overcoverage and the costs of narrow targeting must 
be balanced for optimal program operation. 
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It is difficult to say where the optimum balance point lies, but it is easy to 

point out the difficulties of extremely extensive and targeted designs. Two basic 

facts weigh very heavily against the efficiency of extensive program designs: the 

fortificant cost is frequently signficant relative to the cost of the carrier, and the 

principal target group is a relatively small part of the total population. Programl 

that reach the target group by distributing the fortificant to the general public 

are likely to involve substantial and expensive overcoverage. 

The cost of overcoverage is a particularly important design consideration. 

Target groups certainly constitute less than 25 percent of the total population, 

and probably less than 15 percent, even in countries with the youngest populations 

This fact is illustrated in Table 6. 7, which contains data on a developing country 

in which the birthrate had been about 40 per thousand and the rate of natural 

increase nearly 3 percent for several years prior to the year to which the table 

applies. With such a population structure, the size of the target population is 

highly sensitive to the cut-off age. According to Table 6. 7, a target population 

of six-month to six-year olds plus pregnant and lactating women would constitute 

22. 78 percent of this nation's total population. By dropping the cut-off age to 

five years, we reduce this figure to 19.61 percent; dropping it to three years 

reduces it to 13. 22 percent. If we define only part of the total population in 

these groups as our target population (e. g., those living in the poorer regions 

of the country), the target population shrinks even further. The overcoverage 

of an extensive program, then, may multiply the cost per member of the target 

population served by a factor of four to eight. Clearly, this unnecessary cost 

may make the program prohibitively expensive. 

On the other hand, focused programs also pose difficulties. Children of the 

most vulnerable ages do not usually go to school or participate regularly in any 

other program wher e they might be reached outside the home. Yet reaching the 

them -- and not other family members -- inside the home is also difficult. A 

well-designed program may solve this problem using some relatively new 

institution such as the maternal and child health clinic, or by distributing new 

"infant foods" that older members of the family will not eat. 

Other fortification programs may have different target groups, but over

coverage remains a problem unless the target group is the entire population. 

However, it does pose a smaller problem for microfortification programs 
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Table 6.7
 

Selected Groups as a Percentage of Total Population
 

Group 	 Percentage of Total Population 

6 months - 1 year 1.70
 

1 - 2 years 3.21
 

2 - 3 years 3.31
 

3 - 4 years 3.21
 

4 - 5 years 3.18
 

5 - 6 years 3.17
 

Pregnant women (taken
 
as 3/4 of annual births) 3.00
 

Lactating women (taken
 
as 1/2 of annual births) 2.00
 

Source: 	 Department of Statistics. 1969. Estimates of Population for 
West Malaysia (1967), Kuala Lumpur 

because of their lower fortificant costs. Whereas targeting that economizes on 

use of costly fortificants may be more efficient in protein interventions, some 

excess coverage in vitamin and mineral programs may result in net savings in 

logistics and control costs. 

Several measures of first-level program effects are available for cost

effectiveness analysis. They focus either on coverage of the target population 

or on the delivery of nutrients to that group. 

The extent of service to the target population is of major interest in program 

evaluation. The "penetration ratio" is a crude measure of program coverage: 

Penetration ratio = Recipients in the target populationTarget population 

The penetration ratio is not an expression of cost-effectiveness because it 

takes no account of the cost of achieving the results it measures. One can, how

ever, convert it into a cost-effectiveness measure by dividing the size of the tar

get population through by program cost and multiplying this number by the size of 

the target population. The second step converts the ratio from percent to 
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absolute terms, which is necessary for comparing programs with target popula

tions of different sizes. The resulting expression, which is called the coverage 

effectiveness ratio, is therefore: 

Number of target
 
Coverage effectiveness ratio = population covered
 

Total program cost
 

This ratio can be expressed in convenient units, such as "persons covered per 

million dollars of annual program cost. " 

The coverage effectiveness ratio measures how effectively the program 

reaches the target population, but it gives no indication of the magnitude of its 

effects. For this information, the analyst must resort to delivery measures. A 

simple indicator of this kind is the delivery effectiveness ratio, which can be 

defined as follows: 

Nutrients delivered 
Delivery effectiveness ratio = to target population 

Total program cost 

This ratio measures a program's cost-effectiveness in delivering nutrients 

to the target population. Like the penetration ratio, it requires that target recip

ients be distinguished from nontarget recipients; further, it requires measure

ment of the share of nutrients going to each group. This data may be elusive in 

practice. Analysts need a formal consumption survey or at least some informal 

field observation to determine, even roughly, this value. 

Another problem may arise in the use of the delivery effectiveness ratio to 

compare programs or program variants. So far we have assumed that the mean

ing of "nutrients" is unambiguous. This assumption would be valid if a single 

nutrient or mix of nutrients were involved in all the program variants being com

pared, but that is not always the case. When the mix varies, comparison becomes 

more difficult. The analyst of a protein fortification program might for example, 

take advantage of the fact that his principal objective may be to deliver an amino 

acid; other fortificants may be added merely because it is easy to do so once an 

amino acid fortification program has begun. In these circumstances, it would be 

appropriate to regard all program costs except those for the secondary nutrients 

as applicable to delivery of the amino acid. The delivery effectiveness ratio for 
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this amino acid would have amino acid deliveries in the numerator and total pro
gram costs, less the fortificant costs of secondary nutrients, in the denominator. 
Ratios for secondary nutrients would include the quantity of the nutrient delivered 
in the numerator and the fortificant cost in the denominator. 

The delivery effectiveness ratio measures neither the distribution of nutrients 
delivered the target population nor their adequacy relative to need. The latter 
shortcoming can be remedied by establishing the target group's nutritional deficit. 
It is the difference between recommended nutritional intakes and actual intakes, 

i.e. : 

Recommended intakes - Actual intakes = Nutritional deficit 

The relative coverage of the program could be measured in terms of propor
tion of the deficit filled, i.e.: 

Nutrients delivered
 
Deficit coverage ratio = to target population
 

Nutritional deficit
 

As with the delivery effectiveness ratio, one should exclude nutrient deliver
ies to the nontarget population when calculating this measure. Here, however, 
there is an additional problem. Even deliveries to the target group should be
 
counted only insofar as 
they contribute to making up the nutritional deficit; deliv
eries above minimum requirements should be excluded from or given 
a lower 
weighting in, the deficit coverage ratio. In practice, it is usually difficult to 
make this correction because it requires very detailed information on the distri
bution of nutrients. Where a severely undernourished target population is 
involved, the planner may reasonably assume that all supplied nutrients combat 
the deficit. 

The deficit coverage ratio is not a cost-effectiveness measure because it 
takes no account of program costs. We could, however, conduct cost-effectiveness 
analysis by comparing the costs of alternative methods of correcting a nutritional 
deficit. To compare programs which address nutritional deficits of varying sizes, 
we would have to employ the delivery effectiveness ratio. 

One serious limitation of the deficit coverage ratio anas evaluative device is 
its reliance on the concept of "nutritional requirements." This term suggests a 
more rigid, discontinuous, and unidirectional relation between nutrition and 
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well-being than exists in fact. In ordinary language, an unmet "requirement" has 

drastic results. Given this connotation, one might expect death or severe illness 

from failure to meet nutritional "requirements. " Yet millions of people live out 

their lives on nutritional intakes below the required level. They survive only 

because adjustment mechanisms much less drastic than death or severe illness 

make it possible for them to live and function with substandard nutritional intakes. 

They merely lose weight and become less active than better fed individuals. The 

consequence of failure to meet nutritional requirements -- weight loss and a lower 

activity level -- do not appear drastic, so policy makers may not see the urgency 

of making proper nutrition a national goal. 

Other problems with using nutritional requirements in evaluation relate to 

the difficulty of determining people's real needs. The analyst must take account 

of the qualitative as well as the quantitative dimensions of some nutrients, notably 

protein. And a reliance on averages misleads many, for one person's above

average intake in no way compensates for another's deficiency. It is hard to 

measure, much less influence, distributions of nutrients. Even if we knew that 

every household would meet its nutritional requirements, we would have no 

guarantee that all members of those households, particularly children, were 

adequately nourished. These problems and limitations with even the best of 

delivery and coverage measures recommend evaluation of the more far-reaching 

results of fortification programs. 

Biological Development Measures: Protein fortification programs attempt 

mainly to accelerate physical and mental development. Yet most of the world's 

protein-short people consume too few calories, and any additional protein fortifi

cation brings them will be used largely or entirely for energy rather than tissue 

development. If this diversion of protein occurs, the project fails to attain its 

basic biological purpose. To avoid a misleadingly positive evaluation based 

merely on cost-effectiveness, analysts should test the biological results of their 

programs whenever they can. 

Measures of physical growth and mortality play a vital role in evaluating any 

nutritional intervention aimed at children. Morbidity may also be of use, but 

reliable data on this standard are rarely available. Given the synergistic relation 

between nutrition and infection, reliable morbidity data can serve as a check on, 

and often as an explanation of, the other outcome variables. We must recognize, 
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however, that survival and physical development are also a function of many 

variables besides nutrition. All too often uncontrolled intervening variables have 

invalidated project evaluations or led to erroneous conclusions. 

The ideal evaluation design follows the principles of a clinical trial and 

involves random assignment of individuals (from a random sample of the target 

population) to intervention and control groups. At intervals during longitudinal 

surveillance, and at the end of the trial, the analyst assesses the outcome vari

ables for both groups. 

Data on physical growth and mortality would make reliable measures of 

effectiveness possible. Analysis of growth-chart data permits assessment of 

intervention effects cn weight-for-age, a sensitive indicator of infant nutritional 

status. Above age two, only those children who are too thin for their height can 

respond to most nutrition intervention programs. Weight-for-age alone does not 

distinguish between tall and thin and short, stock children; therefore, proper 

measurement of effect requires data on both weight and height as well. Growth

chart data do, however, allow some estimate of the general trajectory of growth. 

Children who are very malnourishi-d at any age are usually thin, so the growth 

chart will reflect any improvement in their weight-for-age. The age group from 

12 to 24 months is most likely to demonstrate significant improvement in growth

chart data. Birth weight can also serve as an outcome variable in cases in which 

malnourished mothers form a part of the target population, and arm circumference 

data can corroborate height' and weight measurements. 

We know crude death rates for infants and children between one and three 

years of age are useful indicators of malnutrition; differences in these rates for 

high-income and low-income groups reflect the malnourished status of the latter 

population. Mortality rates drop more rapidly in response to nutrition interven

tions than growth status improves. Accurate cause-specific death rates for each 

age group would provide a check on this discrepancy, but malnutrition is generally 

not recorded as the cause of death as often as it should be. Analysts can use 

mortality rates as an effectiveness measure only if their sample is extensive, for 

there are comparatively few deaths per annum per 1, 000 population. 

Should no control group data be available, a usable although less satisfactory 

body of evaluative data could be assembled using the program participants, in 

effect, as their own controls. Compare their growth histories before and after 
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joining the program. Strictly speaking, this exercise would only test the hypoth

esis 	that the growth of program participants is accelerating; it cannot provide 

information on whether, or to what extent, an improved growth rate is the result 

of the intervention itself. But proof that the program is effectively delivering 

nutrients to the target group makes this information an acceptable indication of 

its effectiveness. 

The procedure for determining the growth index in the optimum data situation 

is as follows: 

(1) 	 Using survey data, estimate a percentage of standard weight for 

age (weight/age), length for age (length/age), and weight for length 

(weight/length) for each intervention and each control child at four

month intervals. These ratios can be readily calculated in terms 

of both national standards and the 50th percentile of the NCHS 

growth standards. (If you only have growth-chart data, perform 

the same analysis using weight/ age only.) 

(2) 	 Test the distributions of weight/age, length/age, and weight/length 

for normality. The resulting distributions will almost certainly be 

normal or near normal on either the local or NCHS scale, particu
larly if you have made corrections for sampling errors and have 

removed obese children from the samples. 

(3) 	 Use age of entry into the program (less than 12 months, 12-24 

months, 24-36 months, etc. ), nutritional status at the time of entry 

(first, second, third degree Gomez), length of participation ("partic

ipants" must meet a minimum time requirement), and control group 

versus target group status as the factors in three four-way analyses 

of variance. Nutritional status at time of entry can alternatively 

function as a covariant, as can socioeconomic factors and morbidity 

status at the time of collection of dependent variables. The differ

ences between adjusted cell means of control and target children 

represent the improvement brought about by the intervention. 

By separating out the above factors, you can identify the interventions 

effect on small subgroups, such as malnourished children between 12 

and 	24 months. These results can be overlooked in an indiscriminant 
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comparison of control and target children. If the analysis proves 

too difficult, use t-tests to contrast subcells of control and target 

children, remembering that the resulting significance levels will 
be inflated. Omit either age of entry into program or nutritional 

status at time of entry from the calculation. 

(4) 	 It also is valuable to use duration of program participation (whose 
control value would be zero) as an independent variable in stepwise 
multiple regressions, looking at weight/age, length/age, and weight/ 
length as dependent variables. Enter as independent variables all 

factors likely to affect nutritional status, including income and 
residential neighborhood. 

When an appropriate control is unavailable, you must modify this procedure. 
In this case, compare measures of intervention group children (at their current 
ages) to measures of the same children when they entered the program. You can 
then calculate the effectiveness index in the same way as under the optimum data 
situation, but, as discussed earlier, this method's results are less reliable and 

harder to interpret. 

In an optimum data situation, compute the mortality effectiveness index as 

follows: 

(1) Determine age-specific death rate for the target population using 

life of the intervention rather than one year as the base period. 

This rate is expressed in terms of deaths of children under three 
years of age in the target group per 1000 children under three years 

in that group. 

(2) Find the same rate for the control group. 

(3) Subtract rate (1) from rate (2). The product is the number of deaths 

per 1000 children prevented by the program. Dividing this index by 
10 yields an index representing the percentage change in the proba
bility of death for children in the intervention group. This latter 

index can be used in cost-effectiveness ratios. 

(4) You may want to calculate two additional mortality indices: 

infants, and for children under four, excluding infants. 

for 

154
 



Some validity checks on these measures are possible. Mean arm circumfer
ence in the intervention and control groups can check weight-for-height. To check 
mortality results, compare cause-specific and age-specific death rates for the 

following nutrition- related illnesses: diarrheal diseases, upper respiratory 

diseases, and measles. 

The compilation of cost-effectiveness ratios follows the generation of effec 

tiveness measures. Divide each of the three effectiveness indices (growth, mor
tality and, if feasible, morbidity) by the cost per program participant. The 
resulting ratios measure the effectiveness of one unit of program expenditures 

in accelerating growth or preventing mortality or morbidity. The inverse of 
these ratios represent the cost of improving the specified developmental results 
by one unit. For the growth indices, one unit is the mean percentage below 
standard weight/age, length/age, or weight/length for the children sampled. For 
the mortality index, one unit is a one per thousand change in the probability that 
a child in the sample will die. Hence, these ratios indicate the cost to change 
the probability that a child will die, or the cost to change the growth indices by 

means of the intervention being evaluated. 

Conclusion: Keep in mind that cost-effectiveness ratios measure the effec
tiveness of an average unit of program expenditure. Marginal expansions or con
tractions of the program might yield very different ratios, and these should be 
calculated separately. Remember also that to make a valid comparison of the 
cost-effectiveness ratios of two programs, you must measure their effectiveness 

and their costs in the same units. If the programs are in different countries, 
convert costs into a common currency. 

Cost-effectiveness techniques, if applied carefully to reliable data, provide 
a valid method of program evaluation. Applied to several programs with the same 
goals, the measures these techniques produce can help determine the most eco
nomical way of achieving a given objective. Cost-effectiveness is thus well 
suited for use by objective-oriented sectoral planners. It is less useful for 
general planners, those interested in the allocation of resources among many 
programs, and sectoral planners seeking to justify their budgets. There is no 
way of directly comparing any of the potential benefits of fortification programs 
with, say, the results of spending money to increase agricultural output or 
educate children. To do this, a common unit for measuring results is required. 
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Cost/Benefit Analysis 

Benefits: The characteristi,. of the cost/benefit approach is that it attempts
to define and quantify the socioeconomic benefits of fortification. We can think of 
these benefits (and those of nutrition programs in general) as being of four types, 
as depicted in the following two-by-two matrix: 

Present Future 
benefits benefits 

Con sun-ption 
benefits Type I Type II 

Production 
benefits Type III Type IV 

Better nutrition may make people healthier by banishing deficiency diseases 
and increasing physical and mental vigor, permitting them to lead fuller, happier
lives. This is a current consumption benefit, designated as Type I in the matrix. 
Some of these benefits may also carry over into the future, especially if the 
youngest recipients of improved nutrition become healthy adults. Future con
sumption benefits are designated as Type II in the matrix. 

Cbnsumption benefits exist because we can regard helping people to enjoy
better health and all the good things that go with it as an end in itself. But if the 
recipient of the nutritional improvement is a worker, he or she may work longer
hours ur become more productive, and national production also benefits. This 
Type III benefit is realized only if the recipient is a worker, which is conven
tionally defined as being economically active outside the home. Type III benefits 
do not involve children below working age and retirees. 

Finally, we can regard nutritional improvement as an investment in "human 
capital": a Type IV benefit. All people with a working life before theri are 
repositories of human capital. Expenditures that increase their future produc
tivity are therefore a form of investment. Some estimates indicate that human 
capital is an enormously important factor of production. Much -- probably most 

human capital formation takes place prior to the worker's entry to the labor 
force. The contribution of nutrition to human capital formation is undoubtedly 
greatest early in life, when the potential for improi ng mental and physical 
health and strength are greatest. 

156
 



When setting out to conduct a cost/benefit analysis of a nutritional improve

ment program, one decides which of these four benefits to include and how to 

value each. 

Project evaluation traditionally considers only production benefits, present 

and future. The rationale is that increased production is an unambiguous social 

good: it permits someone's consumption to increase without requiring that anyone 

else's consumption decline. On the other hand, economists do not regard "mere" 

redistribution as demonstrably beneficial because to say that it is requires the 

"interpersonal utility comparisons" they shun. We should note, however, that 

economists value production increases for the additional consumption which they 

permit. The standard approach pays no attention to the question of who receives 

the increase in consumption or to the difficulty of distributing the increment in 

desirable way. 

The standard approach tries to value contributions to present or future pro

duction at the price society puts on them. Market prices and wages approximate 

that price, but "shadow" valuations are substituted if observed prices are signifi

cantly different than those which would prevail in competitive markets. Future 

benefits must be discounted to present value terms with a discount rate that argu

ably represents the relative value society attaches to present and future 

consumption. 

The traditional identification and valuation of project benefits is out of tune 

with the recent concern for distribution problems in development. One possible 

remedy -- so far seldom applied -- is the use of "distributional weights" per

mitting consumption benefits to vary, depending on who receives them. (For 

example, additional consumption for the poor might be valued at twice its social 

opportunity cost; additional consumption for middle-income groups might equal 

the social opportunity cost; and additional consumption for high-income groups 

might have no value.) Although distribution weights have great intuitive appeal 

in redistribution-oriented development programs, some economists dislike them 

because of the arbitrary assignment of values. This problem can be partially 

overcome by testing plausible valuations for sensible conclusions. 

These comments relate to nutritional improvement programs in general. 

When dealing with protein fortification programs in particular, we need not deal 

with all the benefits discussed above. Since we are concerned mainly or entirely 
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with children, we can avoid Type III (current production) benefits. The most 

important benefits of protein programs lie in the future anc -elate to both con

sumption and production. 

Which benefits should you include in a cost/benefit analysis, and how should 

you measure them? Analyzing the economic and social benefits of nutritional 

improvement programs is analogous to evaluating education, and we might learn 

from experience in that field. Like nutrition, education has a variety of present 

and future beneficial effects. Analysts have tended to ask whether only future 

production benefits justify educational investments. They have usually estimated 

future productivity differences (measured by income or earnings differences) 

associated with some level of education by extrapolating cross-sectional studies 

into the future. Any project that passes muster on these criteria can be regarded 

as ipso facto acceptable when other types of benefit are taken into account. 

This kind of evaluation, or any modification of it, can test nutritional improve

ment programs. It only requires research results which offer an objective basis 

for determining what the actual production benefits of improved nutrition will be. 

Developing firm estimates has challenged educators because of the difficulty of 

sorting out the effects of education from those of other income-raising forces 

which are collinear with it. We should anticipate similar difficulties in applying 

this technique to nutritional improvement programs. 

Compaiing Benefits and Costs: We stress below the importance of designing 

several versions of the program for comparative analysis. The cost-effectiveness 

approach permits systematic comparison of these alternatives in terms of various 

nonmonetary measures. The cost/benefit approach does the same job, but it 

also measures the socioeconomic benefits which lie behind nutritional effects and 

using the general language of social valuation, it is also able to compare nutri

tional improvement programs with very different enterprises. 

When costs and benefits occur at different times, or when either extends 

through time, the relative value of sums with different datings becomes important. 

Many investment projects involve heavy startup costs and produce benefits which 

begin only after startup but stretch far into the future. Protein fortification pro

grams follow a slightly different pattern, as they do not require heavy front-end 

158
 



investments. But their benefits, particularly their production benefits, are con

centrated fifteen or twenty years in the future. The assessment of such a program 

depends heavily on the extent to which future values are discounted relative to 

present ones. 

The treatment of time is a complicated and vexing question in project analysis, 

and we will not be able to discuss it in depth here. On the one hand, there is little 

reason to think that society strongly prefers receiving benefits and avoiding costs 

in the present rather than the -luture. This observation suggests a low rate should 

be used in discounting future benefits and costs, making a project with the time 

profile of protein fortification programs relatively more attractive. On the other 

hand, capital is presently scarce in most countries. Its social opportunity cost 

is thought to be high, making future-oriented projects less attractive than those 

that yield quicker benefits and do not tie up capital so long. An increased capital 

supply would resolve this dilemma, but the overall rate of saving remains low. 

We are thus forced to conclude that either society does not care much about the 

future, or that it does care but has been unable to increase saving and express its 

concern. The former conclusion would lead the project analyst to adopt a high 

discount rate and penalize future-oriented projects. The latter conclusion permits 

a lower discount rate but requires measures to increase savings or a rationing 

device to determine which future-oriented projects receive scarce resources. 

The treatment of time must be uniform across different types of program 

proposals if they are to be compared meaningfully. As noted earlier, the same 

is true of any shadow prices used in the analysis. Bureaucratically, the neces

sary uniformity can be achieved if a central project analysis staff calculates 

standard discount rates, shadow exchange rates, and shadow wage rates for those 

concerned with program analysis. The end product of cost/benefit analysis are 

measures usually estimates of net present values and internal rates of return -
that allow comparison of nutritional and other projects. 

What is the role of cost/benefit analysis in the evaluation of cereal fortifica

tion programs? Although in principle this technique is more general than the 

methods discussed earlier, it depends on research on the effects of nutrition on 

productivity. Such data will normally be unavailable, forcing the program analyst 

to fall back on the cost-effectiveness analysis adequate only for analyzing alterna
tive nutrition programs. The question of how well money invested in nutritional 
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programs is being spent compared to altogether different uses will remain open. 
Unless the national government becomes one of the few to adopt an absolute -- or 
at least a very strong relative -- commitment to nutrition targets, the socioeco
nomic benefits of nutrition programs are likely to remain at issue. Only more 
research will clarify them. 

Intervention Financing
 

Intervention 
financing may be a trivial issue with respect to microfortification 
programs, the costs of which are sometimes so low that millers or bakers absorb 
them without complaint. When we turn to protein fortification programs, with
 
their far higher fortificant costs, it becomes much more 
significant. Assuming 
that they cost enough to talk about, fortification programs must be financed by a 
user charge, general taxation, or a combination of these means. Which method 
is best? To deal with this question, we must weigh two major criteria: efficiency 
and equity. 

When the benefits of any good or service accrue solely (or mainly) to the 
individual consumer, efficiency is usually served by requiring the consumer to
 
pay the cost. Otherwise, 
 demand will inflate and society will allocate more 
resources to that particular line of production than its willingness to pay warrants. 
Where significant "externalities" are involved, or where the service in question is 
a 'public good" benefiting society as a whole, this conclusion must be modified. 
If individual consumers do not reap the full benefits, charging them the full cost 
can only lead to underallocation of resources to the good or services production. 
The service must be subsidized, or even provided free, to ensure an efficient
 
allocation of resources.
 

The foregoing argument yields one efficiency-based argument for subsidization 
or free provision of protein fortification. This argument could be applied only if 
the benefits were thought, in some sigificant degree, to accrue to society rather 
than to the individual who receives improved nutrition. This situation seems 
implausible. However, our discussion has so far been based on the economist's 
traditional premise of consumer sovereignty -- the assumption that consumer 
preferences should determine the allocation of resources. Protein fortification 
is one area in which an argument might be made for abandoning consumer sover
eignty. Consumers are less well informed about nutrition than planners. They 
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might be happier if some resources were reallo'cated to nutritional improvement, 

even if they do not now realize it. This argument leads to the conclusion that 

subsidized or free fortified protein would be efficient. Thus one can argue the 

efficiency case either way. 

From the point of view of equity, however, it is hard to imagine a service 

for which a user charge would be a less appropriate means of finance. A tax on 

a basic foodstuff is as regressive as any that government can levy. Both the 

proportion of income spent on food and the proportion of food expenditure devoted 

to purchases of the basic grain bear strong negative relations to household income. 

Thus, the burden of the charge on the low-income household which spends as much 

as half its income on rice, wheat, corn, or flour would be much heavier than the 

burden on a better-off family which spends less than five percent. 

If, despite these strictures, a user charge is levied, the retail price of 

fortified foodgrains, flour, and grain products will rise. This increase will dis

rupt consumption patterns and reduce the purchasing power of household incomes. 

It is worth tracing out the causal linkages involved here with some care. 

We begin with the cost of the fortificant and other program inputs. We have 

said all along that these will inevitably be significant relative to the price of the 

carrier. This fact rules out the possibility of the miller or other participants in 

the distributive process absorbing program costs and leaving their prices 

unchanged. Prices will definitely rise, but by how much? 

The minimum price increase in the carrier attributable to fortification can 

be worked out with the displacement formula presented in Section IIC. This for

mula states fortificant cost as a share of the fortified product (C) as a function of 

the fortification ratio (a), the price of the unfortified carrier (Pl), and the price 

of the fortificant (P2): 

a(P2 - P1)P1
 

Thus, to work through a hypothetical example, if a = 0. 10, P1 = 0. 10, and 
P2 = 0. 15, then C = 5 percent. Equations assuming synthetic fortificants are 

characterized by a high value of P2 and a low value of a, while those involving 

natural fortificants have the opposite characteristics. 
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The formula reveals the minimum expected price increase because it reflects 

only fortificant costs. If the user charge is to finance the entire program, then 
nonfortificant costs must be added to that price. Remember also that distributors 

may use the cost increase to increase their profit per unit. 

Whatever the precise amount of increase, it will have two effects on household 

expenditure patterns. The price of the basic foodstuff having risen relative to 

other goods and services, consumers will have to substitute expecially cheap 

sources of calories for it. And because the commodity represents a significant 

share of the total budget for the poorer households, real household income will 

fall as the price rises, reducing the household's consumption of goods and services 

in general. Putting these two results (the "substitution effect" and the "income 
effect") together, we see that the household's consumption of the basic foodgrain 

and products made from it can only drop. 

The extent of the fall in the taxed items consumption is determined by the 
"price elasticity of demand. " How large can we expect this elasticity to be? 
Because the foodgrain is a necessity with few close substitutes consumed by poor 

households, the substitution effect will be weak. But the foodgrain is also a 
major item of consumption in households with little margin for absorbing price 

increases, so the income effect will be strong. Our overall expectation is thus 

ambiguous. There would in fact be many different elasticities, depending on the 

income level of the household, its tastes, the grain or grain product taxed, and 
the size of the price increase. Many have attempted to measure price elasticities 

of demand for various categories of consumption in low-income countries but 

none of their results apply directly to any particular case.* A risky generaliza
tion from the research results might be to put the expected price elasticity of 

demand for a modest increase in the price of a basic foodstuff in a low-income 
country to be around -0. 5. This estimate means that a price increase of 10 per

cent would result in a 5 percent decline in demand. 

*For some estimates and more extensive discussion, see Reutlinger, S. and 
Selowsky, M., 1975, Under-Nutrition and Poverty, World Bank Staff Working Paper 
No. 202, Washington, D.C. 

McCarthy, F.D., 1975, Nutrition, Food and Prices in Pakistan, MIT, Inter
national Nutrition Planning Program Discussion Paper No. 4, MIT, Cambridge, 
Mass. 

162
 



To the extent that households consume more of some substitute food, interest 

attaches to the identity of that substitute and its nutritional properties. Low

income households will almost certainly choose a cheaper source of calories as a 

substitute commodity. Even in the poorest societies, such substitutes are usually 

available (e. g. , various tubers in Asian countries). Such foods are generally 

scorned by all but the very poorest, and their protein values are probably inferior 

to those of the unfortified staple foodgrain. Nevertheless, their availability may 

help offset the deleterious nutritional effects of a price increase. 

To illustrate the nature of the substitution process, let us assume that there 

are two possible food staples, a preferred grain and a less desirable tuber. 

Assume further that the grain in its unfortified state has twice the usable protein 

value of the tuber and also costs twice as much. Finally, assume that fortification 

increases the usable protein value of the grain by a factor of five, that the price 

elasticity of grain demand is -0.5, and that the household fully compensates for an 

increase in the price of grain by purchasing a quantity of the tuber. 

Table 6. 8 shows the consequences of these assumptions. It suggests that if 

the improvement in usable protein which results from fortification is as great as 

we have hypothesized and if the price elasticity is around 0.5, substitution will 

not reduce the benefits more than marginally. On the other hand, the household's 

real income will fall, and this drop will be especially severe for the poorest 

households. 

To summarize the discussion of program financing with a user charge, we see 

that although it could possibly be defended on efficiency grounds,-" it would clearly 

be inequitable to the poor. In principle, a user charge could also induce substi

tution of other products for fortified foods and undermine the nutritional aims of 

the program, but our quantitative estimates suggest that this outcome is unlikely 

in practice. 

The alternative to financing the program through a user charge is to provide 

it "free, " to finance it out of general revenues. This policy would require cur

tailing other expenditure programs or increasing government revenues. Increas

ing revenues would be more equitable than levying a user charge because the tax 

*This case is partially dependent on the quality of program design, however. A 
well-designed program will yield benefits commensurate with the costs consumers 
are asked to pay, but a poorly designed program will involve higher costs with
out equivalently higher benefits. 
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Table 6. 8
 
Example of Staple Food Substitution
 

Prefortification Situation Fortification with 5 percent Price Increase
Units Usable protein Cost of Units Usable protein Cost ofconsumeda consumptionb staple foodc consumed consumptionb staple food 

Grain 80 160 	 40.00 78 	 780 40. 95
Tuber 20 	 20 5.00 22 	 22 5.50
Total 100 180 	 45.00 100 802 46.45 

(+446%) (+3.2%) 

Fortification with 10 percent Price Increase Fortification with 20 percent Price Increase 
Units Usable protein Cost of Units Usable protein Cost of 
consumed consumptionb staple food consumed consumptionb staple food 

Grain 76 760 	 41.80 72 	 720 43.20 
Tuber 24 24 6.00 28 	 28 7.00
Total 100 784 	 47.80 100 748 	 50.20 

(+436%) (+6.2%) (+416%) (+11.6%) 

Note: 	 a) Assumes initial consumption pattern. 
b) Assumes usable protein values of 1 for tuber, 2 for unfortified grain, and 10 for 

fortified grain.
 
c) Assumes initial cost of $0.50 for grain and $0.25 for tuber in U.S. 
 $. 



systems of most low-income countries are progressive. For a rough indication of 
the sums involved, note the two programs for Tunisia estimated in Tables 6. 1
 
and 6. 2. Together, they would cost about $3 
 per head in annual operating cost. 
This expense would constitute about 0. 7 percent of the Tunisian GNP and perhaps 
3 percent of the government budget. 

A Concluding Note 

We have not tried to condemn or promote the fortification of cereal grains
 
with vitamins, minerals, and protein supplements. Our analysis has merely
 
presented 
a way for nutrition planners to weigh the desirability and feasibility 
of fortification interventions. Although most of the analysis has been directed 
toward protein fortification, we have offered general indications of how the meth
odology could be applied to micronutrient fortification programs. Our judgment
 
is that protein fortification has a place in the nutrition planner's portfolio with
 
microfortification and other approaches, 
 but 	he should use it only when caloric 
deficits are also a problem. The planner should also seriously consider com
bining macro- and micronutrient fortificants 
to increase overall nutritional
 
improvements. Finally, 
 efforts should be made to target the fortification and
 
avoid the costs of overcoverage or to employ natural fortificants, which mini
mize fortificant costs.
 

Feasibility Questions 

About the Problem the Program Addresses: 

(1) 	 What subgroup of the population is affected? What is the program's 

target population? 

(2) 	 What is the nature of the nutritional problem? What symptoms of 
deprivation are present? 

(3) What are the known or suspected economic and social consequences? 

About Alternative Program Designs: 

(4) 	 How might these problems be solved? Do fortification programs figure 

among the possibilities? 
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(5) What alternative fortification program designs are worth considering? 

(Discuss extensive and targeted approaches, in particular.) 

(6) What fortificant packages should be considered? 

About 	Intervention Costs: 

(7) 	 What inputs -- and in what quantities -- will each program alternative 

require? 

(8) 	 What will these inputs cost? 

(9) 	 How does the cost structure of each program break down in terms of 

cost categories, i.e. , fortificant cost, fortifying process, logistics, 

and control? 

(10) 	 What does sensitivity analysis show about the extent to which variations 

in timing, prices of key inputs, and other contingencies could affect the 

cost estimates? 

(11) 	 Do price distortions (especially of tradable goods inputs) warrant con

version from a nominal-cost basis to a social-cost basis? 

About 	Potential Program Effect: 

(12) 	 How fully will the program cover the target population in relation to 

program cost? 

(13) 	 What quantity of nutrients will be delivered to the target population in 

relation to program cost? 

(14) 	 What biological effectiveness measures are appropriate for program 

evaluation? 

(15) 	 How do alternative program formulations compare in terms of various 

cost-effectiveness measures? 

(16) 	 Can any key benefits be valued in money terms to allow cost/benefit 

analysis? 
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About Program Financing: 

(17) How can the program be financed? 

(18) What are the advantages and disadvantages of each method in terms of 
social efficiency, equity, and consistency with the program's nutritional 

objectives? 
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Introduction
 

The previous chapters have identified the major obstacles a fortification inter
vention must overcome if it is to operate effectively. This case study examines 
in the Guatemalan context each of these barriers in Guatemala: nutritional need, 
consumer acceptability, target group coverage, commodity system structure, 
technology, and intervention economics -- but emphasizes the first three. 

Nutritional Need 

Cereal fortification programs are based on the supposition that the target 
population has a nutrient deficiency, and that it can be rectified by adding missing 

nutrients to the diet in processed cereal grains. The nutritional need section 
analyzes both factors in Guatemala. Diet profiles and family dietary patterns 
provide information on who consumes tortillas and in what quantities. The poten
tial nutritional effect of tortilla fortifications depends, in part, on these normal 

consumption patterns. 
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Consumer Acceptabili 

Consumer preferences ultimately determine the intake of fortified product. 
One of the assumed strengths of fortification is that the enriched staple can be 
indistinguishable from the nonfortified commodity. To test this assumption, we 
carried out taste and consumer preference tests of fortified and nonfortified tor
tillas. In addition, we conducted interviews to find out why people might choose 
not to fortify. This information is analyzed in the context of the local cultural 
beliefs about corn. 

Commodity System Structure 

An in-home milling survey conducted in various regions of Guatemala 
assessed the potential extent of program participation. If large amounts of corn 
did not flow through the mills, then fortification at the mill level would have little 
or no effect on the target population. We present the results of this survey and 
discuss its implications for future fortification efforts. 

Other Barriers 

The remaining implementation barriers need less attention. Target groups 
receive the fortificant through the commodity system. That system's structure 
is analyzed with particular emphasis on local millers, for their attitude toward 
fortification greatly affects the program's feasibility. The changes and costs the 
fortification process imposes on their operations influence the millers' attitudes, 
so we conducted a miller survey in three regions of Guatemala to assess the 
seriousness of these impositions. We discuss this survey's findings and impli
cations, and then address the technological barrier of adding the fortification to 

the carrier. 

ntervcntion economics is the final barrier we discuss in reference to 
Guatemala for cost alone may prohibit intervention. The discussion includes 
data on fortificant, processing, and control costs, and consideration of another 
fundamental question: Who pays? After reviewing each of the implementation 
barriers, we offer some recommendations for future interventions. 
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Barrier I: Nutritional Need 

The planner should start designing his nutrition intervention by identifying
nutritional need. 

a 
In Guatemala, where corn tortillas contribute an average of 

65 percent of the total calories and 50. 8 percent of the protein, one would expect
that fortifying corn with lysine would improve protein quality dramatically. 

To assess the potential nutritional effect of corn fortification, we constructed 
diet profiles of Guatemala using the nutrition evaluation data collected in 1965. 
In that study, the Guatemalan Department of Cartography provided data allowing 
a statistical sample of the population by region and income. The six regions
 
selected included forty different communities.
 

We designed our profiles to coincide with these same six regions, which have
populations of fewer than 25, 000. Some population centers within them represent
only a few hundred inhabitants, while others account for thousands; the variation 
in the number of communities per region allows them to be representative.

Appendix R includes 
a table of the six regions, which are located in every depart
ment of the country except El Petsn. 

The dietetic study surveyed families as single units. But for direct informa
tion about the consumption of children, we complemented the total sample of
 
families with a 
subsample study of preschool children from one to five years old.
 
The dietetic survey involved interviewing two hundred families in their homes.
 
Interviewers used two techniques. 
 In the "recall method," the families estimated 
their food consumption during the previous twenty-four hours. The "daily register
method" required three consecutive days of cooperation from each family. An 
interviewer visited the family several times a day, recording consumption after
 
each meal. 
 In this way, we collected data on the food consumption of each family
for four consecutive days: one day recalled, three measured. The preschoolers' 
consumption was measured for the last three days. 

To quantify consumption, interviewers used diet balances with a capacity of500 to 1000 grams. Almost all of the food was weighed in its raw state and then,
applying crude-to-cooked conversion factors for the family consumption. A 
separate estimation was made for preschoolers' consumption. 
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Results 

We tabulated food consumption by region and by socioeconomic level, com

bining the socioeconomic indicator with the diet data on each family.
 

As explained in Chart 7.2 (note 5), the socioeconomic distribution of consump

tion was constructed by combining several variables and indicators in a single 

index. However, the classification of the population by socioeconomic strata is 
from la Secretaria Permanete del Tratado General de Integraci6n Econ6mica per 
Centro-America y el Grupo Assessor de la FAO para la Integracfon Econ6mica 
Centro-America (SIECA-GAFICA). It posits the following income categories: 

Low < $120 

Medium $120-$909 

High > $909 

As expected, the food consumption patterns vary according to socioeconomic 

level (Tables 7. 1 and 7. 2). 

We determined the average per capita consumption of families and pre
schoolers as outlined in Tables 7. 3 and 7.4. It is apparent from the data that 
food consumption varies from region to region. Region I and Region II are mostly 

home for Ladino families, and their very small comnursities are generally 
indigenous. Ow;ng to climatic conditions and culture, people of these regions 

consume corn in tamalitos as well as in tortillas. Their basic dough is identical, 
but they are baked at a lower temperature than tortillas. The cook wraps each 

portion of dough in dry corn leaves and sets it to boil shortly in . little water. 

This preparation reduces the amount of fuel required for final cooking. The diet 
analysis applies the same nutritional value to tamalitos as to tortillas. 

Region I's inhabitants consume large amounts of fresh vegetables, especially 
green leafy ones, as well as tortillas. Despite the fact that almost all this region's 

communities are indigenous, the consumption of meat is greater here than in 
other regions. In regions V and VI greater availability of milk and dairy products 
has lead to their higher consumption. This population category includes no indig

enous Guatemalans, only groups of Spanish descent. Very low tortilla consumption 
and high consumption of wheat bread partially distinguish region VI. But most of 

all, region Vi's consumption of fruit is far above that of all other regions. 
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Table 7. 1 
Food Consumption per Capita per Day in Guatamalan Families 

According to Socioeconomic Level 

Socioeconomic Level 
Foods Low Medium High 
Dairy products in terms of 
liquid milk 58 129 196 
Eggs 6 17 25 
Meats 14 43 52 

Legumes 54 48 47 
Vegetables 44 53 83 
Fruits 11 16 32 
Musaceas 6 24 43 

Roots and tubers 12 10 20 
Cereals: 

rice 10 16 22 
cornmeal 1 3 2 
wheatbread 10 41 59 
noodles 1 3 3 
corn tortillas 614 491 346 
sorghum tortillas 2 8 
others 2 4 4 

Sugar 42 56 56 
Fats 2 8 10 
Miscellaneous: 

coffee, toasted 7 10 10 
ice cream - 1 I 
Incaparina - 1 1 
pork tamales 4 9 

Source: Derived from Incap-Oer 1965 Survey, as quoted by Marina Flores (1975)
"Diet Profiles in Guatemala. "1 INCAP: Guatemala City, Pg. 10.

Note: Quantities are expressed in net weight grams.
Data Method: Daily food register for three days. 
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Table 7.2
 

Food Consumption per Child per Day in Preschoolers in
 

Guatemala According to Socioeconomic Level
 

City, Pg. 10. 

Socioeconomic Level 

Foods Low Medium High 

Dairy products in terms of 
liquid milk 45 120 243 

Eggs 4 13 21 

Meats 5 10 12 

Legumes 11 14 13 

Vegetables 16 15 27 

Fruits 12 17 20 

Musaceas 3 19 25 

Roots and tubers 3 7 8 

Cereals: 

rice 6 8 12 

cornmeal - 1 1 

wheatbread 10 29 40 

noodles - 1 1 

corn tortillas 177 143 92 

sorghum tortillas - 1 -

others 0 1 0 

Sugars 27 31 42 

Fats 1 3 5 

Miscellaneous: 

coffee, toasted 4 4 4 

bean soup 19 18 31 

chicken soup 1 1 1 

beef soup 1 6 11 

ice cream - 2 2 

Incaparina 1 1 

pork tamales 2 5 

Source: Derived from Incap-OIR 1965 Survey, as quoted by Marina Flores (1975) 

"Diet Profiles in Guatemala. " INCAP: Guatemala 
Note: Quantities are expressed in net weight grams. 
Data Method: Daily food register for three days. 
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Table 7. 3
 
Food Consumption per Capita per Day in Families
 

of the Different Regions of Guatemala
 

REGIONS 
Foods I II I IV V VI 
Dairy products in terms of 

liquid milk 106 118 114 118 149 170 
Eggs 20 19 13 13 17 18 
Meats 36 46 52 38 20 26 
Legumes 38 52 46 66 64 41 
Vegetables 61 63 72 50 32 66 
Fruits 14 7 17 10 19 69 

Musaceas 39 20 25 13 8 56 
Roots and tubers 14 18 13 13 10 5 

Cereals: 

rice 24 7 11 9 17 28 
cornmeal 4 5 1 1 - 2 
wheatbread 24 41 51 38 35 66 
noodles 3 2 3 2 - 3 
corn tortillas 477 526 474 558 509 246 
sorghum tortillas . - - - 30 
others 10 0 2 2 4 

Sugars 53 52 61 47 51 48 
Fats 7 4 6 8 7 13 

Miscellaneous: 

coffee, toasted 
carbonated soft drinks 

9 
1 

8 
-

11 
-

9 
7 

9 
3 

8 
-

ice cream - - 1 1 2 2 
Incaparina - - 1 1 1 1 
noncarbonated soft drinks - - I - 1 5 
pork tamales 3 4 8 4 5 5 

Source: Derived from Incap-OIR 1965 Survey, as quoted by Marina Flores (1975)
"Diet Profiles in Guatemala." INCAP: Guatemala City, Pg. 10. 

Note: Quantities are expressed in net weig grams. 
Data Method: Daily food register for three days. 
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Table 7.4
 
Food Consumption 2er Child per Day in Preschoolers
 

of the Different Regions of Guatemala
 

REGIONS
 
Foods I II II IV V 
 VI 
Dairy products in terms of 

liquid milk 	 132 14089 55 149 252 
Eggs 13 19 6 10 15 17 
Meats 9 12 15 9 5 5 
Legumes 	 11 
 16 	 13 15 19 7
 

Vegetables 22 22 26 I1 12 19 
Fruit. 5 8 20 4 25 69 
Musaceas 
 24 20 13 8 16 23 
Roots and tubers 4 13 4 3 7 7 

Cereals: 

rice 	 10 3 5 5 13 20 
cornmeal 	 1 3 1 - - 1 
wheatbread 19 	 24 36 10 27 52 
noodles 	 1 1 
 1 1 - 
corn tortillas 201 145 110 187 99 57
 
sorghum 	tortillas - - - 5 
others 3 2 10 0 	 1 

Sugars 
 30 	 30 39 32 30 41
 
Fats 3 2 1 2 3 6 

Miscellaneous: 

coffee, toasted 4 3 4 7 5 	 4 
bean soup 
 9 19 19 23 28 54
 
chicken soup I 1 1 - 2 
beef soup 8 12 6 6 - 
ice cream - 1 3  3 
pork tamales - 1 4 2 3 -

Source: 	 Derived from Incap-OIR 1965 Survey, as quoted by Marina Flores (1975)
"Diet P-files in Guatemala." INCAP: Guatemala City, Pg. 10. 

Note: Quantities are expressed in net weight grams. 
Data Method: Daily food register for three days. 
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The same patterns emerge for the preschoolers (Table 7.4). The corn 

tortillas consumed by preschoolers ranges from a high of 201 grams in region I 

to a low of 57 grams in region VI. Children in region VI, like their parents, 

consume more milk and dairy products and fruit than children anywhere else in 

the country. 

The implications of varying tortilla consumption are obvious: the nutritional 

benefits of fortification will be great for some and much smaller for others, 

unless fortificant quantity varies to offset consumption differences. 

Among both families and children, the consumption of milk, eggs, meat, 

vegetables, and fruit increases as the socioeconomic level rises. Corn tortillas 

are a diminishing part of the diet of those at higher socioeconomic levels, but 

rice and bread increase in popularity with them. 

Because food consumption varies from region to region, it follows that the 

levels of calorie and nutrient intake will also so differ. We analyzed diets by 

region and socioeconomic level. Nutrient intakes are presented for families 

and preschoolers by region in Tables 7. 5 and 7.6, respectively, and by socio

economic level for families and preschoolers in Tables 7.7 and 7. 8. 

Family calorie consumption averages highest in regions II, IV and V, where 

corn tortilla intake is 500 grams or more. The lowest calorie level is in region 

V, where corn tortilla intake is only 246 grams. This same trend holds for total 

protein intake in families but the pattern does not appear so readily in the data for 

preschoolers. Table 7.4 shows that the preschoolers in region VI have the lowest 

intake of tortillas, yet in Table 7.6 these same preschoolers have the highest 

caloric intake. Their diets, although low in tortillas, are high in dairy products. 

Caloric consumption figures for families and children listed in Tables 7. 7 

and 7. 8 increase as socioeconomic level rises. Total protein and animal protein 

intake increase similarly. The effect of socioeconomic level on both groups is 

very visible in the cases of vitamin C and, especially, of riboflavin. 

We applied the 1973 Dietary Recommendations to these data to calculate the 

nutrient deficits for familes and preschoolers. Requirements were calculated 

for each region based on age and sex, and pregnant and lactating women were con

sidered a special group. Tables 7. 9 and 7. 10 present the percentage of families 

and preschoolers with adequate diets by region. 
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Table 7. 5 
Calorie and Nutrient Intake per Capita per Day in Families 

of the Different Regions of Guatemala 

REGIONS 
I II III IV V VI 

Calories 

Total protein (g) 
Animal protein (g) 

Fats (g) 

Carbohydrates (g) 

Calcium (mg) 

Phosphorus (mg) 

Iron (mg) 

Total retinol (ug) 

retinol (ug) 

beta-carotene (ug) 

other carotenes (ug) 
Thiamine (mg) 

Riboflavin (mg) 

Niacin (mg) 

Vitamin C (mg) 

1886 

54.7 

12.6 

27.8 

370 

927 

1155 

14.9 

367 

192 

823 

454 

1.03 

0.71 

10.65 

32 

2032 

61.2 

15.0 

34.6 

385 

1097 

1297 

20.4 

315 

157 

720 

453 

1.20 

0.81 

11.23 

28 

1957 

60.5 

16.2 

31.0 

377 

963 

1184 

14.7 

354 

219 

649 

327 

1.02 

0.74 

11.09 

32 

2037 

64.5 

13.0 

28.9 

397 

1065 

1301 

13.0 

141 

43 

467 

227 

1.11 

0.66 

11.05 

24 

2019 

61.5 

11.9 

30.0 

393 

1049 

1286 

11.1 

107 

62 

232 

77 

1.06 

0.68 

10.81 

35 

1697 

47.0 

13.5 

34.3 

305 

704 

943 

9.5 

271 

93 

915 

309 

0.83 

0.65 

8.31 

68 

Source: Derived from Incap-OIR 1965 Survey, as quoted by Marina Flores (1975)"Diet Profiles in Guatemala. " INCAP: Guatemala City, Pg. 10.Note: Quantities are expressed in net weight grams.Data Method: Daily food register for three days. 
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Table 7.6 

Calorie and 	Nutrient Intake per Child per Day in Preschoolers 
in the Different Regions of Guatemala 

REGIONS 

I II III IV V VI 

Calories 895 782 771 717 765 963 

Total protein (g) 25.4 22.8 22.0 20.8 21.7 23.0 

Animal protein (g) 7.6 7.8 8.2 4.8 7.6 11.1 

Fats (g) 15.9 16.4 14.0 9.0 16.7 29.3 

Carbohydrates (g) 170 142 144 147 138 157 

Calcium (mg) 521 399 401 345 418 453 

Phosphorus (mg) 573 490 460 428 472 550 

Iron (rg) 6.8 6.9 5.7 4.0 4.5 4.6 

Total retinol (ug) 215 153 191 39 105 249 

retinol (ug) 145 78 119 12 49 94 

beta-carotene (ug) 328 365 361 129 290 803 

other carotenes (ug) 181 175 139 63 90 253 

Thiamine (mg) 0.50 0.45 0.36 0.34 0.36 0.43 

Riboflavin (mg) 0.47 0.43 0.41 0.23 0.37 0.62 

Niacin (mg) 4.67 3.92 3.88 4.22 3.71 3.45 

Vitamin C (mg) 12 16 15 6 25 45 

Source: Derived from Incap-OIR 1965 Survey, as quoted by Marina Flores (1975) 
"Diet Profiles in Guatemala. " INCAP: Guatemala City, Pg. 10. 

Note: Quantities are expressed in net weight grams. 
Data Method: Daily food register for three days. 
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Table 7. 7
 
Calorie and Nutrient Intake per Capita per Day in Guatemalan
 

Families According to Socioeconomic Level
 

Calories 

Total protein (g) 

Animal protein (g) 

Fats (g) 

Carbohydrates (g) 

Calcium 	(mg) 

Phosphorus (mg) 

Iron (mg) 

Total retinol (ug) 

retinol (ug) 
beta-carotene (ug) 
other carotenes (ug) 

Thiamine (mg) 

Riboflavin (mg) 

Niacine (mg) 

Vitamin C (mg) 

Socioeconomic Level 

Low Medium High 

1858 2009 	 1911 
55.2 60.1 	 59.9 

6.3 	 14.6 20.3 

18.0 33.2 	 38.4 

385 384 346 

1064 995 910 
1190 1237 1178 

13.9 	 15.2 14.2 

122 248 	 522 

19 133 324 
482 540 970 
272 300 439 

1.08 	 1.08 1.00 

0.54 	 0.71 0.89 
10.27 	 10.94 10.83 

26 31 48 

Source: 	 Derived from Incap-OIR 1965 Survey, as quoted by Marina
Flores (1975) "Diet Profiles in Guatemala." INCAP: 
Guatemala City, Pg. 10. 

Note: Quantities are expressed in net weight grams.
Data Method: Daily food register for three days. 
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Table 7.8 

Calorie and Nutrient Intake per Child per Day in Guatemalan 
Preschoolers According to Socioeconomic Level 

Socioeconomic Level 

Low Medium High 

Calories 636 813 952 

Total Protein (g) 17.3 22.7 26.7 
Animal protein (g) 2.8 7.5 12.8 

Fats (g) 7.4 16.1 25.2 

Carbohydrates (g) 132 151 160 

Calcium (mg) 356 427 528 

Phosphorus (mg) 371 495 592 

Iron (mg) 5.0 5.3 5.6 

Total retinol (ug) 82 100 604 

retinol (ug) 9 49 540 
beta-carotene (ug) 359 250 352 
other carotenes (ug) 163 112 60 

Thiamine (mg) 0.33 0.41 0.46 

Riboflavin (mg) 0.23 0.38 0.65 

Niacin (mg) 3.42 3.97 4.12 

Vitamin C (mg) 12 12 23 

Source: Derived from Incap-OIR 1965 Survey, as quoted by Marina 
Flores (1975) "Diet Profiles in Guatemala. " INCAP: 
Guatemala City, Pg. 10. 

Note: Quantities are expressed in net weight grams.
Data Method: Daily food register for three days. 
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Table 7.9 

Adequacy Percentages in the Diets of Families 
in the Different Regions of Guatemala 

REGIONS 

I II In IV V VI 

Calories 86 93 88 92 93 80 

Protein (g) 116 131 126 135 132 103 

Calcium (mg) 183 208 186 196 206 132 

Iron (mg) 98 134 95 77 75 62 

R etinol (ug) 61 53 57 23 18 47 
Thiamine (mg) 117 135 115 122 122 95 

Riboflavin (mg) 60 69 60 55 56 56 

Niacin (mg) 73 78 75 75 75 59 

Vitamin C (mg) 119 104 114 86 135 262 

Table 7. 10 

Adequacy Percentages in the Diets of Preschoolers 
in the Different Regions of Guatemala 

REGIONS 

II III IV V VI 

Calories 65 58 54 49 56 73 
Protein (g) 91 84 78 72 78 85 

Calcium (mg) 116 89 89 77 93 101 

I'on (mg) 68 69 57 40 45 46 

Retinol (ug) 85 60 73 15 42 100 
Thiamine (mg) 93 83 63 59 67 84 

Riboflavin (mg) 64 59 52 28 49 89 
Niacin (mg) 51 44 41 44 41 40 
Vitamin C (mg) 60 80 75 30 125 225 

Source: Derived from Incap-OIR 1965 Survey, as quoted by Marina Flores (1965) 
"Diet Profiles in Guatemala. " INCAP: Guatemala City, Pg. 10. 

Note: Quantities are epxressed in net weight grams. 
Data Method: Daily food register for three days. 
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Family diets, in general, provide enough protein, calcium, thiamine, and 
vitamin C; but they are deficient in calories, iron, riboflavin, aind niacin. The 
family caloric deficiency ranged from 7 to 20 percent. The preschoolers' aver
age intakes show marked deficiencies in calories and all nutrients, with the 
exception of vitamin C in regions V and VI. Caloric consumption in the pre
schoolers ranged from 49 to 73 percent of the recommended level, and protein
 
adequacy was 72 to 91 percent of the requirement.
 

Tables 7. 11 and 7. 12 show the dietary data by socioeconomic group. In
 
families, deficiencies in retinol and riboflavin decrease as income increases.
 
The most severe nutirent deficiencies plague preschoolers in the lowest income
 
group. They receive only 45 percent of the recommended calories and 61 per
cent of the recommended protein.
 

The nutritional contribution of corn tortillas to the diets of each region is
 
presented in Tables 
7. 13 and 7. 14. In regions I through V, approximately 50 per
cent of the family's calories and protein come from tortillas; in region VI, tortil
las meet only 24 percent of the caloric and 29 percent of the protein needs. The
 
tortillas' contribution toward the calcium, 
 thiamine, and niacin requirements is
 
also considerable, in some cases more 
than 50 percent. Only in retinol and
 
vitamin C do the tortillas fail to make a significant contribution.
 

In regions I, II, and IV, where tortilla consumption is high among preschool
ers, the caloric contribution made by tortillas ranges between 23 and 31 percent 
of daily intake. Tortillas also supply 27 to 37 percent of the preschoolers' daily 
protein intake in these regions. However, in regions III, V, and VI tortillas 
are le: ppopular, so they provide less of the total nutrient intake. 

Families, grouped by socioeconomic level in Table 7. 15, receive 60 to 70 
percent of their energy and protein requirements from tortillas. But tortillas 
provide the preschoolers of the lowest income group only 26 percent of their 
daily calories and 33 percent of their protein (Table 7. 16). 

Because tortilla consumption does vary from region to region, the fortificant 
added to the tortilla carrier should also change. Table 7. 17 presents the formula 

for the corn fortificant mix we used in Santa Maria Cauque, where INCAP car
ried out a multiyear study of the biological effects of tortilla fortification. 
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Table 7.11
 
Adequacy Percentages in the Diets of Guatemalan
 

Families According to Socioeconomic Lfevel*
 

Calories 

Protein (g) 

Calcium (mg) 

Iron (mg) 

Retinol (ug) 

Tb'arnine (mg) 

Riboflavin (mg) 

Niacin (mg) 

Vitamin C (mg) 

Source: See Pg. 

Socioeconomic Level 

Low Medium High 

86 92 85 

118 128 125 
205 189 179 

89 97 93 
20 41 84 

129 1Z4 115 

46 58 73 
72 76 73 
96 115, 178 

173 

Table 7. 12 
Adequacy Percentages of the Diets of Guatemalan
 
Preschoolers AccordinF to Socioeconomic Level
 

Calories 

Protein (g) 

Calcium (mg) 

Iron (mg) 

Retinol (ug) 

Thiamine (mg) 

Riboflavin (ang) 

Niacin (mg) 

Vitamin C (mg) 

Source: See Pg. 

Low 

45 

61 

79 

50 

32 

60 

30 

37 

60 

Socioeconomic Level 

Medium 

59 

82 

95 

53 

39 

75 

51 

44 

60 

High 

68 

95 

117 

56 

238 

84 

86 

45 

115 

173 
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Table 7. 13 
Percentage of Adequacy Covered by Tortilla Consumption in the Diets of 

Families in the Different Regions of Guatemala 

Regions 
I II III IV V VI 

Calories 46 52 44 51 48 .24 
Protein (g) 54 60 53 63 59 29 
Calcium (mg) 131 148 124 132 124 57 
Iron (mg) 46 72 34 17 8 3 
Retinol (ug) 5 9 4 2 0 0 
Thiamine (mg) 67 78 60 63 60 29 
Riboflavin (mg) 19 23 18 19 17 9 
Niacin (mg) 34 38 33 39 36 18 
Vitamin C (mg) 0 0 0 0 0 0 

Source: See Pg. 173 

Table 7.14 
Percentage of Adequacy Covered by the Consumption of Tortillas in the 

Diets of Preschoolers in the Different Regions of Guatemala 

Regions 
I II III IV V VI 

Calories 31 23 16 25 15 9 
Protein (g) 37 27 20 34 19 11 
Calcium (mg) 61 
 45 33 52 27 
 16 
Iron (mg) 32 28 13 11 4 1 
Retinol (ug) 5 5 2 2 0 0 
Thiamine (mg) 48 35 23 34 20 12 
Riboflavin (mg) 12 8 6 9 7 3 
Niacin (mg) 23 16 12 19 11 7 
Vitamin C (mg) 0 0 0 0 0 0 

Source: See Pg. 173 
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Table 7.15 
, ercentage of Adequacy Covered i'y Tortilla Consumption in the Diets of 

Guatemalan Families Acco ding to Socioeconomic Level 

Socioeconomic Level 

Low Medium High 

Calories 60 47 32 
Protein (g) 70 56 39 
Calcium (mg) 157 127 92 
Iron (mg) 40 38 24 
Retinol (ug) 4 4 3 
Thiamine (mg) 85 66 46 
Riboflavin (mg) 24 19 13 
Niacin (mg) 44 35 24 
Vitamin C (mg) 0 0 0 

Source: See Pg. 173 

Table 7.16 

Percentage of Adequacy Covered by Tortilla Consumption in the Diets of 
Guatemalan Preschoolers According to Socioeconomic Level 

Socioeconomic Level 
Low Medium High 

Calories 26 22 14 
Protein (g) 33 27 18 
Calcium (mg) 52 42 27 
Iron (mg) 21 18 10 
Retinol (ug) 4 3 2 
Thiamine (mg) 38 31 18 
Riboflavin (mg) 10 8 5 
Niacin (mg) 19 16 10 
Vitamin C (mg) 0 0 0 

Source: See Pg. 173
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The Guatemalan fortification project hoped to help certain nutritionally 

vulnerable groups: infants, preschoolers, and pregnant and lactating women. 

Table 7. 10 proves that significant nutrient deficiencies exist in the preschoolers' 

dietary pattern in all six regions. Based on the individual regional tortilla 

consumption, Tables 7. 18 through 7.23 illustrate the nutritional improvement 

possible with the fortification mix used in Santa Maria Cauqu'e. 

Regions I, II, and IV, with the highest intake of tortillas by preschoolers, 

exhibit the greatest potential for fortification's alleviating protein deficiency. 

For example, in region I (Table 7. 18), the fortificant mix will add 2. 3 grams 

of protein 92 percent of the protein deficiency - to the normal amount of grain 

consumed daily by preschoolers. Protein adequacy jumps from 91 percent to 

99 percent as a result. Of course, as the amount of corn tortillas consumed 

decreases, the fortificant's contribution to protein intake also decreases. 

Fortification sponsors protein improvement without an increase in the 

quantity of grain consumed. The comparative effects of fortified and unfortified 

tortillas on protein intake are presented for families and for preschoolers in 

Tables 7. 24 and 7. 25. These results are particularly relevant to interventions 

aimed at infants and preschoolers, whose capacity to consume food limits their 

nutrient intake. 

However, it if, apparent in Tables 7. 18 through 7. 23, that the fortificant 

mix has no effect on caloric intake. And we mentioned in chapter 2 that the value 

of increased piotein is questionable in the face of caloric inadequacy. Therefore, 

although this iortificant mixture can decrease protein deficiency significantly 

in some regions, this accomplishment's effect is undermined by continued caloric 

inadequacies. 

Despite the fortificant mixture's dubious efficacy in improving protein intake, 

the data in Tables 7. 18 through 7. 23 demonstrate its great value for micronutri

ent deficiencies. In all regions, a typical day's intake of fortified tortillas would 

end all the micronutrient deficiencies except that of retinol in region V. 

Region IV (Table 7.21) provides dramatic examples. There the average pre

schooler consumes only 15 percent of the recommended intake of retinol; the 

typical day's consumption of fortified tortillas can rectify this deficiency. Results 

with minerals follow a similar pattern. The average preschooler in region IV 

187
 



Table 7.17
 

Formula for Corn Fortificant Mix
 

. (per kg of corn) 

Thiamine 

Riboflavin 

Niacin 

Vitamin Aa (106 IU/g) 

Ironb 

Soybean flour 


L-lysine HCL 


avitamin A is palmitate in oil
 

bIron as ferric orthophosphate.
 

Source: Compiled from Tables 4. 3 -

Table 7.18
 

Preschoolers, Region I 

Amount Nutrient 
Daily Adequacy Supplied by 201 g 
Intake Percentage Deficit Fortified Tortillas 

Calories 895 65 482 none 

Protein(g)a 25.4 91 2.5 2.3 

Calcium (mg) 521 116 none none 

Iron (mg) 6.8 68 3.2 6 .67 mg 

Retinol (ug) 215 85 37.9 260.9 

Thiamine (mg) 0.5 93 0.03 2.97 

Riboflavin (mg) 0.47 64 0.26 1.80 

Niacin (mg) 4.67 51 -4.49 21.46 

Vitamin C (mg) 12 60 8 none 

aFigure based on data from Marin Flores (1975). "Diet Profile in 
INCAP: Guatemala City, Pg. 27. 

Note: The cost per child per day is 0. 0077 cents. 

21.4 mg 

13.0 mg 

154.4 mg 

6,250 	IU
 

480 mg
 

78 	g
 

1.2 g
 

4.6.
 

Adequacy, 
Deficit After Percentage 
Fortification After Fortification 

482 65 

0.2 99 

none 	 116 

0 100+ 

0 100+ 

0 100+ 

0 100+ 

0 100+ 

8 60 

Guatemala, 
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Table 7. 19 
Preschoolers, Region H 

Daily 
Intake 

Adequacy 
Percentage Deficit 

Amount Nutrient 
Supplied by 145 g
Fortified Tortillas 

Deficit After 
Fortification 

Adequacy 
Percentage 
After Fortification 

Calories 782 58 566 none 566 58 
Protein (g)a 22.8 84 4.3 1.6 2.7 90 
Calcium (mg) 399 89 49 none 49 89 
Iron (mg) 6.9 69 3.1 4.80 none 100+ 
Retinol (ug) 153 60 102 187.7 none 100+ 
Thiamine (mg) 0.45 83 0.09 2.1 none 100+ 
Riboflavin (mg) 0.43 59 0.30 1.3 none 100+ 
Niacin (mg) 3.92 44 4.49 15.4 none 100+ 
Vitamin C (mg) 16 80 4 none 4 80 

aFigure based on data from Marin Flores (1975). 
INCAP: Guatemala City, Pg. 27. 

"Diet Profile in Guatemala," 

Note: The cost per child per day is 0. 0056 cents. 



Table 7.20 
Preschoolers, Region I 

Daily 
Intake 

Adequacy 
Percentage Deficit 

Amount Nutrient 
Supplied by l10 g 
Fortified Tortillas 

Calories 771 54 657 none 
Protein (g)a 22.0 78 6.2 1.2 
Calcium (mg) 401 89 49 none 
Iron (mg) 5.7 57 4.3 36.48 
Retinol (ug) 191 73 70 142.65 
Thiamine (mg) 0.36 63 0.21 1.63 
Riboflavin (mg) 0.41 52 0.38 0.99 
Niacin (mag) 
Vitamin C (mg) 

3.88 
15 

41 
75 

5.58 
5 

11.73 
none 

aFigure based on data from Marin Flores (1975). "Diet Profile in
INCAP: Guatemala City, Pg. 27. 

Note: The cost per child per day is 0. 0042 cents. 

Deficit After 

Fortification 


657 

5.0 g 

49 

0 

0 

0 

0 

0 

5 

Guatemala," 

Adequacy 
Percentage 
After Fortification 

54 

82 

80 

100+ 

100

100+ 

100+ 

100+ 

75 



Calories 

Protein (g)a 

Calcium (mg) 

Iron (mg) 

Retinol (ug) 

Thiamine (mg) 

Riboflavin (mg) 

Niacin (mg) 

Vitamin C (mg) 

aFigure based on 

Table 7.21
 

Preschoolers. Region IV
 

Deficit 


746 


8.1 


103 


6.0 


Z- 1 


0.24 

0.59 

5.37 

14 


Amount Nutrient 
Supplied by 187 g 
Fortified Tortillas 

none 

2.1 

none 

61.92 

242.1 

2.76 

1.68 

19.92 

none 

data from Marin Flores (1975). "Diet Profile in 
INCAP: Guatemala City, Pg. 27.
 

Note: The cost per child per day is 0. 0072 cents.
 

Deficit After 
Fortification 

746 


6.0 

103 


0 


0 


0 


0 


0 


14 


Guatemala," 

Adequacy 
Percentage 
After Fortification 

49
 

79
 

77
 

100+
 

100+
 

100+
 

100+
 

100+
 

30
 

Daily 
Intake 

717 


20.8 

345 


4.0 


39 


0.34 

0.23 

4.22 


6 


Adequacy 
Percentage 

49 


72 


77 


40 


15 


59 


28 


44 


30 




Calories 

Protein (g)a 

Calcium (mg) 

Iron (mg) 

Retinol (ug) 

Thiamine (mg) 

Riboflavin (mg) 

Niacin (mg) 

Vitamin C (mg) 

Daily 

Intake 


765 


21.7 

418 


4.5 


105 


0.36 

0.37 

3.71 

25 


Adequacy 
Percentage 

56 


78 


93 


45 


42 


67 


49 


41 


125 


Table 7.22
 

Preschoolers, Region V
 

aFigure based on data from Marin Flores (1975). 
INCAP: Guatemala City, Pg. 27. 

Note: The cost per child per day is 0. 0038 cents. 

Amount Nutrient 
Supplied by 99 g 
Fortified Tortillas 

none 


1.1 

none 


32.6 


127.6 

1.46 

0.88 

10.5 

none 


"Diet Profile in 

Deficit After 

Fortification 


601 


5.0 

31 


0 

17.4 

0 

0 

0 

0 

Guatemala," 

Adequacy 
Percentage 
After Fortification 

56
 

82
 

93
 

100+
 

93
 

100+ 

100+
 

100+ 

125
 

Deficit 

601 


6.1 

31 


5.5 


145 


0.17 

0.39 

5.34 

0 



Calories 

Protein (g)a 

Calcium (mg) 

Iron (mg) 

Retinol (ug) 

Thiamine (mg) 

Riboflavin (mg) 

Niacin (mg) 

Vitamin C (mg) 

Daily 
Intake 

963 


23.0 

453 


4.6 

249 


0.43 

0.62 

3.45 


34 


Adequacy 
Percentage 

73 


85 


101 


46 


100 


84 


89 


40 


225 


Table 7.23
 

Preschoolers, Region VI
 

Deficit 

356 


4.0 

5.4 

0 

0.08 

0.08 

5.15 

0 

Amount Nutrient 
Supplied by 57 g
Fortified Tortillas 

none 

0.6 

none 

18.72 

73.2 

0.83 

0.51 

6.02 

0 

aFigure based on data from Marin Flores (1975). "Diet Profile in 
INCAP: Guatemala City, Pg. 27. 

Note: The cost per child per day is 0. 0022 cents. 

Deficit After 
Fortification 

356 


3.4 

0 

0 

0 


0 

0 

0 

0 

Guatemala," 

Adequacy 
Percentage 
After Fortification 

73
 

87
 

101
 

100+
 

100

100+
 

100+
 

100+
 

225
 



Table 7.24 

Increase in Protein Intake Obtainable via Substituting 
Nonfortified by Fortified Tortillas in the Diets of Families in 

Different Regions in Guatemala 

Tortilla 

Nonfortified Fortified 
Regions Grams of Protein Grams of Protein 

I 20.5 25.8
 

II 22.6 28.4
 

III 20.4 25.6
 

IV 24.0 30.1
 

V 21.9 27.5
 

VI 10.6 13.3
 

Source: 	 Division of Environmental Health (1975). Analysis of Protein composition 
of fortified and nonfortified tortillas. 
INCAP: Guatemala City. 

Table 7.25 

Increase in Protein Intake Obtainable via Substituting 
Nonfortified by Fortified Tortillas in the Diets of 

Guatemalan Preschoolers in Different Regions in Guatemala 

Tortilla 

Nonfortified Fortified 
Regions Grams of Protein Grams of Protein 

I 8.6 2.3
 

II 6.2 1.6
 

I1 4.7 1.2
 

IV 8.0 2.1
 

V 4.5 1.1
 

VI 2.5 0.6
 

Source: 	 Division of Environmental Health (1975). Analysis of Protein composition 
of fortified and nonfortified tortillas. 
INCAP: Guatemala City. 
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receives only 40 percent of the iron requirement from the normal diet. After 
fortification, the preschooler meets his requirement. Fortification affects 
micronutrient intake similarly in the other regions. 

Although tortillas are the dominant food in the Guatemalan family diet, the
 
degree of dominance varies from region to region in Table 7. 2.
as In the case of 
preschoolers, this variance is even more dramatic. In region IV, 48 percent of 
their food is tortillas, whereas in region VI, tortillas contribute only 9 percent 
of their total diet. In regions III, V, and VI, and in El Peten, tortillas are not
 
even the single most important food for preschoolers.
 

Such facts should influence program design. People consume varying quan
tities of tortillas, and nutritional deficiencies vary by region and socioeconomic 
group. Therefore, to achieve a common level of fortification and to address 
specific regional needs, the program must vary the fortificant mix. 

Perhaps planners should not tailor their fortification programs on a national 
basis but according to the economic, regional, and cultural needs of the target 
group. Such programs would make separate decisions on the nature, amount, 
and cost of the fortificants earmarked for each participating group. 

We can conclude fv'om the dietary data that a nutritional need does indeed 
exist in a significant segment of the population. Its deficiencies involve both 
macronutrient (calories and proteins) and micronutrients (vitamins and minerals). 
The fortificant mixes used so far to address the protein problem do not help 
eliminate caloric deficits, and fortification intervention must alleviate both 
problems simultaneously if it is to be effective. However, rather than disband 
the amino acid fortification program because there is also caloric deficiency,a 
current fortification efforts should begin other nutrition projects to solve the 

second half of the target population's problem. 

There is little doubt that the fortificant mix does attack the micronu:rient 
deficits. Even if the protein interventions change, planners should consider 
a micronutrient fortification project. Such programs are particularly valuable 
in areas where diets of limited variety lead to common micronutrient inade
quacies, and this is the predicament of many of the world's grain-eating popula

tions. 
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Barrier II: Commodity System Structure 

A commodity system - as defined in chapter 3 - encompasses the "seed-to

consumer chain. " This analysis will take us from one end of the Guatemalan sys

tem 	to the other system covering each of its successive operations and participants 
and 	describing how they might relate to a fortification program. We will try 

to identify possible intervention points in the system and evaluate how the system's 

participants might influence the program's effectiveness. 

Technically, there are four ways to fortify maize: 

As 	grain: 

(1) 	 add and mix a synthetic grain with raw maize; 

(2) 	 add a synthetic grain to nixtamal (boiled, epitheliumless, lime
supplemented maize); 

As powdered: 

(3) 	 add powdered fortificant to nixtamal; and 

(4) 	 add powdered fortificant to processed maize flour. 

Introduction 

The most notorious characteristic of the maize industry in Guatemala is 
its atomized state. As shown in Table 7. 26, it seems that some 370, 000 farms 
of less than seven hectares of land generate more than 60 percent of the aggre
gate production. These are almost 90 percent of all the farms in the country 

producing maize. 

Around 50, 000 farms of between seven and forty-five hectares 11 percent 

of the nation's maize -producing farms account for 23 percent of the aggregate 
production. If each onc of the farms in these two groups is operated by a single 

family, it would be reasonable to estimate that around 70 percent of all rural 

families produce maize. 

Unlike Guatemala's other major crops (coffee, cotton, and sugarcane), 

maize production requires very little that is not available on the farm. Seed 
and labor come mostly from the farm itself, and Guatemalan farmers make little 

use of fertilizers, pesticides, and machinery. The banking system extends only 
a minimal amount of credit, as shown in Chart 7. 3 and the little credit available 

probably goes mostly to medium and large farms. 
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We estimate that producers retain around 40 percent of the aggregate pro
duction at the farm, most of it for family consumption (see Chart 7. 1 and 
the corresponding explanatory notes). This figure does not necessarily reflect 
maize consumption on the farm, however, because farmers usually repurchase
 
what they sold during the harvesting for food during the off-production months.
 

The industry's fragmentation and its lack of contact with public and private 
farm suppliers makes estimating production, land use, and yields, and providing 
effective government coordination extremely difficult. These two characteristics 
also reduce the likelihood of success for a fortification program intent on adding 
a synthetic grain fortificant to raw maize at the farm gates. 

Another possible problem affected by production has to do with the carrier's
 
availability. Maize production in Guatemala varies with the 
seasons. Although
 
climate permits two crops during the year, most farmers attempt only 
one.
 

Output tends to concentrate in a few months; August, September, and December
 
account for 75 percent of the year's production. Table 7.27 shows that wholesale 
and retail prices tend to have a lagged negative relation to maize availability. 
Consumption is steady throughout the year, but availability is mainly a function 

of production and imports. 

Maize is easily the most heavily consumed food product in Guatemala for 
reasons deeply tied to the Mayan cultural heritage. This attachment to maize 
probably accounts for most of the inelasticity of the product's demand-price 
relationship. However, in recent years - especially in 1973 - acute imbalances 
between production and demand made maize sometimes difficult to obtain for 
nonproducing consumers. These difficulties were consequently reflected in 
higher prices. If these imbalances foreshadow a long period in which production 
will be unable to meet demand, elasticities and patterns of consumption may have 

to change. 

Both quality and quantity are critical to a nutritional program. If maize 
becomes unavailable to the target group, or available in only limited quantities 
or for certain periods of the year, reduced consumption will impair a maize 
fortification program's effectiveness. The varying supply would wreak havoc 
with the logistics, controls, and intervention arrangements of the delivery system. 
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Less than 6.99 

6.99 to 45 Has. 


More than 45 Has. 


Table 7.26 

Production Composition by Farm Size 

Percentage 
of Production 

62.4 

23.0 


14.6 


100.0 


Percentage
 
of All Maize Farms
 

87.3 

11.0
 

1.7
 

100.0
 

According to "Segundo Censo Agropecuario, 1964, Direccion General de
 
Estadisticas, " as quoted by Ricardo M. Gularte Puente, "La Comercializacion 
del Maiz," Licenclado Thesis, U. San Carlos de Guatemala, June 1971. 

Table 7.27
 

Maize inGuatemala
 

Percentage of 
a 

Productiona 

August 26.3 

September 29.9 

October 7.0 

November 4.9 

December 18.6 

January 1.0 

February 0.0 

March 0.0 

April 1.2 

May 0.8 

June 4.6 

July 5.7 

aSource: INDECA 

Consumption 
(100/1 2)b Difference 

Accumulated 
Difference Wholesale Retail 

8.9 17.4 17.4 104.7 106.2 

8.9 21.0 38.4 95.7 99.1 

8.9 (1.9) 36.5 8,. 5 93.0 

8.9 

8.9 

(4.0) 

9.7 

32.5 

42.2 

99.2 

96.2 

96.7 

92.8 

8.9 

8.0 

(7.9 

(8.9) 

34.3 

25.4 

90.3 

92.5 

90.2 

93.1 

8.9 

8.9 

8.9 

8.9 

8.9 

(8.9) 

(7.7) 

(8.1) 

(4.3) 

(3.2) 

16.5 

8.8 

0.7 

(3.6) 

(6.8) 

100.0 

107.3 

105.7 

110.4 

111.7 

98.8 

105.0 

106.7 

109.2 

109.9 

bAssuming exam consumption of production and imports. 
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Channels of Distribution 

As one of the feasible ways of fortifying maize involves adding synthetic 
grain to raw maize prior to processing, a careful look at maize's movement 
through the system's distritution channels may help us identify possible points 

of intervention. 

Maize leaves the farm in a variety of ways whose number and nature 

no one thoroughly knows. Small farmers lack transportation and storage 
facilities, and so they are usually eager to make a quick exchange for cash. 
They sell most of their marketable production "in situ" to wholesalers and retail
ers during the harvesting season. Some medium-size farmers and most of the 
large producers have some transportation and storage facilities, as well as more 
information about Lhe mechanics of the market and a better balanced cash flow. 
Some are even involved in channel ownership and contractual arrangements. 

Many kinds of buyers purchase maize. Independent truckers buy it on behalf 
of urban wholesalers and retailers. Wholesalers-truckers with their own trans
portation facilities are also in the market. Some small producers hire an 
independent trucker to transport their maize to the marketplace. Others carry it 
on a mule or lug it on their own back. 

Margins entailed by distribution vary according to region and time of the 
year. On the average, they amount to about 30 to 40 percent of the price paid 
to the producer. Transportation costs in 1974 averaged $0. 30 per quintai 
(100 lbs). The length of the distribution channels, their lack of visibility and 
their variety and number, make private distributors a difficult group to reach, 

motivate, monitor, and control as they must be to serve as adequate intervention 

points. 

INDECA, the government's price stabilization agency, only handles 7. 5 per
cent of the marketable maize output. Its token participation does not recommend 

it for intervention and fortification at the distribution level. However, if its 
participation grows and its market involves a planned program's target group, 

this agency might play an effective role as an intervention point. 

Nevertheless, even with greater market participation, this agency may be 
of little use in reaching the rural poor. A very important amount of this group's 
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consumption reamins on the farm, and INDECA's best efforts would leave this 

maize untouched and unfortified. This inability to reach the maize that never 

leaves the farm limits the effectiveness of all distribution channels as points of 

intervention. And they share yet another handicap for fortification with the 

various stages of production: most of these potential intervention points do not 

permit the program to identify and pass over grain destined for animals. This 

last limitation applies to all channels except those for reaching urban consumers, 

who depend on the market system to supply maize. 

The 	Tortilla Commodity System in Guatemala 

Charts 7. 2 and 7. 3 describe the flow of maize from production to consump

tion as tortillas. This description allows us to identify where in the system a 

fortification program might intervene to reach its target population. We quickly 

see that, unlike production and distribution, tortilla processing seems to offer 

prime opportunities for effective outreach. 

Large proportions of the nations maize flow through three points in the 

processing stage, and consequently these are the points that promise the most 

effective intervention: 

Commercial Milling 

(1) 	 More than 90 percent of the commercial maize consumed as tortilla 
passes through this process. 

Nixtamal cooking 

(2) 	 Epithliumless raw maize is boiled with water and lime prior to 
the grinding. As we see in Chart 7. 3 all the maize used for tortil
las is treated this way. 

In-home tortilla preparation 

(3) 	 Almost 90 percent of the maize retained at home and consumed as 
tortilla is processed in the home. 

Although each of these points has some potential for intervention, they all 

have very different implications for the fortification program's operation. As 

Charts 7. 3 and 7.4 indicate, the target population determines the value of each 

point. Another critical difference among these options is the number of people 

each would involve, the number of people the program would have to reach, 

educate, motivate, monitor, and control to attain its objective. 
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To intervene in commercial milling, the program would have to deal with 

about 24, 000 millers, most of whom live around the "barrios, " or towns, rural 

villages, and hamlets. 

Although factories themselves cook the nixtamal that they use to make tortil

las or maize flour, the nixtamal used in private homes for making tortillas 

almost 90 percent of the flow - is cooked by several hundred thousand families 

all over the country. Therefore, to intervene in nixtamal cooking at the factory 

or at home, the program would have to deal with a substantially larger number 

of people than if it worked with the commercial millers. 

This conclusion seema to indicate that intervention at the commercial milling 

level is the most feasible option. However, we must know the answers to two 

more critical questions before we can be sure. First, do the products of the mills 

in fact reach the target population? And second, will the millers participate in 

fortification? INCAP conducted two separate studies to find out. 

Target Group Coverage 

Any fortification interventions success depends heavily on its ability to 

reach its target group. Planners need to understand how high-risk consumers 

use milling facilities to predict the feasibility of fortification at the mills. 

In order to collect such information, we designed a study to ascertain the extent, 

frequency, and sociocultural characteristics of mill usage. 

In-Home Milling Survey 

Trained interviewers, divided into four research teams, interviewed a 

total of 1,815 Indian and Ladino families in their homes (see Table 7.28). 

The families lived in four different geographical areas of Guatemala. 

The survey was to answer two questions: 

(1) 	 What percentage of the corn is milled at home or bought at stores and 
therefore not processed at commercial mills? 

(2) 	 What is the daily corn consumption of the family? 

The study surveyed 64 percent of the families in the Indian villages, 29 and 

51 percent of the families in the center and eastern areas, respectively, and 

virtually all the families in the southern region. 
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Table 7.28
 

Guatemalan Families Covered by the Survey of Mill Usage
 
(October-November, 1974) 

Number Total 
of Number of 

Place of Study Families Persons 

Rural Indian 

Highlands 

Santiago Sacatepequez 551 2,932 

Semiurban Ladino 

Center 

San Miguel Petapa 319 1,955 

Rural Ladino 


East 


Santo Domingo Los Ocotes 110 644 


Conacaste 116 715 


Espiritu Santo 89 483 


San Juan 77 444 


South 


Florida Aceituno 182 815 


Guanagazapa 172 930 


Finca:
 

Chaguite 52 311 


Colorado 72 470 


Central 75 527 


Total 1,815 10,226 

Percentage 

Members of Total 
per Families 

Family Covered 

30.4 

5.3 30.4 

17.6 

6.1 17.6 

52.1 

21.6 

5.9 

6.2 

5.4 

5.8 

30.5 

4.5 

5.4 

6.o 

6.5 

7.0
 

5.6 100.1 
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The milling data in Table 7. 29 reveal that only a very small proportion of 

families now mill their corn at home. Only in one community of the Oriente and 

in another of Costa do as many as 5 percent of the families use mechanical hand 

mills. 

Generally, Guatemalans in almost all areas use the traditional stone mill 

to further refine commercially milled corn dough. However, in the villages we 

studied, the stone mill seldom completely milled the family corn. Home milling 

might figure more prominently on farmp or in small villages far from commercial 

mills. For these consumers, the program might have to distribute a fortifying 

mixture directly to the household, or teach housewives to add whole soybeans 

to corn before preparing nixtamal. 

Few people in the towns we surveyed, use store-bought tortillas, and those 

who do are of significantly higher socioeconomic status. Their reasons for pre

ferring store-bought tortillas are usually that their cooking habits have changed, 

commercial tortillas are less expensive, or they lack the time to make their own 

(Table 7. 30). Only 11 percent of the total tortilla preparation occurs in the home 

(chart 7. 3). But the present migration to the cities becomes more pronounced, 

intervention in commercial maize preparation may become feasible. 

Consider also that the most common reason families give for not using 

commercial mills (Tables 7.31 and 7.32) is that they do not have enough money. 

Program participation by the poorest families could be limited by this factor, 

especially if fortification procedures increase the milling price. 

We found that the majority of the families go to the commercial mills six or 

seven days a week (Table 7. 33). However, in Santiago Sacatepequez, 33 percent 

of the families visit the mill five or fewer days a week. Less frequent visitations 

reflect the common Indian custom in the highlands of preparing tortillas fo'- two 

days (Table 7.34), and this custom should influence the choice of soy flour added 
to hecor I SataMa/a /dugh 

to the corn dough. In Santa Maria Cauque's corn fortification program, a soy

based flour with a high water solubility increased water-retention in the tortillas 

and accelerated their deterioration. 

We can conclude from the survey data that at-home milling does not threaten 

the effectiveness of fortification at commercial millk. Nevertheless, increasing 

urbanization will eventually increase the volume of store-bought tortillas. And 

of more immediate concern tamalitos are a common food in the highlands, and 
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Table 7.29
 
Milling of Corn in the Families Covered by the Survey of Mill Usage
 

Place of Millinga 

Number At Home 
of Commercial Stone Hand 

Place of Study Families Mill Mill Mill Total 
Santiago Sacatepequez 538 98.9 1.1 0.0 100.0 
San Miguel Petapa 238 99.6 0.4 0.0 100.0 
El Progreso
 

Santo Domingo Los Ocotes 108 100.0 0.0 0.0 100.0 
Conacaste 114 94.7 0.0 5.3 100.0 
Espiritu Santo 91 98.9 0.0 1.1 100.0
 
San Juan 
 77 97.4 1.3 
 1.3 100.0
 

Escuintla
 
Florida Aceituno 
 162 97.5 1.9 0.6 100.0 
Guanagazapa 
 166 93.4 1.8 
 4.8 100.0
 
Chaguite 
 49 100.0 0.0 
 0.0 100.0
 
Colorado 
 71 98.6 0.0 
 1.4 100.0
 
Central 73 100.0 0.0 0.0 100.0
 

aListed by percentage of total families. 
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Table 7.30
 
Reasons for Buying the Tortillas in the Families
 

Covered by the Survey of Mill Usage
 

Place of Study 

Number 
of 
Families 

Change in 
Cooking
Habits 

Less 
Expensive 

Lack 
of 
Time 

Travels 
Frequently 

Does Not 
Know How 
to Prepare
Tortillas Other Total 

Santiago 
Sacatepequez 

San Miguel Petapa 

17 

70 

17.6 

25.7 

41.2 

22.9 

35.3 

37.1 -

5.9 

5.7 

-

8.6 

100.0 

100.0 

U1 

El Progreso 
1. Santo Domingo Los Ocotes 

2. ConacasteI 

3. Espiritu Santo 

4. San Juan 

I 

0 

1 

-

- 100.0 

-

-

-

-

100.0 

-

-

-

-

100.0 -

-

-

100.0 

100.0 

100.0 

100.0 

Escuintla 
I. Florida Aceituno 

2. Guanagazapa 

3. Chaguite 

4. Colorado 

5. Central 

19 

7 

3 

0 

1 

5.3 

-

-

_ 

15.8 

100.0 

33.3 

57.9 

-

66.7 

5.3 

-

15.8 

-

100.0 

-

-

-

-

100.1 

100.0 

100.0 

100.0 

Note: Figures under reasons represent percentages of the families surveyed in each region and village. 



Table 7.31
 

Reasons for Milling at Home in the Families
 
Covered by the Survey of Mill Usage
 

Place of Study 

Santiago
 

Sacatepequez 


San Miguel Petapa 


El Progreso 

1. Santo Domingo Los Ocotes 

2. Conacaste 

o 3. Espiritu Santo 
4. San Juan 

Escuinla 

1. Florida Aceituno 

2. Guanagazapa 

3. Chaguite 

4. Colorado 

5. Central 

Note: Figures listed under reasons 

Number 
of 
Families 

6 

1 

0 

6 

I 
3 

4 

11 


0 

0 

0 

Not Enough 
Money 

66.6 

100.0 

-

16.7 


-
33.3 


25.0 

9.1 


...... 

...... 

Accustomed 
to 

16.7 

-

-

-16.7 


-
33.3 


25.0 

45.5 


-

Prepares 
Tortillas in 
the Evening 

-

_-

-

16.7 


-
-

-

-

-

represent percentages of the families surveyed in each region 

Has Own 
Hand Mill 

-

49.9 


100.0 
-

25.0 

36.3 


-

and village. 

Losses Time 
Going to 
the Mill Total 

16.7 100.0 

100.0 

-

- 100.0 

- 100.0 
33.3 99.9 

25.0 100.0 

9.1 100.0 

-



-- 

-- 

Table 7.32 

Reasons for Not Milling the Corn at the Commercial Mills Given by 
the Families Covered by the Survey of Mill Usage 

Number Not 
Millingof Enough Mill too Loss of 

Other Total
Families Money Far Time at Home 

Place of Study 


Santiago
 
100.016.9 

6 66.6 16.7 -
Sacatepequez 

_- 100.0
1 100.0San Miguel Petapa 

El Progreso
 -

1. Santo Domingo Los Ocotes 0 
6.7 100.0- 49.9 16.76 16.72. Conacaste 

- 100.0- 100.0 1 
- 3. Espiritu Santo 

- 99.933.3 33.3
3 33.3 
4. San Juan 


Escuintla
 
25.0 100.0
--4 50.0 Z5.0

1. Florida Aceituno 
100.0
36.4 36.4


11 9.1 18.2 
2. Guanagazapa 
 -

0 
3. Chaguite 

-0 4. Colorado 

0 5. Central 

Note: Figures listed under reasons represent percentages of the families surveyed in each region and village. 



Table 7. 33 
Number of Days of Miling per Week in Families 

Covered by the Survey of Mill Usaire 

Number of Number of Days of Milling
Families 1 2 3 4 5 6 

Santiago
Sacatepequez 535 0.2 3.2 11.6 5.4 2.8 4.8 

San Miquel Petapa 242 0.4 1.2 11.6 8.7 4.5 73.6 

El Progreso
 

1) Santo Domingo
Los Ocotes 108 0.9 0.0 3.7 1.9 0.9 1.9 

0 2) Conacaste 109 0.0 0.9 0.0 0.0 0.0 0.0 
3 ) Espiritu Santo 90 0.0 0.0 0.0 0.0 0.0 0.0 
4 ) San Juan 77 0.0 2.6 1.3 1.3 3.9 0.0 

Esquintla
 

1) Florida Aceituno 158 0.6 0.6
0.0 0.0 1.3 3.2 
2) Guanagazapa 156 1.5 0.6 1.9 0.60.6 1.9 

3) Chaguite 49 0.0 0.0 0.0 0.0 2.0 0.0 

4) Colorado 70 0.0 0.0 0.0 0.0 0.0 0.0 

5) Central 73 0.0 0.0 0.0 0.0 0.0 0.0 

Note: Figures under days represent percentages. 

7 Total 

72.0 100.0 

0.0 100.0 

90.7 100.0 

99.1 100.0 

100.0 100.0 

90.0 100.0 

94.3 100.0 

92.9 100.0 

98.0 100.0 

100.0 100.0 

100.0 100.0 



Table 7. 34 

Reasons for Not Milling Every Day Given by the Families Covered by the 
Survey of Mill Usage 

Prepares Tor-
Number of No Not on Occasionally Buys tillas for Two 

Place of Study Families Money Sundays Home-Millifig Tortillas or More Days Goes Out Total 

Santiago 

Sacatepequez 158 4.4 8.2 7.0 1.3 74.0 5.1 100.0 

San Miguel Petapa 59 - 1.7 - 8.5 89.8 - 100.0 

Progreso
 

1) 	Santo Domingo
 
Los Ocotes 11 - 18.2 
 9.1 - 72.7 - 100.0 

2)Conacaste 1 -- -  100.0 100.0
0 
3) 	 Espiritu Santo 0 - - - 

4) San Juan 	 7 - . 71.4  28.6 	 - 100.0 

Es cuintla
 

1) Florida Aceituno 78 2.6 1.8 16.7 
 7.7 52.6 19.0 100.0 

2) Guanagazapa 17 -  100.0 - - - 100.0 

3) Chaguite 1 - - 100.0 - - 100.0 

4,)Colorado 0 - .- . 

5) Central 0 -..... 

Note: Figures listed under reasons represent percentages of the families surveyed in each region and village. 



our survey shows that 40 to 50 percent of families eat them at least once or twice 

a month. Fortification of the tamalito dough requires a flour of lower water 

solubility. So to benefit the target groups even when they are consuming tamali

tos, the program would have to employ a second fortificant. However, tamalito 

preparation is sufficiently infrequent that can probably be ignored. 

Role of the Miller in the Commodity System 

We hypothesized that rural Guatemala's local nixtamal millers, the people 

most likely adding the fortificant, would be a major barrier to program operation. 

It was important to ascertain the mill owners' response to proposed fortification 

projects, for their opposition would jeopardize the entire venture. Therefore, 

we interviewed fifty-two millers in fifteen communities about the value, cost, and 

operating practicies of their mills (Table 7. 35). 

Interestingly, most mill owners have other businesses, usually in agriculture 

or retail stores (Table 7. 36); of those interviewed in Altiplano, Costa, and 

Oriente, only eleven stated that the mill was their most important business. 

Their reasons for these statements varied (Table 7. 37). Those who consider 

agriculture their most important business almost always cited the mills' 

greater earning power. Generally, the mill owners value the mills for their quick 

earning power and easy work. 

All mills run from a half to a whole day every day of the week. Variations 

from day to day in the number of customers and in the amounts of corn-milled 

are not great. The mills do serve different numbers of customers. The busiest 

one we found - a finca or government owned mill - serves two hundred people 

per day; those in the smallest villages of the Oriental average about twelve to 

thirty daily customers. Millers interpreted the daily changes in clientele 

for one of three major reasons: some persons mill for two to three day supplys, 

others use other nearby mills on occasion, and still others move from the area 

(Table 7. 38). However, on the whole, customers are quite loyal to certain mil

lers because of their proximity, prices, hours, and friendship. 

The average price the millers charge per pound varies widely. The lowest 

price among private mills was $0.14/Ib; the highest was $0.92/lb. Table 7. 39 

summarizes the salient variations. We found the highest price spreads in the 
Altiplano and Oriente regions. In fact, in the areas of the Altiplano where the 
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Table 7. 35
 
Number and Location of Millers Surveyed
 

Mills Millers Interviews 

Altiplano 
one 7 7 7 
two 4 4 4 
three 5 4 4 
four 6 4 4 
five 7 7 5 

Costa Sur 
one 2 2 4 
two 2 2 3 
three 6 6 6 

Oriente 
one 3 3 3 
two 2 2 2 
three 2 2 2 
four I 1 1 
five 2 2 2 
six 
 I 
 1 
 2
 
seven 5 5 5 
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Table 7. 36
 

Other Businesses of Millers
 

Those Those for
 
with Those Whom Mill 

Millers Other( Those with , with (a) is Most 
Interviewed Work(a) Agriculture~a Stores Important 

Altiplano 24 21 12 8 3 
one 7 5 2 3 0 
two 4 4 4 0 1 /2 (b) 

three 4 4 2 1 1 
four 4 4 3 0 0 
five 5 4 1 4 1 -1/2(b) 

Costa 10 4 3. 1 1 
one 2 2 1 1 1 
two 2 2 2 0 0 
three(c) 6 0 - . 

Oriente 16 13 11 11 7 
one 3 3 3 3 1 
two 2 2 2 2 2 
three 2 2 2 1 0 
four 1 1 1 1 1/2 ( b ) 

five 2 2 0 2 1-1/2 ( b ) 

six 1 0 0 0 1 
seven 5 3 1 2 1 

(a)Many millers have several other businesses. 
(b)When a miller said his businesses were equally important, he was counted 

as one-half. 
(C)Four of the interviewers in are employees in finca-owned 

mills. 
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Table 7. 37
 
Reasons for Importance of Business
 

Altiplano Costa Oriente 

Greatest earning power 1 4 -1/ 2 (a) 2 4-1/2 ( a ) 

Easy work, quick income 0 0 3 
Steady income 0 0 1 
Other 2 -1/ 2 (a) 1 1/2 ( a ) 

(a)When more than one reason was given, each was counted as one half. 

Table 7. 38
 
Reasons Mentioned for Variability in Clientele
 

Altiplano Costa Oriente 
People mill for 2-3 days 
at a time 9 0 6 
Go to other mills 17 3 6 
No money to pay 1 3 3 
Move I 1 1 5 
Buy tortillas 3 0 3 
Other 3 4 4 
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Table 7.39 
Milling Prices 

Average 
Price (a) 

High 
Average 
Price 

Low 
Average 
Price 

Percentage of Mills 
Low Priced (b) 

Percentage of Corn Milled 
Low Priced Mills 

Altiplano .35 (c) 
1 .47 .79 .28 .33 .53 
2 .39 .49 .28 .25 .36 
3 .29 .44 .14 .6 .6 
4 .19 .27 .14 .33 .44 
5 .45 .81 .31 .2 .37 
Costa .48 
1 .49 .55 .44 .5 .21 
2 .75 .85 .63 .5 .62 
3 .47 (d) 4.9 (d) (d) .5 .38 
Oriente .50 (c) 
1 .59 .80 .45 .67 .65 
2 .41 .46 .34 .5 .45 
3 .47 .47 .46 .5 .43 
4 .45 (e) (e) - _ 

5 .58 .92 .52 .5 .85 
6 (f) (f) (f) .4 
7 .73 .92 .41 .35
 
(a) Computed by dividing total corn milled by total receipts.
(b) "Low-priced" means the average price per lb is below average for the village or region.
(c) No data from one miller. 
(d) Private mills only. 
(e) Only one miller. 
(f) No data on quantities from miller. 



average price per pound is lowest, mills have more than their share of corn to 
mill. This fact is reasonable, given the very elastic demand curve of the low

income clients; and as the millers report in Table 7.42, clients do bring their 

business to cheaper mills if possible. Because of consumer price sensitivity, 

twenty-eight of the mills charge the same prices as when they began operation, 

and the other twenty have only raised prices in the last year because of inflation 

(Table 7.40). These prices are in effect despite the report that twenty-six of 

thirty-seven mills (many in Altiplano) operate at a net loss (Table 7.41). 
Because the Altiplano millers seem cognizant of and responsive to economic 

stimuli, we believe that these apparent cash losses really result from their 

misreporting of their true situation. 

Nevertheless, millers in three areas agreed that they could not charge more, 
mainly because of keen competition but also because of low elasticities of demand 

(Table 7.42). The two or three cents daily milling requires is a significant 

expense for the average farm family. Millers expressed the belief that any 

price increase due to adding a fortificant would drive people back to in-home mil

ling and seriously hurt their business. They would, therefore, resist participa

tion in fortification interventions. This finding conforms with experience in Santa 

Maria Cauque, where millers resisted interference in their private business. 

But material incentives partial payments for fuel costs - overcame their opposi

tion, r-o similar incentives might also foster cooperation elsewhere. 

In the final analysis, the planner should consider the benefits of both inter

vention points. Fortification in the home allows special attention to some 
members of the family and more selective use of program resources. Yet it does 

require a more complex program; and by the criteria of target group identifica
tion, penetration, motivation, and control, it promises less success than inter

vention in the commercial distribution system. If one were to target on a family 
specific basis, fortification would still benefit the entire family. An intervention 

such as wearing food provision might be more appropriate for this delivery sys

tem. A system using only 24, 000 millers is much simpler logistically, but it 

entails the additional cost of extending the project beyond preschoolers to the 

population at large. 
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Table 7.40
 

Price Increases in Millers Surveyed in Three Areas of Guatemala
 

Altiplano 

Change No change 

Costa(a) 

Change No change 

Oriente 

Change No change 

w 

N 

Price/lb 

Age 

12 

0.34 

10.5 

15 

0.42 

6.3 

1 

0.85 

6.3 

5 

0.52 

3.6 

7 

0.70 

9.6 

8 

0.57 

10.4 

(a)Private mills only. 



Table 7.41
 

Monthly Economic Data
 

Mill 

Number 
of Cust/ 
Day 

Amount 
Milled 
(Ibs) 

Amount 
per Cust 

Average 
Price/ 
lb 

Received 
(Q) 

Exp 
(Q) 

Net 
(Q) 

101 50 5310 106 0.52 27.6 88.6 -61.0 
102 35 4980 142 0.79 39.3 34.5 4.8 
103 38 6720 177 0.50 33.6 20.0 13.6 
104 100 18900 189 0.36 67.5 17.5 50.0 
105 35 6900 197 0.28 19.5 25.6 -6.1 
106 50 5820 116 0.68 39.6 40.0 -0.4 
107 50 * * * * 25.3 
208 25 2820 113 0.40 11.4 21.0 -9.6 
209 28 5220 186 0.49 25.5 37.7 -12.2 
210 30 5820 194 0.28 16.5 23.0 -6.5 
211 20 2160 108 0.44 9.6 17.4 -7.8 

312 50 8730 175 0.29 24.9 40.0 -15.1 
3131 38 10350 272 0.14 15.0 32.1 -17.1 
3132 37 9900 268 0.14 14.1 52.1 -38.0 
314 50 5250 105 0.43 22.5 42.5 -20.0 
315 42 14160 337 0.44 63.0 13.3 49.7 

4161 70 12480 178 0.19 23.4 25.0 -1.6 
4162 40 6480 162 0.19 12.3 7.0 5.3 
4163 60 10440 174 0.19 19.8 25.0 -5.2 
417 15 3780 252 0.14 5.4 17.5 -12.1 
418 12 1230 103 0.27 3.3 4.0 -0.7 
419 4 450 113 0.27 1.2 6.0 -4.8 

520 20 3390 170 0.52 17.7 25.0 -7.3 
521 55 6750 123 0.31 21.0 40.0 -19.0 
522 35 4200 120 0.50 21.0 17.9 3.1 
523 20 2850 143 0.45 12.9 66.4 -53.5 
524 10 1260 126 0.81 10.2 37.2 -27.0 

1126 50 5700 114 0.64 36.6 12.0 24.6 
1128 110 21690 197 0.85 183.9 65.0 118.9 

1230 50 6030 121 0.58 35.1 61.0 -25.9 
1231 75 9900 132 0.44 43.5 35.1 8.4 

2132 20 3300 165 0.45 15.0 15.4 -0.4 
2133 30 5250 175 0.49 25.5 16.2 9.3 
2134 110 20940 190 0.00 0.0 76.7 -76.7 
2135 96 22830 238 0.00 0.0 49.2 -49.2 
2136 200 33900 170 0.00 0.0 33.0 -33.0 
2137 200 34350 172 0.00 0.0 33.0 -33.0 

*fInformation not available. 
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Table 7.42 

Reasons Given by Millers for Not Charging More 

Altiplano Costa Oriente 

Competition 13 4 14 
People can't pay more 4 1 5 
People won't pay 7 3 1 
Other 2 0 2 

Table 7.43 
Fortificant Mix for Corn Fortification 

Thiamine 21.4 mg/kg corn
 
Riboflavin 13.0 mg/kg corn
 

Niacin 154.4 mg/kg corn
 
Vitamin A (106 IU/g)(a) 6, 250 IU/kg corn
 
Iron(b) 480 mg/kg corn
 
Soybean flour 78 gms/kg corn
 

L-lysine HCL 1. 2 gms/kg corn
 

(a)As palmitate in oil.
 

(b)Iron as ferric orthophosphate.
 

Source: Compiled from Tables 4.3-4.6.
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Barrier III: Technology 

The technological dimension of corn fortification has two aspects: the 
fortificant and the process of fortification. The corn fortificant in the Santa Maria 
Cauque Program consisted of a vitamin-mineral premix containing B-vitamins, 
vitamin A, iron, L-lysine, and soybean flour (Table 7.43). Other projects have 
used vitamin and mineral premixes widely. Technologists can develop them with
out much difficulty. 

The quantities of thiamine, riboflavin, niacin, and vitamin A needed for the
 
fortification are so infinitesimal that they generally have no 
adverse effects
 
on the processing and organoleptic characteristics of the fortified corn. And
 
of all the elements 
in the premix, vitamins cost the least to add. Similarly,
 
iron is also easily and inexpensively added to corn. Nor does lysine present
 
problems. It 
can be produced by both (enzymatic) fermentation or chemical
 
synthesis, but manufacturers 
currently make all the commercially available
 
lysine by fermentation.
 

Technical problems, to the extent they exist, seem to relate primarily to
 
the fortification process. 
 But with corn, the few problems that crop up present 
easily solved problems. 

In Guatemala, people cull their corn of foreign particles at home and then 
soak it in lye to remove the hull. After washing and drying them, they take their 
dehulled corn kernels to the village nixtamal mill, where they are wet-milled 
into dough for tortillas or tamalitos. If it is prepared in this manner the miller 
can easily fortify the nixtamal dough (wet-milled corn). In fact, corn fortifica
tion at the mill should encounter few difficulties because corn does not require a 
sifting operation, as does wheat; the wet-milled corn can be immediately fortified 
by hand or with an inexpensive feeder. 

Technically, corn works well with either vitamin-mineral-amino acid or 
vitamin-mineral-protein premixes. Adding either at the village mill does not 
take any specialized training. Monitoring the fortification at the mill involves 
merely applying a simple, semiquantitative test to the level and distribution 
of nutrients in the fortified dough. Of all the problems one can encounter in 
grain fortification, the technological difficulties of corn are the easiest to over
come. 
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Barrier IV: Consumer Acceptability 

A fourth potential barrier to successful fortification is product acceptability. 

One of the major arguments advocating fortification interventions posits that the 
fortificant mixture does not substantially change the organoleptic characteristics 
of the carrier. Forcification therefore, does not force changes in eating behavior; 

the fortificant combines inconspicuously with a staple and the typical dietary 
pattern continues unchanged. 

To test this hypothesis, we ran a series of taste distinction and preference 
tests on fortified tortillas. Could people distinguish traditional nonfortified 
tortillas from fortified ones? Could they notice differences in products made with 
different types of fortificants? And did they prefer traditional to fortified tortillas? 

We used four types of tortillas: 

(1) the common white corn tortillas 

(2) tortillas fortified with soy flour 

(3) tortillas fortified with amino acid 

(4) tortillas fortified with soybeans 

INCAP personnel conducted all field trials; questionnaires were pretested, 
and local leaders facilitated the testing. Village women made the tortillas and no 
one noticed any difference in their malleability. 

The tests were carried out with adolescents twelve to fifteen years of age 
and married adults up to fourty-four years old on two successive Saturdays. In 
each of five communities in different regions of Guatemala, thirty-six adoles
cents and thirty-six adults submitted to two tests each for a total of 720 tests. 
Using the standard Fischer triangle test, we presented each subject with three 
tortillas, two identical and one of different composition. The respendent states 
which of the three tortillas he believes is different, and the researcher scores 
him correct, incorrect, or indifferent if he says he cannot tell. The researcher 
offers the subject every possible comparisons twice. In all, each respondent 

makes twelve comparisons. 

Ifsubjects cannot distinguish between tortillas, they will guess correctly 
approximately one-third of the time. If they can distinguish types, they should 

do better. 
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Result: Taste Distinction 

Table 7.44 presents a summary of the distinction tests for each village, 

giving results for children, adults, and all subjects within each village. The 

table reports the six tests comparing each tortilla to every other, the summary 

tests for each of the four tortillas, and a final summary of all comparisons. Take 

Florida Aceitano for example. Of the twenty-four comparisons there of type 1 and 

type 2, respondents identified the different tortilla correctly thirteen times and 

incorrectly eleven times, Of the seventy-two comparisons of type 1 with all 

other types, they made the correct identification thirty-two times and an incor

rect one thirty-nine times, with one case of "a decline to state. "1 Finally, of the 

one hundred and forty-four comparisons, sixty-eight choices were correct and 

seventy-five incorrect. This accuracy is certainly higher than one-third 

(t = 3.61; df = 142; P <0.01). 

In general, subjects can tell the difference between these types of tortillas. 
The t-tests are overwhelmingly positive and significant. They are not, of course, 

all mutually independent within villages, but they certainly are across villages. 

Thus, for any given comaprisons or for the summary, it is virtually certain that 

the subjects can distinguish between these tortillas. 

Several comments are in order. First, the subjects do not score perfectly. 

Overall, they make 368 correct choices and 293 incorrect ones; that is, they 

are correct 56 percent of the time instead of the 33 percent that mere chance 

would dictate. They are still incorrect 44 percent of the time, so the differences 

among the tortillas are not overwhelmingly apparent. 

Second, adults did not identify differences better than children. They do 
about as well as children in Florida Aceitano and San Antonio La Paz, worse in 

Santiago Sacatepequez, and better in Santa Catarina Pinula and Guanagazapa. 

Third, there are striking differences between the communities. The sub

jects do best in the Ladino communities of San Antonio La Paz and Santa Catarina 

and worst in the only indigenous community, Santiago Sacatepequez. 

Taste Preferences 

Following the triangle test discussed in the last section, researchers asked 

the subjects to indicate their tortilla preference. This test is more idfficult to 
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Table 7.44 

Taste Distinction Tests 

A. Florida Aceituno 

Comparison 

Ordered tests 

Correct 

Children 

Incorrect 
No 
Distinction Correct 

Adults 

Incorrect 
No 

Distinction Correct 

Total 

No 
Incorrect Distinction t df 

1-2 

1-3 

1-4 

2-3 

2-4 

3-4 

4 

2 

3 

4" 

4 

6 

4 

6 

5 

4 

4 

2 

0 

0 

0 

0 

0 

0 

9 

9 

5 

6 

8 

8 

7 

6 

11 

10 

8 

8 

0 

1 

0 

0 

0 

0 

13 

11 

8 

10 

12 

14 

11 

12 

16 

14 

12 

10 

0 

1 

0 

0 

0 

0 

-

-

. 

. 

N Summary by each 
tortilla 

1-2,3,4 

2-1,3,4 

3-1,2,4 

4-1,2,3 

9 

12 

12 

13 

15 

12 

12 

11 

0 

0 

0 

0 

23 

23 

23 

21 

24 

25 

24 

27 

1 

0 

1 

0 

32 

35 

35 

34 

39 

38 

36 

38 

1 

0 

1 

0 

2 . 1 0 (a) 

2 . 6 5 (b) 

2.85 (b) 

2.50 (a) 

70 

70 

70 

70 

Summary
comparisonsof all 

(a) 
Note: P < 0.05 

(b) P< 0.01 

(c) p < 0.00 

23 25 0 45 50 1 68 75 1 3.61 (c) 143 

t 2(Correct)  1 (Incorrect)S=Z(Correct) + 2(Incorrect) t test oft CorrectCorrect + Incorrect versus 1/3 



Table 7.44 (Continued) 

B. Santiago Sacatepequez 

Comparison Correct 

Children 

Incorrect 
No 
Distinction Correct 

Adults 

Incorrect 
No 
Distinction Correct 

Total 

No 
Incorrect Distinction t df 

Ordered 

N
W 

1-2 

1-3 

1-4 

2-3 

2-4 

3-4 

3 

3 

6 -

2 

5 

3 

5 

5 

6 

3 

5 

-

-

-

-

3 

5 

5 

8 

4 

8 

12 

11 

9 

8 

9 

7 

1 

-

2 

-

3 

1 

6 

8 

11 

10 

9 

11 

17 

16 

11 

14 

12 

12 

1 

-

2 

-_

3 

1 

-

. 

-

-

-

Summary by each 

tortilla 

1-2,3,4 

2-1,3,4 

3-1,2,4 

4-1,2,3 

12 

10 

8 

12 

12 

13 

13 

10 

-

-

-

-

13 

15 

21 

17 

33 

29 

25 

24 

1 

4 

-

3 

25 

25 

29 

31 

44 

43 

42 

35 

3 

4 

1 

6 

0.51 

0.60 

1.34 

2 . 3 5 (a) 

68 

67 

70 

65 

Summarycomparisonsof all 
22 26 - 33 56 7 55 82 7 1.69 136 



Table 7.44 (Continued) 

C. Santa Catarina Pinula 

Comparison 

Ordered tests 
1-2 

1-3 

1-4 

2-3 

2-4 

3-4 

Correct 

5 

6 

4 

3 

4 

3 

Children 

Incorrect 

3 

2 

4 

5 

4 

5 

No 
Distinction 

-

-

-

-

-

-

Correct 

9 

13 

7 

9 

10 

11 

Adults 

Incorrect 

7 

3 

8 

7 

6 

5 

No 
Distinction 

1 

-

-

Correct 

14 

19 

11 

12 

14 

14 

Total 

No 
Incorrect Distinction 

10 

5 

12 1 

12 -

10 1 

10 

t 

-

-

. 

df 

-

. 

. 

Summary by each 

tortilla 

1-2,3,4 

2-1,3,4 

3-1,2,4 

4-1,2,3 

15 

12 

12 

11 

9 

12 

12 

13 

-

-

-

-

29 

28 

33 

28 

18 

20 

15 

19 

1 

-

-

44 

40 

45 

39 

27 

32 

27 

32 

1 

-4. 

-

1 

5 . 1 a (b) 

0 (c) 

5.25 (c) 

3 . 8 6 (c) 

70 

71 

71 

70 

comparisonsSummary of a24 25 23 -59 36 184 59 1 6.45 1-1, 142 



Table 7.44 (Continued) 

D. San Antonio La Paz 

Comparison Correct 

Children 

Incorrect 
No 
Distinction Correct 

Adults 

Incorrect 
No 
Distinction Correct 

Total 

No 
Incorrect Distinction t df 

Ordered tests 

1-2 

1-3 

1-4 

2-3 

2-4 

7 

7 

4 

7 

6 

1 

1 

4 

1 

2 

-

-

-

-

-

10 

6 

12 

13 

12 

6 

9 

4 

2 

4 

-

1 

-

1 

-

17 

13 

16 

20 

18 

7 

10 

8 

3 

6 

1 

1 

-

-

-

-

-

-

-

3-4 1 7 - 10 5 - 11 12 1 -

U"I 
Summary by each 
tortilla 

1-2,3,4 

2-1,3,4 

3-1,2,4 

4-1,2,3 

18 

20 

15 

11 

6 

4 

9 

13 

-

-

-

-

28 

35 

29 

32 

19 

12 

16 

13 

1 

1 

3 

1 

46 

55 

44 

45 

25 

16 

25 

26 

1 

1 

3 

1 

5.62 

7 . 8 9 

5 . 3 6 

5 . 3 7 

(c) 

(c) 

(c) 

(c) 

70 

70 

68 

70 

Summary of all 
comparisons 32 16 - 63 30 3 95 46 3 8. 58 (c) 140 



Table 7.44 (Continued) 

E. Guanagazapa 

Comparison Correct 

Children 

Incorrect 
No 
Distinction Correct 

Adults 

Incorrect 
No 
Distinction Correct 

Total 

No 
Incorrect Distinction t df 

Ordered Tests 

N 

1-2 

1-3 

1-4 

2-3 

2-4 

3-4 

6 

4 

3 

5 

2 

2 

2 

3 

5 

3 

6 

6 

-

1 

-

-

-

-

12 

9 

7 

11 

10 

8 

3 

6 

8 

5 

4 

7 

1 

1 

1 

-

2 

1 

18 

13 

10 

16 

12 

10 

5 

9 

13 

8 

10 

13 

1 

2 

1 

. 

2 

1 

. 

. 

. 

. 

. 

-

-

-

. 

. 

Summary by each 
tortilla 

1-2,3,4 

2-1,3,4 

3-1,2,4 

4-1,2,3 

13 

13 

11 

7 

10 

11 

12 

17 

1 

-

1 

-

28 

33 

28 

25 

17 

12 

18 

19 

3 

3 

2 

4 

41 

46 

39 

32 

27 

23 

30 

36 

4 

3 

3 

4 

4 . 7 2 (c) 

5.87 (c) 

4.09 (c) 

2.40 (b) 

67 

68 

68 

67 

Summary of all 
comparisons 22 25 1 57 33 6 79 58 7 6.04 (c) 136 



A. Florida Aceituno 

Adults 

Children Male Fe .ale Total Total 

No Indif- No Indif- No Indif- No Indif- No Indif-
Comparison Preference Preference ferent Preference Preference ferent Preference Preference ferent Preference Preference ferent Preference Preference ferent t dfH 

Ordered tests 

1-2 6 2 0 4 4 0 4 4 0 8 8 0 14 10 0 - -

1-3 4 4 0 4 4 0 7 I 0 11 5 0 15 9 0 - -

1-4 4 4 0 6 z 0 3 4 1 9 6 i 13 10 i Po 
Z-3 5 3 0 3 5 0 5 3 0 8 8 0 13 t1 0 0 
Z-4 4 4 0 4 4 0 4 4 0 8 8 0 12 12 0 -

3-4 3 5 0 6 2 0 3 5 0 9 7 0 12 12 0 - -• 

S.-ett nry by each 0 1 
tortilla 

1-2 14 10 0 14 10 0 14 9 1 28 19 1 4Z 29 1 I.S4 70 

Z-I It 13 0 it 13 0 13 It 0 24 Z4 0 35 37 0 0.24 71 0 

3-1 10 14 0 15 9 0 7 17 0 22 26 0 32 40 0 0.94 71 

4-1 13 11 0 8 16 0 13 10 1 21 26 I 34 37 1 0.36 70 

Note: t P reference - No P 
o Preference + 

rfren ce -reference 
eor Preference + No 

vereferen2 
Preference 



B. Santa Catarina Pintla 

Adults 
Children Male Female Total Tontal
No Indif- No lodif- No Indif- No Indif- No led.!-Comparison Preference Preference ferent Preference Preference ferent Preference Preference ferent Preference Preference 

HA 
ferent Preference Preference ferent t df 9) 

Oldered tests
 

1-2 3 5 
 1 7 3 5 4 12 7 17
 
1-3 4 4 5 3 3 S 
 8 812 

SO 1-4 S 3 - 3 5 3 5 6 10 9 152-3 5 3 1 7 2 6 3 13 a 16 

w 2-4 4 4 - 5 3 3 5 - 8 - IZ 12 - 034 3 5 - 5 3 5 3 -0 
 6 - 13 II 0 

tortilla 

1-2 I0 14 9 15  9 15 18 30 
 - 28 44 1.89 71 CD 
2-1 14 10 - 13 11 - 10 14 - 23 25 - 37 35 0.24 71 Cd3-I 10 14 - 15 9  16 8 - 31 17 - 41 31  1.18 71
 
4-I 14 10 - II 13 13 II - 24 24 - 38 34 0.47 71 



C. Guanagaoapa 

Adolt. 
Children Male Female Total Total 

No Indif- No Indif- No Indif- No Indif- NoCo.npari.on Preference Preference ferent Preference Preference ferent Indif- HAPreference Preference ferent Preference Preference ferent Preference Preference ference t df P) 
Ordered tests 

C' 

I- 6 
 2 7 I 5 I2 1 12 3 18 5 -N1-3 4 3 1 4 3 S 3 
W,- 3 -.461 9 6 I 13 90 -4 3 5 3 5 4 4 - 7 9 - 10 14 i 

2-3 5 3  5 3 6 2 I 1 5 -16
 

2-4 z 6 . 4 2 
 6 2 - 10 4 z 12 to C3-4 z 6 - 4 3 3 5 - 7 8 I 9 014 I 

Sunmry by each
 
to r tilla"
 

1-2 13 10 
 1 14 9 1 
 9 1 28 18 2 41
14 
28 3 1.57 68 CD

2-! 9 15 - 10 12 z 14 9 1 24 21 3 33 36 683 0.36 

3-1 8 15 1 10 12 2 8 
 16 - 18 28 2 26 41 5 Z.05 68 
4-1 17 7  10 II 3 II 13 
 - 21 24 3 38 $1 
 3 0.84 68 

http:Co.npari.on


D. Santiago Sacatepequez 

Comparison 

Children 
No 

Preference Preference 
Indif-
ferent Preference 

Male 
No 
Preference 

Indif-
ferent Preference 

Adult. 

Female 
No 
Preference 

Indif-
ferent Preference 

Total 

No 
Pref.rence 

Indif-
ferent Preference 

Total 

No 
Preference 

Indi. 
ferent t df 

Ordered tests 

1-2 3 5 5 3 3 5 it1 l 13 -

1-3 

1-4 

2-3 

I 

4 

4 

7 

4 

4 

-

-

z 

S 

7 

6 

3 

1 

z 

S 

3 

6 

I 

5 

-

2 

-

4 

10 

10 

12 

4 

6 

z 

-

5 

14 

14 

19-

a 

to 

-,

tz 

Z-4 4 4 - 5 1 2 4 3 1 9 4 3 13 S t -

3-4 4 2 1 5 2 1 5 3 - 10 5 l 14 2 0 

Summu ary by each 

tortilla 

1

1-2 a 16 - 12 12 - 10 12 2 2Z Z4 2 30 40 2 1.20 69 

2-1 13 11 - 15 7 2 IZ 11 Z7 18 3 40 29 3 1. 32 68 

3-1 is 8 1 Iz 11 1 16 a - 28 19 l 43 27 2 1.91 69 

4-1 12 II 1 6 is 3 7 14 3 13 29 6 Z5 40 7 1.86 69 



E. San Antonio I. Pa. 

Children AdultsMale Female TotalComparison No Indif- No Indif. TotalPreference Preference ferent No Indif- NoPreference Preference Indif- Noferent Preference I ndif-Preference ferent Preference Preference 'erent Preference Preference ferent t df 
Ordered tests 

I-Z 
 6 

1-3 6 

t 4 7
4 

4 


4 666
56 9 1 12 10
 

r 1-4 5 3
Z-3 5i 5 3 5 3 
 0 6 
 15 
 -

5
N0J 2-4 4 - 4 4
4 3 9 7
w 5 29 - 14 9 
 -3 3-4 2 9 2 9 13 z
6 
 I 6 
 6 
 z -? 
 8 £ 
 9 
 14 
 -

Summary by each
 
tortilla
 

1-2 17 S 2 
 13 
 it 2-1 14
I0 9 1
12 22 10 12 112 22 - s 2 Z71 zo 1 44 ,-5 .29 60
7 IS 2 25 1
19 
 27 z 
 29
3-2 39
5 - 4 1.21 67
2 8 
 15 
 15 
 8 1 
 23 23 2 
 28 
 40 
 4 0.16 68
 
4-1 
 13 It  14 
 9 1 9 
 13 2 
 23 
 zz 3 36 
 33 3
 

(a)P < 0.01
 





analyze then the triangle test because some subjects can distinguish between 
tortilla types and others cannot. One might want to analyze responses only from 
subjects who have proven that they can distinguish between the tortillas. But 
that exercise is both methodologically difficult and less interesting in that its 
results are no longer representative of the village population. Therefore, we 
combined all our data in the summaries, asking do people know and care which 
tortilla they are eating? 

Table 7.45 summarizes the results of the preference tests. It reports 
summaries separately by village; and within villages it separates data for 
children, men, women, adults, and all subjects. It also includes the six com
parisons of the pairs of tortilla types. 

As the data from each of the tables indicate, there is no preference for tor
tilla types. Not only are significant comparisons virtually absent, but we cannot 
even identify a consistent sign trend. Therefore, we can conclude that although 
people can sometimes discriminate among the four tortilla types, they have no 
preference for the flavor of any of them. These data do not, of course, address 
other distinguishable and important criteria such as storage life. 

The tasters' stated reasons for preferring one tortilla to another vary. 
Table 7.46 presents their responses. The most common reasons for a given 
tortilla preference involved - in order of importance - taste, texture, and color. 
Villagers liked the traditional white corn tortilla for its accustomed taste and 
light color. They found fortified tortillas sometimes better for their sweeter 
taste and smoother or softer texture. 

The reasons tasters gave for disliking certain tortillas varied even more, but 
generally they cited "poor" taste, complete lack of taste, or the yellowish or 
darkish color. A clear cultural difference shows up in color preference: the 
indigenous community had a stronger dislike for white tortillas than did the 
Ladino communities. 

Therefore, although people could identify the fortified product, they did not 
dislike it. Perhaps a change in the organoleptic characteristics of the carrier 
may not be as serious a barrier as once assumed. If so, we may have more flex
ibility in choosing our fortificant mixes in the future. If the price of one forti-
Ficant mix became more expensive than an alternative, a switch would not 
jeopardize acceptability. 
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--- 

Santa Catarina Pinula 

Why liked best: 

soft, smooth 
tasty 
tastes like normal 
sweet 
other, doesn't know 

total (n) 

Why liked least: 

bad taste 
hard, dry, not soft 
corn is bad, old 
other, doesn't know 

total (n) 

Why liked taste best: 

line normal 
tasty 
sweet 
other, doesn't know 

total (n) 

Why liked taste least: 
poor, tasteless 
rotten 
other, doesn't know 

total (n) 

Why liked color best: 

whiteness 
yellowness 
other, doesn't know 

total (n) 

Table 7.46 

Reasons. for Preference 

Type of Tortilla 

Fortified with 

Nonfortified 

11.4 
34. 1 

9. 1 
11.4 
34. 1 

100.0 
(44) 

14.8 
11. 1 
3.7 

70.4 

100.0 
(27) 

10.4 
27.1 
18.8 
43.8 

100.0 
(48) 

30.4 

69.6 

100.0 
(23) 

69.2 
12.8 
17.9 

100.0 
(39) 
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Soy flour 

19.4 
29. 0 

9. 7 
6.5 

35.5 

100.0 
(31) 

18.9 
5.4 

16. 2 
59.5 

100.0 
(37) 

7.1 
28.6 
10.7 
53.6 

100.0 
(28) 

15.9 
11.4 
72.7 

100.0 
(44) 

70.6 
11.8 
17.6 

100.0 
(34) 

Amino 
acids Soybeans 

6.7 20.5 
26.7 25.6 
16.7 12.8 
20.0 2.6 
30.0 38.5 

100.0 100.0 
(30) (39) 

17.1 3.0 
8.6 27.3 
8.6 3.0 

65.7 66.7 

100.0 100.0 
(35) (33) 

20.0 23.1 
10.0 20.5 
20.0 10.3 
50.0 46.2 

100.0 100.0 
(30) (39) 

25.0 16.2 
7.5 5.4 

67.5 78.4 

100.0 100.0 
(40) (37) 

63.9 31.4 
2.8 22.9 

33.3 45.7 

100.0 100.0 
(36) (35) 



Table 7.46 (Continued) 

Santa Catarina Pinula (Cont.) 

Why liked color least: 

yellowness 
whiteness 
darkness 

other, doesn't know 

total (n) 

Guanazacapa
 

Why liked best: 

tasty 

soft smooth 
tastes like normal 
sweet 

other, doesn't know 

total (n) 

Why liked least: 

bad taste 
hard, dry, not soft 
corn is bad, old 
other, doesn't know 

total (n) 

Why liked taste best: 

like normal 
tasty 
sweet 

other, doesn't know 

total (n) 

Why liked taste least: 

poor, tasteless 
rotten 
other, doesn't know 

total (n) 

Nonfortified 

23.8 
23.8 
28.6 

23.8 


100.0 


30.2 

9.3 


27.9 

7.0 


25.6 


100.0 

(43) 

25.0 
10. 7 
10.7 
53.6 

100.0 
(28) 

25.0 
47.5 
10.0 

17. 5 

100.0 
(40) 

37.5 
12.5 
50.0 

100.0 
(24) 
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Type of Tortilla 

Fortified with 

Amino
 
Soy flour Acids Soybeans
 

41.0 25.6 43.2 
10.3 20.5 9.1 
30.8 30.8 18.2
 
17.9 23.1 29.5 

100.0 100.0 100.0
 

14.3 18.6 8.6 
4.8 9.3 22.9
 

14.3 16.3 17.1 
23.8 20.9 11.4 
42.9 34.9 40.0 

100.0 100.0 100.0
 
(21) (43) (35) 

11.6 30.4 17.6 
4.7 30.4 2.9 

44.2 4.3 14.7 
39.5 34.8 64.7 

100. 0 100.0 100.0 
(43) (23) (34) 

8.7 19.0 21.6 
26. 1 25.7 43.2 
21.7 31.0 -
43.5 14.3 35.1 

100.0 100.0 100.0 
(23) (42) (37) 

21.3 46.4 23.3 
25.5 7.1 16.3 
53.2 46.4 60.5 

100.0 100.0 100.0 
(47) (28) (43) 



Table 7.46 (Continued) 

Guanazacapa (Cont.) Type of Tortilla 

Fortified with 

Amino 
Nonfortified Soy flour Acids Soybeans 

Why liked color best: 

whiteness 100.0 76.0 89.1 65.4 
yellowness - 8.0 4.3 3.8 
other, doesn't know - 16.0 6.5 30.8 

total (n) 100.0 100.0 100.0 100.0 
(47) (25) (46) (26) 

Why liked color least: 

yellowness 42.9 56.8 38.1 28. 1 
whitene s s 9.5 2.3 9.5 12.3 
darkness 42.9 31.8 42.9 43.9 
other, doesn't know 4.8 9.1 9.5 15.8 

total (n) 100.0 100.0 100.0 100.0 
(21) (44) (21) (57) 

Florida Aceituna 

Why liked best: 

soft, smooth 11.1 13.0 11.6 36.6 
tasty 47.2 47.8 34.9 43.9 
tastes like normal 11. 1 4. 3 7.0 -
sweet 5.6 -- 4.7 2.4 
other, doesn't know 25.0 34.8 41.9 17.1 

total (n) 100.0 100.0 100.0 100.0 
(36) (23) (43) (41) 

Why liked least: 

bad taste 25.9 16.2 33.3 17.2 
hard, dry, not soft 7.4 35. 1 19.0 17.2 
corn is bad, old 7.4 10.8 -- 13.8 
other, doesn't know 59.3 37.8 47.6 51.7 

total 100.0 100.0 100.0 100.0 
(37) (21) (29) 
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Table 7.46 (Continued) 

Florida Aceituna (Cont) 

Why liked taste best:
 
like normal 

tasty 

sweet 

other, doesn't know 


total (n) 

Why liked taste least: 
poor, tasteless 
rotten 
other, doesn't know 

total (n) 

Why liked color best: 

whiteness 
yellowness 
other, doesn't know 

total (n) 

Why liked color least: 
yellowness 
whiteness 
darkness 

other, doesn't know 

total (n) 

San Antonia La Paz 

Why liked best: 
soft, smooth 
tasty 
tastes like normal 
sweet 
other, doesn't know 

total(n) 

Nonfortified 

9.4 
40.6 
15.6 
34.4 

100.0 
(32) 

33.3 

11. 1 
55.6 


100.0 
(36) 

90.9 
3.0 
6.1 

100.0 
(33) 

21.2 
30.3 

30.3 

18.2 


100.0 

(33) 


10.7 
28.6 
25.0 
3.6 

32.1 

100.0 
(28) 
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Type of Tortilla 

Fortified with 

Soy flour 

11. 1 
18.5 
3.7 

66.7 

100.0 
(27) 

20.5 
18.2 

61.4 


100.0 
(44) 

71.4 
14.3 
14.3 

100.0 
(21) 

35.4 
16.7 
31.3 
16.7 

100.0 

(48) 

2.9 
40.0 
8.6 

14.3 
34.3 

100.0 
(35) 


Amino 
Acids Soybeans 

10.0 7.0 
20.0 32.6 

7.5 4.7 
62.5 55.8 

100.0 100.0 
(40) (43) 

28.6 17.6 
3.6 8.8
 

67.9 73.5 

100.0 100.0 
(23) (34) 

93.9 50.0 
-- 20.0 
6. 1 30.0 

100.0 100.0 
(49) (40) 

25.0 40.0 
18.8 17.8 
31.3 20.0 
25.0 22.2
 

100.0 100.0
 
(16) (45) 

22.0 28.9 
29.3 21.1 
2.4 18.4 

29.3 2.6 
17.1 28.9 

100.0 100.0 
(41) (38) 



San Antonia La Paz (Cont.) 

Why liked least: 

bad taste 
1hard, dry, not soft 
corn is bad, old 
other, doesn't know 

total (n) 

Why liked taste best: 

like normal 
tasty 
sweet 
other, doesn't know 

total (n) 

Why liked taste least: 

poor, tasteless 
rotten 
other, doesn't know 

total (n) 

Why liked color best: 

whiteness 
yellowness 
other, doesn't know 

total (n) 

Why liked color least: 

yellowness 

whiteness 

darkness 

other, doesn't know 


total (n) 

Table 7.46 (Continued) 

Type of Tortilla 

Fortified with 

Amino 
Nonfortified Soy flour Acids Soybeans 

36.1 8.3 13.0 8.6 
16.7 27.8 4.3 14.3 

-- -- -- -

47.2 63.9 82.6 77.1 

100.0 100.0 100.0 100.0 
(36) (36) (23) (35) 

15.4 8.3 2.3 8.1 
19.2 13.9 9.3 10.8 
3.8 22.2 60.5 16.2 

61.5 55.6 27.9 64.9 

100.0 100.0 100.0 100.0 
(26) (36) (43) (37) 

34.1 21.1 23.1 32.4 
2.4 -- 7.7 -

65.9 76.3 76.9 62.2 

100.0 100.0 100.0 100.0 
(41) (38) (26) (37) 

97.1 40.0 59.5 63.4 
-- 26.7 13.5 14.6 
2.9 33.3 27.0 22.0 

100.0 100.0 100.0 100.0 
(34) (30) (37) (41) 

18.2 52.4 34.5 27. 8 
51.5 2.4 13.8 36.1 
15.2 23.8 24.1 19.4 
15.2 21.4 27.6 16.7 

100.0 100.0 100.0 100.0 
(33) (42) (29) (36) 
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Table 7.46 (Continued) 

Santiago Type of Tortilla 

Fortified with 

Amino 
Nonfortified Soy flour Acids Soybeans 

Why liked best: 

soft, smooth 
tasty 
tastes like normal 
sweet 
other, doesn't know 

11.1 
44.4 
18.5 
--

25.9 

25.0 
20.0 
22. 5 

7. 5 
25.0 

10.0 
25.0 

7.5 
17.5 
40.0 

18.2 
36.4 
18.2 

9. 1 
18.2 

total (n) 100.0 100.0 100.0 100.0 
(27) (40) (40) (22) 

Why liked least: 
bad taste 
hard, dry, not soft 
corn is bad, old 
other, doesn't know 

30.8 
12.8 
2.6 

53.8 

34. 6 
7.7 
3.8 

53.8 

19.2 
15.4 
--

65.4 

30.0 
13.3 

6.7 
50. 0 

total (n) 100.0 100.0 100.0 100.0 
(39) (26) (26) (30) 

Why liked taste best: 
like normal 
tasty 
sweet 
other, doesn't know 

30.0 
15.0 
5.0 

50.0 

13.2 
21. 1 
10.5 
55.3 

9.5 
14.3 
21.4 
54.8 

17.9 
28.6 
10.7 
42.9 

total (n) 100.0 100.0 100.0 100.0 
(20) (38) (42) (28) 

Arhy liked taste least: 
poor, tasteless 32.5 17.9 13.3 22.2 
rotten 2.5 -- -- -other, doesn't know 65.0 82. 1 86.7 77.8 

total (n) 100.0 100.0 100.0 100.0 
(40) (28) (30) (27) 
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Table 7.46 (Continued) 

Santiago (Cont.) Type of Tortilla 

Fortified with 

Amino 
Nonfortified Soy flour Acids Soybeans 

Why liked color best: 

whiteness 74.2 75.0 74.2 39.3 
yellowness 
other, doesn't know 

19.4 
6.5 

2.5 
22.5 

9.7 
16.1 

7.1 
53.6 

total (n) 100.0 
(31) 

100.0 
(40) 

100.0 
(31) 

100.0 
(28) 

Why liked color least: 

yellowness 12.5 12.5 17.6 30.0 
whiteness 43.8 41.7 47.1 30.0 
darkness 15.6 33.3 8.8 26.7 
other, doesn't know 28.1 12.5 26.5 13.3 

total (n) 100.0 100.0 100.0 100.0 
(32) (24) (34) (30) 
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Barrier V: Intervention Economics 

The final barrier to consider in examining the feasibility of a fortification 
project is cost. Even if the program can overcome all other obstacles, it may 

still fail because of prohibitive costs. 

The direct costs incurred in a fortification project include the fortificant, 
its delivery and storage, control, and any financial incentives required to win 
miller cooperation. We will calculate each of these costs for specific areas in 

Guatemala. 

Fortificant Cost 

The major expenditure for any fortification project is the cost of the 
fortificant. In Santa Maria Cauque, all program participants used a standard 

fortificant mix. However, as discussed under Nutritional Need, regional 
tortilla consumption and nutrient deficiencies vary. Therefore, individual 
regions with special problems may need different fortificant mixes. The village 

milling structure also permits such geographical tailoring. 

To estimate f )rtificant costs, a planner may contrast the area with the most 

severe nutrient deficits (here, region II) with the healthiest region (region VI). 

Our analysis here centers on a comparison of the preschoolers in these two 
regions because this age group is more nutritionally vulnerable than any other. 

As recorded in Table 7.47, preschoolers in region IV have deficits not only 
in macronutrients (calories and protein) but in all of the micronutrients as well. 

These children have only 49 percent of the recommended intake of calories and 
72 percent of the required protein intake. Their micronutrient adequacy ranges 
from 15 to 77 percent. The diet of preschoolers in region VI also reflects 

nutrient inadequacies, but to a lesser extent. Here caloric intake is 73 percent 
of the recommended level and protein consumption stands at 85 percent of the 
recommended allowance. Preschoolers in region IV consume an average 187 
grams of tortillas d--ily, whereas children in region VI eat only 57 grams per 

day. 
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Table 7.47 
Average Nutrient Deficit and Cost of Fortification Program 

per Preschooler n Two Regionsof Guatemala 

Preschoolers Cost (in U.S. $) to PreschoolersRegion IV Cost (in U.S. $) toSupply Nutrient Region VINutrient Supply NutrientDeficit in 18 7g of Nutrient Deficit inDeficit (a) Fortified Tortillas Deficit (a)
 
Calories 
 746 not supplied 356 not suppliedProtein 8 . lg 0.0174 4.0 0.0085Calcium 103 g 
 not suppliedIron 06 .Omg 
 0.000034 
 5.4 
 0.0000297

Retinol 
 22lug 
 0.000022 

Thiamine 
 0.24mg 

0
 
0.0000059 
 0.08 
 0.0000297
Riboflavin 0.59mg 
 0.000025 
 0.08 
 0.0000033
Niacin 5. 3 7mg 0.000027 
 5.15 0.000025
Vitamin 14mg not supplied 0 
Region IV 

Region VITotal Cost: 
0.0171 per Total Cost: 

0. 0086 per
child/fday 

child per day
(a) Based on data from Marina Flores. (1975). "Diet Profiles in Guatemala."INCAP: Guatemala City. Pg. 16-17. 



We can tailor a fortificant to address the needs of these preschoolers. If 

we do, the cost of the fortificant will fluctuate regionally. The most expensive 

component of the fortificant mix is the amino acid-protein mixture. Table 7. 47 

shows that the preschoolers in region IV need 8. 1 grams of additional protein 

for an adequate diet and that the children in region VI need approximately half 

that amount, or 4. 0 grams. Using the prices given in chapter 6, we can contrast 

the fortificant costs for regions IV and VI. RegionIV's costs per child are 

nearly double those for region VI. 

A fortificant mix that overcomes the protein deficit as well as the micro

nutrient deficiencies of region IV's preschoolers will cost 0.0171 cents per child 

per day. The cost in region VI for the appropriate fortificant mix is only 0. 0086 

cents per child per day. In both regions, the protein - amino acid part of the 

fortificant mix contributes most to overall cost: 99. 4 percent and 98. 8 percent 

of the price in regions IV and VI, respectively. The total fortificant cost for the 

preschoolers in region IV will be $1, 915 per day or $689, 472 per year. For region 

VI, costs will run $641 per day or $230, 961 per year. This wide range in costs 

reflects an equally wide variation in nutrient deficits. 

However, a program brings fortificants to all family members. The 

preschoolers' tortilla consumption and nutrient deficits allow us to calculate 

the cost of providing fortificant to the entire population (Table 7. 48). The annual 

fortificant cost for region IV will be $8,600, 000; for region VI it will reach only 

$3, 700, 000. The lower cost for region VI reflects smaller nutrient deficits as 

well as its smaller population. The great difference between these figures 

highlights another dilemma for the planner. Should a government aim its program 

at a single, national target group - for example, all preschoolers or should it try 

to combat the specific nutrient deficits of every area, possibly at a significantly 

higher cost? 

Remember, too, that the fortificant mix we have been considering does not 

alleviate the caloric deficits of all preschoolers. That problem remains unsolved. 

Perhaps our program would be better if it used soybeans - with or without 

microfortificants - instead of the soyflour and lysine mixture. The nutrient 

composition of soybeans is shown in Table 7.49. 
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Table 7.48 

Cost Comparison for Fortification Projects in Two Regions 
of Guatemala 

Total 
Preschoolers 

Total Cost of 
Fortificant/ 
Preschoolers 
Day (a) 

Total Cost of 
Fortificant/ 
Preschoolers 
Year 

Total 
Population 

Total Cost of 
Fortificant 
Population/ 
Year 

Region IV 112,000 1915.20 689,472 477,200 8.6 M 

Region VI 74,600 641.56 230,961 284,200 3.7 M 

(a) Costs expressed in U.S. $. 

Table 7.49 

Nutrient Composition of Soybeans 

Soybeans - Nutrient Composition 

Calories 134 

Protein 10.9 g 

Calcium 67 mg 

Iron 2.8 mg 

Thiamine .44 mg 

Riboflavin .16 mg 

Niacin 1.4 mg 

Vitamin C 29 mg 

Vitamin A 69 IU 

Note: Figures are based on 3. 5 ounces (100 g) of immature, 
raw soybeans. 
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Using the preschoolers in region IV as an example, only 2.6 ounces of 

soybeans a day would rectify their absolute protein deficit. At this level of 

consumption for the total population, Table 7.50 puts the project's cost at 

$7, 752 per day, or $2, 790, 000 annually. And soybeans provide calories as well 

as protein and some micronutrients. On the average, daily consumption of 2.6 

ounces affords 38. 3 calories per ounce, or an additional 99. 6 calories per day. 

On the other hand, we can name several obvious disadvantages to a soybean 

intervention. The primary problem is that use of this relatively unused 

commodity would force major changes in the commodity system or reliance on 

huge amounts of imported soybeans. But also, soybean fortificants are not 

"invisible"; they might require changes in family eating habits and cooking 

practices. Planners for this intervention would deal with a completely different 

set of implementation barriers. 

Yet, despite these drawbacks, soybeans do offer great potential as both a 

cash crop and a food crop. Interviews with animal feed and vegetable oil processors
 

in Guatemala suggests a strong market for soy oil and meal. Local farmers 

readily accept an expanded soybean crop as a solution to recurrent oil shortages. 

Presently, they derive much of their vegetable oil from cottonseed, whose 

supply has fluctuated greatly in the past few years. Their remaining/oil 

supplies come from palm oil. Soybeans would provide new raw material 

supplies for the processor and new market opportunities for local farmers. 

The Ministry of Agriculture has lately mounted a significant effort to 

increase soybean production. This intervention should yield more than 

increased income; it should result in a new food source. In view of the results 

of consumer acceptability surveys, we may assume that organoleptic 

characteristics can change without an adverse effect on taste preference. 

Soybean intervention offers the potential of addressing the protein-calorie 

problem while working effectively within a micronutrient fortification project. 

The major contributors to a fortificant mix's cost are soy flour and lysine. 

By choosing to address only micronutrient deficits, a planner can substantially 

reduce the costs of his fortification program. Table 7.51 contrasts the price 

differences between total fortification and simple microfortificantion in 

regions IV and VI. The microfortificant costs only a fraction of what the total 

fortificant mix costs. For the remainder of this chapter, we will calculate all 
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Table 7. 50 

Cost of Soybean Supplementation as a Nutrition Intervention 

Amount of soybeans to meet 
preschoolers' protein daily 
deficit 2. 6 ounces 

Amount needed for total 
population per day 77, 545 lbs 

Total cost per day(a) $7,752 

Annual cost $2. 79 M 

(a)Based on the price of $6. 00/bushel. 

Table 7. 51 

Cost Comparison of Macro- and Micro-Fortification 
in Two Regions of Guatemala 

Total Annual Cost of Macro-
and Micro -fortificant 

Total Annual Cost of 
only Micro -fortificant 

Region IV 

Region VI 

8.6 M 

3.7 M 

17,179 

10,231 
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remaining costs based on region IV's needs. As its people have the greatest
 
nutrient deficiencies, its costs identify the fiscal limits required of a 
fortification 

program in Guatetemala. 

Program Lostistics 

Logistical costs include expenses for transport, and storage. We further 
break down transport costs into expenditures for freight charges from the United 
States -- where the fortificant is produced -- to Guatemala City, and from 

Guatemala City to the villages. 

Table 7. 52 outlines logistical costs. Transport from any American Gulf 
port to Guatemala City will cost approximately $25 per ton. Assuming monthly 
consumption of 53, 100 lbs of fortificant, the annual freight cost from the United 
States to Guatemala City totals $7,965. The rate for the fortificant's transfer 
from Guatemala City to region IV is approximately $1.00 per hundred weight. 

The last item is equipment for proper storage of the fortificant; barrels of 
300-pound capacity fit conveniently into the small confines of the local mill and 

at a minimal cost of $10 per barrel. 

Control Costs 

A program of this size, cost, and importance needs an intensive control 
system to ensure that the fortificant is added -- and in the correct proportions -

to the carrier. 

Table 7. 53 presents on organizational structure that guarantees efficient 
control. It involves relatively few staff people, given the program's magnitude. 
The administrative coordinator directs the day-to-day logistics; the twenty-seven 
regional coordinators each visit twenty villages in their jurisdiction. These 
regional coordinators would periodically monitor mills for compliance with 

program standards. 

However, the key to the success of this control network lies in its 
encouragement of participation. Each village would appoint its own fortification 
:ommittee to oversee the program at the local level. Both millers and 
:ommittee members would undergo a comprehensive training program to learn 
:he mechanics of the project and understand its need for careful monitoring. The 
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Table 7. 52 

Cost of Program Logistics, Region IV 

Total population 

Percentage of total population 

Total mills in country 

Percentage of mills in region IV 

Number of villages in region IV(a) 

Amount fortification presumed per day 

Amount fortification for total population 
per day 

Amount total fortificant per region 
per month 

Freight cost per metric ton 

Total freight cost from U.S. to 
Guatemala City per year 

Storage: 2136 barrels @ $10 

(a)Based on an average of four mills per village. 

Table 7. 53 

477,200 

8.9% 

24,000 

2136 

534 

8. 16 g 

3893. 9 kg 

53, 100/lbs 

$25 

$7,965 

$21,360 

Organizational Structure of the Control Network 

Administrative Coordinator

I 

Citizen's 
Committee 

27 Regional Coordinators 

20 Villages r 20 Villages 20 Villages 20 Villages 
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education program, in fact, may be the best way to institute an internal control
 
mechanism. 
 (See chapter 5's discussion of "Process and Communication
 
Variables" fail the acceptability rationale for this community 
 - based participatory 

control system.) 

The alternative to such training is village-by-village monitoring. It requires 
a minimum of one promoter per village, total annual salary cost of $640, 500.at a 


Training in the villages, by comparison, costs only $50, 000.
 

Whatever the control system, it must cost less than the fortificant it saves
 
from leakages. Table 7. 54 itemizes the costs of the proposed control system.
 
Given high fortificant costs, a loss of just 1. 3 percent justifies it. A micro
nutrient program would have to lose tremendous amounts of fortificant before 
it could justify such an expensive control system. 

Cooperation Costs 

Local millers are the critical link between the program and the target group.
 
Without their cooperation, the intervention will collapse. The experience in Santa
/ / 

Maria Cauque indicates that financial incentives can overcome the millers' initial 
resistance to project participation. There, these incentives took the form of partial 
payments for mill fuel. Our proposed system assumes such incentives, and the 
Molino Survey shows that a subsidy of 0. 2 cents per pound of nixtamal should cover 
fuel costs. For the average miller, processing 250 pounds per day, this assistance 
would mean an extra 50 cents a day or $180 a year. 

Summar, 

Table 7. 55 presents the total costs for region IV. The major portion of 
program expenditures - 94 percent - pays for fortificant. 

Who will pay for the services provided by a fortification project? Target 
consumers cannot afford a fortificant approximately equal to the daily cost of 
milling; the in-home milling survey proves that price is one of the prime reasons 
for not using mills. Yet millers, many of whom already report a net operating 
loss, will also be unwilling to absorb the cost, so the government must consider 
underwriting a program of this nature. Decisionmakers have to determine if 
they want to spend $9. 13 million to combat the nutrition problems of one region. 
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Table 7. 54 

Control Costs 

Salaries 

Administrative Coordinator, 
twelve months @ $500 per month 6,000 

27 Regional Coordinators 
twelve months @ $100 per month 32,400 

Total 38,400 

Travel 

One Jeep per year 6,000 

27 Regional Coordinators 

@ 500 miles per month 
@ 10 per mile 16,200 

Administrative Coordinator, 
1000 miles per month @ $0. 10 
per mile 1,200 

Total 23,400 

Training 

27 Regional Workshops 50, 000 

Total Control Costs $111,800 

Table 7. 55 

Total Program Costs for Region IV (in U. S. $) 

Percentage of 

Cost Total Costs 

Fortificant 8.6 M 0.94 

Program, Logistics 

International Transport 7,965.00 

Intra-Country 6,372. 00 0.01 

Storage Barrels 21, 360. 00 

Control Costs 111,800.00 0.01 

Millers' Incentives 384,480.00 

Total $9,131,977.00 100.00 
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Guatemala's expenditures for public health are only $22. 9 million per year, 
or 12. 2 percent of the national budget. 

Considering the tremendous cost of a fortification intervention, the govern
ment may choose to focus on selected groups or villages rather than give blanket 
coverage to an entire region. And if a total macrofortification effort is too 
expensive, a microfortification program might provide effective help at a fraction 

of the farmer's cost. 

Recommendations 

We have explored the feasibility of a large-scale fortification program for 
Guatemala. By discussing the intervention barriers of nutritional need, the 
commodity system, technology, consumer acceptability, and intervention 
economics, we have identified crucial considerations for such an undertaking. 

The available data indicate that low-income groups, specifically preschoolers, 
have both micro- and macro-level nutrient deficits. The fortificant mix addresses 
the micro-level inadequacies effectively, but without protein supplements to 
eliminate the persistent calorie deficit, the intervention will not succeed. We 
also know that the fortificant mix must vary to deal effectively with regional needs. 

The commodity system's structure may necessitate a dual approach to 
fortification interventions. The rural network, by relying on nixtamal millers, 
reaches the consumer at the country mill. Central processing of commercial 

tortillas may be the best way to help urban inhabitants. 

Program planners should set up a control system to ensure not only that 
the fortificant mix is added, but that it is added in the correct proportions. 

Finally, because of the tremendous cost of such a program, governments 
should elect target-group coverage instead of complete national fortification as 
their goal. They could target regionally, or even village-by-village. In the 
final analysis, the national budget will bear the cost of the endeavor. 
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Chart 7. 1
 
The Maize Commodity System, 1974
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Notes 

1-. 	 Tortilla consumption has been calculated in the following way: 

Population: 5, 362, 100 (extrapolation of SIECA's 1973 figures) 

x (Daily consumption) 0. 480 kg (derived from INCAP-OIR 1965's 
survey as quoted by Marina Flores, "Diet Profiles in 
Guatemala, " INCAP, Guatemala City, Pg. 8. 

x 365 days 

- 1,000 kgs per metric ton 

(Tortilla/Maize Coefficient) 1. 450 (derived from 
Francisco del Valle, "Produccion Industrial, Distribucion 
y Mercadeo de la Harina para Tortillas en Mejico, '1 in 
Mejoraniento Nutricional del Maiz, " INCAP, Guatemala, 
1972. Pg. 

This method may result in overreporting tortilla consumption because 
the INCAP-OIR Survey was biased toward rural areas, where tortilla 
consumption is higher than in urban areas. 

2. 	 Other types of maize for human consumption have been calculated by using 
data from INCAP-OIR's 1965 survey quoted by Marina Flores (op., 
cit. , note 1). 

Grams 	per Capita per Day 
Regions 

Peten (assumed 
I II, III IV V VI same as VI) 

Corn meal 4 5 1 1 - 2 2 

Pork tamales 3 4 8 4 5 5 5 
2 Total 7 9 9 5 5 7 7 
2 Percentage of population 19.3 12.9 38.9 8.9 13.3 5.3 1.2 (as same 

as in 1970) 
2 Weighted average = 7.578 grams per day per capita 
By population: 	 7. 578 x 5, 362, 100 (extrapolation of SIECA's 1973 figures) 

= 14, 831 MT (assuming same conversion factor) 

14, 831 MT " 1,450 = 10,228 MT of maize. 

3. 	 Human consumption is the total of calculations in notes 1 and 2. 
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4. 	 Animal consumption derived from INDECA. The "Documento General de
 
Solicitud de F'nanciamiento Global Ante el ECIE" (page 24) states that
 
animal consurmption of maise is expected to be of 289,567 MT in 1980. The
 
same document states tha; .Arimal consumption is growing at a rate of 
4.6 	percent per year (page: 25). Therefore, by discounting. 

1 1 
= 0.7299 289, 567x0. 7299 

(1 + r)- (1 + 0.046) 

= 211,362 MT for 1974 

5. 	 Poultry industry consumption has been derived from "Primer Diagnostico 
de las Empresas Avicolas ea la Republica De Guatemala, Comision de 
Fomento Avicola Git,, 1972. Pg. . To produce 175,539 QQ of feed 
concentrate (Pg. 141). 60, 964 QQ [or 34. 7 percent] of maize are required 
each month (p. 142). If feed concentrate consumption equals 172,068 QQ 
per month, then 172, 068 x 12 x 0. 347 x 0. 0453 = 32,457 MT of maize per 
year. 

6. 	 Other animal consumption equals note 41s quantity less note 5's product. 

7. 	 Consumption availability is the sum of the products of notes 3 and 4. 

8. 	 Self consumption has been estimated in the following way: 

423,240 maize farms (1964 Census, as quo;ed by Ricardo Gularte, 
"La Comercializacion del Maiz, "1 Licenciado Tesis, 
Universidad San Carlos de Guatemala, June 1971, 
Pg. 41) 

x 1 family per farm (an assumption) 

x 5.5 persons per family (J. Austin's notes) 

x 0. 	491 kilograms of tortilla per day (L. G. Elias and 
R. Bressani, "Mejoramiento Tecnologico de la 
Calidad Proteica del Maiz, " Tecnologia de Alimentos. 
Marz-Abril 1972, Pg. 71) 

x 365 days per year 

" 1,000 kgs per metric ton 

1. 450 (conversion coefficient for tortilla to 
maize; from Francisco del Valle "Produccion 
Industrial, Distribucion y Mercadeo le la Harina 
para Tortillas en Mejico, ", in "Mejoramiento 
Nutricional del Maiz, " INCAP, Guatemala, 1972. 
Pg.
 

= 287,710 metric tons of maize 
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9. Off-farm destination equals the product of note 7 less the product of note 8. 

10. 	 See usage has been derived from information given by Gularte (op. cit.,

note 8, Pg. 79) as 
25 lbs per manzana planted the following season. INDECAindicates that in 1975 there 	were 834, 200 has cultivated with maize, therefore 

834, 200 x 1.43 (Has to Manzana) x 25 x 0. 0004536 (lbs to MT) 
= 13,500 MT of maize. 

_1. 	 Imports from FAO's Trade Yearbook: 1970 

12. 	 Production has been calculated from consumption rather than from official
 
figures by solving the following set of identical equations:
 

a) (16) = (8)+ (9) + (10) + [(0.05) (12) J. Austin notes losses 

b) (16) = (12) + (11) are around 5 per
b_ __ cent of production
 

a) (16) = 280, 710 + 578, 680 + 13, 500 + [(0. 05) (12)] 

b) (16) = (12) + 65,200 

asa)=b) .' 

879.9 + 0. 05(12) = (12) + 65,200 

(12) = 857,570 

Although these figures are more than 	200, 000 metric tons higher than the
figures reported by INDECA, we believe they are probably more accurate.
As maize in Guatemala does not require significant off-farm inputs, is
usually cultivated in tiny separate patches of land and minifundia, and ismostly used for self-consumption, the official of calculating themeans 

output may not be as accurate as 
those 	for other crops such as coffee, 
cotton, and sugar. 

13. -	 Same distribution as in "Segundo Censo Agropecuario, 1964; Direccion
15. 	 General de Estadistica, Guatemala. " Quoted by Puente Gularte and

Ricardo Manuel, "La Comercializacion del Maiz, " Licenciado Tesis,
Universidad San Carlos de Guatemala, June 	1971. Pg. 

16. 	 Total availability equals the sum of calculations in notes 11 and 12. 

17. 	 Losses according to J. Austin's notes are 5 percent of the productiin note 12. 

18. 	 Wages and rents paid with maize are 1. 2 percent of note 1 (Gularte, op. 
cit., note 8, Pg. 76). 

19. 	 Commercial sale equals the product of note 9 less the product of note 18. 
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Chart 7. 2Maize Tortilla ConsuMption 1974 (in thousands of MT) 
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Notes 

1. From Chart 7. 1. 

2. 	 L. G. Elias and R. Bressani's urban/rurlI consumption standards yield
only 510,000 MT. Therefore we adjusted the figures, keeping the same 
proportion. 

3. 	 Derived from Francisco Duch Gamez, "Produccion Industrial, Mercadeo y
Distribucion de Harina de Tortilla en Centroamerica, " in "Mejoramiento 
Nutricional del Maiz. " .fNCAP, 1972: Guatemala City. Pg. 16. 

4. 	 Residual note 2's product less that of note 3. 

5. 	 Based on "Perspectiva para el Desarrollo y la Integracion de la Agricultura 
en Centroamerica." SIECA-GAFICA 11, Pg. 33. 
Population distribution by socioeconomic status was estimated as follows: 

Low 50 percent 

Medium 30 percent 

High 20 percent [adding "Alto" and "Muy alto"] 

Pooling the above with INCAP-OIR's consumption patterns by socioeconomic 
status (derived from INCAP-OIR 1965 Survey as quoted by Marina Flores, 
(1975) "Diet Profiles in Guatemala, "INCAP. Guatemala City. We get: 

Low 0.50(5,362) x 0.614kg x 0.365 1,45 = 414.3 

Medium 0.30(5,362) x 0.491 kg x 0.365 1,45 = 198.8 
High 0.20(5,362) x 0.346 kgx 0.365 - 1,45 = 98.4 

706.5 	(000' s MT) total 
consumption as 
tortilla in 
Guatemala. 

This figure is only 9. 6 percent higher than the figure for total consumption
derived in Chart 7. 1. To keep consistency in the data we adjusted the 
figures to make them equal to those in Chart 7. 1. Then: 

Low 378.0 

Medium 181.4 

High 85.2 

Total 644.6 
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6. 	 Based on the above and on data of Table 7.4, we can estimate the consumption 
of tortillas among preschoolers according to their socioeconomic status: 

Low 0.50(l,244) x u. 177 kg x 0.365 1.450 = 27.7 1.096 = 25.3 000's MT 
Medium 0.30(1,244) x 0.143 kg x 0.365 - 1.450 = 13.4 1.096 = 12.2 
High 0.20(l,244) x 0.092 kg x 0.365 . 1.450 = 5.8 1.096 = 5.3 
Total 42.8 

7. 	 Residual product of note 5 less the product of note 6. 
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Chart 7. 3
 

The Tortilla System in Guatemala, 1974 (000's MT of Maize)
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Notes 

1. 	 Maize consumed in the form of tortillas from Chart 7. 1. 

2. 	 Self-consumption is 98. 5 percent what is shown in Chart 7. 1. This percentage 
represents human consumption of tortillas. 

3. 	 Wages and rent has been estimated as in note 2. 

4. 	 INDECA's sales from "Politica de Comercializacion de Granos Basicos, 
Temporada 1974/75. " INDECA: Guatemala City. Pg. 29. INDECA aims to 
participate in the maize market with a 7.5 percent of the marketable national 
production. This volume would mean 568. 4 (Chart 7. 1) by 0. 075 = 42. 6 k/IvT. 
As only 74 percent of this grain goes to tortillas, INDECA's participation in 
the tortilla system is 42. 6 x 0. 74 = 31. 5 k/MT. 

5. 	 Residual equals the product of note 1. less the sum of notes 2, 3, and 4. 

6. 	 According to J. Austin's interview with Mr. Gamez, IMSA sells 42, 000 QQ 
of flour per year (46,400 QQ, or 2,105 MT of maize). 

7. 	 According to J. Austin's interviews, tortilla factories sell primarily to 
institutions. CARE's information points to the Army, hospitals, and health 
centers as customers consuming 140, 243 tortillas per day. If, as according 
to CARE, one pound of mix makes ten tortillas, then: 

140,243 " 10 = 14,024 lbs = 140.2 QQ/day 

x 1. 09 	(conversion mix to maize) = 152.6 QQ 
maize/day 

x 365 x 0. 04536 (conversion QQ to MT) 

= 2.5 k 	MT of maize/year 

8. 	 These are small, labor-intensive tortilla factories. Based on the 1970 
Census, we divided the urban population in the following way: 

(000's) Percentage 

Urban: Guatemala City 	 816.2 

Other department capitals 350.9 

1,167.1 55 

Semiurban: (other urban centers) 938.4 45 

2,105.5 

According to R. Bressan, J. E. Braham, and M. Behar. (1972). 
"Mejoramiento Nutritional del Maiz. " INCAP: Guatemala City. Pg. 165-171), 
90 percent of the population in Guatemala City buy tortillas from these 
tortillerias. Applying this pattern to other Department capitals and pooling 
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pooling this information with the data on urban consumption shown in 
Chart 7. 2, we obtain 90. 3 x 0. 55 x 0. 90 = 44. 7 k MT of maize. 

Then, we assumed the remaining 45 percent of urban population is really
semiurban. By applying the findings of INCAP's "Survey of Mill Usage"
(Table 4.6), we obtain (semiurban): 90. 3 x 0.45 x 0.24 = 9.8 k MT. 
The same survey indicates that only 2. 5 percent of the rural population buys 
their tortillas. Then: 554 k MT x 0.025 = 13.9 k MT. 

Adding these figures, we obtain: 

Urban 44.7 

Semiurban 9.8 

Rural 13.9 

Total 68.4 

9. Residual is the sum of the products of notes 2 and 3. Obviously, part of
"Wages and Rent" may be sold and not consumed by the recipient. However, 
we could not find a way of estimating these two components. We believe
that most of this category is consumed "in situ, " particularly the (wages)
received by farm laborers. 

10. Purchase of maize by individuals 

1/ - (6/ + 7/ + 8/ + 9/) = Residual 

11. The survey on mill usage indicates that only 1. 5 percent of the rural popula
tion mills at home. As no indication of urban in-home milling was found, 
we assume that this type of milling occurs only in rural areas. Therefore: 

554.5 k MT x 0.015 = 8.3 k MT 

12. Integrated industrial milling is the milling of the tortilla factories. The
molinero survey indicates that fifty-two commercial mills milled 4532.5 QQ
of nixtamal per month. The average weekly milling is, then: 

4,532.5 - 52 4.3 = 20.27 QQ of nixtamal, or 20. 7 S 1.94575 

= 10. 4 QQ of maize per week. 

On the other hand, a survey of tortillerias in Guatemala City tells us that24 percent (6 out of 25) of tortillerias usually buy more than 10 QQ of maize 
per week. Pooling these data, we assume that any tortilleria that buys
10 QQ of maize or more per week has its own mill. After all, mill equipment
is small, its operation is simple, and tortillerias are an urban phenomenon. 
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The same survey indicates that these large tortillerias account for 

69 percent of the maize purchases made by tortillerias. Therefore: 

68.4 k MT (from note 8) x 0. 69 = 47.2 

As all industrial tortillerias and TORTI-YA likely have their own mills,the total amount of maize processed by integrated mills is: 

47.2 	+ 2.5 + 2. 1 = 51.9 

13. 	 Residual equals the product of note 1 less the sum of calculations in notes 11 
and 12. 

14. 	 From: 

(a) Industrial tortilleria 2.5 
(b) One-half of TORTI-YA (assumed) 1. 0 
(c) Tortilleria artesanal 68.4 

71.9 

15. 	 (a) Purchase of maize by individuals 278.3 
(b) In-farm retention 293.5 
(c) One-half of TORTI-YA (assumed) 1.1 

572.9 

16. 	 Same as in note 7. 

17. 	 According to MSA's survey (Mejoramiento Nutricional del Maiz,
INCAP, 1972, Pg. 165-71), 47 percent of tortilla purchases are made
fromcommercial outlets. Then: 68.4 x 0.47 = 32.1 

18. 	 Fifty-three percent of tortilla purchases are made by the tortillerias' 
direct salesforce ("inditas"), so: 

68.4 	x 0.53 = 36.2 
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Chart 7. 4 
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CHAPTER 8 

TUNISIAN CASE STUDY 

Christopher Mock 

Introduction 

The Tunisian fortification experience differs from either the Guatemalan or 
Thailand primarily in that large, central mills have been used to fortify the cereal 
grain wheat. Because of this it was decided to emphasis the commodity system 
structure dimension of our feasibility methodology. To facilitate this, the format 
of the chapter is somewhat different than that in the other two chapters. Instead 
of discussing each of the barriers as a distinct section, the chapter first examines 
the various parts of the wheat system; then a final section summarizes the various 
barrier issues raised throughout the commodity system analysis and discusses 

them together in the five barrier category format. 

The Tunisian Economy 

In 1974 the gross domestic product of Tunisia was estimated to be 1. 210 
billion dinars ($2. 819 billion). * The largest sector of the economy was the 
industrial sector, which accounted for 32 percent of the GDP. Manufacturing, the 
main industrial activity, earned D157 million. Services, mainly tourism, 
constituted the second largest sector. Agriculture accounted for only 21 percent 
of the GDP but employed over 59 percent of the active labor force. 

*-Source: At current prices, at factor cost, currency equivalent in July 1974, 
U.S. $1.00 - 0.429 Tunisian Dinars (D. 429); D1. 000 - U.S. $2. 33. 
Unless otherwise noted, the data on the Tunisian economy and its
agricultural sector are from the Tunisian Government's Ministry of 
Agriculture or from IBRD, The Economic Development of Tunisia, 
Macro-Economic Aspects, Report no. 274-TUN, Dec. 7, 1974; and
Memorandum on the Economic Position of Tunisia, Report no. 767-TUN,
May 23, 1975. 
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From 1962 to 1971 the indust'-ial sector expanded at an average annual rate 

of 8. 1 percent. Bad weather and the attempted socialization of the sector held 

agriculture's growth rate at only 1. 5 percent per year.. The overall growth rate 

of the GDP during this period was 4. 7 percent. Between 1971 and 1973 the GDP 

growth rate reached an annual average of 9. 5 percent, with industrial expansion 

averaging 12. 2 percent and the agricultural sector, 7. 8 percent. 

Tunisia's main exports in 1974 were petroleum (D118 million), tourism 

(D72 million), and olive oil (D56 million). It imported raw materials and semi

finished products (D145 million), capital goods (D95 million), and food products 

(.D93 million). In recent years the Tunisian economy has persistently run a 

balance-of-trade deficit. Tunisian workers' remittances from overseas, loans, 

capital grants, and foreign investment largely make up for that deficit. 

Tunisia's population grew about 2. 6 percent per year from 1961 to 1972; 

after 1972, the growth rate decreased to 2.3 percent. * The 1975 population was 

5. 59 million, with 49 percent of the population classified as urban and 51 percent 

as rural. Just over half of the population lives in the temperate northern regions 

of the country; 35 percent lives in the central sections, and a remaining 14 percent 

resides in arid southern regions. 

During the last decade the real per capita income of the Tunisian people 

expanded extremely slowly - only 1. 9 percent per year from 1961 to 1972. Per 

capita income in 1975 reached $489, but income distribution is thought to be highly 

skewed, particularly in rural areas. The latest available income distribution 

data - published in 1962 - estimates that 79 percent of the rural population and 

44 percent of urban dwellers earn less than half of the per capita income. 

Despite significant emigration of workers, the 1972 unemployment rate in the 

nonagricultural sectors was estimated to be 18 percent. Only about half of the 

agricultural workforce is thought to be fully employed. The other half is normally 

underemployed, although there is a shortage of labor during periods of peak 

demand. 

*Source: 	Population data from the preliminary results of the 1975 census 
published in l'Action Tunisia, 6 July 1975. 
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About 55 percent of adult Tunisians are literate. Attendance rates for 

primary and secondary school average 73 percent and 42 percent respectively. 

During the 1960's the Tunisian government attmpted to socialize the economy 

and to manage most sectors through a system of cooperatives and state-directed 

public enterprises. It gradually put many businesses and much of the private 

farmland into cooperatives, but by the late 1960's it halted the program because 

of public resistance and inexperience and inefficiencies in the program's planning 

and implementation. The government reestablished a system of private enterprise 

in which it still exerts considerable authority through its planning and resource

allocation functions; controls on pricing, profit margins, and marketing; and 

supervision of investment activities. 

This sketch of the Tunisian economy clearly suggests that it would be very 

difficult, if not impossible, to significantly improve the population's nutritional 

status without a comprehensive program of nutritional intervention. The medicore 

performance of the agricultural sector coupled with steady population growth 

eliminate the option of improving the Tunisian diet by only increasing agricultural 

production. Trade, toc, offers only limited possibilities because of its persistant 

deficit and the already high value of Tunisian food imports. But any nutrition 

program that aims to reach lower-income groups must cast them as little as 

possible, for per capital income is low and poorly distributed, and many are 

underemployed or without any work at all. We might assume that the broad 

economic controls which the Tunisian, government already maintains would 

facilitate an intervention, but its attempt to socialize the economy left a legacy 

of distrust, particularly in the rural areas, that makes the government cautious 

about undertaking unpopular actions. 

The Agricultural Sector 

Land Use and the Main Agricultural Regions 

Tunisia is a small country with an area of about 164, 000 km approximately 

the same size as Illinois. Workers cultivate one-third of the total land area for 

cereals, pastures, and fruit trees. The remainder of the land area is desert 

(37 percent), forests and natural pastures (20 percent), or unusable. 
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The northern section, which constitutes about 20 percent of the land area, 

includes the country's most fertile land. A temperate climate and rainfall pattern 

rrake it suitable for many agricultural activities. As a result, a large majority 

of Tunisia's agricultural output - including about 70 percent of cereal production 

comes from the north. The equally large central sectio, is drier. There the 

main agricultural activities are olive production on the coast, and in the interior, 

livestock grazing. In the south the population is concentrated in coastal towns, 

mountains, and the date-producing oases because the rest of the region is desert. 

Rain fall's erratically throughout the country, varying from season to season 

and from year to year. Droughts and floods are frequent, and they interrupt the 

continuity of agricultural output and always threaten food availability. 

Land Ownership and Farm Sizes 

The great majority of Tunisia's cultivated land is now privately owned, 

although the government owns and manages about 12 percent of the total 5. 7 

million hectares. 

The distribution of private lands is extremely uneven. Sixty-three percent 

of the smallest farms include only 16 percent of the land area, and 47 percent of 

the largest farms contain 40 percent of the land. Most Tunisian farms are very 

small: over 40 percent are smaller than 5 ha, and another 42 percent average 

5 to 20 ha. 

Agricultural Labor Force 

The Tunisian agricultural labor force in 1972 included about 800, 000 workers, 

of whom about 53 percent were full-time and 47 percent were seasonal workers. 

This workforce has shrunk considerably since the nation became independent in 

1956. The proportion of agricultural laborers in the total workforce has also 

declined, from 74 percent in 19"56 to 58 percent in 1972. These declines result 

in shortages of rural workers during seasonal periods of peak demand. 

272
 



Agricultural Production 

In 1974 Tunisia produced over 1. 1 million tons of fruits (mainly olives, wine 
grapes, citrus fruits, and dates), almost 1. 1 million tons of wheat and barley, and 
914, 000 tons of tomatoes, melons, and other vegetables. Much smaller quantities 
of animal products, legumes and pulses, fish, and various other industrial and 
food crops were also produced. Since 1960 the production of vegetables and fruits 
has grown most dramatically, but fish catches and the output of legumes and 
pulses have also increased. During the 19 6 0's food production per capita declined, 
but by the mid 1970's it equalled or slightly surpassed the levels achieved in the 

early 19 6 0's. 

The value of agricultural production in 1974 was $670 million. Fruits 
contributed the largest portion of these earnings (33 percent) while animal products 
earned 23 percent, cereals 20 percent, and vegetables 15 percent. 

Trade in Agricultural Products 

Tunisia's main agricultural export in 1974 was olive oil, which contributed 
65 percent of the country's total earnings from agricultural products. Fruits and 
vegetables earned another 8 percent, while wines contributed 6 percent. This 
pattern differed distinctly from that of the early 1960's, when wines, cereals, 
and olive oil were major export earners. The main agricultural import is cereals, 
mainly wheat, which in 1974 accounted for almost 30 percent of agricultural 
imports. Animal products (primarily for tourists), oilseeds and oils, and sugar 

were also major imports. 

Until 1967, Tunisia was a net exporter of agricultural products, but ever 
since then the country has been a net importer. The deficit in agricultural trade 
was about $20 million in 1974, and it was expected to expand almost five times 
in 1975. From 20 to 25 percent of the food supply was imported during the early 
19 7 0's, including about 45 percent of the wheat, 50 to 60 percent of the dairy 

products, and 90 percent of the sugar. 

The Tunisian Government's Role in the Agricultural Sector 

Since 1970 the government has played four main roles in the agricultural 
sector. First, it manages the distribution, pricing, processing, and marketing 
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of many staple food commodities. Second, state offices supervise foreign 

agricultural trade and control the distribution, pricing, and processing of major 

agricultural export earners. The government also distributes agricultural inputs. 

Fourth and last, it owns and manages state farms and production cooperatives 

organized on land once owned by foreign colonials. 

The Control of Agricultural Prices 

The Tunisian government regulates the pricing and the processing and 

marketing margins for much of the country's supply of cereals, milk, meats, 

olives and olive oil, wine, sugar beets, and tobacco. It once also controlled the 

prices of other products (legumes, fruits, and vegetables), but now allows them 

to be traded freely. Regulation is intended to maintain low and stable food prices 

for urban consumers while providing adequate incentive and compensation to 

producers.
 

Yet despite controls, retail food price increases have exceeded other price 

rises in the last decade and are a major reason for the increased cost of living 

in Tunisia. Food prices -- particularly for staples such as cereal products -- are 

an important political issue. 

Food Processing 

The Tunisian food-processing industry, the country's largest manufacturing 

activity, accounts for about 26 percent of all industrial output. The most 

important segment of the industry includes wheat milling and the preparation of 

wheat products such as bread, pasta, and semolina for couscous. The production 

of olive oil, the canning of fruits and vegetables (mainly tomato products), and 

the production of wines and liquors also account for significant portions of the 

industry's sales. 

The food-processing industry is characterized by many small, inefficient 

operations using old, often outdated equipment. However, Tunisia does operate 

some efficient modern plants: several wheat mills and noodle factories, a few 

canneries, some olive oil refineries, and a sugar-processing plant. 
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The government exerts comprehensive control over the activities of these
 
larger facilities processing major products. 
 Most important decisions are made 
by government organizations under the Minister of Agriculture, including the
 
Office of Cereals, the Office of Oils, 
 and the Office of Wine. However, the
 
numerous small processing facilities for these products operate largely outside
 
of government control. 

The description of the agricultural sector highlights several factors which
 
could be relevant to the implementation of a fortification program. First, the
 
political importance of the relatively high inflation in food prices suggests that
 
the Tunisian government would be reluctant to pass 
on much of the cost of fortifica 
tion to consumers. Second, the 	suspicion and occasional hositility of much of 
the rural sector towards the government would most likely inhibit the government'l 
willingness to impose unpopular measures to implement a fortification program.
 
Finally, the government's 
lack of control over the multitude of small wheat
processing plants would significantly increase the complexity and cost of a grain 
fortification program that attempted to help those people who consume the grain 

they process. 

The Office Of Cereals 

The Office of Cereals is a semiautonomous government agency with four 
fundamental objectives: to assure a sufficient supply of wheat and barley; to 
minimize and stabilize the retail price of cereals; to provide an adequate inL-ome 
to cereal farmers; and to eliminate unnecessary or unfair distribution costs 
charged by middlemen. The office works to accomplish these objectives through 
its seven main functions: 

(1) to help farmers obtain what they need for cereal production; 

(2) 	 to purchase and store all grains not consumed on the farms; 

(3) to maintain national cereal reserves' 

(4) 	 to estimate consumption requirements of cereals, calculate import
needs, and arrange for imports; 

(5) 	 to allocate and sell grain to the large mills; 
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(6) 	 to regulate the wholesale distribution and retail sales of cereal 
products; and 

(7) 	 to establish and control prices and margins for inputs, production, 
processing, distribution, and retailing. 

The 	office performs these functions with the assistance of several large, state

directed service cooperatives, including the Cooperative Centrale des Semince 

(COSEM), the Cooperative Centrale de Ble, and the Cooperative Centrale des 

Grandes Cultures (CCGC). * 

Although the stated goal of the office is to control all grain distribution and 

pricing, it allows between 18 and 26 percent of the grain consumed to be traded 

and priced freely in the grain market. + This grain, plus approximately the 28 

percent of the crop consumed on farms, is processed in the numerous small 

mills. A fortification program designed like our pilot project in Tunisia -- which 

fortified grain only in large, government-controlled mills -- could not reach this 

sizable portion of the crop. 

Still the importance of its functions and the profitability of its operations 

make the Office of Cereals one of the most powerful and independent Tunisian 

government organizations. Its wholehearted support would obviously facilitate 

a cereal grain fortification program of any design. 

Cereal Production 

Types and Major Uses of Cereals 

The three main cereals produced in Tunisia are durum wheat (triticum durum. 

known as "ble-dur"), break wheat (triticum vulgare, known as "ble tendre, " which 

resembles North American hard wheat), and barley. Durum wheat forms the 

basis for most traditional staple dishes. Ground, it produces semolina, large 

particles of the endosperm of the wheat kernal. Coarsely ground semolina serves 

as the basis for couscous. Finer grades go into pasta products and the home-bake( 

*Source: The Central Cooperative for Seeds, the Central Cooperative for Wheat, 
and the Central Cooperative for Major Crops. 

+Data in this paragraph from Tables 8. and 8. . 

Note: The data in this section is derived primarily from documents from the 
BPDA and the Office of Cereals. 
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"tabuna, " an unleavened bread consumed throughout the rural areas. Tunisians 
use both semolina and couscous as the basis for a wide variety of other dishes, 
including soups, breakfast drinks, porridges, meat and vegetable dishes, and 

desserts. 

Bread wheat flour is now used mainly by the bakeries that produce the
 
pasteries and bread (leavened "French bread") consumed in 
 cities and towns.
 
Some people also buy bread wheat flour for home baking.
 

Durum and bread wheats are not interchangeable in the foods generally
 
consumed in Tunisia. However, 
 a small amount of bread wheat flour can replace 
some of the fine semolina flour used to make couscous, pasta, and tabuna. 

Barley substitutes for durum semolina in a barley couscous, and it also
 
finds its way into a variety of breakfast foods, soups, breads, main dishes, and
 
desserts. These foods 
are consumed primarily in central and southern Tunisia
 
by the lower-income groups which cannot afford the more 
expensive wheat. Thus, 
a grain fortification program treating only wheat products would not reach a large 
part of the grains consumed in Tunisia. Furthermore, most of the consumers of 
barley, especially the lower-income southerns, have the most deficient diets in
 
Tunisia and are usually considered a prime target group for fortification. A
 
fortification program should therefore include barley as 
well as wheat. 

Area Planted in Cereals and Cereal Farm Sizes 

During the past several years about half of Tunisia's cultivated land has been 
planted in cereals, somewhat less than the two-thirds occupied during the 1960's. 
The government's enconragement of diversification and intensified land use has 
led farmers to cultivate some of their less productive cereal lands with olives, 
almonds, citrus fruits, and apricots. 

In 1974 farmers planted almost 60 percent of the cereal lands in durum, 
allowing bread wheat and barley 15 percent and 25 percent respectively. Table 
8. 1 shows the actual area planted in wheats and barley from 1950 to 1974. These 
areas have changed considerably from year to year in response to expected 
fluctuations in the rainfall pattern and to government pricing policies, which have 
increasingly favored bread wheat in relation to barley. In addition to the wheats 
and barley, farmers planted small quantities of oats, corn, and sorghum in 
most of these years. 
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Table 8. 1
 
Area, Production, and Yield of Major Cereals, 1950-1974
 

. ... .... . ... .. 
Area

J000 h )(1000 Production
2) YJe!d(r/h) 

Cr.o7 Pur---r Br..d 3a rlev TOLaI Durtim r',d Brrey Tral uruM !1r..,d Barl.
Ye'a r* wheat wheat ..... wheat wheat wheat wheat 

1950 5-18 168 378 1,074 280 180 200 660 .53 1.07 .53 

1951 815 167 667 1,669 2On 120 5C 370 .24 .72 .07 

1952 952 204 740 1.896 467 220 340 1,()27 .49 1.08 .46 

1953 87. 184 577 1,634 380 200 180 750 .44 1.09 .31 

1954 1,153 205 882 2,240 435 189 170 "4 .38 .92 .19 

1955 834 188 541 1,563 291 104 81 476 .35 .55 .15 

1956 9h5 223 728 1,916 332 145 156 633 .34 .65 .21 

1957 1,095 202 800 2,097 366 132 185 683 .33 .65 .23 

19S8 1,109 174 840 2,087 414 124 282 820 .37 .71 .35 

1959 1.153 175 789 2,117 419 106 236 761 .36 .61 .30 

1960 1.155 198 703 2,056 360 79 136 575 .31 .40 .19 

1961 830 113 428 1.371 201 42 50 293 .24 .37 .12 

1962 74h 103 319 1,168 321 72 103 496 .4,3 .69 .32 

1963 978 152 589 1,719 529 123 261 913 .54 .81 .41. 

1964 950 160 615 1,725 431 71 130 632 .45 .51 .21 

1965 938 169 582 1,68.r 577 100 180 857 .62 .59 .31 

1966 70r) 145 377 1,22.- 432 49 80 561 .62 .34 .2 ! 

1967 652 166 338 1,156 403 .50 70 523 .62 .30 .21 

1968 700 133 365 1,198 425 73 130 628 .61 .55 .36 

1969 600 145 260 995 301 80 80 461 .50 .55 .32 

1970 750 280 410 1,440 369 150 150 669 .49 .54 .37 

1971 700 250 350 1,300 400 200 140 740 .57 .80 .40 

1972 920 260 385 1,565 707 25d 245 1,210 .77 .99 .63 

1973 975 224. 360 1,559 631 236 261 1,127 .65 1.05 .73 
1974 a 796 203 340 1,340 601 208 228 1,037 .76 1.02 .67 

*The crop year extends from July of the preceding year through June of the year noted. Figures include
 

the harvest in the year noted.
 

aApril 1974 estimate.
 

Source: 
 Durum and bread wheat data for CY 1950-1974 compiled from Office of Cereals documents. Data
 
for CY 1964-1974 compiled from BPDA documents. Barley data for CY 1950-73 compiled from Office
 
of Cereals documents; and CY 1974 data from Ministry of Planning.
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In the late 1 96 0's the government introduced new high-yield varieties of 
bread wheat, and in 1971 it distributed the first high-yield durum. The area 
planted with these strains expanded so rapidly that by 1974 it totaled 28 percent of 
the land in bread wheat and 15 percent of land in durum. 

The northern region has over 60 percent of the durum and bread wheat planted 
and over one-third of the barley area. The central region contains almost half
 
of the barley, 30 percent of the bread wheat, 
 and 25 percent of the durum area.
 
Only 17 percent of the barley, 11 percent of durum, and 9 percent of the bread
 
wheat are planted in the arid south.
 

Approximately 92 percent of all Tunisian farms produce enough cereals to 
supply their occupants with a major portion of their food. Durum and barley grow 
on both small and large farms, but large state farms and richer private farms 
grow most of the nation's bread wheat. The farms which produce no cereals are 
mainly the more prosperous, larger farms specializing in tree crops, vegetables, 
or industrial crops. 

The average farm in the northern region (19.6 ha) is much larger than its 
counterparts in the center and south of Tunisia (11.6 ha). The largest, most 
productive cereal farms located in the northern area,are although over 80 percent 
of the nation's farms encompass fewer than 20 ha. 

The Reliability of Cereal Production Data 

Data on Tunisian cereal production are only inexact estimates. This impreci
sion results from the practice of basing production data on records of sales to the 
Office of Cereals, which purchases less than half of the total cereal crop, not on 
farm production records. These rough estimates must be partly based on guesses 
about the quantities of grain used on farms or sold to the uncontrolled free market 
in cereals. Although we believe the reliability of these estimates has improved 
somewhat in recent years, they remain inexact. The size of the noncontrolled 
system is especially difficult to measure because hasno one ever examined it 

systematically. 
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Three organizations measure Tunisian cereal production: the Bureau of 

the Ministry of Agriculture's planningPlanet Developpement Agricole (BPDA), 

unit;* the Office of Cereals; and the Institute of Statistics, part of the Ministry of 

These three agencies derive their estimates in different ways, usingPlanning. 
farms and distributedtheir own calculations for the cereal quantities used on 

arethrough the noncontrolled system. The BPDA's figures generally thought to 

most reliable because of its greater knowledge of farm operations and itsbe the 


more concerted efforts to make accurate estimates.
 

The lack of reliable cereal-production data prevents accurate measurement 

So it isof the availability of cereals and actual human consumption in Tunisia. 

also difficult to assess the population's nutritional needs and to design and imple

ment a proper nutrition program. These data issues cause particular problems 

in measuring needed fortificant quantities and in creating a system to deliver 

them. 

Cereal Production 

The cereal crops of 1972 to 1974 were the largest ever produced in Tunisia. 

Farmers produced a record crop of 1,210,000 tons of wheat and barley in 1972, 

and their 1973 and 1974 output was only slightly smaller. These crops were much 

greater than the average crop of the previous two decades: cereal output averaged 

698,000 tons annually in the 50's and, 594,000 in the difficult 60's. Durum wheat 

showed the largest increase. The 1970-74 average was 51 percent higher than the 

1950-59 average, while the comparable data for bread wheat and barley evidence 

increases of only 11 and 9 percent, respectively. The output of durum bread 

wheat and barley from 1950 to 1974 is presented in Table 8. 1. 

In recent years the north has produced close to 90 percent of Tunisia's durum 

and bread wheat. Although barley production is increasing rapidly in the central 

and southern regions, the north continues to provide about half of the total barley 

crop. 

In 1975 the*Source: 	 The Bureau of Planning and Agricultural Development. 

BPDA was renamed the Bureau de Plan, des Analyses Economigues et 
del'Evaluation des Projects (Bureau of Planning, Economic Analysis, 
and Project Evaluation, BPAEEP). 
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Per capita cereal production has recently fluctuated widely, despite increased 

production. As Table 8.2 shows, per capita cereal production reached a peak of 
233 kg during the 1920's but showed a steady decline until the record crops of 

1972-74. 

Cereal Yields 

Since 1972 the yields of durum, bread wheat, and barley have all been at
 
record levels. The yield improvements have been the greatest for barley, which
 

had an 
average annual yield between 1970 and 1974 double that of the 1950's. For
 
durum the 1970-74 average was almost 70 percent greater than during the 
1950's. 
Bread wheat achieved an increase of less than 10 percent in spite of the widespread 
use of high-yield varieties. The yields of the three major grains from 1950 to 

1974 are presented in Table 8. 1. 

Nevertheless, Tunisia's cereal yields are still much lower than those of 
other developing countries in the Mediterranean region. Tunisia's 1967-71 yields 

in wheats were only 75 percent of Algeria's, half those of Morocco, and only 41 
percent of Turkey's (IBRD, 1974:34). 

The reasons most observers cite to explain Tunisia's relatively low cereal 
yields are low rainfall, lack of irrigation facilities, and low fertilizer use. How
ever, in recent years fertilizers have played an ever-increasing role in wheat 
production. This expansion and the increased planting of high-yield varieties that 
require more fertilizer are the main factors responsible for the yield improve

ments achieved for wheats. 

Better rainfall and soil quality, as well as greater use of fertilizers and high
yield varieties, explain why the cereal yields in northern Tunisia are so much 
greater than those in the central and southern regions. In the early 1970's durum 
and bread wheat yields in the north averaged over three times as high as the yields 
in the center and south, while barley yields in the north were more than double 

those in the rest of the country. 

In all three sections of the Tunisia, cereal yields vary widely from year to 
year. This variability is greater for barley than for wheats and is most significant 
in the central and southern regions, where sharp fluctuations in rainfall are most 

pronounced.
 

281 



Table 8.2
 

Per Capita Production of Major Cereals, 1925-1974
 

Production of Per Capita 
Major Cereals Population Production 

Period (1, 000 tons) a (millions)b (kg) 

1925-29 512 2.20 233 

1930-34 543 2.45 222 

1935-39 604 2.65 228 

1948-52 662 3.40 195
 

1953-57 669 3.75 178
 

1958-62 589 4.10 144
 

1963-68 686 4.40 156
 

1969-70 461 5.027 92
 

1970-71 669 5.137 130
 

1971-72 740 5.240 141
 

1972-73 1210 5.375 225
 

1973-74 1127 5.46 206
 

1974-75 1037 5.572 186
 

aDurum, bread wheat, and barley; for 1925-68, average production for 

each period. 

bFor 1925-68, population at middle of each period; for single years, 

population at midyear of the first year in the sequence. 

The Cereal Production Process 

The rainfall pattern determines the timing of the cereal production. In 

northern Tunisia, rain falls from September to early May and stops entirely dur

ing June, July, and August. Thus, farmers plant cereals in late fall and harvest 

them from late May through July, with June the month of peak activity. 

Almost all cereal cultivation in Tunisia is conducted under dry land farming 

conditions and must remain so. Limited water availability and poor soil 

282
 



conditions would allow profitable irrigation of an extremely small area less than 
7 percent of the lad presently cultivated in all crops. The limited irrigated area 
devoted to cereals is mainly reserved for the high-yielding varieties of wheat, 
and irrigation facilities are concentrated in a few of the larger, more prosperous 

farms. 

The possibilities for expansion of cereal production through new technology 
is severely limited in Tunisia by the lack of credit, particularly for small farmers. 
Only 8 percent of Tunisia's farmers received any institutional credit in 1973, and 
another 19 percent received loans averaging $53 from the World Food Program. 
Only about half of these funds went to cereal farmers, and most of them were 
more prosperous farmers in the north. Small cereal farmers, the majority,
 
must conduct their operations without credit.
 

Still, cereal production is becoming increasingly mechanized in Tunisia.
 
Most farmers use 
tractor equipment for soil preparation and combines or sta
tionary threshers for harvesting. Small farmers generally rent this equipment
 
from larger farmers or borrow it in exchange for a portion of their crop. The 
shortage of farm labor during peak demand periods has made this mechanization
 

increasingly necessary.
 

Although farmers may obtain seeds from the Office of Cereals and the 
government cooperatives for delayed payment, most use a part of their grainown 

stocks as seed and purchase only new 
and better varieties from the government. 

Foreign Trade in Cereals 

In recent years Tunisia has become a net importer of cereals at an average 
annual cost between 1970 and 1973 of D 14. 6 million or $30 million. This figure 
is almost three times the dinar value of imports in the early 19601s, when the 
annual deficit averaged D 5.5 million dinars ($13 million). The approximate value 
of trade in different cereals from 1960 to 1974 is outlined in Table 8. 3. 

Note: The data in this section are derived from documents by the Office of 
Cereals, BPDA, Institute of Statistics, and Ministry of Planning. 
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Table 8.3
 
Volume of Cereals Traded, 1960-73 (in Thousands of Tons)
 

Durum Wheat Bread Wheat Barley and Others b All Cereals Net VolumeExports Imports Exports Imports Exports Imports Exports Imports 
1960 144 -- 217 65 -- 209 217 
1961 33 38 
 -- 519 -- 69 
 33 626 -593
 
1962 37 
 325 --
 93 
 37 328 -291
 
1963 139 
 10 --
 210 0.03 --
 139 220 
 -81
 
1964 97 -- 17 101 10 37 
 124 138 -14

1965 14 1.5 1 
 194 39 
 33 
 54 229 -175
 
1966 
 91 1.4 -- 224 19 38 
 110 263 
 -153
 
1967 
 1 14 
 -- 304 -- 66 
 1 384 -383
 
1968 
 1 86 
 1 222 -- 27 
 1 335 -334
 
1969 --
 111 0.4 338 
 0.7 53 
 1.1 
 502 -501

1970 1 116 4 317 8 31 13 464 -451
 
1971 
 2 60 0.7 200 --
 10 2.7 270 
 -267
 
1972 -- 62 1 176 
 1 31 
 2 269 -267
 
1973 -- .-- 292 -- 73 365 -365
 

aIncluding wheat equivalent of flours.
 

bMostly barley, but also includes small quantities of oats, sorghum, 
millet, and rice.
 

Source: Compiled from data from Office 
of Cereals Institute of Statistics, Ministry of Planning,
and BPDA. 



During the past several years, the United States and Canada have provided 
almost all of Tunisia's durum wheat imports, and the U.S. has also been its main 
source of bread wheat and bread wheat flour. The other imported cereals come 
from France, the U.S., and Italy. Tunisia's small volume of cereal exports has 
gone mainly to Libya, Algeria, and France. 

During the 19601s, the U.S. provided a significant portion of Tunisia's annual 
wheat imports under Title II of PL 480. However, imports from this source 
dwindled, and by 1973 PL 480 shipments equalled only about 6 percent of Tunisia's 
imports of wheat and wheat products. The exact quantities of PL 480 Title I and 
II shipments to Tunisia from 1960 to 1976 is presented in Table 8.4. 

All of Tunisia's wheat imports are milled in the eighteen large mills of the
 
controlled system thus 4 fortification were implemented through these mills, 
 no
 
special provisions would have to be made to include imported wheat, 
 which would
 
be fortified in exactly the same manner as Tunisian wheat. Special measures
 
would have to be devised to fortify the small quantity of wheat flour which is 
imported. Instead of distributing the wheat flour directly to bakeries or other 
factories, the government would have to take it to a central location to be forti
fied, most logically a mill already practicing fortification. Since the fortificants 
are added to the durum and bread wheat flours after milling, the imported flours 
could probably be fortified with the same equipment used for Tunisian flours. 

The Total Availability of Cereals 

To design a fortification system for Tunisia and evaluate its cost we must 
also learn the amount of grain processed by the controlled and noncontrolled sys
tems. We must measure cereal consumption. These data are essential for deter
mining fortific.nt quantities and costs, how parallel fortification systems might 
be designed, and hew our systems could best reach our target groups. 

The only systematic measirement of cereal consumption in Tunisia was done 
in the mid-1960's, and many observers think that its data are outdated and unreli
able. The governement initiated a new study of food consumption in 1975, but it 
is uncertain when its results will be available. It is possible, however, to make 
reasonably accurate estimates of cereal consumption from calculations of the 
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Table 8.4
 

United States PL 480 Shipments to Tunisia, 1960-1976
 

(MT) 

Title I Title II Total PL 480 
Wheat Wheat Wheat 

Fiscal Years Wheat Products Wheat Products Wheat Producis 

1960 ----- 69,508 807 69,508 807 

1961 --- --- 169,362 2,296 169,362 2,296 

1962 214,730 --- 146,338 4,902 361,068 4,902 

1963 106,794 --- 118,306 11,456 225,100 11,456 

1964 ----- 74,543 7,335 74,543 7,335 

1965 92,315 --- 46,647 14,264 138,962 14,264 

1966 ----- 45,222 7,955 45,222 7,955 

1967 121,360 --- 20,248 12,805 141,608 12,805 

1968 148,700 --- 29,828 29,409 178,528 29,409 

1969 115,480 --- 88,261 9,951 203,741 9,951 
(WFP) --- --- (1,551) (2,086) (1,551) (2,086) 

1970 97,780 --- 126,010 19,484 223,790 19,484 
(WFP) --- (75,796) (1,712) (75,796) (1,712) 

1971 61,420 --- 97,352 14,678 158,772 14,678 
(WFP) ----- (35,871) (581) (3-5,871) (581) 

1972 66,940 --- 3,575 14,944 70,515 14,944 
(WFP) --- -- (3,575) (1,913) (3,575) (1,913) 

1973 730 --- 4,331 15,927 5,061 15,927 
(WFP) --- ..--- (1,260) --- (1,260) 

1974 --- --- 5,420 13,433 5,420 13,433 
(WFP) --- --- --- (50) --- (50) 

1975 --- -- 17,100 9,323 17,100 9,323 
(WFP) --- --- (17,100) --- (17,100) --

1976 20,000 --- 23,273 3,783 43,273 3,783 
(WFP) --- -- (17,100) --- (17,100) ---

Source: U.63. Agency for International Development. 
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total availability of cereals less the quantity not used for human consumption. 
This section analyzes grain availability in Tunisia, and the following one analyzes 
grain use to arrive at a reasonably precise and current estimate of human con

sumption.
 

,Our measurement of the total availability of grains is based on estimates of
 
domestic production, adjusted for imports, exports, 
 and changes in stocks. As
 
noted previously in this report, several Tunisian 
government organizations col
lect agricultural data; 
 their procedures vary, and so do their estimates. To 
provide the broadest range of reasonably reliable projections and to cross-check 
their accuracy, we will present those various estimates. 

Table 8. 5 piesents the calculations of the availability of cereals from 1960
 
to 1974 based on differing estimates of the various component figures. 
 Although 
the data for the 196 0's vary considerably, the estimates for the past several years 
are remarkably consistent. Of these three versions, the knowledgeable BPDA's 
is probably the most reliable. 

The data in Table 8. 5 shows a fluctuating but gradually increasing availability 
of all cereals during the period under examination. The average annual avail
ability for wheats between 1971 and 1974 was about 44 percent greater than the 
average availability between 1961 and 1965. For all cereals, the increase was 

46 percent. 

The Uses of Cereals: Seed Use, Feed Use, and Human Consumption 

To estimate human cereal consumption, we must subtract the volume used 
for other purposes from the total amount available. Besides human consumption, 
wheats are used as seed for future crops. Barley also serves both as seed and 

as animal feed. 

Both the BPDA and the Office of Cereals annually estimate the cereals used 
as seed and animal feed. Their figures are presented with the calculations of 
annual availability in Table 8.6, which shows further the results of calculations 
of total and per capita human cereal consumption. According to BPDA data, the 
per capita consumption of cereals in Tunisia from 1973 to 1974 was 219 kg: 101 
kg of durum, 91 kg of bread wheat, and 27 kg of other cereals, mostly barley. 
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Table 8.5 

Estimates of the Total Availability of Cereals (in thousands of tons) 

our=m Wheat kread Wheat Barley and Other Cereals 
T,,talI Lqt I 

Avail- .vall-
Change Total Change To'tal Change T,,taI ability ali.1 it, 

Coercial Produc. in Avail- Produc- in Avail- 'r.duc- in Avail- 1I AlI 

Year* tion lnpvrts Exports Stocks ability tio.n Impo t Fxports Stocks ab:litv tit&I l.prt Exgk'rts St-ks aSl3iIt W.,.vt .,t.a1% 

196011: OC 
DA 

360 
483 

-
-

144 - 43 259 
387 

79 
116 

117 - - 315 
352 

13t'S 
266 

- 1 
201' 

5: 
.19 

. 5 
6.0 

196l/2: OC 
SPIDA 

200 
2724 

38 33 - 43 248 
320 

42 
62 

519 - + 72 .8q 
509 

50 
q9 

69 
d 

- 119 
16R 

73i 
82" 

M56 
,9, 

1962/3: CC 321, - 37 + 66 218 72 325 - - 40 437 103 9 
d 

- I b5 IMFl. 
BPDA 436 333 105 470 202 295 LO'S ;,u.t1 

1963/4: OC 529 - 139 4 41 349 123 210 - + 29 304 261 - .03" + 5 255" 53 Sol' 

IIPDA 717' 537 180 361 508 502 898 I .4fl, 

1964/": O. 
BPDA 

350 
431 

-
-

97 
21 

-116 
-57 

369 
667 

81 
81 

101 
190 

17 
-

-57 
+ 4 

222 
267 

130 
182 

-
37 

10, 
-

+ 
+ 

e 

t' 
MI 
21l 

591 
.34 

,Mz 
'.4 

1965/6: OC 
3PDA 

420 
577 

" 
-

14 
100 

+ 
+ 

100 
30 

306 
447 

10. 
100 

194 
141 

1 
-

+ 25 
-21 

268 
262 

180 
272 

3 e 
8 

3;. 
" 

17 
+ 5 

e 

+ 5 
1('611 
258 

5)4 
:M% 

11. 
9" 

MP 547 - 14 99 434 111 104 2 + 24 189 250 33 39 + '. 23M 623 .1 

1966/7: OC 
1'DA 

300 
*32 

-
-

91 
3 

- 83 
-28 

292 
457 

49 
49 

224 
250 

-
0.5 

-
+ 

14 
10 

287 
288 

80 
135 

30. 
1 

67 
19d 

2 
- 1 
+ 1'. 

112' 
184 

514 
385 

;1 
929 

.9 390 - 91 - 33 382 54 215 - - 13 282 110 38 19 - 11 142 t6A rC. 

O 
GO 

197/8: oc 
1PMA 

280 
403 

14 
81 

1 
0.5 

-40 
+ 12 

333 
471 

50 
50 

304 
339 

-
0.4 

+ 
+ 

21 
45 

333 
344 

70 
120 

bf, 
2t, 

-

-
-
-

29' 
2,' 

16",' 
175 

6f. 
815 

.31' 
90 

IV 364 - - - 40 4I,74 56 319 - + '1 354 9/ 66 - + 1t, 14? 7%, 905 

1968/9: OC 
1PDA 

310 
425 

86 
60 

1 
-

+ 13 
- 3 

382 
488 

73 
72 

222 
212 

1 
-

+ 12 
- 19 

282 
304 

130 
200 

27" 
5 

-
-
d -

+ 31 
157' 
284 

bf-4 
92 

1,2l 
,,0 

HP 403 - - + 27 376 81 294 - + 31 344 180 27 - - 20? 720 94, 

1969/70: OC 
BPDA 
IV 

2.5 
301 
286 

111 
122 

-

-
-
-

-
+ 
+ 

1 
22 
10 

357 
401 
276 

80 
80 
86 

338 
381 
434 

-
0.4 

-

-
+ 
+ 

2 
8 

42 

420 
453 
478 

80 
116 
1l1 

5 
d 

54 
53 

- " 
0. 

-

-
-
-

L9
d 

" 
,: 

152 
f 

174 
18' 

,; 

654 
'54 

9-3 
' 

1.021. 
9%; 

1970/1: OC 
8RPD 

300 
369 

116 
98 

1 
0.7 

+ 46 
+ 12 

369 
454 

150 
150 

317 
238 

4 
4 

4 
+ 

18 
4 

445 
380 

150 
207 

3 
12 

-

0 
- 13 
- 1I 

19 
224. 

814 
834 

1,0of.. 
1,0-6 

10' 390 - 5 + 47 343 150 429 - + 18 561 209 3! - + e 23? 904 1.1 
' 

1971/2: OC 
SPDA 

400 
400 

60 
62 

-
2 

-
+ 

4 
4 

464 
456 

200 
ZOO 

200 
167 

-
0.7 

+ 
-

14 
4. 

386 
'06 

140 
lb 

lo 
3? 

-
- 2 

151,' 
19'. 

K110 
86, 

OJu' 
1.0'. 

-
HP 450 - + 89 361 200 273 + 15 45R 200 10 - 21n 819 1,I2 

11,72/3: HP 707. - - + 196 
e 

511 258 171" 1* + 1 e 414 245 31 - + 22' 254" 925" 1,1;q 

DA 707 76 - + 196 587 258 176 1 + 14 419 280 26 - + 22 282 I,rlOo, 1,2:s 

1973/4: MP19 
3PMA 

655 
631 

- s 
-

655 
631 

235 
235 

292' 
292 

. .j2 
+2 

525 
525 

282 
286 

7. 
73 

- -
-

6 
6 

361" 
F 

365 
1,80 
1,156 

i5,.1 
1.521 

Commercial year includes the harvest of the first year in the two-year sequence. 
the harvest of crop year ICY) 1973 (1972173). 

Thus. it includes the harvest of the preceding crop year. Commercial year 1973/4 includes 

aBased on OC data. modified according to BPDA calculation of OC underestimate. 

bfBarley alone. 

CFirst eleven months. 

dMinistry of Planning estimates. 

eBPDA estimates. 

fBased partly on Ministry of Planning data jas noted). 

gBased partl" on BPD,1L data (as noted). 
hBased partly on Min'stry of Planning and BPDA data (as noted). 
iRough estimate. 

Source: Comptlcd and calculated from data from BPDA. OC. and Ministry of Planning documents. 



Table 8.6 

Estimates of Cereal Use, 1960-1974: Seed Use, Animal Consumption, and Human Consumption 
(in thousands of tons) 

Durum Wheat Bread Wheat Barley and Other Cereals 
Per Capita Per Capita 

Animal Total Per Capita A.!oal Total Pet Capita Total Per Cajita Human lluwan 
mmerciplC Total

AeisAvail- Seed 
, 

Con-
sump-

luman 
Consump-

Human 
Consuop-

Total 
Avail- Seed Con-

buijp-
Human 

Conz,,mp-
Human 
Consump-

Total 
Avail- SeeJ 

Animal 
Consump-

Htan 
fonump-

Human 
Conaup. 

Consump-
Lion 

Const.mp-
Lion All 

Estimated 
Population 

b Aer_lie tion tion ion (r) ability Us tion Lton tion (Xg) bility U.;c ti,,: tion tion (kr.)Wheata Cereals (milloos) 

1960/1: OC 259 70 - 189 47.0 315 10 - 305 7.9 71 10 25 36 9.0 122.9 131.9 4020 
SPDA 387 - 317 78.9 352 - 342 85.1 201 25 7C* 106 26.4 164.0 190.4 

1961/2: OC 
3PMA 

248 
320 

61 -
-

187 
259 

45.5 
63.0 

489 
509 

8 -
-

481 
499 

117.0 
121.4 

119 
168 

20-
25'_ 

41' 
59k 

57
84 

13.9 
20.4 

162.5 
184.4 

176.4 
204.8 4.110 

1962/3: OC 
BPDA 

218 
333 

81 -
-

137 
252 

32.5 
59.9 

437 
470 

10 -
-

427 
460 

101.4 
109.3 

196 
295 

25' 
30-

69P 
103 

100 
162 

23.8 
38.5 

133.9 
169.2 

157.7 
207.7 

4.210 

1963/4: OC 
D1DA 

349 
537 

83 -
-

266 
454 

61.6 
105.1 

304 
361 

10 -
-

296 
351 

68.5 
81.3 

255 
502 

301 
35* 

891' 
176 

136 
291 

31.5 
67.4 

130.1 
186.4 

161.6 
253.8 

4.320 

1964/5: OC 
PDA 

369 
467 

76 
77 

-
-

293 
391 

66.1 
88.3 

222 
267 

16 
12 

-
-

206 
255 

46.5 
57.6 

111 
210 

20* 
34 

39,
80 

52 
96 

11.7 
21.7 

112.6 
145.9 . 

124 3 
1676 4.430 

1965/6: OC 
8PDA 

306 
447 

63 
63 

-
-

249 
384 

33.8 
84.7 

268 
262 

13 
13 

-
-

255 
249 

56.3 
54.9 

169 
258 25 

59" 
104 

85 
129 

l0.b 
28.5 

110.1 
139.6 

128.9 
168.1 4.533 

IP 434 - 371 81.8 189 - 176 38.8 238 83* 130 28.7 120.6 149.3 

00 
L966/7: OC 

RPDA 
292 
457 

58 
60 

-
-

234 
397 

50.2 
85.2 

287 
288 

15 
15 

-
-

272 
273 

58.4 
58.6 

112 
184 

20, 
24 

391 
78 

53 
82 

11.4 
17.6 

108.6 
143.8 

120.0 
161.4 4.660 

)D' '82 - 322 69.1 282 - 267 57.3 142 2Gv 50* 72 15.5 126.4 141.9 

1967/8: OC 
3PDA 

333 
471 

59 
63 

-
-

274 
408 

57.2 
85.2 

333 
344 

12 
13 

-
-

321 
331 

67.0 
69.1 

165 
175 24 82 

59 
69 

12.3 
14.4 

124.2 
154.3 

136.5 
168.7 4.790 

HP 404 - 341 71.2 354 - 341 71.2 147 5t 72 15.0 142.4 157.4 

1968/9: OC 
PA 

382 
488 

59 
57 

-
-

323 
431 

65.6 
87.5 

282 
304 

15 
13 

-
-

267 
291 

54.2 
59.1 

157 
286 20 

5'5* 
92 

82 
174 

16.7 
35.3 

119.0 
146.6 

136.5 
181.9 4.924 

10 376 - 319 64.8 344 - 331 67.2 207 72> 115 23.4 132.0 155.4 

199/70: oC 
IPIM 

357 
401 

56 
65 

-
-

276 
336 

54.3 
66.1 

420 
453 

20 
24 

-
-

400 
429 

78.7 
84.4 

15 
174 25 

5 3X 
95 

74 
54 

14.6 
10.6 

133.6 
150.5 

147.6 
161.1 5.0n 

HP 276 - 211 41.5 478 - 454 89.3 183 63 12.4 130.8 143.2 

1970/1: OC 
310 

369 
454 

s0 
69 

-
-

289 
385 

55.2 
73.5 

445 
380 

-
35 

-
-

445 
345 

84.9 
65.8 

194 
224 13 89 

92 
122 

17.6 
23.3 

140.1 
139.3 

157.7 
162.6 5.240 

30 343 - 274 52.3 561 - 526 100.4 232 130 24.8- 152.7 177.5 

1971/2: 0C 
3PM 

4 
456 

70 
77 

-
-

394 
379 

73.3 
70.5 

386 
406 

30 
21 

* 
-

356 
385 

66.2 
71.6 

150 
194 23 75 

52 
96 

9.7 
17.9 

139.5 
142.1 

149.2 
160.0 5.375 

11 361 - 284 52.8 458 - 437 81.3 210 112 20.8 134.1 154.9 

1972/3: 
3M 587 71 - 516 94.5 419 23 - 396 72.5 282 30 124 128 23.4 167.0 190.4 S." 
Mr 511 - 440 80.6 414 - 391 71.6 254 100 18.3 152.2 170.5 

1973/4: 
1Pm 631 66 - 565 101.4 525 16 - 509 91.3 365 19 197 149 26.7 192.7 2 A 
Mr 655 - 599 105.7 525 - 509 91.3 361 145 26.0 197.0 223 

aThe commercial year extends from July of the first year in the sequence through June of the second year. Availability of cereals is based on the preceding crop year (the 

crop year ending in June of the flrst year noted in the commercial year). For example, the cereals produced in one crop year. 1973. are consumed in commercial year 
1973-74. Population is given at the beginning of the second calendar year in the two-year sequence. Therefore. these population data can serve as the midyear population 
figures of the commercial year. the year during which the cereals were consumed. 

bBlank spaces Indicate data I. unavailable. For 1960-61 through 1963-64. we use OC data for this item; after 1964-65. BPDA data is used. 

cBlank spaces indicate data isunavailable. We use BPDA data for this item. 
.Rough estimate. Animal consumption is calculated as 35 percent of total availability (BPDA estimate). 

Source: Calculated from the data in Table a. 5 and from data from BPDA. Office of Cereals, and Ministry of Planning documents. 



This estimate is higher than the consumption figure used by most experts on 

some of whom still base their analyses on the 1965-68 Food
Tunisian diets, 

Consumption Survey which placed per capita consumption at 147 kg. 

Table 8.6 is to compareOne way to cross-check the methodology used in 

its results with those of the Food Consumption Survey for the period 1965-66. 

Table 0. 7 shows this comparison and also includes the results of a BPDA 

analysis of the Food Consumption Survey data. The BPDA performed this 

because its officials disagreed with the conversion rates used in theanalyslil 

Food Survey. Yet comparison of the various consumption estimates for 1965-66 

reveals remarkable consistency among predictions derived in completely 

The Food Survey estimate of total per capita consumption isdifferent ways. 

almost identical to the Ministry of Planning's analysis in Table 8. 6, and the 

strikingly similar toBPDA's analysis of the Survey data gives results which are 

We can thereforethe BPDA estimates calculated in the manner of Table 8. 6. 

conclude that Table 8.6's estimates and methodology are valid. 

Table 8. 7 

Comparison of 1965-66 Cereal Consumption Estimates by Food 
Consumption Survey and Other Agencies 

(kg per capita) 

Barley 
Bread and 

Durum Wheat Others Total 

Food Consumption Survey 
BPDA Analysis of Survey Data 

89 
87 

44 
66 

14 
16 

147 
169 

Table 8.6 notes based on 
data from: 

BPDA 85 55 28 168 
Ministry of Planning 
Office of Cereals 

82 
54 

39 
56 

29 
19 

150 
129 

To define the target groups which should consume fortified grains and to 

design a system to reach them, it is important to as3ess the differences in pe, 

capita consumption among urban and rural areas and different regions of the 

country. The 1965-68 Food Survey provided the only in-depth analysis of 

urban-rural differences in consumption, and the BPDA has re-analyzed this 

data using different rates of conversion. These two analyses, presented in 
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Table 8. 8, both show that cereal consumption is by far the highest in dispersed 
rural areas, somewhat less in rural villages and small towns, and the lowest in 
urban areas. The analyses also show that barley constitutes a significant portion 
of rural cereal diets -- abcut 14 percent of grain consumption in dispersed areas 
and 8 percent in villages and towns. Our fortification program deals only with 
wheats, so it would not affect the portion of the diet constituted by barley. Yet 
one of the probable target groups of a fortification program would be the barley
consuming inhabitants of rural areas. The two analyses also show that the 
consumption of bread wheat, most of which is processed by large mills, is much 

lower in rural than in urban areas. Conversely, durum milled in local smalls 
is much more popular in rural areas than in cities. Thus, it would be difficult 

to give rural inhabitants enough fortificants through a system using only large 

central mills. 

The differences in the cereal consumption among various geographical
 
regions are difficult to evaluate because no one has made serious effort to
a 

collect data on the subject. However, bread wheat consumption is probably 
higher in the north than in the center and the south for the three main reasons. 
First, the north has the highest proportion of urban population, where bread 
wheat consumption is high. Second, the northern rural population has easier 
access to bakeries than do the rural inhabitants of the other regions. Third, 
the farms of the rural center and south grow little bread wheat; families make 
their own bread from durum and barley. For all these reasons, then, fortification 

of bread wheat is an ineffective way of improving the nutritional status of the 
rural inhabitants of the center and south, two probable target groups of any 

program. 

The geographical differences in consumption patterns for barley are much 
more clear-cut than those for bread wheat, and the implications are more serious 
for fortification programs. It is generally agreed that barley consumption is 

concentrated in the central and southern regions, where dishes such as barley 
bread and barley couscous are frequently eaten. In contrast, barley is rarely 
consumed by humans in the north; they use it for animal feed. Thus, the per 
capita barley consumption of rural inhabitants of the central and southern 

regions is probably much higher than the national averages in Table 8. 8. In 
fact, since half of Tunisia's people live in the center and south and consume 
almost all of the barley eaten by humans, their per capita co-Asumption of barley 
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Table 8. 8 

Urban-Rural Differences in Cereal Consumption, 1965-66 
(kg per capita) 

Barley 
B read All and All 

Durum Wheat Wheats Others a Cereals 

Urban:
 

Cities, large towns
 

Food Survey 30 98 128 1 129
 
BPDA Analysis 50 80 130 2 132
 

Rural:
 

Small towns, villages 

Food Survey 80 40 120 10 130
 
BPDA Analysis 88 70 158 12 170
 

Rural:
 

Dispersed, farms
 

Food Survey 114 30 144 23 167
 
BPDA Analysis 99 60 159 24 183
 

Total 

Food Survey 89 44 133 14 147
 
BPDA Analysis 87 66 153 16 169
 

aIn each 	case other cereals represent 1 kg or less
 

Source: 	A. Sahnoun. Comptes Ressources - Emplois (1964-69). BPDA 
Ministre de l'Agriculture: Trnis, Fevrier, 1971. Pp. 8-9. 

is about 	twice the national average. When the 1965-68 Food Survey results are
 

reinterpreted in this manner, we discover that barley constitutes about 28 per

cent of the grain diets of dispersed rural people in the center and south and 

16 percent of grain consumption in rural villages. In conclusion it is clear that 

the fortification of wheats alone would leave two of the most vulnerable target 

groups in the country with only partial nutritional aid. 
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On-Farm Cereal Use 

There are three main channels for the distribution of cereals in Tunisia: use 

at the farm level, the controlled system, and the noncontrolled system. To 
evaluate the effectiveness of the fortification program as presently designed 

we must measure the quantity and destinations of cereals distributed through 
each channel. Then we will know how much grain the target groups obtain 

through each channel. It is important also to understand the reasons for the 

existence of the two unofficial channels if we are to ask consumers to change 

their habits and only purchase the fortified grain of the controlled system. An 
analysis of these issues will tell us whether fortification can be implemented only 
through the large mills of the controlled system or wheLher we must also use the 
small local mills which process the on-farm consuniption and the grain of the 

noncontrolled system. 

Grain consumed on the farm is used in several ways: as the family's food, 
as seed, and as animal feed. These three activities constitute what is generally 

known as the on-farm consumption, or "autoconsumption, " of cereals. A second 
category of activities encompasses the various ways in which cereals are used 

as in-kind payments or for barter. These activities, which may be termed 

"in-kind transactions, " include the use of grains to pay farm workers, as rental 
payments to the owners of farmland and equipment, as religious donations to 

the poor. These in-kind transactions are sometimes included in on-farm 
consumption; but, because the grain changes ownership and is not actually used 

on the farm, aud because of the uncertain legal status of these activities in 
Tunisia, we will consider these transactions part of the noncontrolled system. 

Autoconsumption and in-kind transactions have clear rationales. 't is 

usually cheaper and always more convenient to use the farm's own produce for 
seed, feed, and the family's food supply than to transport and sell produce and 

then purchase these items. Farmers feel it is simpler and less time-consuming 

to make payments in grain. Interview respondents also explained that using 
grain this way gave a feeling of security; grain stocks cannot be squandered 

like cash, so they serve as a kind of enforced savings program and represent an 
assured f.ood supply and source of trading power. Another reason for 

autoconsumption mentioned by Tunisian farmers is that rural people prefer to 
consume their own grain rather than centrally processed products from other 
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farms. Almost all Tunisian farm families prefer locally milled grain to the 

controlled system's products, believing it purer, healthier, tastier, more filling, 

and of better quality. 

The marked preference for home-grown grain suggests that rural people 
would resist any requirement that they eat only grain processed in the controlled
system mills, where we originally planned to implement fortification. Because of 
the rural sector's still-lingering hostility, to the 1960's cooperatives program, 
the Tunisian government would most likely be unwilling to impose any such 
requiruments on the farming population. So, if the intended target groups of a 
fortification program include farm families, the program would have to be 

implemented through the small local mills. 

It is essential that the Tunisian fortification program estimate the quantity 
of cereals consumed by humans at the farm level and the proporation of total 
consumption this quantity represents. This information is necessary to evaluate 
the effectiveness of a centrally implemented program and assess the need for a
 
program involving the small mills.
 

Although there have been no precise measurements of the cereals used at 
the farm level, several estimates have been made. The 1965-68 Food Survey 
estimated that human autoconsumption of cereals represented almost 18 percent 
of total cereal consumption in Tunisia and 22 percent rural consumption. Some 
observers think that these are the most accurate data available, but others 
consider them conservative. A team studying the grain marketing system 
completed a more current analysis in 1974, using the Food Survey per capita 
consumption estimates as the basis for its calculations. According to this 
analysis, about 323, 000 tons of cereals were consumed on farms in 1973-4, 
about 39 percent of the total quantity of grains consumed. 

This grain marketing team analysis failed to take into account that farm 
families purchase a certain portion of their grain diet in the form of centrally 
processed pasta, crackers, and bakery bread. the Foodcookies, In fact, 
Survey* estimated that at least 13 percent of the wheat diets of dispersed farm 

*Estimate of quantity of grain consumed on farms from The Tunisian Grain 
Marketing System, Report No. 47. Kansas State University, Food and Feed 
Grain Institutes: Manhattan Kansas, 1974. Estimate of total consumption using
rates from 1965-68 Food Survey (147 kg per capita) and 1973-4 population figures
(5. 628 million). 
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families and 16 percent of the wheat consumption in rural villages is composed 

of centrally processed products. Furthermore, in the central and southern 

regions, many less productive farms can provide only a portion of the family's 

grain supply; the rest comes from local markets, the Office of Cereals, or from 

central mills. When we take these facts into account and analyze current BPDA 

data for 1973-4, we calculate human autoconsumption of cereals to be 337,428 tons, 

about 28 percent of total human cereal consumption in 1973-4. When this 

methodology is used in the analysis of the two previous crop years, the results 

are striking. As a percentage of total human consumption, human autoconsumption 

is again 28 percent. 

So we conclude that about 28 percent of the cereals consumed by humans are 

consumed on the farms where they are cultivated; they would not be reached by 

a centralized fortification program. Most of these grains are instead processed 

in the small local mills. If the program aims to reach these cereal producing, 

farm families -- who constitute over 40 percent of the Tunisian population -- the 

small mills must participate in the program. 

Because the present project includes only the fortification of wheats, we must 

also measure the autoconsumption of wheats alone. Although no data is available 

on this subject, we can estimate the levels as we did overall autoconsumption. 

In 1973-1974 about 29 percent of the wheat consumed in Tunisia was consumed 

on the farms where it was grown and, therefore, would not be reached by a 

fortification program implemented through the central mills. 

To ascertain the extent to which the fo:.,tification program reaches, the target 

groups, we must analyze regional patterns of autoconsumption. Little data on this 

subject was available, so we collected some information in field survey. There 

is almost no autoconsumption, logically, in the cities and large townIs; few 

urban dwellers work as farmers. Autoconsumption does provide part of the 

food supply of small towns, however; some residents operate their own farms, 

to which they commute daily. 
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Autoconsumption is probably greatest in the rural areas and villages of the 

north.rn region, where families grow most of their own grain supply. Auto

consumption accounts for a smaller portion of the rural diets in the central 

region. Some big farms provide their operators' grain, but minor farms can 

produce only a minor portion of what they need. Although the pattern varies 

considerably within the southern region, it is safe to say that autoconsumption 

accounts for the smallest part of grain consumption anywhere in the nation. 

Rural and village families produce part of their grain supply and purchase the 

remainder as centrally processed products or, less frequently, as unprocessed 

grain from the market. 

In conclusion, the urban poor probably do not obtain any of their diet from 

autoconsumption. And two other probable target groups -- rural inhabitants of 

the center and south -- produce less of their own grain supply than do northern 

farmers. Autoconsumption is significant enough in the center and south to decide 

that an effective fortification program has to work with the small mills,. 

The Controlled Grain Marketing System 

The controlled grain marketing system is one of the three main channels for 

the distribution of Tunisian wheat and other cereals. The delivery of fortificants 

is presently planned to take place in the centralized grain processing facilities 

of this system. Therefore, in order to evaluate the effectiveness of this design 

and to determine if we should change it, we must estimate the quantity of grain 

this channel processes and discover who are its recipients. We must also learn 

now this system if we are to determine how the fortification project will affect its 

operations. 

The Functioning of the Controlled System 

The major function of the Office of Cereals is to control the distribution, 

processing, and marketing of wheat and wheat products. Assisted by the 

government-directed cooperatives COCEBLE and CCGC, the Office performs 

this function through several main tasks which include: (1) buying wheat from 

producers; (2) storing wheat until processors or consumers purchase it; 

(3) allocating and selling the wheat to large mills; (4) selling wheat to private 
consumers or to grain retailers; and (5) selling seeds, fertilizers, and insecticides 

to wheat producers. 
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The Office of Cereals and the cooperatives operate one hundred fifty 
centers where the wheat is received and stored, and where [inputs] and grain are 
sold. The total grain storage capacity of these centers is about 502,680 tons, 
which is one-third the nation's consumption in 1973-4. Over half of the centers 
and 82 percent of the total storage capacity are located in the northern region; 
30 percent of the centers and 16 percent of capacity are in the center, and 
the south contains only 11 percent of the centers and 2 percent of capacity. Most 
of the largest storage facilities are located near Tunis, which receives much of 
the imported grain and where fifteen of the eighteen large mills are situated. 

Farmers sell most of their grain to the centers immediately after the
 
harvest, during June, July, and August. The government purchasing price
 
remains constant throughout the year, so farmers who intend to sell to the
 
controlled system have little incentive to store their grain for sale later in the
 

year. 

Farmers must transport their grain to the collection centers, and they 
receive no differential payments based on their transportation costs. They pack 
most grain in jute sacks weighing 80-100 kg and transport them to the centers 
by truck or tractor, in carts drawn by donkeys or horses, or on the backs of 
donkeys, camels, and horses. Farmers who cannot provide vehicles or animals 
must rent or borrow them. Most centers reportedly service farms within a 
radius of less than 30 kin, although in some areas of the center and south 
farmers must travel greater distances. The cost of providing transportation, 
the difficulty of obtaining vehicles, and the time spent traveling to the centers 
are three main reasons for selling grain to the noncontrolled system instead 

of to the government. 

When the sacks of grain are received at the centers, the grain is graded 
and the price determined. For quantities of less than 100 qq, farmers are 
usually paid on the day of delivery. For larger quantities, farmers generally 
wait a minimum of a week for payment because it must be processed in the Office 
of Cereals headquarters in Tunis. These delays are another important 
reason why farmers often chose not to sell their grain to the government 

centers. 
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The purchased grain is stored temporarily at the centers until it can be 

transported to central storage elevators and to mills for processing. So 

limited is indoor storage space at many of the collection centers that during the 
summer much of the grain must be temporarily stored out-of-doors in sacks 
sometimes covered by a waterproof tarpaulin. Although there is rarely any 
summer rainfall, this out-of-eoors storage has occasionally resulted in 
considerable grain losses. Apparently the system is not equipped to handle a 
greater portion of the grain supply than it presently handles. These space 

restrictions, as well as the limited capacity of large wheat mills, are two 
reasons why the government tolerates the noncontrolled system. 

At the direction of the Office of Cereals, the grain is shipped from the 

collection centers to the twelve central terminal elevators for later transfer to 

the large mills. The grain is transported by truck or railroad. Railroad 
service is reportedly relatively fast, reliable, and available. Truck service, 

which is usually rented from government companies is limited and sometimes 
causes delays, overcrowded storage conditions and grain losses at the centers, 

and grain shortages at the large mills. 

The central terminal elevators, which also store imported grain, are 
almost all located near the main ports where seventeen of the mills are 

located. However, two of the elevators are situated inland in the main wheat 
region near the eighteenth large mill. 

Besides performing these distribution functions, the centers also sell 
various inputs to producers. Although most inputs are also available on the 

free market, some farmers prefer the centers because they are more 

conveniently located, sometimes provide more credit than private retailers, 
and handle more new seed varieties. However, the limited storage space in 

many of the centers restricts the quantity of inputs they can sell. 

Some centers also sell grain to be consumed as food, and others willingly 
sell to wholesale distributors or retailers who plan to resell the grain at a higher 
price. The centers have a variety of different policies toward such sales. To 
simplify their administrative role, many centers have established minimum 

limits ranging from 100 kg to 1 kg. Officials in other centers express their 
responsibility to the poor by providing whatever quantities the poor can afford. 
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There is also reportedly a maximum limit of 300 kg on sales. Regardless of
 
their policies, 
 few offices have grain available throughout the entire year; the 
stocks of some centers are exhausted as early as a month after the harvest. 

The Size of the Controlled System 

The controlled system includes the cereals sold to the government collection 
centers less a small quantity they sell to individuals. Imported cereals and 
cereal products also are processed and distributed through the controlled system. 

The Office of Cereals and BPDA have in the past formulated estimates of the 
size of the controlled system, and although no current estimates are available,
 
we can derive them from other data. 
 Between 1962 and 1972, the Office of
 
Cereals annually estimated the proportion of total wheat production sold to
 
the controlled system. 
 The Office calculated that an average of 34 percent of
 
the durum wheat crop was sold to the government during this period, 
from 
19 percent in 1970 to 46 percent in 1966. For bread wheat the proportions are
 
higher -- an average of 48 percent, 
 with a low of 29 percent in 1968 and a high

of 63 percent in 1970. 
 Using the Office of Cereals proportions for each year,

their production data, 
 and their estimates of the centers' sales to individuals,
 
we can calculate 
the quantity of grain processed by tne controlled and non
controlled systems. 
 When compared with BPDA estirmates of consumption for
 
each year, these data show that the controlled system processed 
an average 
of 30 percent of the durum and 85 percent of the bread wheat consumed from
 
1962 to 1972, 
 while the average for both wheats combined was 57 percent. 
According to these calculations, then, an average of 43 percent of the wheat 
consumed during this period was processed outside the controlled system and 
would not be reached by a centralized fortification program. 

The Office of Cereals data further suggests that the proportion o wheat 
sold to the controlled system increases during good harvest years and decreases 
when harvests shrink. This fluctuation is due mainly to the stability of govern
ment prices, which only change in response to long-range trends, whereas the 
prices in the noncontrolled system fluctuate freely according to crop size and 
the current availability of grain. Thus, in years of good harvest, the price in 
the noncontrolled system usually drops below the government price and 
encourages farmers to sell more of their output to the government. Conversely, 
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in bad years the free market price rises above the government price and 
farmers naturally sell more of their crop to the noncontrolled system. 

For the years 1965 to 1970 the BPDA has published data estimating the 
total quantity of grain processed by both the controlled and the noncontrolled 
systems. When we compare this data, presented in Table 8.9, with BPDA 
estimates of total consumption, we see that an average of 64 percent of the 
wheat and 54 percent of the barley consumed during the period was processed 
by the controlled system, while the remainder flowed through the noncontrolled
 
system.
 

Although estimates of this sort have not been published recently, we can come 
up with comparable estimates from data that is available. The 1973-4 Office 
of Cereal records of the purchases by and sales from the collection centers are 
presented in Table 8. 10, with BPDA data concerning trade in cereals, grain 
stocks, and consumption. According to these figures, about 48 percent of total
 
consumption during this year was processed by the controlled system and 52
 
percent processed through the noncontrolled system. 

The Participants in the Controlled System 

The large farmers in the most productive northern farms reportedly sell 
most, if not all, of their output to the controlled system. This is partly because 
they are recipients of most government loan funds and thus are more familiar to
 
officials than small farmers. 
 Most small farmers probably ;ell part of their 
output to the government after harvest time, when prices in the noncontrolled 
system are generally at their lowest point. Nevertheless, the small operators 
who constitute the great majority of Tunisian farmers sell much, if not all, 
of their output to the noncontrolled market. We will discuss the reasons for 
these practices later in this chapter. 

The processed products of the controlled system constitute a varying 
portion of the diet of all Tunisians. The 1965-8 Food Consumption Survey 
evaluated the intake of bakery bread and pasta made from centrally processed 
grain, but did not assess consumption of centrally processed semolina. 
Nevertheless, the survey results are useful because they estimate that bakery 
bread and pasta account for 65 percent of the wheat intake of urban dwellers and 
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Table 8.9
 
Estimate of Durum, 
Bread Wheat, and Other Cereals Processed by Controlled System,

Cm. Y 1973-1974 (in guintals) 
Barley 
and

Durum Wheat Bread Wheat All Wneats Others All Cereals 
(a) 	 Purchases by: 

OC 	 971,680 261,567 1,233,247 357,322 1,590,569CCGC* 	 393,668 219,756 613,424 47, 576 661,000COCEBLE 	 394,221 220,054 614,275 47,620 661,895 
Total: 1,759,569 701,377 2,460,946 452,498 2,913,444 

(b) 	 Sales to individuals from 
collection 	centers:**
 

14,575
OC 7,062 21,637 3,573 25,210CCGC 5,905 5,933 11,838 476 12,314COCEBLE 	 5,913 5,941 11,854 476 12,330
Total: 26,393 18,936 45,329 4,525 49,854 

(c) 	 Grain remaining in the
CS (a-b) 1,733,176 682,441 2,415,617 447,973 2,863,5900 . (d) Trade (imports) -	 2,916,000 2,916,000 72,500 2,988,500 

(e) 	 Change in stocks - 24,000 24,000 	 (56,000) (32, ,00) 
(f) 	 Grain processed by CS
 

[(c + d) - e] 1,733,176 3,574,441 5,307,617 
 576,473 5,884,090
(g) Hurnan co;Asumption 	 5,650,000 5,110,000 10,760,000 1,450,000 12,210,000 
(h) 	 Grain processed by CS as a 30. 7 percent 69. 9 percent 49.3 percent 39.8 percent 48.2 percent

percent age of human
 
consumption (f-g)
 

*Only data for all cereals was available, sc the proportion of durum, bread wheat, and others are
 
assumed to be equal to the proportions of COCEBLE.
 

**Estimated to be 1.5 percent 
for dur,-m and 2. 7 percent for bread wheat, on the basis of the figures for Cm. Y1974-1975 sales from OC centers (the only available data). No data for sales for barley and other cereals
 
was available; these were 
roughly estimate I to be 1. 0 percentage. 

Sources: a: Annexes 10-12 
b: Based on Annex 13
 
d, e: Table 7.01
 
g: Table 8.02
 
c,f,h: Calculated
 



Table 8. 10
 
Estimate of Durum, Bread Wheat, 	 and Other Cereals Processed by the Controlled System

1973-1974 (in qq) 
Barley 
andDurum Wheat Bread Wheat All 	 Wheats Others All 	Cereals 

(a) 	 Purchases by: 

OC 971,680 261,567 1,233,247CCGC* 	 347,322 1,590,569
COCEBLE 	 393,668 219,756 613,424394,221 	 47,576 661,000220, 054 614,275 47,620 661,895Total: 1,759,569 701,377 	 2,460,946 452,498 2,913,444 

(M) 	 Sales to individuals from
 
collection centers:**
 

OC 14,575 7,062 21,637CCGC 	 3,573 25,2105,905 5,933 11,838COCEBLE 	 476 12,3145.913 5,941 11,854 476 12,330Total: 26,393 18,936 45,329 4,525 49,854 
(c) 	 Grain remaining in theControlled System (a-b) 1,733,176 682,441 2,415,617 447,973 2,863,590> 	 (d) Trade (imports) -	 2,916,000 2,916,000 72,500 2, 88, 500(e) 	 Change in stocks - 24,000 24,000 (56,000) (32,000)
(f) 	 Grain processed by ControlledSystem [(c + d)  e] 	 1,733,176 3,574,441 5,307,617 576,473 5,884,000(g) 	 Human consumption 5,650,000 5,110,000 10,760,000 1,490,000 	 12,250,000(h) 	 Grain processed by Controlled 30.7 percent 69. 9 percent 49.3 percent 38. 7 percent 48.0 percentSystem as a percentage of
 

human consalmption (f-g)

(i) 	 Grain processed by non- 69. 3 percent 30.1 percent 50.7 percent 61. 3 percent 	 52.0 percentcontrolled system as a 

percentage of human
 
consumption (100%-h)
 

*Only data for al 	 cereals was available, therefore the proportion of durum, bread wheat, and 	others was assumed tobe equal to the proportions of COCEBLE.
**Estimated to be 1. 5 percent for durum and 2. 7 percent for bread wheat, 
 based on the figures for CM. Y 1974-1975 sales
from OC centers 	(the only available data). No 	data for sales for barley and other cereals was available; these wereroughly estimated 	to be 1.0 percent. 

Sources: a,b: Office of Cereals data
 
d,e,g: BPDA data
 
c, fh, i: Calculated
 



almost 19 percent of the wheat consumption of rural inhaLitants. Most of the 

remainder of the cereal intake of urbanites is composed of centrally processed 

products, although some poor residents of the cities and large towns reported 

that some of their semolina brought by relatives or friends from the countryside 

is processed in small local mills. 

Although a centrally implemented fortification program would therefore be 

fairly effective in urban areas, it would have only limited effecc in rural areas. 

It would probably be least effective in the northern rural areas where most 
cereal products are milled locally and prepared at home. In the central and 

southern regions locally processed cereal products constitute a smaller, but 

nevertheless significant portion, of the diets. Thus, in these probable target 

areas, coverage would be better than in the norther rural areas but would still 

be only partial. 

Controlled System Prices 

We must now consider the cereal prices and how they are determined in 

both the controlled and noncontrolled systems. This information is essential 

for deciding whether any of the fortificant cost could be borne by the cereal 
producers, processors, distributors, or consumers. Information on prices would 
also help us design the program, for prices are a basic reason for the existence 

of the noncontrolled system and a major determinant of the flow through the 

parallel systems. 

Controlled System Purchasing Prices to Cereal Producers 

The controlled system's prices to cereal producers are determined yearly 

by Office of Cereals officals in consultation with representatives of other 

government offices, farmer and miller organizations, and the national bank. 

The producer prices are announced at harvest time. Base prices are kept 

uniform during the entire year, throughout the country, with no differentials 

paid for transportation or storage costs. Fixed premiums are paid for higher 
quality cereals, and reductions are made for impurities, damaged grains, and 

insects. During years of shortage, premiums are also occasionally paid during 

the months immediately following the harvest to encourage early delivery. 
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The controlled system's cereal prices have maintained extremely stable 
levels during recent years. Since Tunisia's independence in 1956, wheat prices 
have been changed only four times and barley prices six times. The 1974 price 
changes amounted to a 27 percent increase for durum and bread wheats and a 
43 percent increase for barley. 

The Tunisian Government tpxes cereal farmers according to the quantity of 
cereals they sell to the collection centers. In 1974, this marketing tax amounted 
to about 7 percent of the base price of cereals. As Table 8. 11 illustrates, after 
the deduction of the marketing tax, the net price to producers is D 5. 622/qq for 
durum, D 5. 102 /qq for bread wheat, and D 3 .70.1/qq for barley. 

Table 8. 11 

Controlled System Prices to Cereal Producers 
(2Lsa2 

Durum Bread Wheat Barley 

Base price to producers 6. 100 5. 500 4.000 
Marketing tax (0.438) (0.398) (0.299) 
Net price to producers 5.662 4. 102 3.701 

The marketing tax and the absence of a price differential to cover trans
portation costs discourage farmers from selling to the controlled system and 
increase the flow of grain to the noncontrolled system. Similarly, the uniformity 
of government prices throughout the year and the lack of compensation for 
storage costs encourage producers to sell to the government only at harvest 

time. 

During the 19601s, Tunisian base prices to wheat producers were set at 
levels considerably higher than import prices although Tunisian farm prices were 
equivalent to or lower than base prices in other importing countries in the 
Mediterranean region. Then, in the early 1970's, world wheat prices increased 
dramatically, and although Tunisian prices also were raised in 1974, they 
remained significantly below the European import price (45 percent below for 
barley, and 35 percent for bread wheat). In the case of barley, Tunisian farm 
prices during the 19601s and early 1970's were consistently lower than import 
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prices, and by 1974 increases in the world price for barley left Tunisian base
 

prices 54 percent below the European import price.
 

The Tunisian government has kept farm prices at these relatively low levels 

to prevent significant price increases to cereal consumers. However, these 

artificially low prices may have discouraged production, taxed the farm popula

tion for the benefit of urban consumers, and encouraged the diversion of grain to 

the noncontrolled system. 

Controlled System Cereals Selling Prices to Individual Purchasers 

The controlled system prices for cereals sold at collection centers to indivi

duals are the sum of the basic producer price plus a marketing margin to cover 

the costs of the centers and a transport cost for cereals sold at centers other than 

the original purchasing site. In 1974 a special subsidy for consumers was 

deducted from the basic selling price, resulting in final prices of D 6. 050-6. 300/qq 

for durum, D 5. 450-5. 70 0/qq for bread wheat, and D 3. 950-4. 200 for barley 

(Table 8. 12). Actual prices varied somewhat from these basic prices depending 

on the quality of the grain; and higher fees were also often charged for small pur

chases (less than a quintal) and for long distance transport charges, thus making 

prices highest in the south. In addition, further price increases of one or two 

dinars per quintal are sometimes caused by the decreased availability of grain, 

again particularly in the southern centers. 

Controlled System Cereals Selling Prices to Mills 

The controlled system grain setting prices to the large mills are based on the 

desired ultimate retail prices to the consumers. In order to maintain the retail 

prices at an acceptably low level, the government has effectively subsidized the 

grain selling prices to the mills and sold the grain to the mills at 1, er prices 

than those paid to producers and charged to individual purchasers. A comparison 

of these various prices is presented in Table 8. 13. The data show that the usual 

subsidy to the mills is from one to two dinars per quintal, although in 1974 the 

subsidy was reduced to individual producers. 
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Table 8. 12
 

Controlled System Basic Cereals Selling Price to Individual Purchases:
 
July 1974 (D/qq)
 

Durum Wheat Bread Wheat Barley 

At Pur- At At Pur- At At Pur- At 
chasing 
Center 

Other 
Centers 

chasing 
Center 

Other 
Centers 

chasing 
Center 

Other 
Centers 

(a) Base purchasing 
price to 
producers 6. 109 6.100 5.500 5.500 4.000 4.000 

(b) Transport cost - .250 - .250 - .250 

(c) Marketing 
margin .440 .440 .380 .380 .345 .345 

(d) Basic selling 
price (a+b+c) 6.540 6.790 5. 880 6.130 4.345 4.595 

(e) Special subsidy .490 .490 .430 .430 . 395 . 395 

(f) Special selling 
price (d-e) 6. 050 6. 300 5. 450 5. 700 3. 950 4. 200 

Table 8. 13
 
Comparison of Controlled System Prices to Farmers, Individual
 

Purchasers, and the Large Mills: July 1974 (D/qq) 

Durum Bread 
Wheat Wheat Barley 

(a) Base price to producers 6. 100 5.500 4.000 
(b) Net price to producers 5.662 5. 102 3.701 

(c) Basic selling price to 
individuals* 6. 540-6. 790 5. 880-6. 130 4. 345-4. 595 

(d) Special subsidized 
selling price to 
individuals (a-b) 6. 050-6. 300 5. 450-5. 700 3. 950-4. 200 

(e) Selling price to mills 5.271 4. 726 2. 300 

(f) Effective basic subsidy 
to mills (c-e) 1.269-1.519 1. 154-1.404 2. 045-2. 295 

(g) Effective subsidy to 
mills in 1974 (c-e) .779-1.029 .724- .974 1.650-1.900 

*When price ranges are indicated, the lower price does not include transport 
charges and the higher price includes transport charges of D 0. 250/qq. 
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The Controlled System for Processing Wheat: The Large Mills 

The annual capacity of each large mill of the controlled system averages
 
about 36, 855 tons of wheat input per yeat, compared with a typical capacity of
 
876 tons for a small mill. * The large mills operate under the direct control of
 
the Tunisian government. The major features of its control are: 
 (1) the require
ment that wheat be purchased only from the government collection centers or from 
government stocks of imported grain; (2) government determination of the volume 
and source of each mill's grain purchases; (3) the strict regulation of the prices 
of grain inputs and the output of processed wheat products; and (4) the government's 
ability to veto plans for expanding mill capacity. Small local mills do not operate 

under these restrictions. 

The total maximum capacity of the eighteen large mills was about 663, 385 
tons/year in 1974, an increase of approximately 33 percent since 1968. The size 
of the individual mills varies considerably, with capacities ranging from about 
5000 to over 73, 000 tons/year. Office of Cereals officials believe that all of the 
large mills operated at maximum capacity in 1974, but a comparison of the avail
able capacity data with output revealed actual utilization rates in three Tunis mills 
of 96 percent, 88 percent, and 83 percent; and rates in three mills outside Tunis
 
of 93 percent, 47 percent, and 36 percent.
 

The large mills contain standard processing equipment like that in modern 
American mills, although some operations are still performed manually. The age 
and efficiency of their equipment varies; some have the most modern equipment 
available and others rely on older equipment. The Office of Cereals carefully 
regulates equipment changes in the mills by issuing and withholding permits for 
the import of milling equipment. Funds for the maintenance and purchase of 
equipment come from a 5 percent rebate on grain purchases from the Office of 

Cereals. ** 

Fortification equipment has little, if any, affect on the operations of the mills 
participating in the Tunisian pilot project. The fortification takes place 

*Capacity estimates for both large and small mills based on operations for twenty
four hours/day, seven days/week. We could obtain capacity data for only six of 
the eighteen large mills; we estimated the capacities of the remaining mills from 
output data from each mill. Small mill capacity estimate based on the operation 
of one grinder. 

**Kansas State University. Ibid. Pg. 38. 
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between the last step in processing and the sacking operations; feeders are installed 
to the chutes that deliver the wheat to sacks. No extra labor is required to operate 
the feeders, although quality control personnel periodically monitor them to ensure 
that they are delivering the proper quantities of fortificant. 

Although some millers initially resisted the fortification pilot project, their 
opposition diminished after the project began and they saw how little fortification 
affected their own operations. In fact, some millers became outspoken enthusiasts 
for the program, expressing eagerness to expand it so that it might benefit all of
 
Tunisia's poor.
 

Large Mill Output Estimates 

According to Office of Cereals data, the total output of the eighteen large

mills in 1973-4 was about 445, 340 tons, including about 208, 099 tons of durum
 
semolina and 237, 241 tons of bread wheat flout. 
 Since 1957, the earliest year for
 
which data is available, 
 the total output of the large mills has fluctuated consider
ably. Although the 
1973-4 output was the largest on record, it was only 5 percent
 
larger than total production in both 1962 and 1967. The 
1974 output of bread wheat
 
flour was, in fact, lower than production in several years since 1957. 
 In contrast,
 
durum output clearly increases during the period (Appendix T).
 

The lack of output growth in the larger mills suggests that there .ias been no
 
significant production shift away from the small mills. 
 In fact, since wheat produc
tion and consumption have increased significantly, the output of the large mills 
may be expanding less rapidly than overall production in the small mills. 

Appendix U presents the 1973-4 monthly output from each of the large mills. 
The data show that about 89 percent of overall output was produced in the fourteen 
Tunis mills, 2 percent in the northwestern mill at Ebba Ksonr, and 9 percent in 
the three central mills at Sonsse and Sfax. Most of the mills produced both durum 
semolina and bread wheat flour,. although a few specialized exclusively or almost 
exclusively in one product. Monthly production shows considerable variation in 
many cases, suggesting that these facilities are either not fully used or suffer 
from various inefficiencies hampering output. These fluctuations and possible 
inefficiencies might prevent effective implementL tion of a fortification program, 
for they could make it difficult to deliver quotas of fortified products on time. 
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Office of Cereals officials also made available to us detailed data on 1973-74 

monthly deliveries of wheat products from each mill to the gouvernorats and their 

various delegations. * This data, shows that the northern region received almost 

all of its wheat products from the Tunis mills (although Lekef received much of 

its wheat products at Ebba Ksonr, which is within the gouvernorat). The central 

and southern regions received somewhat less of their deliveries from the Tunis 

mills, but they still produced over half of the processed products for these regions. 

A summary of the source of the deliveries to each gouvernorat is presented in 

Table 8. 14. This data, as well as the statistics concerning the deliveries to 

each delegation within the gouvernorats would help planners design a centralized 

fortification program, for they would enable fairly precise targeting of specific 

geographical groups, reducing program costs by decreasing excess coverage. 

That is, if certain gouvernc rats or even delegations were designated as target 

groups, fortification could be implemented only through the mills which supply 

those areas. 

Estimates of Wheat Inputs into the Large Mills 

The most accurate way to evaluate the proportion of total wheat consumption 

processed by the noncontrolled system is to compare wheat inputs into the large 

mills with total consumption. For the years 1965-70 this analysis was presented 

in Table 8. 9, which showed that an average of 41 percent durum consumption, 

93 percent of bread wheat consumption, and 54 percent of barley consumption was 

processed annually by the central mills. For the years since 1970, data on the 

actual inputs into the large mills could not be obtained, although estimates can be 

derived from output data. But because the extraction rates used in the mills are 

not uniform, it is impossible to calculate the exact quantity of wheat inputs; only 

rough estimates can be made. 

Using the extraction rates recommended by the government (83 percent for 

durum and 77 percent for bread wheat), we estimated wheat inputs for 1971-74; 

these results are presented in Table 8. 15 and compared with BPDA estimates of 

total consumption. 

*Until 1974, Tunisia was divided into thirteen gouvernorats (equivalent to American 
states) which, in turn, were subdivided into delegations, equivalent to American 
counties. In 1974 the boundaries of the various units were altered, but the basic 
governmental structure remained the same. 
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Table 8. 14 

Percentage of Deliveries of Wheat Products to Each Gouvernorat 
from Different Mills, 1973-4 

Source of Mills in Mills in 
Deliveries Northern Region Central Region 

Tunis Ebba Ksour Sousse Sfax 

Region (14 mills) (1 mill) (2 nills) (I mill) 

Northern Region 

a. 	 Tunis, Nabeul Bi=crte, 
Beja, Jendouba almost 100 --... 

b. 	 Le Kei 38 62 --

Central Region 

a. Sousse 62 -- 37 -

b. Sfax 71 -- 9 22 

c. Kairanan 56 -- 44 -

d. Kassenne 32 48 20 --

Southern Region 

a. Gafsa 	 82 12 6 1 

b. Gabes 	 97 -- 3 -

c. Medenine 	 92 -- 8 1 

Source; Office of Cereals data, presented in Statistical Annex to this chapter. 
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Table 8. 15
 
Estimates of Proposition of Consumption of Wheat Processed by Large Mills,
 

1971-4 (tons)
 

Durum Wheat Bread Wheat Tt-tal, Both Wheats 

Output of 
processed Input of 
products grain 

Input as 
a percentage 
of consumption 

Output of 
processed Input of 
products grain 

Input as 
a percentage 
of consumption 

Output of 
processed Input of 
products grain 

Input as 
a percentage 
of consumption 

1970-1 189,700 228,557 59 160,800 208,831 61 350,500 437,385 60 
1971-2 164,500 198,193 52 201,400 261,558 68 365,900 459,751 60 
1972-3 176,400 212,530 41 214,400 278,442 70 390,800 490,972 54 
1973-4 208,099 256,710 45 237,241 314,560 62 445,340 571,270 53 
Average 49 65 57 



The estimates of the proportion of consumption derived here for 1973-4 are 
somewhat higher for durum and lower for bread wheat than the analysis based on 
grain purchases by the controlled system in 1973-4 and presented in Table 8. 10. 
These differences may reflect the use of the wrong extraction rates in this analysis 

or inaccurate official estimates of the various other items. Other factors might 
be the timing of processing and the possible carryover or storage of grain stocks; 
that is, the data concerning the actual amount processed in 1973-4 might differ 

from the figures for the purchase and use of grain in the controlled system. ' Yet 

despite some data differences in the two analyses, their results are similar in 
.nagnitude; thus, this comparison of estimates derived in different ways confirms 

that the controlled system processed only about half of the wheat consumed during 

1973-4. A fortification program implemented only in the large mills would there
fore not reach about half of the wheat consumed, the proportion which is milled 

in the small local mills. 

The Distribution of Wheat to the Large Mills 

The Office of Cereals determines the quantity of grain processed by each mill 

in response to requests submitted by mill officials. The Office also names the 
particular central storage facility from which the mills obtain each shipment. 

Although the mills are all located near some of the main storage facilities, grain 

reportedly must often be obtained from more distant centers, resulting in extra 

transport costs to the mills. This inconvenience is most frequently a problem for 
the four mills outside Tunis, although the Office of Cereals partially compensates 

them for extra costs. 

The mills report frequent delays in obtaining grain supplies because of 
occasional shortages of transportation facilities. There are no bulk handling 
facilities presently available, so the grain is transported in sacks. There is 

little, if any, mechanical equipment available for handling these sacks, although 

chutes are usually used when the grain is headed to lower levels. The sacks are 
handled manually by mill workers who carry the 50- 100 kg (110-220 lb) sacks on 

their backs. 
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At the mills the sacks are stored inside buildings or small silos or outside in
 
covered shelters, under tarpaulins, or in covered, open-air spaces. Most mills
 
reportedly have inside and outside storage space for ten to twenty days' produc

tion, although they generally keep less than that in storage.
 

The Extraction Rates Used in the Large Mills 

The Office of Cereals determines the official extraction rates for wheat milling 
by the large mills. These rates apparently serve as recommended maximum 

rates; each mill chooses its own actual rates. The official extraction rates are 
about 82 or 83 percent for durum semolina and 77 percent for bread wheat flour. 
The actual rates used for durum range from about 77 percent to 95 percent, 
although most mills probably use rates falling between 80 and 90 percent. * For 
bread wheat flour, extraction rates range from about 70 to 80 percent, the maxi

mum rate at which the flour retains its white appearance. 

By using higher extraction rates a mill can produce more from a given wheat 
input. However, products milled at the lower extraction rates, particularly 

bread wheat flour, are of higher quality, and the controlled pricing system does 
allow some price differential for quality variations. Some consumers greatly 
prefer the products milled at the lower rates - bread wheat flour is whiter and 
semolina seems purer and "cleaner. " In fact, retailers and consumers display a 
keen sensitivity to the type of flour and semolina produced by each mill. They 
look on the products from some mills with great favor, while some say that they 
would never buy the products of certain other mills. 

Wheat products milled at the higher extraction rates retain much more of 
their original nutritive value. At lower rates, the proportions of protein, fat, 
fiber, vitamins and minerals decrease. The exact rate of nutritive-value change 
varies according to the type and grade of wheat and milling techniques. 

In order to assure the maximum effectiveness of a fortification program and 

to eliminate unnecessary fortificant expenditures, the extraction rates used in the 

*However, one milling expert recalls an occasion when 103 kg of semolina were 
produced from 100 kg of durum, an apparent extraction rate of 103 percent. It 
was surmised that water or other foreign materials were added to the output. The 
data concerning extraction rates was obtained from interviews with officials from 
seven individual mills and with processing experts from Tunisia and other nations. 
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mills might have to be standardized. An alternative potentially less objectionable 
to millers would be to require individual mills to use the same rate each day, to 
calculate different add-rates approp:iate for the extraction rates in each mill, and 
then to gauge the fortificant feeders accordingly. 

The Products of the Large Mills 

When the mills receive wheat, the shrunken and broken grains are usually
 
culled and often sold as 
animal feed. Milling offals, the by-products consisting
 
mainly of bran, are also generally sold for use as aninmal feed.
 

Mills usually produce several grades of bread wheat flour. The finer grades 
are sold mainly to bakeries for use as pastry and cake flour, and the less fine
 
grades are used in breadmaking. There is 
 a much greater variety of durum wheat 
products - individual mills produce as many as seven different grades. Several
 
of the finer grades are used as flour in the preparation of durum cakes, breads,
 
and pasta. 
 The various rougher grinds go into manufactured couscous and are
 
sold for homemade couscous.
 

Large Mill Margins and Selling Prices for Processed Products 

The Office of Cereals strictly controls the margins and profits of the la, ge
 
mills. The Foocie allows the mills a 
"fixed grinding margin, " a set amount to
 
cover the cost of operations and profit. The margin was fixed at D 0. 5 2 5 /qq 
 from 
1948 until the early 1970's, when the level was raised slightly. During the 1960's 
this margin was considered generous and, in fact, accuesedwas of encouraging 
inefficiency and the expansion of the noncontrolled system (Dahl, 1972). By 1974 
the millers were complaining that the margin was not generous enough to cover 
rising costs. This dissatisfaction suggests that it would be highly improbable that 
the Tunisian government would require that any of the costs of fortification be 
covered by a reduction of these margins. 

The selling prices for processed wheat products from the large mills are also 
determined by the Office of Cereals. Different prices are set for each of the 
various grades of milling. For example, the rougher grades of semolina are sold 
at D 7. 600-7. 9 6 D/quintal depending on the grade, and the finer grades are priced 
at about D 6. 900. 
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The Controlled System Distribution of Processed Wheat Products 

An analysis of the distribution system for centrally processed wheat 

products is essential in order to name their consumers and define the extent to 

which target groups could be reached through tha system. In addition, a 

description of the present system will help us evaluate any changes necessary 

for the implementation of the fortification program. 

There are two main types of channels through which the processed wheat 

products are distributed: wholesale/retail channels and government food 

distribution. The operations of the various distribution channels included in 

these categories, and their relation to the other components of the controlled 

system, are diagrammed in Figure 8. 1 and explained in the following 

discussion. 

Wholesale and Retail Distribution 

Most of the bread wheat flour pr'oduced by the large mills is sold to bakeries 

for the production of "French" bread and other breads, cakes, and pastries. 

A portion of the flour is also sold to wholesalers and retail merchants, whose 

customers prepare their own bread dough at home and have it baked in local 

bakeries. 

Most of the large mills' semolina output goes to wholesalers and retail,-s, 

who resell it in small quantities to consumers preparing their couscous at 

home. The remaining semolina output is sold to factories which produce pasta, 

crackers, cookies, and ready-made couscous. 

No current, reliable data numbers the bakeries, factories, wholesalers, 

and retailers that purchase processed wheat products. However, in the late 

1960's it was estimated that there were 1412 bakeries, 32 major pasta and/or 

couscous factories, 10 main manufacturers of crackers and cookies, and from 

4500 to 6500 small and medium-sized retail stalls or shops. In addition, 

several large department stores sell food products in the main cities, and 

regional consumer cooperatives operate in several gouvernorats. 

"International Milling Company, Ibid . Pg. 46. 
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Most of the large mills set a minimum limit on the quantity of flour and 

semolina any one consumer can purchase. The limit at one mill was 10 quintals 

(1 ton), while another mill's minimum quantity was 0. 5 quintal (50 kg). The 

flour and semolina are sold in 50-100 kilo sacks, and are generally repackaged 

by wholesalers and retailers into smaller lot sizes that better suit the needs of 

their customers. Some retailers repackage semolina into sacks of as little as 

1 kg each; others allow their customers to measure out the exact quantity they 

need. 

Some mills extend credit for most of the purchase value. One of the largest 

mills reports giving thirty days for repayment with no interest charges. 

Purchasers must pick up the products and provide their own transportation, but 

distributors who must travel long distances reportedly receive a freight subsidy 

from the government to equalize their costs and margins. 

After placing their orders, buyers must usually wait several days before 

picking them up. Several distributors report waiting a week or more for their 

purchases. Other wholesalers and retailers say that the mills in the central 

region cannot produce enough to fill all their orders; thus, they have to accept 

smaller quantities then they want or travel to Tunis to fill their orders. 

Supply limitations at the mills lead to retail shortages. Numerous 

consumers, particularly in villages and small towns, report that their local 

retail stores run out of semolina and bakery bread and cannot meet customer 

demand. In one farming town near Tunis without a bakery, bread is brought 

in from other towns; the supply is always inadequate and is depleted every day 

before customer demand is satisfied. Other villages with no bakeries are less 

lucky: they purchase supplies of bread at all. 

When customers cannot obtain enough semolina, they often eat more pasta. 

Thus, they do not change the quantity of centrally processed products they 

consume; so if these products were fortified, a reduction of coverage for these 

consumers would not be likely. However, when bakery bread is unavailable, 

families generally make homemade tabura bread. Although this product can be 

made from centrally processed durum, it is almost always made from locally 

ground wheat. A shortage of bakery bread therefore does decrease the 
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consumption of centrally processed products and divert consumers to the 

noncontrolled system. If fortification were implemented only through the large 

mills, this diversion would have undesirable nutritional consequences for some 

groups.
 

Distribution through Government Food Programs 

Government food programs distribute a small proportion of the wheat 

processed by the large mills to certain groups. These programs include a Food 

for Work program, the feeding of preschool children in municipal centers, a 

nrimary school lunch program, and the distribution of powdered milk and 

weaning foods through maternal/child health centers. In addition, the 

government distributes semolina and bread wheat flour to the military for its 

soldiers. 

Although the Tunisian government now supplies most of the food for these 

programs, in the past it was provided mainly by the United States PL 480 

Title II program, with a smaller quantity donated by the World Food program. 

Contributions from these sources have declined dramatically in recent years; 

for example, Title II grain imports averaged 85, 969 tons in 1970 and 1971, but 

dropped to an average of 4,442 annually from 1972 to 1974. 

The largest government food program is the Food for Work program, the 

"Lutte Contre le Sous - Developpement" (LCSD) or "Fight Against Underdevelop

ment. " Initiated in 1958, the program has no explicit nutritional goal but aims 

to provide jobs for the unemployed, raise agricultural production and train 

workers. The participants are usually given a daily wage of semolina (usually 

1. 5 kg) as well as a cash payment which averages about D 0. 200 per day. In 

1974 the total value of the food and cash wages were estimated to be about 

D 0. 500 per day, four-fifths of the minimum wage in agriculture. *At its peak 

in 1962, the LCSD program employed 231, 870 workers and distributed 108, 156 

tons of semolina. By 1972 there were only 200, 000 participants, less than 2. 5 

percent of the agricultural workforce, and the quantity of semolina distributed 

was 21, 000 tons. 

IBRD. The Economic Development of Tunisia, Macro-Economic Aspects. Pg. 44. 
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In 1973 -4 the LCSD program distributed a total of 15,487 tons of semolina. 
The two least prosperous gouvernorats in the central region, which include 
about 14 percent of the country's population, received 22 percent of these 

shipments. The three southern gouvernorats, which include another 14 percent 
of the country's inhabitants, received 26 percent of the distributed semolina. 

This semolina is milled in the large mills and thus could easily be included 
in any fortification program. In 1973-74 eleven of the eighteen large mills 

processed the LCSD semolina, and precise data on which mills handled the 
semolina for each gouvernorat and delegation is available. Therefore, if a 
fortification program were only certain areasto cover of the country, it would
 
be relatively easy to fortify only the semolina designated for these locations.
 

The only institutional feeding program which distributes significant 
quantities of wheat products is the primary school lunch program, which in 
1973-74 reached 525, 000 children aged 6 to 12 years. About 422 tons of flour 
distributed through this program was milled in the large mills in 1973-74; 
in addition, wheat flour imported under PL 480 Title IIwassome also included 

in the program. The wheat milled in Tunisia would be automatically included 
in a centrally implemented fortification program, although special provisions 

would have to be made to fortify the imported flour before its distribution. 
However, the necessary provisions would probably not be complicated or costly. 
It might be possible to fortify this flour with the equipment designed for the 

fortification of products milled in Tunisia. 

The Production and Consumption of Bakery Products, Pasta, and other 
Manufactured Wheat Products 

The production of bakery products (mainly bread) and ready-made couscous 
expanded significantly since the early 196 0's, and the production of pasta also 
shows moderate increase. Reliable data concerning the output of these and other 
manufactured wheat products are not available, but the Tunisian government 
estimates that since 1963 the production of bakery goods expanded 65 percent 
to a 1974 level of 285, 000 tons, while the output of pasta products, which was 
about 50, 000 tons in 1963, increased to only 54, 000 tons in 1974. The level of 

Data for 1962 from A. Grissa, Politiques Agricoles et Emplor: Etude de Cas: 
La Tunisie OECD: Paris, 1973. Pg. 161. Data from IBRD op. cit. 
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couscous production is less clear, but it is certain that during the late 1960's 

and early 1970's total output expanded dramatically in response to increasing 

consumer preference for convenient, time-saving foods. 

No one has made a detailed analysis of changes in per capita consumption 

of manufactured wheat products during the last decade. The only rigorous 

attempt to analyze consumption patterns of these foods was undertaken as part 

of the 1965-61W Food Consumption Survey. The survey data, which are presented 

in Table 8. 16 are still very useful because they show that a significant portion 

of the wheat diet of the entire population is consumed as manufactured wheat 

products. At least 65 percent of the wheat intake of urban people is provided by 

bakery bread and pasta in central urban areas. Probably almost all of the rest 

is centrally processed semolina, ready-made couscous, and other manufactured 

products such as crackers and cookies. In poorer urban areas, part of the 

remaining 35 percent of wheat intake is probably consumed as locally milled 

wheat from the countryside. Nevertheless, a centralized fortification program 

would achieve almost total coverage of the grain diets of the central urban areas 

and would reach most, but not all, of the wheat diets of the residents of the 

poorer urban fringe areas. 

In the rural areas manufactured wheat products constitute a lass significant, 

but still important, component of the wheat diet. In small towns and villages, 

about 36 percent of the wheat diet is provided by bakery bread and pasta. In 

dispersed rural areas, the proportion is almost 13 percent. In both areas, 

some of the remainder of the wheat intake is provided by manufactured products. 

Thus, a centralized fortification program would reach part of the wheat diets of 

rural inhabitants. For some residents of villages and small towns, a majority 

of their wheat products might be fortified although less than half of the wheat 

diet of dispersed rural families would be reached. Therefore, if rural 

inhabitants were the prime target of fortification, it would be essential that 

the fortification be implemented through the small mills. 
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Table 8. 16 
Food Consumption Survey Analysis of Per Capita Consumption of Manufactured Wheat Products (1965-1968) 

Urban Rural T otal 

Cities and Small towns, Dispersed Subtotal, Urban and 

large towns villages inhabitants rural rural 

kg Percentage kg Percentage kg Percentage kg Percentage kg Percentage 

Bread from 
bakeries 58 45 31 23.3 10 6.0 16 10.4 27 18.4 

w Pasta 24 18.6 17 12.8 11 6.6 13 8.4 15 10.2 

Other wheat
 
productsa 47 35.4 85 63.9 146 87.4 125 81.2 
 105 71.4 
Total 129 100 133 100 167 100 154 100 147 100
 

a Both manufactured and homemade. 

Source: Institute National de la Statistique. La Consommation et Les Depenses de Menages en Tunisie 
1965-68. Pg. 393.
 



Controlled System Distributors' Margins and Retail Prices 
for Processed Wheat Products 

The Tunisian government determines the margins for the distributors and
 
manufacturers 
of processed wheat products and the retail prices for manufacture 
wheat items distributed within the controlled system. Because the retail prices 
are an important political issue, the government rigorously enforces its
 
regulations and most distributors adhere to them. 
 Because the distributors are 
accustomed to operating in a regulated system, we can safely assume they would 
not strongly oppose the imposition of some additional controls for a fortification 

program. 

Retail prices for processed wheat products are kept very stable and have onl 
been changed a few times since 1963. Similarly, prices for most products 
increased only about 10 or 20 percent from 1963 to 1974. In 1974 the retail 
prices per kg for major products were as follows: coarse semolina, D 0. 085 
(19.80); fine semolina, D 0.080 (18.60); breadwheat flour, D 0. 104 (24. 2); 
ready-made couscous, D 0. 104 (24. 20); pasta, D 0. 100 (23. 3d); and bakery
 
bread ("French bread"), D 0. 055 (12. 8d).
 

The government maintains the lowest possible retail price for wheat products 
to ensure that even the poorest groups can afford them. These retail prices are 
also considered to have important political significance, and the government is 
reluctant to anger the main purchasers of processed wheat products, the urban 
population. For these reasons, it is improbable that the government would 
permit much of the cost of fortification to be covered by retail price increases 
for the fortified products. 

Many observers think that the retail prices for wheat products are set at 
artificially low levels. These critics contend that urban consumers receive 
the main benefits of the controlled prices at the expense of the rural population, 
particularly wheat farmers. Other observers take the opposite view, thinking 
that the retail prices for wheat products are set too high. They offer the 
existence of the noncontrolled system as proof of their contention. 

In fact, both of these views are sometimes valid and sometimes invalid, 
depending primarily on the season and the section of the country one talks 
about. For example, in the northern region, wheat prices in the noncontrolled 
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system stay so low through most of the year that it is usually cheaper to make 

wheat products at home than to purchase them. In the central region, this is 

true during the summter and fall, but in winter the supply of grain in the 

Then it is cheaper tononcontrolled system diminishes and prices increase. 

purchase processed products from the controlled system. Similarly, in the 

south there is little grain available in the noncontrolled system and grain prices 

are high most of the year, so buying from the controlled system is more 

economical. 

The Participants in the Controlled System 

The market for the processed wheat products of the controlled system can be 

by region of the country, by
divided in five ways: by product, by income group, 

live in rural orof the year, and according t: whether 	the consumers 

consume centrally processed 
season 

urban areas. Although all Tunisian families some 

products, the exact proportion of their diet represented by these items varies 

according to each of these five dimensions. 

Because of the complexity of their interaction, it is difficult to summarize 

consumer participation in the noncontrolled system succinctly. However, a 

brief description of the main participants is presented in Appendix V. As it 

of theshows, most of the wheat products consumed in the central urban areas 

north are centrally processed products. This is also true for most of the 

towns, and
nonagricultural, middle- and upper-income families in small cities, 

the poorer fringe areas of Tunis, families consume bakery breadvillages. In 


but some of their couscous and other
made with centrally processed flour, 

semolina dishes are made with locally processed semolina obtained from friends 

or relatives outside the city. Nevertheless, a centralized fortification program 

However, for northernwould result in coverage of most of their wheat diet. 

rural families, the poorer inhabitants of villages, towns, and the fringe areas of 

other cities, fortification of centrally processed products would be highly 

are processed in theineffective. Most of the wheat products they consume 


small local mills.
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In the central region, as in the north, the residenti, Df central urban areas, 
the upper- and middle-classes, and nonagricultural inh : itants of towns and 
villages ,:onsume most of their wheat in the form of centrally processed 
products. Thus, a centrally implemented program would effectively reach 
their diets, although the barley they sometimes substitute for wheat would not 
be reached unless the program also fortified it. In the central rural areas and 
among the poorer inhabitants of central towns and villages, locally processed 
wheat and barley are consumed in the summer or fall. In winter and spring, 
when grain sttcks are depleted and prices rise in the noncontrolled system, 
they turn to more centrally processed wheat products. A fortification program 
working through the large mills would probably reach most of the grain 
consumed by these groups for only half of the year. 

In the southern region, centrally processed wheat products are widely 
consumed by all income groups in the cities and towns, and in the villages in 
the datepalm cases in the region's northwestern section. A centralized 
program would effectively reach these groups, again with the exception of 
their barley. The lowland agricultural villages t'iroughout the south grow part 
of their grain supply and thus purchase most of their centrally processed wheat 
products during winter and spring. But even then, they eat a great deal of 
barley, so their fortification coverage would be incomplete the entire year. 
The inhabitants of the central mountain villages of the southern region, many 
of whom are almost self-sufficient in grain production would also not benefit 
from a centrally implemented program because it would reach only a very 

minor portion of their diets. 
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The Noncontrolled Wheat Distribution System 

The third channel of distribution for wheat in Tunisia is the noncontrolled 

system; through this channel, together with the controlled system and the on-farm 

distributed.utilization of cereals, all the wheat which is consumed in the country is 

Thus, if a fortification program were to be implemented only through the large 

mills of the controlled system, it would be. essential to perform analysis not only 

of on-farm utilization but also of the noncontrolled. system in order to 

ascertain the proportion of total consumption which would not be reached 

by a centralized program, and the particular groups of people who would not be 

included in such a program. Further, an investigation of the reasons for the 

existence of the noncontrolled system, as well as the government's policy towards 

the system might 	indicate the feasibility of modifying or reducing participation in 

system so that the designated target groups of a fortificationthe noncontrolled 

program might be reached by the wheat products of the controlled system. 

system wouldAlternatively, an analysis of the operations of the noncontrolled 

enable planners to decide whether a fortification program might be implemented 

through the small local mills. Although most nutritionists believe that a decen

tralized fortification program would not be feasible in most developing countries, 

if the participants of the noncontrolled system in Tunisia are defined as target 

groups of a fortification program, then the implementation of the program through 

the local mills must be considered. 

Definition of the Noncontrolled System 

notTunisian government regulations specify that all wheat and barley which is 

used by the farm family must be sold to the Office of Cereals or to the two 

nargovernment-controlled cooperatives. Thus, on-farm utilization of cereals, 

rowly defined to include the use of cereals as seed, animal feed, or as food for the 

farm family, is clearly legal and is not part of the noncontrolled system. Cereals 

used as payments in various in-kind transactions are also sometimes considered 

to be part of the legal, on-farm utilization of cereals; however, although these 

activities are generally tolerated by the government, they are probably not strictly 

legal and thus are included as part of the noncontrolled system in this report. 
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The noncontrolled system consists partly of these traded cereals, but mainly 
of the cereals which are sold to anyone other than the Office of Cereals and the
 
two cooperatives. This second category includes both the grain which is 
 sold within 
Tunisia, to private individuals, distributors and retailers, and also the unreported 
exports of grain, which go mainly over the borders to Algeria and Libya. 

The term, the "noncontrolled system" is derived from Tunisian Ministry of 
Agriculture documents which call this grain the "marche noncontrolle" (the non
controlled market). 
 Other terms which are frequently used in Tunisia are
 
'le marche tolere" (the tolerated market), "le marche parallel" (the parallel
 
market), and 'la commercialisation clandestine", (clandestine sales or trading). 

The Size of the Noncontrolled System 

There have been no rigorous attempts to measure the size of the noncontrolled 
system. The most comprehensive analysis was done as part of the Study of the 
Tunisian Grain Marketing System where the quantity of grain in the noncontrolled
 
system in 1973-74 was estimated by subtracting the quantity of grain purchased by
 
the controlled system plus autoconsumption from total grain production. By this
 
method, it was estimated that the NCS included 283, 000 tons of grain, 
 or about
 
19 percent of total grain availability. * When this estimate is modified by adjusting
 
for changes in stocks and sales of grain from the purchasing centers, the data
 
show that the noncontrolled system included about 319, 641 
 tons of grain, 21 percent 
of grain availability or 26 percent of human consumption. 

A second method of estimating the size of the noncontrolled system is to add 
the total quantity of grain in the controlled system, including imports, plus auto
consumption; then this quantity can be subtracted from the total availability of 
grain. For the year 1973-74 this method is presented in Appendix T where three 
varying estimates of autoconsumption are used, including the analysis from the 
estimate of the 1965-68 Food Consumption Survey, and data from the Study of the 
Tunisian Grain MarketiAg System. According to these three analyses, the quantity 
of grain distributed through the noncontrolled system equalled from 18-26 percent 
of grain availability or from 22-32 percent of human consumption of grain in 1973-74. 

*Study of the Tunisian Grain Marketing System, ibid., p. 78. 
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The size of the noncontrolled system (NCS) is thought to very from year to
 
year, depending largely on the size of the harvest, 
the resulting variations in NCS 
purchasing prices offered to farmers, and expected sale prices to consumers. The 
proportion of the total grain supply in the noncontrol.ed system probably increases 
during the years of smaller harvests, when the prices to the farmers are higher 
than the controlled system prices. Conversely, in the years of good harvest, the 
proportion of grain in the noncontrolled system is thought to decrease, since the 
NCS purchasing prices are generally lower than the government prices. However, 
it should be noted that even though the proportion of the grain supply in the NCS may 
decrease in years of large harvest, the actual quantity in the NCS may not decrease 

or may actually increase. 

The Reasons for the Existence of the Noncontrolled System: Farmer and Consumer 
Attitudes Towards the Controlled and Noncontrolled Systems 

No in-depth research concerning the reasons for the existence of the noncon
trolled system in Tunisia has ever been conducted. Therefore, it was decided that 
one of the main goals of the research conducted for this report should be to define 
these reasons more precisely and to elaborate them in greater detail. In order to 
accomplish these aims, a small survey was conducted, in which 226 individuals 
throughout Tunisia were interviewed; among the survey respondents were 110 cereal 
farmers, 63 small mill operators, and a variety of other people including cereal 
wholesalers and retailers, government employees, policemen, small business 
people, students, factory workers, and people engaged in various service opera
tions. While this survey was not sufficiently refined to provide a precise statis
tical analysis of the issues under consideration, the interviews do constitute a very 
valuable source of information concerning the variety of kinds of reasons why wheat 
farmers and consumers participate in the noncontrolled system. The survey results 
can be used to help to define more precisely the groups who participate in the non
controlled system and who thus could not be reached by a centralized program of 
fortification. The results could also serve as useful guidelines to nutrition planners 
who might evaluate the feasibility of reducing participation in the NCS and encour
aging increased consumption of foods presently fortified in the large mills. Or 
alternatively, the interview results can assist planners in evaluating the need for 
designing programs which reach the grain which is not handled by the large central 
mills but is processed in the small local mills. 
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The main reasons for the existence of the noncontrolled system and auto

consumption can be categorized into three main types of issues: 1) why farmers 

sell their grain to the noncontrolled system instead of to the controlled system; 

2) why consumers consume locally milled wheat products instead of centrally milled 

products; and 3) why consumers who prefer locally milled products buy grain from 

the noncontrolled system instead of from the government purchasing centers. 

Why Farmers Sell Their Grain to the Noncontrolled System Instead of the 

Controlled System 

Most Tunisian government officials and foreign experts attribute the presence 

of the noncontrolled system to the desire of many farmers to avoid paying the 

government's production tax. This tax, which equals slightly more than 7 percent 

of the base farm price can be evaded if grain is not sold to the government 

purchasing centers, but is sold to the noncontrolled system or is used in in-kind 

transactions. By avoiding this tax, farmers can often obtain a higher net price 

for their grain in the noncontrolled system than in the controlled system. 

The cereal farmers and the small millers who were interviewed in the survey 

concurred that the avoidance of the production tax and the better prices in the non

controlled system were important reasons why many farmers sell to the NCS. * 

However, they .- o offered a wide variety of additional reasons, some of which 

were considet'ed to be more important than the tax and price factors. Further

more, some respondents explained that the prices to farmers are not always 

higher in the NCS, but because of various factors not related to price, they still 

prefer to sell to the noncontrolled system. 

The su-vey respondents explained more than 20 additional reasons why some 

farmers prefer to sell their grain to the NCS. The reason most frequently cited 

was that the farmers are unwilling to pay the cost of transporting their grain to 

the purchasing centers. Many farmers do not own any vehicles but have only 

bicycles, donkeys or camels, which are slow and can carry only one or two sacks 

(1-2 qq) of grain at a time. For larger loads or for trips of more than a few kilo

meters, trucks must usually be rented, resulting in out-of-pocket cash expenditures. 

*Only cereal farmers and operators of small mills were asked why farmers sell 
to the NCS. The small millers were judged to be knowledgeable on this subject, 
since most live in or near farming areas and much of their work is done for 
cereal farmers. 
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Several respondents emphasized that it is extremely bothersome to have to look
for vehicles, which are usually in scarce supply. Other farmers said that it is
impossible to o1z-:in vehicles and thus they can only sell their grain to their local 
market which is much closer than the nearest government purchasing center. 

The reason which was cited by the second largest group of respondents con
cerned their annoyance at the time-consuming and complex procedures for selling
their grain to the purchasing centers, and their unwillingness to wait for the future
receipt of their payment. Several farmers mentioned that there are long waits in 
line at the centers and that there are confusing papers to be filled out and compli
cated procedures to follow. There was also frequent criticism of the waiting period
for receipt of funds which at some centers was reported to vary from 7-30 daya
and at other centers was said to be as high as 2-3 months. A third factor frequently

mentioned by respondents was distance to the government centers; aside from the

issues of the cost and availability of transportation, these people think that it is an
inconvenience to have to travel more than a few kilometers. These farmers said
that they are particularly reluctant to suffer this inconvenience if they have only a 
small quantity of grain to sell (15-30 sacks). 

Some small farmers said that they sell their grain to the NCS because they
usually have only a small quantity for sale and they think that it is acceptable to
the government for farmers to make small sales, but not large sales to the NCS.
Even a few of the larger northern farmers, who generally sell their output to the
 
controlled t:ystem said that in bad years when they have only a 
small surplus, they
 
usually sell it 
 to the NCS. 

The farmers and millers also indicated that one of the basic reasons for the
 
sales to the NCS is 
 the higher price which is often obtained. Particularly in years

of bad harvest, the base price in the NCS is 
 sometimes higher than the controlled
 
system base price, 
 even before the production tax is deducted. Several other

respondents said that they often hold their grain until the fall 
or winter when prices

in the NCS increase to 
a point which is considerably higher than the controlled 
system prices, which are held constant throughout the year. 

A final factor mentioned by several different farmers was their depts to the 
government centers. They explained that they sometimes wish to avoid having to 
make repayments for credit issued by the centers and thus sell their grain to the 
NCS. 
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Six other reasons for selling to the NCS which were cited by respondents areas follows: First, many farmers prefer to have frequent small payments for theirgrain, rather than a few larger payments or a single large payment, which somefarmers fear they might spend all at once on unwise purchases. Thus, theserespondents prefer to sell to the NCS, where the greater convenience made frequentsmall sales more feasible. Second, some farmers said that it is much easier tosell to the NCS because the various buyers (distributors, retailers, and consumers)come directly to the farmers to make the purchases; the farmers thus do not haveto provide any transportation for the grain. Third, a few respondents said that
they do not sell to the controlled system because they dislike going to the "city"
to make the sales; they expressed a Pense of discomfort with and mistrust of "urban"areas and business which is conducted with city people. Fourth, some growers
said that they prefer to dispose of their grain to the NCS because of the convenienceof being able to simply trade the grain in the marketplace or at small stores forwhatever goods they need. Similarly, other farmers who sell their grain instead
of trading it still see 
an advantage in being able to make their purchases in the
 same location - the 
same store or nearby stores. Fifth, a few people said that
they do not 
sell to the CS because they think that the purchasing centers have higher
standards for grain and thus more frequently make deductions for low-qualitygrain. Other respondents thought that the centers almost always make these deductions, regardless of the quality of the grain. By selling to the NCS instead, the
farmers thought that they could be assured of payments appropriate to the quality
of their grain. And finally, 
 some farmers did not seem to realize that they are

supposed to sell to the controlled system. 
 Some said that the only reason for
selling to the centers was 
to make payments for credit extended by the govern
ment; since they had received no such credit, they never sell to the controlled
system. Other farmers said that they had always sold their grain to the localmarket or to local commercants (distributors), they weren't sure why they did
this but they saw no reason to change their practices. 

Although most farmers interviewed said that they sell some or all of theirgrain to the noncontrolled system, a few farmers explained that they sell part orall of their output to the controlled system. They gave four main reasons for thisdecision, which are as follows: (1) they had to sell their output to the purchasingcenters because they were obligated to repay credit extended by the center; (2)they 
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are unable to sell most of their bread wheat crop to the NCS, where most of thedemand is for durum wheat, so they sell most of their bread wheat to the controlled system; (3) in years of good harvest when the supply of grain is abundantin the NCS, they receive a better price in the controlled system and thus sell mostof their output to the controlled system; and (4) it is easier to sell low-quality
grain to the noncontrolled system, since the purchasing centers will buy even theworst quality, which merchants in the NCS would not buy since they would consider 
it difficult or impossible to sell.* 

It is clear from all of these explanations that there are numerous reasons whymany farmers sell their grain to the noncontrolled system instead of to the government collection centers. It is also clear that most of these reasons are highly
rational and derive from farmer dissatisfaction with the way in which the 
controlled system is designed and functions. Thus, some farmers might changetheir practices and sell their grain to the controlled system if improvements weremade in the operation of the purchasing centers, if there were additional centers
and they were more conveniently located, 
 if price differentials were provided to cover transportation costs, if more transportation facilities were available, if thegovernment prices were higher or if taxation were imposed through some other
means than on the quantity sales to the controlled system. However, 
 it would beextremely costly to make most of these changes, most likely more costly than theprobable expense of implementing a fortification program through the local mills,
where this grain is presently being milled. The government could, as an alternative, simply impose stringent requirements that farmers sell to the controlled
system; however, 
 this action would probably arouse such vehement opposition inrural areas that the GOT would most likely be unwilling to impose such a policy.Furthermore, the enforcement of this policy would be enormously costly andwould require skilled manpower in quantities which are not currently available inTunisia. Finally, even if the government could afford to provide adequate economic and noneconomic incentives to induce farmers to sell more of their output tothe controlled system, another perhaps more serious, usually overlooked, 

*Consumers observed in the market displayed
differences in wheat. 

a marked sensitivity to qualityThere are numerous grades available in the market andpurchasers inspected the different grades carefully and often expressed vehement
disgust with the lower grades.
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problem remains: many consumers prefer locally milled products to those which 

are centrally milled, for the reasons explained in the following sections. 

Why Individuals Consume Locally Milled Wheat Products Instead of Centrally 

Milled Products 

As explained above, most officials and scholars attribute the existence of the 

noncontrolled system to the desire of farmers to avoid the government production 

tax and the higher prices which can sometimes be obtained in the NCS. Obviously, 

this explanation deals only wita supply factors; very little attention or concern has 

been given to the demand aspects, the factors which have led to the creation of 

consumer demand for the products of the noncontrolled system. An analysis of 

these demand factors must deal with two major issues: first, the reasons why 

many individuals prefer locally milled, "homemade" wheat products rather than 

the centrally milled products of the controlled system; and second, why most 

consumers who prefer locally milled products and do not grow their own grain 

purchase their grain in the noncontrolled system rather than at the government 

purchasing centers. The first of these issues is discussed below and the second 

is presented in the next section. 

As part of the survey, a variety of individuals were questioned about their 

grain products purchasing and consumption practices and the reasons for these 

practices. Specifically, they were asked about whether and why they consume 

controlled system semolina bread and other products or whether or why they 

purchase or grow their own whole grain wheat; they were also questioned in detail 

about their perception of the differences between controlled system products and 

"homemade" wheat products and why they prefer certain products to other items. 

334
 



The respondents who replied that they consume locally milled products were 
first asked to explain in detail why they prefer locally milled semolina to centrally 
processed semolina. The most frequent responses, listed in order of frequency, 

were as follows: 

(a) 	 Reasons Individuals Consume Locally Milled Semolina. Instead
 

of Centrally Processed Semolina
 

(1) Homemade couscous, made from locally milled semolina, tastes 

much better than couscous made from government semolina. 

(2) 	 Homemade semolina is necessary for certain special dishes. This 

response was given almost exclusively in the southern region, where 

whole grain wheat is generally much more expensive than processed 
semolina. Nevertheless, even poor southern families will purchase 

wheat for certain dishes which are considered special in the south 
although they are consumed daily in the northern and central regions. 

(3) 	 Homemade semolina makes heavier couscous, which is much more 

satisfying and filling than couscoas made from government semolina, 

which is too light and nonfilling. 

(4) 	 Government semolina has a bad taste; respondents don't like 

government semolina. 

(5) 	 Homemade semolina is cleaner. 

(6) 	 Homemade semolina is purer; government semolina is not pure wheat, 
but is mixed. Many consumers are certain that government 

semolina is mixed with a ground corn or other relatively less expen
sive products in order to lower the cost of production. This dilution 

was permitted in the past but has not apparently been practiced in 

the past few years. 

(7) 	 Respondents are used to locally milled wheat products; have always 

eaten 	these products, have no desire to change. 

(8) 	 Government semolina is sometimes not available in their area. 
(Response given only in northern and central regions. ) 

(9) 	 Homemade semolina is healthier and has more vitamins. 

(10) Homemade semolina is fresher. 
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(11) 	 Local milling gives more flexibility; a variety of grades can be 

milled, and there is feed left over for the animals. 

(12) 	 Local milling enables the consumer to maintain control over the 

milling grade and the exact grades needed can be produced. 

(13) 	 Government semolina is made from low-quality wheat; the consumer 

has no control over the quality; cannot select the grade of wheat 

desired. 

(14) 	 Government semolina includes imported wheat, which is not as good 

as Tunisian wheat. 

The respondents who said that they purchase centrally processed semolina 

instead of having their grain milled locally were also interrogated about the 

reasons for their practices. Their responses are listed below, in order of fre

quency of the responses. 

(b) 	 Reasons Individuals Consume Centrally Processed Semolina
 
Instead of Locally Milled Semolina
 

(1) 	 Centrally processed semolina is cheaper (response given almost 

exclusively in the southern region). 

(2) 	 People don't want to spend the time necessary to take wheat to the 

mills and then sift the output at home (the usual practice). People 

save time by purchasing processed semolina. 

(3) 	 At certain times, whole wheat is not available. 

(4) 	 In years of bad harvest when low-quality wheat is produced, govern

ment semolina is better. 

(5) 	 Now people have more money; can afford higher priced government 

semolina. (Response given mainly in central region.) 

(6) 	 Not enough wheat is produced so people must supplement diet with 

government semolina (response given exclusively in southern 

region). 

(7) 	 Woman are more modern and don't like to bother with having wheat 

milled and sifted. 
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(8) Government semolina is better. 

(9) Homemade semolina is too heavy. 

After being questioned about their consumption patterns, all respondents were 

asked to describe the differences between homemade couscous made from locally 

ground wheat and couscous made from government semolina. The interviews 

show that a large majority of the respondents, even those who buy centrally proc

essed semolina for the reasons listed above, felt that homemade couscous dis

plays more favorable characteristics than couscous made from centrally processed 

semolina. The respondents described homemade couscous as being tastier, 

stronger and heavier, purer, fresher, better, more filling, healthier, cleaner, 

whiter, and coarser, with larger grains. (The responses are listed in order of 

frequency. ) In contrast, the respondents described couscous made frorn centrally 

processed semolina as being less good than homemade couscous; bad-tasting; 

lighter, less satisfying, and less filling; less clean; less fresh; more stick; and 

less healthy, with fewer vitamins. In addition, couscous made from controlled 

system semolina was said to have a "different, " less good taste; a bad color, 

which according to some is more yellow, and to others, more black; a similar 

taste to the taste of homemade couscous; and smaller, finer grains. 

In addition to being questioned about their semolina and couscous purchasing 

practices and preferences, the respondents were also asked whether they make 

homemade bread from locally milled grain or whether they buy controlled system 

bakery bread and the reasons for their choices. The individuals who generally 

make their bread from locally milled grain gave the following reasons: (1) home

made bread is cheaper (response given mainly in northern and central regions); 

(2) there are no bakery facilities nearby and thus bread must be made at home; 

(3) homemade bread is tastier; (4) homemade bread is cleaner; (5) homemade 

bread is purer, wheat flour is not mixed with corn flour, as is the case with much 

bakery bread; (6) their bakery functions only for limited periods (e. g., during 

winter for the school lunch program); and (7) homemade bread is preferable - they 

have always eaten it, are used to it, and see no reason to change their behavior. 

The respondents who said that they buy bakery bread rather than making 

bread at home with locally milled semolina attributed their behavior to six main 

factors: (1) there is not enough firewood for home ovens to bake homemade bread 

(response given in central and southern regions; bread is baked in outdoor clay 
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ovens, fueled by firewood); (2) people have more money now, can afford more 

expensive bakery bread; (3) women are more modern, do not want to bother baking 

bread at home; (4) bakery bread is cheaper than homemade bread (response given 

in central and southern regions); (5) bakery bread is better; and (6) people who 

live in towns cannot have the outdoor ovens which are necessary for the baking of 

homemade bread, and thus must purchase their bread from bakeries. 

As the variety of responses to all of the above questions indicates, Tunisian 

consumers display an extremely high degree of sensitivity to the differences 

between various wheat products and marked preferences, for clearly articulated 

reasons, for various items. These factors and their influence on consumer 

behavior, specifically on the choice of whether to buy the processed products of 

the controlled system or whether to have grain milled locally have been largely 

ignored by both agricultural analysts and nutrition planners in Tunisia. As can 

be seen from the answers presented above, most of the respondents, who were 

primarily from rural areas, towns and from the poorer fringes of large cities, 

expressed a preference for homemade products made from locally milled wheat. 

Many of these people thus rarely if ever buy the products of the controlled system. 

Other people who prefer homemade products still buy processed semolina and 

bakery bread for a variety of reasons. It is critical that the planners of a nutri

tion program which uses as its vehicle the processed products of the controlled 

system understand which groups of people are consuming these products and 

whether the designated target groups are actually being reached. Alternatively, 

sensitivity to and understanding of people's attitudes about food is important in 

order to determine whether their consumption patterns could be changed and how 

this might be accomplished. Such changes would obviously be necessary in 

Tunisia if planners hope to reach, through the vehicle of centrally processed 

products, individuals who do not presently consume these products. The adamant 

way in which these respondents expressed their preferences suggests that in 

Tunisia attempts to change their patterns, to induce consumers presently buying 

whole grain or farm families who grow their own grain, to consume only centrally 

processed products would be met with great dismay, opposition, and resistance. 

It also seems clear that after the complete upheaval in the rural sector caused by 

the socialization attempts of the 1960s, the Tunisian government would be highly 

unlikely to approve or attempt any program which might again stimulate such 

resistance and disruption. Thus if the fortification program intends to reach the 
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large group of people who presently grow or buy grain for local milling, fortifi

cation cannot only be performed at central points but must be located at the local 

level, most likely in the local small mills. Although it is most likely that forti

it agreed that fortifification would be implemented at the point of milling, if is 

cation through the small local mills is not feasible, it might be possible to add the 

or granules, to the grain before it isfortificants, perhaps in the form of tablets 

sold to the consumers. This could most easily be accomplished with the grain 

in order to evaluatewhich is sold at the controlled system collection centers and, 

it would be useful to evaluate wherethe probable effectiveness of such a scheme, 

who prefer locally milled products buy their grain and the reasons forconsumers 

their behavior. This information would also be valuable in determining the ease 

who buy from the NCS might be persuadedor difficulty with which the consumers 


to alter their buying patterns and buy from the collection centers.
 

Almost all of the interview respondents said that they purchase their grain in 

orthe noncontrolled system - fr,-)rn farmers, from distributors, from markets, 

from small retail outlets. Very few individuLls who were interviewed purchased 

even though the prices are often cheapertheir grain from the collection centers 

than in the NCS. * Many were even unaware that such purchases could be made. 

The people who do buy grain from the centers said that they do this buying only 

not available in the NCS, ?rimarily in wintertime.when grain is 

When asked why they prefer to buy grain from the NCS instead of the collec

tion 	centers, respondents gave the following reasons: 

(1) 	 Much of the government's wheat is of very bad quality. This is partly 

even the worst quality wheat from farmers.because the government buys 

cannot choose the particular quality(2) 	 At the collection centers consumers 

of grain which they prefer, but must take what the officials give them. 

However, in the NCS, consumers can carefully select the quality which 

they want. 

*These results were confirmed by the OC records which show that in 1974-75 

2,432 tons of wheat were sold to private individuals. This represents far less 

than 1 percent of total wheat consumed by humans. Data on barley sales from 

OC centers were not available. 
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(3) 	 The minimum quantity which can be purchased from the ' is larger than 

the amount which most consumers want to buy. The minimum quantity 

limits vary among regions; in the north they are larger according to 

respondents, as high as 3 qq (300 kg) and 5 qq (500 kg), and in the south, 

the minimum purchase lots are as low as 1 qq (100 kg) and 10 kg. 

However, many consumers prefer to buy smaller quantities because 

they personally must carry the grain home with other purchases or 

because of limited storage space at home. Other people with limited 

cash resources must restrict their purchases to very small quantities 

at any given time. Several of these respondents said that they prefer to 

buy a gelba (17 kg), a "saa" (4 kg), or even less at any given time. 

Purchases of this size must usually be made in the NCS. 

(4) 	 The nearest collection center does not sel grain to private individuals. 

(5) 	 The local center does not always have grain available for sale, but
 

sometimes runs out of stock.
 

(6) 	 The NCS prices are usually lower than the government prices. (Response 

given only in the north. ) 

(7) 	 The centers are too far away; for the farmers selling grain, the markets 

and stores are much closer. Most respondents specified that distances 

of over 10 kilometers were considered too far away, but some people 

were unwilling to travel distances of 5-10 kilometers. 

(8) 	 The Office of Cereals insists on cash for all grain purchases, whereas
 

the markets and stores will give credit.
 

(9) 	 It is very time-consuming and bothersome to buy from the centers;
 

usually buyers must stand in lines, must wait for their orders to be
 

processed, and sometimes must return a second time to pick up their
 

grain. 

(10) 	 The controlled system grain is usually very dirty - full of rocks, twigs, 

and other debris. 
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(11) 	 Buying from the NCS is much more convenient, since people go frequently 

to the markets and stores, grain can be bought or traded when other 

purchases are made. However a special trip must be made to the 

collection centers, which are often located on the outskirts of the towns. 

Thus, as these responses indicate, there are a variety of economic and non

economic reasons why most consumers who buy grain for local milling buy this 

grain from .he noncontrolled system rather than the government centers. Although 

the GOT could stimulate increased buying from the centers by dropping the price, 

many of the consumers would still prefer to buy from the NCS; it is improbable 

that this behavior could be changed without great expense and some degree of 

coercion, directed towards the consumers, the sellers, or the farmers. How

ever, it seems highly improbable that the Tunisian government would be willing 

to exert such coercion against any of these groups. Yet, even if the GOT were to 

attempt to force all farmers, sellers, and buyers to operate through the con

trolled system in order to fortify at the point of sale, the grain retained for auto

consumption would still not be reached and much of the rural population would 

still remain unaffected by the program. Therefore, if the rural areas are defined 

as target areas, it seems imperative that fortification of grain in Tunisia takes 

place at the local level, most likely in the small mills, as well as the large mills 

of the controlled system. 

The Participants in the Noncontrolled System 

There has been considerable speculation about the location of the participants 

in the noncontrolled system, but there have been no vigorous attempts to provic-a 

data to support these theories or to delineate in precise terms the percentage of 

the overall population or the particular groups who consume locally milled 

products. However, one foreign expert with extensive experience in Tunisian 

agriculture has provided some rough estimates of the location of the participants 

and proportion of grain consumption provided through the noncontrolled system. 

According to his analysis, in the northern and central regions about 80 percent of 

the wheat consumed outside the large cities is derived from autoconsumption and 

the NCS. In the north, about 80 percent of this wheat is probably supplied by 

autoconsumption with the remainder traded through the NCS. In the center, the 

proportion of this wheat provided on the farm was probably about 70 percent with 

the remaining 30 percent derived from the NCS. In the cities, the proportion of 
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noncontrolled grain is much smaller - about 3 percent of consumption in central 
Tunis, up to 10 percent in the central areas of the other northern cities, and 
from 20-30 percent in the cities of the central region. According to this rough 
estimate, in the south about 90 percent of the grain consumed in rural areas and 
small towns is either homegrown or obtained through the NCS; the large majority 
of this grain is most likely derived from the NCS since few areas in the south can 
grow more than a small proportion of their grain supply. In the central urban 
areas of the south, it is estimated that about 20-30 percent of the grain is obtained 

through the NCS. 

The limited amount of research which was possible for this study does not
 
enable a more 
scientific quantitative measurement of the size of the noncontrolled 

system and autoconsumption. However, durin the survey all of the cities of
 
Tunisia, most of the large towns, 
 and over 100 small towns and villages through
out Tunisia were visited. During these visits numerous grain markets and small 
retail outlets selling NCS grain were observed, and the farmers, distributors, 

and retailers who handle the NCS grain, as well as ofthe millers and consumers 

NCS and homegrown grain, were interviewed throughout the country. These
 
individuals were 
questioned about the functioning of the NCS and autoconsumption 
only in their own immediate locale. While these observations and interviews do 
not permit a precise measurement of the NCS and autoconsumption in each region, 
they do provide invaluable information which helps to defire with greater detail 
the groups who participate in the noncoxtrolled system in the different regions of 

Tunisia. 

According to the explanations of the survey respondents and the observations 
of the interviewers, the following outline of the participants and location of the 
NCS can be delineated. Most of the grain in the NCS is grown in the small and 
medium-sized farms in the northern and central regions of the country. The 
larger farms in these sections sell most, if not all, of their surplyq grain to the 
controlled system. Almost all of the northern farms produce enough grain to 
supply all of the families' own consumption needs. However, in the central 
region, many of the smaller farms, especially in the western and southein sec
tions, are able to produce only part of the grain required for the farm families' 
consumption. Only a small portion of the NCS grain is grown on southern farms, 
where most families grow enough wheat and barley to provide for only a minor 

portion of the families' grain needs. 
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A description of the buyers of NCS grain is much more complex; the partici

pating groups vary not only according to region but also according to a variety of 

interrelated factors such as means of livelihood, income level, season of the 

year, cultural practices, personal preference, the size of the crop, and place of 

habitation. 

Appendix U provides an outline of the various groups who participate in the 

noncontrolled system or consume homegrown grain, as well as those who pur

chase controlled system products. As the outline demonstrates, in the northern 

and central regions, NCS and homegrown grain are consumed mainly by the poor 

on the fringes of the cities and large towns; in small towns, villages, and rural 

areas these products are consumed by almost everyone, except middle-class 

employed people and wealthy people not involved in farming. In addition, in the 

central areas of cities and large towns, some wealthier people bring NCS grain 

from the countryside for use in special dishes, and middle-class and poor people 

often obtained NCS grain whenever they visit the rural areas. Furthermore, 

much of the grain consumed in the southern part of the central region and in the 

south is barley, which is substituted for wheat in a wide variety of dishes. Much 

of this barley is also homegrown or purchased in the noncontrolled system. 

In tb. - iouthern region, where NCS grain prices are usually higher than in the 

rest of the country, the lower income groups generally buy NCS grain mainly in 

summer or fall, before the prices have risen; in winter and spring, few of these 

people seem to be able to afford NCS grain except for special occasions. Many 

rural people grow as much of their grain as possible, but usually must buy a 

significant portion of their grain supply from the controlled system. There are, 

however, two main exceptions to these generalizations: (1) the inhabitants of the 

mountainous villages of the central section of the south; many of these villages are 

entirely self-sufficient in wheat and barley, and (2) the Bedouins, often nomads, 

who are said to be wealthy and to purchase all of their grain in the NCS and do 

their own grinding at home. 

Once the exact target groups for a fortification program has been designated, 

it is essentit I to evaluate whether they could be reached by fortified controlled 

system products o: whether they can be reached only through fortification through 

the noncontrolled system. It has been suggested that the target population in 

Tunisia might be one or more of the following groups: (1) the lower income 
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population of the southern and central region.; (2)the urban poor throughout the 

country; or (3) the poor in rural areas and villages throughout the country. As the 

discussion above indicates, the first category could probably be reached most 

effectively through controlled system products, although the coverage would be 

only partial, since a certain portion of the diet is provided by homegrown grain 

and NCS wheat, particularly in the summer and fall, and barley products are 

consumed. Furthermore, most mountain farm families, and some lowland farm

ing groups, which comprise a significant portion of the population, would hardly 

be reached, if at all. If instead a target group were defined to include only the 

urban poor throughout the country, coverage would be almost complete in central 

Tunis, but would probably not effectively reach the poor in the poor fringes of 

Tunis and in the other cities and towns of Tunisia. Finally, if the designated tar

get group were to be the rural poor in the northern and central regions, as well 

as the south, the effectiveness of fortification through centrally processed pro

ducts would be almost minimal, since most of the grain products consumed by 

these groups are processed locally in the small mills. If this third group were 

designated, it would be imperative that fortification take place at the local level, 

most likely in the small local mills. 

The Tunisian Government's Policy Towards the Noncontrolled Systerr 

While published government directives stipulate that farmers must Bell the 

wheat and barley which their families do not consume to the purchasing centers 

at set prices, in fact, the Tunisian government makes little attempt to enforce 

this regulation and offenders are punished only in rare circumstances in certain 

sections of the country. The attitude of government towards this technically 

illegal "black market" is so relaxed and tolerant that some observers call the 

NCS the "marche tolere, " the tolerated market. 

Two high Office of Cereals officials each explained that this tolerance is 

partly the result of the 1960's cooperatives program, and the hostility and resis

tance stimulated in rural areas by the government's attempted enforcement of the 

multitude of regulations concerning the production, distribution, and marketing 

of grain. Since 1969, when private enterprise was re-established in rural areas, 

the government has been unwilling to risk stimulating serious opposition in these 

areas by vigorously enforcing all existing laws. As one high Office of Cereals 

official, noted for his bureaucratic toughness, explained with a whimsical smile, 
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"On eat maintenant un peu plus souple, 11(We are now a little more flexible). A 
second top official elaborated, in a separate interview, that the office does not 
presently have, nor could it reasonably be expected to obtain the reLources which 
would be necessary to divert the grain from the NCS to the controlled system;
 
there simply are 
not enough police agents, detectives and vehicles available for 
this task. Similarly, at the present time the government lacks adequate storage 
and milling capacity to handle the grain which is presently in the NCS; government 
storage space is already inadequate and the large mills are operating at close to 
maximum capacity. The first top official concluded by saying that as long as the 
NCS remains "small" (presumably its present size), and the large mills have
 
enough wheat (presumably to operate 
at close to maximum capacity), the non
controlled 
system will continue to be tolerated. 

The Office of Cereals and the police do try to place some restrictions on the 
trading of grain in the NCS, but these restrictions are unclear and vary according 
to different regions and different Office of Cereals and police officials. However, 
the actions which officials generally agree are not to be tolerated are: (1) the
 
unreported exports of grain over 
the border to Algeria ar-I Libya, unusually in
 
small quantities at night, often by mule 
or camel over isolated paths where police 
vehicles cannot follow; (2) the sale of "large" quantities of grain by a single
 
individual; however, 
 the term "large" is left undefined; (3) the movement of grain 
from one region to another; it is agreed that sellers are allowed to obtain the pre
vailing price in their region but should not attempt to seek the higher prices of a 
different region; and (4) charging "unreasonably" (undefined) high prices. 

The Office of Cereals and the police do make a limited attempt to enforce 
these (general) regulations. The Office has a small group of agents (a total of 
four agents in 1974, according to top officials) who are aided by local police 
throughout the country. They are particularly concerned with monitoring the 
known distribution routes where late at night the large and long-distance shipments 
are usually carried by truck, with the grain often hidden under other goods. When 
these offenders are apprehended, their grain is usually confiscated and they can 
be fined up to five times the value of the grain shipment. A high Office official 
reported that in 1971 about 1, 162 qq of grain was confiscated in this manner, and 
in 1972, 990 qq were confiscated. 
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The observations of the author of this study confirm many of these stattments 
by top Office of Cereals officials. Grain sellers were seen in the marketplaces 
of every city of Tunisia (except central Tunis and central Sousse) and in almost 
all of the towns and villages visited throughout the country. A particularly large
grain market was observed in the central city of Kairouan, where in a secluded 
courtyard reportedly as many as 100 merchants sell grain and where the author 
saw several hundred sacks of grain awaiting sale. Similarly in Sfax several
 
dozen merchants 
openly sell a variety of different types of grain; policemen were 
ales -bserved strolling by ignoring the proceedings. However, in other areas 
sellers and buyers were not so casual; on an isolated northern dirt road at mid
night, the author encountered a group of farmers with about 40 sacks of wheat,
 
awaiting 
a pickup from a wholesale merchant. They explained that it was neces
sary to make the sale clandestinely, late at night, in order to avoid being appre
hended by the police. The only areas where NCS grain is not generally available 
is in a few small southern towns, including several where the pilot fortification
 
project was being implemented.
 

Several policemen and officials of small purchasing centers who were inter
viewed all expressed approval of grain trading through the NCS and showed
 
sincere sympathy for the inability of "poor" people to pay government grain prices 
or conform to government minimum purchase regulations. One northern police
man said that he had no orders to stop any wheat sellers or buyers, regardless of 
the quantity being traded. Another northern policeman said that he confiscates
 
any loads uf over 20 sacks, but if the quantities are less than 20 sacks, he
 
explained that the police "shut their eyes" 
so that the poor people can buy through 
the NCS the small quantities of wheat which they can afford. This was, he
 
elaborated, 
 the only way that the poor people can survive. Finally, officials in 
purchasing centers in two central towns expressed almost identical opinions: 
"If it weren't for the NCS, the poor people would starve. " 

The farmers, distributors, and retailers of NCS grain described a variety of 
experiences with the government and opinions about the legality of the noncontrolled 
system. Some of these individuals thought that only one sack of grain could be 
traded at a time in their area, while others thought that the sale of as many as 
twenty sacks would be tolerated. As one Kairouan distributor said, "I know that 
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it [trading] is against the law, but the government lets us do it anyway since the 
poor can't afford to buy from the government. The government allows us to trade 
only small amounts. " 

In addition, although most traders agree that there are limits on the distance 
which the wheat can be transported, the opinions on those limits vary. Some dis
tributors said that wheat could only be traded in the local area (within about a 
10 km radius), while several others reported transporting NCS grain to areas from 
100-150 km away. A few distributors said that as long as they did not cross the 
boundaries of their gouvernorat they would not usually be apprehended, and sev
eral other traders reported that they had been frequently apprehended by the police 
and had their grain confiscated. 

The NonconLrolled Distribution and Retail Systems 

The channels of distribution and the system of grain retailing through the
 
noncontrolled system are diagrammed in Figure 8. 1. 
 As the figure shows, there
 
are four main ways in which grain becomes part of the NCS. First, some of the
 
grain output from each farm is 
 usually given to the farm workers as wages.
 
Second, a smaller quantity is sometimes used in barter in the local marketplace,
 
stores, or with other farmers. A third channel of only moderate significance is
 
through the Office of Cereals itself; some purchasing centers allow distributors to
 
buy grain which will then be resold through the NCS in markets, retail outlets or 
to individuals. The fourth channel, which is by far the largest, includes direct 
sales by farmers to a variety of NCS participants. These include: (1) private 
individuals who come to the farms; (2) individuals or dealers at border areas who 
plan to illegally import the grain into Algeria or Libya; (3) owners of souk (mar
ket) stalls or boutiques (small retail outlets); (4) individuals through souk stalls 
and/or boutiques which are owned by the farmers themselves; (5) traders who then 
resell the grain to souks or through boutiques owned by the traders themselves, 
to individuals planning illegal export and import of the grain across the border and 
to other distributors who then repeat any or all of these gelling activities. 

In some cases farmers provide their own transportation, as when they take 
their grain to the souks or boutiques for barter or sale, to the Office of Cereals, 
or to border areas for illegal export. But in many cases transportation is pro
vided by the distributor, who usually picks the grain at the farm and transports 
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it to other points of wholesale distribution or retail sales. Some traders own 
their own small trucks, while others rent them for prices reported to be D3. 000
for a 10-15 km trip (for a truck with a 23 qq capacity), D4. 000 for a 20 km trip, 
or DO. 200 per qq. Other distributors use mules with carts and reportedly payDI. 200-1. 500 for a 10-15 km trip; the usual cart capacity is about 12 qq. Some
dealers also use horses or camels, particularly for clandestine border trading.
The distances travelled by distributors transporting grain vary widely; many
traders who were interviewed reported that short trips of up to 30 km were most
frequent, while others specialized in trips of from 50-200 kin, and some reported
that they brought grain from 250-400 km away. While most distributors probably
restrict their trips to under 100 km, because they often sell to other distributors 
who in turn may sell to others, the grain may actually be transported much
 
greater distances - specifically from the northern wheat surplus regions 
to the
 
deficit areas in the central and southern regions.
 

One of the government's primary objectives in the controlled grain system

is 
 to eliminate these middlemen and prevent them from exploiting farmers and
 
consumers 
by taking unreasonable profit. While these distributors may, in fact,
be exploitative in certain cases, nevertheless they do perform several valuable
 
functions, 
 often in the most efficient and cheapest way presently possible. Their 
most important function is in providing transportation facilities, which farmers
feel unable to obtain or consider too time-consuming and bothersome. And
because the dealers usually pick up small amounts of grain from numerous 
farmers, the dealers are probably able to provide this service at a lower unit cost
than farmers with their small lots could obtain. The distributors also are prob
ably more efficient than the government in transporting grain. Not only does the 
government system suffer from shortages of rail cars and trucks, frequent delays,
and sometimes unreasonably long shipping times, but its centralization and
inflexibility often result in costly double shipping of grain and other unnecessary
extra transportation costs. The distributors also provide other useful services 
to the farmers, like buying the small lots which the government will not purchase,
saving the farmer travel and waiting time, bringing to the farm goods for barter,
such as oil, sugar and salt. Finally, the dealers provide an important service to 
consumers and even to the Office of Cereals by selling small lots of grain, often
for credit, to low-income people. One respondent in the southern town of Zarzis
explained that this was precisely why some purchasing centers allow grain to be 
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sold to distributors; the center officials do not want to be bothered with selling
 

the grain in small lots and are not allowed or do not want to provide credit for
 

such purchases.
 

The souks (marketplaces) are the main retail outlet for NCS wheat and barley. 

Souks selling grain are located in almost every city and town in Tunisia (except 

in central Tunis and possibly not in central Sousse), in most of the small towns, 

and in many of the villages. Most small towns and villages without their own 

souks are located within about 15 km of another town's souk. Most souks meet 

on one designated day each week, although some operate throughout the week. The 

sellers are mainly a combination of professional retailers, distributors who both 

buy grain from various sources and sell in the souks, and farmers selling their 

own grain. The number of sellers in each souk varies widely according to the
 

region of the country, the amount of wheat grown in the area, the size of the city
 

or town, and the season of the year. In the summertime in the north, most of the 

souks seem to have from 10-50 sellers each generally with 2-5 sacks each of 

grain to sell. Several souks with up to 100 sellers and over 300 sacks of grain 

were also visited or described. In the central region, there are somewhat fewer 

souks, but they seem to be almost as large as those in the north - from 10-50 

sellers each usually with about 2-4 sacks of grain. There are, however, several 

particularly large souks in the central region which handle from 500-1, 000 sacks 

of grain at a time in summertime. Even though selling grain in the NCS is not 

technically legal, the ,3ouk sellers are supposed to obtain a selling permit from 

the government (reportedly at a cost of D3. 000-4. 000 per year) and pay a selling 

tax for each sack of grain sold (about D. 020 per sack). 

Almost all towns and villages have small "boutiques, " general stores that sell 

a variety of goods, such as foods, household items, clothes, and small farm 

equipment. Many of these boutiques also sell wheat and barley. 

Noncontrolled System Prices: Farm Prices, Retail Prices, and 

Wholesale/Retail Margins 

The grain prices in the NCS vary according to the region of the country and 

the main economic activities within each region. The prices are generally much 

lower in the north, higher in the center and the highest in the south. Similarly, 

within each region the prices are lower in the wheat growing areas and are appre

ciably higher in areas which specialize in other crops or in nonagricultural 
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activities. The grain prices also vary within each region and economic area
 
according to several other major factors. These include: season
(1) the of the 
year - prices are lowest in the summer after the harvest, and rise significantly 
in the winter and late spring, as grain stocks are depleted; (2) the size of the
 
crop  prices are lower in the years of large crops and higher when the crops
 
are scanty; (3) the quality of the grain - there is 
 a great sensitivity to quality
 
difierences and a 
wide range of prices offered for the various qualities; (4) the
 
quantity purchased - lower prices are 
offered for larger quantities (sometimes
 
one quintal, sometimes greater amounts) and higher prices are 
charged for
 
smaller quantities, such as a wiba (about 33. 3 kg), a gelba 
or themna (about 
16. 7 kg), and a saa or roboui (about 4. 2 kg); and (5) the stringency of government 
regulation of the NCS a top Office of Cereals official explained that when Office 
agents see prices rising "unreasonably" on the NCS, the officials will be more 
active in controlling and apprehending traders. This sometimes has the undesired 
effect of pushing the prices up even higher. 

In July-August 1974, farmers, distributors, retailers and consumers
 
throughout Tunisia were questioned about current NCS prices for wheat and
 
barley of medium quality in their immediate locale, as well as the prices the
 
previous winter. Data were 
sought primarily concerning the on-farm prices of
 
grain to private individuals and the retail prices to consumers. 
 These data were 
judged to be the most relevant for a fortification program, for they can be com
pared with government retail prices for grain and wheat products and provide 
information which enables a fuller understanding of consumers' reasons for 
participating in the controlled or noncontrolled systems and their possible ability 
or willingness to pay for fortification. 

The on-farm sale prices and the retail prices fur NCS grain, as well as some 
prices of OC grain in 83 locales are presented in the Statistical Annex to this 

report. 

Although this survey was very limited it does suggest certain possible issues 
of importance which should be researched in much greater detail in the future. 
First, the NCS prices for all grains are indeed lowest in the northern region and 
highest in the south. Averages of the durum wheat farm and retail sale prices 
quoted in each region provide one verification of this point. The average summer 
farm sale price for durum wheat in the north was D5. 8 8 6/qq, compared to the 
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central average of D6. 525 and the average in the south, D8. 145. Similarly, the 

average summer retail price quoted in the north, D6. 342/qq was about 8 percent 

less than the central average (D6. 882/qq) and 17 percent lower than the average 

in the southern region, D7. 595/qq. 

Second, in each region the summer farm and retail sale prices for NCS 

grain seem to be higher than the sale price from the government purchasing 

centers, as this comparison for average durum wheat prices shows (Table 8. 17). 

Table 8. 17 

Comparison of Average Summer Farm Sales Prices, NCS Retail Prices, and 
Government Prices for Durum Wheat, by Region 

(Dinars per quintal) 

Average Summer Farm Average Summer NCS Average Government 
Sales Price Retail Prices Price 

North 

Center 

D5. 886 

D6. 525 

D6. 342 

D6. 882 

D5. 922 

D6.420 

South D8. 145 D7. 595 D7.417 

Source: Data from survey results presented in Statistical Annex. 

In spite of this apparent price differential, very little grain is sold to individuals 

from the government centers and most consumers prefer to buy the NCS grain. 

The reasons for this preference were outlined in the section on the noncontrolled 

wheat distribution system; the main reasons were that the government grain is 

considered to be of low quality, the consumers cannot select the grain them

selves, and the centers sell only larger quantities than most consumers wish or 

are able to buy in one purchase. 

While government prices seem to be lower than NCS summer prices for durum 

wheat, for barley the NCS prices seem to be lower. In the central and southern 

regions, where almost all human consumption of barley occurs, the NCS average 

summer prices per quintal were D4. 185 and D5. 332, compared to government 

prices of D4. 200 in the central region and D5. 408 in the south. 

Fourth, although the survey data for winter prices in the noncontrolled sys

tem are very limited, the responses are nevertheless useful, for in all cases 

they showed a significant increase over the summer prices. In four locations in 
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the north, winter durum prices in the NCS averaged 16 percent over summer 
prices, while the NCS barley retail price in three towns in the central region 
also averaged 16 percent higher than the summer level. In the south, in three
 
locations, the average winter NCS vratail price for durum increased 17 percent
 
over the summer average, while -.he one winter NCS price quoted for barley in
 
the south was 22 percent higher than the summer price.
 

Finally, the most important price issue is the comparison of the prices of 
controlled system and noncontrolled system products. Semolina provides the 
most useful point oi comparison, since it is the main product of the small mills 
and is also a widely consumed controlled system product. In most areas of the 
country centrally processed semolina costs D8. 500 qq. In the noncontrolled 
system milling fees are generally about D300/qq in the northern and central 
regions and D. 400 in the south. Using the average prices of durum in each region 
(from Table 8. 17) and an estimated extraction rate of 90 percent, the average cost 
of quintal of NCS semolina can be estimated.* In the northern region the average 
price of a quintal of NCS semolina in summertime was calculated to be D7. 340, 
about 14 percent less than the price of controlled system semolina. Furthermore, 
especially in the wheat-growing regions, the wheat prices are generally much 
lower than the average u-.d in these equations, so the savings from making 
homemade semolina are much greater. For example, when durum is purchased 
for D5. 500, a frequent price in the northern region, the cost of homemade 
semolina drops to D6. 4 05 /qq, 25 percent less than the price of government 
semolina. In addition, the consumers usually have the right to retain the offal for 
animal food or trade them for the milling fee, thus resulting in an even greater 
savings. 

In the central region, using an average summer price for durum of D6. 882, 
the price of a quintal of NCS semolina is estimated to be D7. 872, about 7 percent 
less than the government price for semolina. However, in the south, using the 
average price quoted of D7. 595 and a slightly higher milling fee of D. 400/qq, the 
price of NCS semolina would be D8. 830, about 4 percent more expensive than 
controlled system semolina. Yet when the value of the offal is included in the 

*The calculations were based on the following equations: (1) 90 percent x = 1. 00 qq; 
x r- 1. 11 qq; (2) for the north x = 1. 11 (D6. 342) + D. 300; x - D7. 340. The calcu
lations for the south and center were done in a similar manner. 
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calculation, the NCS price drops somewhat; for example, if the offal could be 

exchanged for the milling fee, the price for semolina would be D8. 430, slightly 

less than the government price. 

In summary, the survey data suggests that during the summer, locally 

processed semolina is cheaper than government semolina in the northern and 

central regions. However, tii the south the NCS price isgenerally somewhat 

higher than the government price, unless the value of the offal is included in the 

calculations. The limited data concerning wintertime prices in the three regions 

does not permit this type of analysis. Yet the available data suggest that during 

the winter, the price of NCS semolina in the north still remains less than the 

government price, but in the central and southern regions, the NCS price is 

higher than the price of controlled system semolina. 

Wholesale and Retail Margins 

Several dealers who only act as wholesalers reported that they usually make 

from D. zoo-. 500 per quintal of grain transported. For the usual short trips of 

less than 20 kin, the cost of transportation by rented truck ranges from about 

D. 100-. 130 per quintal; thus the wholesaler's margin would generally be from 

D. 070-. 400 per sack. If longer trips and greater transport charges are involved, 

the commercants charge higher fees to cover these costs. The distributors' other 

costs may involve the upkeep of their own trucks, mules or camels; salaries to 

assistants, and the rental or purchase of sacks to contain the grain. 

All of the retailers who were interviewed purchase grain directly from 

farmers and thus also perform a distribution function. The margins which they 

reported ranged from about D. 20O/qq (for large purchases) up to Dl. 400/qq 

(when purchased in small lots). The usual wholesale/retail markup seemed to be 

in the range of D. 500-. 800 per qq of grain. Retailers reported that they are 

required to buy a selling permit (at a one-time cost of D3. 000-4. 000) and pay a 

selling tax of D. 020 per quintal of grain. 

These limited data suggest that the commercants, the middlemen of the 

Tunisian wheat system, are not taking unreasonable profits. In fact, most com

mercants interviewed had several vocations; most also work as farmers, millers, 

and retailers, thus suggesting that their activities as middlemen are not particu

larly lucrative and do not earn them an adequate income. 
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The Small Mill System for the Processing of Noncontrolled Cereals and

Cereals Consumed on the Farm
 

The distinction between the large mills of Tunisia and the small local mills 
was precisely defined in the previous sections. In summary, almost all phases 
of the operations of the 18 large mills are directly controlled by the government,
the mills process the controlled system grain, purchased at the official collection 
centers, and the average capacity of these mills is roughly estimated at 36, 800 
centers, and the average capacity of these mills is roughly estimated at 36, 800 
tons/year. In contrast, the small local mills operate without any governmenf 
controls (except for the granting of initial permits and the collection of taxes), the 
mills process the grain of the noncontrolled system as well as the grain consumed 
on the farms,* and the average maximum capacity of these mills is about 876 tons/ 
year, about 2 percent of the capacity of the average large mill.** 

The Quantity of Cereals Processed by the Small Mills 

In the past, both the Office of Cereals and the BPDA published data concern
ing the quantity of grain processed by the small mills or other information from
 
which these data could be derived. However, neither the office 
nor the BPDA, nor 
any other Tunisian organization, currently publishes or attempts to collect data 
of this type. 

The earliest estimates of the wheat processed by the small mills can be cal
culated from Office of Cereals 
estimated of the percentage of production sold to
 
the controlled 
system from 1962-72. According to these calculations (presented 
during this period an average of 307, 000 tons, 43 percent of all wheat consumed, 
was processed annually through the small mills; this included an annual average 
of 260, 000 tons of durum, 70 percent of consumption, and 47, 000 tons of bread 
wheat, 15 percent of all bread wheat consumption. 

Another estimate of the quantity of grain processed through the small mills 
is provided by BPDA data for the years 1965-70. These data, estimated that 
during these years an average of 231, 000 tons of durum (59 percent of consumption) 

*A small quantity of grain purchasee from the government collection center 
is also processed by the small mills.**Using the FAO method of calculating, based on 2 4 -hour-a-day operations for300 days a year. 
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and 215, 000 tons of bread wheat (7 percent of consumption) were processed 
annually by the small mills. These figures are somewhat lower, but similar in
 
magnitude to the Office of Cereals data for the same 
years; the OC averages for 
these years are 286, 300 tons of durum (73 percent of consumption) and 39, 000 
tons of bread wheat (13 percent of consumption). The BPDA also estimates that 
an average of 46, 000 tons of barley (46 percent of consumption) and othe.r grains 

were processed each year by the small mills during these years. The overall 
averages for all grains are about 300, 000 tons per year, an estimated 38 percent 

of total grain consumption. 

For the year 1973-74 probably the best estimate of the quantity of grain 

processed by the small mills can be derived from BPDA data on total wheat 
availability and utilization, combined with Office of Cereals estimates of the 

quantity of grain in the controlled system. It was calculated that 48 percent of all 
grains consumed by humans flowed through the controlled system, including 
31 percent of durum consumption, 70 percent of bread wheat consumption, 

49 percent of both wheats together, and 39 percent of barley and other grains. 
Although some of the remaining grain may be held in storage at the farm level or 

ground by hand at home, almost all of the grain not flowing through the controlled 

system can be assumed to flow through the noncontrolled system and to be proc
essed in the small mills. Thus in 1973-4, about 52 percent of all grain consumed 

by humans was processed by the small mills including 70 percent of durum con
sumption, 30 percent of bread wheat, 51 percent of both wheats together, and 

61 percent of barley consumption. 

Although there is some variation in these different estimates, it seems clear 

that a considerable proportion of the wheat and other grains consumed in Tunisia 

is processed through the small mills. The exact proportion cannot be precisely 
measured with data which are currently available, but it seems safe to conclude 
that from about 40-50 percent of the wheat and a somewhat higher proportion of the 

barley consumed each year in Tunisia is processed through the small mills. 
Compared to other North African countries, these estimates seem reasonable. The 
UN/FAO estimates that in the mid-1960s, from 20-40 percent of Algerian Wheat 

and 60-75 percent of the wheat in Morocco and Egypt was processed by small 
"village" mills. Comparable data for other developing countries where wheat is a 
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major item of production and consumption were as follows: Lebanon and Turkey,
20-40 percent, Pakistan, 60-75 percent, and Iran and India, up to 85 percent.* 

Under a centrally ',qlemented fortification program, with fortification only
in the large government mills, this grain processed in the small mills would not
 
be reached. Thus the diets of the 
consumers of this grain, mainly the rural
 
population and the inhabitants 
of villages and small towns throughout Tunisia would 
not be covered by the fortification program. However, since some or all of these 
groups would almost certainly be defined as target groups of a fortification program 
in Tunisia, the grains which they consume should be included in the program.

The most effective way of accomplishing 
 this aim would most likely be to imple
ment the fortiiication at the point-of-milling of these grains, 
 in the small local
 
mills.
 

The Number of Small Mills and Their Locations 

No serious attempt has ever been made to determine the number of small
 
mills in Tunisia and their location. Some observers estimate is 
 that there
 
are 
about 2, 000 small mills, based on the common belief that there are about 
2,000 villages in Tunisia and every village has one small mill. Most other less
 
casual estimates place the number much higher. 
 The 1970 International Milling

Company report estimates that there are from 3, 200-3, 500 small mills, 
but
 
offers no explanation of the 
source of the data or its method of derivation.** The
 
manager of the large mill at Ebba Ksour, 
 a very knowledgeable man with ,-,er

30 years' experience in Tunisian wheat milling, 
 roughly guesses that there are 
5, 000 small mills throughout the country. 

The Office of Cereals does have some data conceriing the number of small 
mills; detailed records dating back to the late 1800's show that as of mid-1974 
there were 2,404 small mills registered with the Office of Cereals. A top Office 
official noted that many small mills are not registered, a sltuation which does not 
particularly concern the Office of Cereals or the National Cuard police. When 
questioned about the probable number of unregistered mills, the official guessed
500. However, he then offered two example situations for which he had precise
data: in the delegation (county) of Kebili, (one of the areas where the fortification 

*From UN/FAO, Economics Survey of Modern Flour Mills. ibid., p.6.**International Milling Company, Feasibuity Study, ibid., p. 74. 
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project is being implemented), he noted that only 3 of 11 small mills are 
registered, and in Douz, another delegation where fortification is being conducted, 
only 5 to 12 mills are registered. If these two cases are i-i any way representa
tive of other delegationc (a hypothesis which is impossible to validate with the 
limited information available), they suggest that less than half of the small mills 
in Tunisia are registered. Thus with 2, 404 registered mills there may actually 
be at least 4, 808 small mills, or more, in the entire country. 

Contrary to popular opinion, the number of small mills does not seem to
 
have been decreasing in recent years. Although there is 
 no hard data (because
 
of the high proportion of unregistered mills), 
 the high Office of Cereals official
 
thinks that the number has been increasing. He related that in 
 1974 the Office 
received over 500 requests for permission to register and open new small mills. 
After evaluating the s all mill facilities in each area, as well as the demand for
 
local processing, 
 regional officials granted permission for registration to 193 of 
the requests. Some mills close due to lack of business or other reasons, but
 
there is little data concerning closing; 
nor is there any data concerning unregis
tered openings. However in 
 spite of these data gaps, the available Office of
 
Cereals information suggests that the number of small mills has been slowly
 
increasing in recent years. 

A major objective of the survey which was conducted as part of this study 
was to provide a better estimate of the number and location of small mills than the 
estimates currently available. This was seen as an essential part of the study, 
for fortification may have to be implemented through these mills if the target 
groups are defined to include the mills' users, primarily the rural population 
throughout Tunisia and the lower income grcups in most towns and cities. Due to
 
restricted funds, time, and manpower, 
 the survey of mills was limited, but does 
provide the first detailed, broadly based data about these mills. From this data 
no solid conclusions can be rmade, but estimates can be made which are rough but 
nevertheless more refined than previous guesses can be drawn. 

The basic methodology of the survey was to visit a sampling of population 
centers of all different sizes in each of four areas of Tunisia. In each location 
several mill users were questioned about the number of mills in their own locale 
and grinders in these mills. In addition, in about half of the locations mills were 
visited and the millers were interrogated in detail about their operations and about 
the other mills in their locale. From the information obtained, the average 
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number of mills and grinders in the mills was calculated for each size of popula

tion center. Then these averages were multiplif. by the total number of popula

tion centers of each size in each area, to give an estimate of the total number of 

mills and grinders in each type of population center and in the whole area. From 

these area calculations, the total number of mills and grinders in Tunisia was 

estimated. 

The information concerning the grinders was collected because some mills 

regularly process grain in more than one grinder and this data would thus be 

necessary to calculate the cost of fortification equiprment for all grinders which 

are regularly used. The data on sifters were gathered so that the feasibility of 

fortifying the grain as it was being sifted, rather than during the milling, could be 

evaluated. 

The four areas by which the data were divided were the northwest, the main 

wheat-producing area of Tunisia, the northeast, the central region and the south

ern region. The population centers were divided into eight initial categories: 

(1) large cities (population over 100, 000); (2) medium cities (population, 50, 000

99, 000); (3) small cities (population 20, 000-49, 999); (4) large towns (population 

10, 000-19, 000); (5) medium towns (population 5, 000-9, 999); (6) small towns 

(population 2, 000-4, 999); (7) villages (population, 100-1, 999); and (8) small 

villages (population, 50-99). A second analysis was also done with category 

seven, villages, further subdivided into villages with a population of 200-1, 999 

and those with from 100-199 inhabitants. 

There are several important limitations with this methodology. First, the 

population data which were used were from the 1966 census, the only sufficiently 

detailed population data available at the time of the preparation of this report. 

Second, one can question whether the data classification should be based on the 

number of inhabitants of "population centers" (cities, towns and villages), rather 

than the rural population in the surrounding countryside. While the small mills 

are, in fact, almost always located in "population centers, " the number of mills 

may be more a reflection of the rural population living nearby. The best approach 

might have been to use a system of classification based on the populations of the 

centers and surrounding rural areas, but the limited resources available for this 

research did not permit this further degree of refinement. Third, while the 

census gives detailed information about the number of villages of different sizes 
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in each gouvernorat, the exact population of each village was not available. 

Therefore, calculated assumptions had to be made about the relationship between 

village size and number of mills. In fact the two different analyses were made 

in order to incorporate varying assumptions about these relationships in the four 

areas of the country; in the two estimates the number of mills and grinders were 

assumed to be different in villages in each area with populations of 200-1, 999, 

100-199, and 50-99. Fourth, the accuracy of basing the analyses on inhabitants, 

estimates of the number of mills in their locale can be questioned. However, 

most respondents displayed a high degree of assuredness, answered quickly, and 

could almost always relate the exact location of each mill.* A few respondents 

admitted that they did not know about all the mills, and the responses of others 

who displayed hesitancy or uncertainty, or who gave answers highly inconsistent 

with other responses, were not used in the analyses. Finally, where there were 

more than a few mills, most respondents did not know the exact number of 

grinders in each mill; they ubually could count the grinders in one or two of the 

mills. For the mills for which the respondents could not remember the exact 

number of grinders, the mills were assumed to have one grinder. Therefore,
 

the estimate of the number of grinders can only be interpreted as a minimum
 

number, and there are probably many more grinders in the small mills. 

During the survey a total of 136 locations throughout Tunisia were visited. 

Thirty were in the northwest: 38 in the northeast; 32 in the central region, and in 

the south, 36 locations were visited. 

Maps of Tunisia are presented in Figures 8. 2 and 8. 3. 

In the first estimate, all of the villages visited were assumed to have a popu

lation of 100-1, 999 and the projection of total mills and grinders was based on the 

findings in the villages visited.** In addition, it was arbitrarily assumed that in 

the northwest 50 percent of the villages with populations of 50-99 have one mill 

with one grinder; in the northeast and in three gourvernorats of the central region, 

*The one exception was Sfax, where the large size of the city plus the large num
ber of mills made it impossible for inhabitants to estimate accurately the total 
number of mills. The answers ranged from 40-100, and some of these mills 
grind no wheat or barley. Therefore, the estimate of 25 used in the analysis 
should be considered an extremely rough guess. 

**However, in fact the limited village population data available showed that a few 
of the villages visited had populations of less than 100. Some of these smaller 
villages also had mills. 
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25 percent of these small villages were assumed to have one mill and one grinder; 
in the fourth central gouvernorat, Kasserine, which lies partly in a mountainous 
mining area, only 10 percent of the small villages were assumed to have one mill 
with a grinder. In the south, it was assumed that none of the villages with popu
lations of 50-99 have mills. 

Based on these assumptions and the methodology outlined above, the number 
of mills in each region and in the entire country were calculated. These calcula
tions and the result are included in Appendix V. As the Appendix V shows, for all 
Tunisia the total number of mills was estimated to be 5, 091, with at least 5, 358 
grinders. The area totals are as follows: (1) northwest, 2, 334 mills (46 percent 
of the country's total) with 2,343 grinders; (2) northeast, 578 mills (11 percent 
of the total) with 672 grinders; (3) the central region, 1,526 mills (30 percent of 
the total) with 1, 553 grinders; and (4) the southern region, 653 mills (13 percent
 
of the total) with 790 grinders.
 

In the second estimate the assumptions about the villages were changed in 
order to give less weight to the smaller villages with populations from 50-99, as 
well as those with 100-199 inhabitants. The villages visited were assumed to have 
populations of 200-1, 999 (rather than 100-1, 999, as in the first projection) and 
the projection for this category was based on the survey finding from the villages 
visited. Then all villages throughout the country with populations of 100-199 were 
assumed to have only one mill with one grinder. Finally, it was assumed that in 
the northwest, only 25 percent of the villages with populations of 50-99 have a mill 
with a grinder, and in the northeast, center and south, it was assumed that none 
of these smaller villages have mills. 

Appendix V presents the results of the calculations based on these assump
tions. In this anal.Lrsis, the total number of mills in Tunisia was calculated to be 
3,666, with a minimw-r of 3, 876 grinders. For each area, the totals are as 
follows: (1) the northwest, 1, 469 mills (40 percent of the total in Tunisia) and 
1, 478 grinders; (2) the northeast, 533 mills (15 percent of the total) with 625 
grinders; (3) the central region, 1,085 mills (30 percent of the total) with 1, 112 
grinders; and (4) the southern region, 559 mills (15 percent of the total) with 

661 grinders. 
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Thus, according to these two projections, the number of small mills in 
Tunisia ranges from 3, 666-5, 000. These results are indeed consistent with the 
magnitude of the various different estimates noted in the beginning of this chapter 
and thus seem to be a reasonable estimate. In order to implement a fortification 
program through these mills, the exact number and location of each mill would 
have to be determined through a more comprehensive survey. But these data are 
sufficiently detailed to provide a basis for the estimation of the cost of the forti
fication program implemented through the small mills. 
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The Facilities and Operations of the Small Mills 

As part of the survey for this report, the operators of 65 small mills through
out Tunisia were questioned in detail about their equipment and operations. This 
information was collected because if fortification were implemented through these 
mills, it would be essential to have a complete understanding of the capabilities
 
and present activities of these mills. 
 For example, any necessary fortification
 
equipment would have to be installed in these mills, 
probably attached to the
 
grinders. The kind of fortification equipment and the amount of fortificant dis
pensed would be largely determined by the present milling equipment, its current 
output and its maximum output capability. Similarly, an analysis of the feasibility 
of assigning any of the costs of fortification to the millers or customers must 
include some data on the miller's costs and revenues, and the prices charged to
 
customers.
 

Detailed interviews were conducted at mill locations and the results of these
 
interviews are presented in a brief summary form. 
 It should be noted that this
 
survey includes only a small sampling of mills, 
 due to limited time, personnel
 
and finances. 
 The intention was not to provide a definitive analysis of the small
 
mill operations, but within these constraints, 
 to gather any possible information 
which could provide a better understanding of the small mill activities than was 
currently available. (As of 1974-75, information about these small mills was 

minimal. ) 

Most (63%) of the mills interviewed have one grinder (milling machine), 
although a significant portion (27%) have two grinders and a small number have 
three or more machines. In the central region, one machine generally processes 
grain and many of the second machines are reserved for the grinding of spices 
and peppers for harissa (a staple hot sauce). However, in the north and south, 
usually only one machine for grains is actually used at any time and any others 
are kept for use in case of the breakdown of the main machine or for spare parts. 
Thus, if fortification equipment were to be attached to a grinding machine, except 
in rare cases, only one piece or set of equipment would be needed per mill, since 
only one grinder usually handles grain during any given period. 

In the mills interviewed, over 30% of the grinders are the Danish Diamont 
machines depicted. However, the most common brand are the Bamford machines, 
an English brand found in almost half of the mills interviewed. The Bamfords 
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seem to be most popular in the northern and central regions, while the Diamont 

is found most often in the south. Several other brands of Italian, English, Danish 

and French machines are also used by some Tunisian mills. 

Most manufacturers of milling machines make several different models with 

different dimensions, horsepower, and milling capacities. For example, in 

Tunisia, Diamont advertises fourteen different models with horsepowers ranging 

two to twenty-five and capacities from 1 qq (100 kg) to 12 qq (1,200 kg) per hour. 

Most of the machines currently in use in Tunisia appear to be the smaller models; 

55 out of 80 grinders viewed (69%) had a capacity of one quintal per hour, while another 

ten machines (13%) mill only one-half a quintal per hour (Table 8.18). All of the 

machines viewed with 0. 5/qq per hour capacity are located in the central and 

southern regions while conversely, all of the machines with capacities of 2.0 qq/ 

hour or more are located in the northern region. 

Since most mills contain only one grinder and most of the grinders have a 

capacity of 1 qq/hour, the total mill capacity of most mills is 1 qq/hour. A total 

of 60% of the mills visited are in this category, but 36% of the mills had a total 

capacity for all grinders of 2 qq/hour or more. 

Forty mill operators were questioned about the age of their milling machines. 

Over half of these millers reported that their grinders were less than 19 years 

old, and almost 25% of the grinders were less than five years old. This informa

tion supports the thesis that not only is the number of small mills in Tunisia not 

decreasing rapidly each year, but that the number is probably increasing, since 

new mills are being opened and new equipment is being purchased for the existing 

mills. 

The motors of the milling machines can be constructed to operate by means 

of electricity, gasoline, oil or benzine. Data concerning the exact proportion of 

each type of grinder operating in the various regions were not collected. However, 

many of the mills visited had grinders which were not operated with electricity 

and many of the mills did not use any electricity for lighting. * Therefore, any 

equipment necessary for a fortification program through the small mills should 

not require electrical power. 

*It is not clear what proportion of the location actually had electricity available, 

but the millers chose not to use it. 
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Table 8.18
 

Hypothetical Monthly Income Statements for
 
Two Small Mills in Summer and Winter
 

I. Net Revenues 


II. 	 Costs
 

1. Rent 

2. Equipment4 


3. Spare parts and repairs 

4. Electricity or gas 

5. Other equipment costs 

6. Water 

7. Maintenance costs 

8. Salaries to workers 

9. Insurance 


10. 	 Interest
 

Subtotal 


11. 	Taxes (5% revenues) 


Total costs 


Ill. Net Income 


(revenue minus cost)
 

First Mill1 Second Mill2
 

Summer Winter Summer 
 Winter

Dinars Dollars Dinars Dollars Dinars Dollars 
 Dinars Dollars
 

71 $167.56 20 $47.20 153 $361.08 51 $120.36
 

- - - -.- - 
1.250 2.95 1.250 2.95 3.333 7.87 
 3.333 7.87
 
2 4.72 1 2.36 4 9.44 
 4.72
 

12 28.32 6 14.16 25 59.00 
 12 28.32
 
1 	 2.36 1 2.36 3 7.08 2 4.72
 

-
 - - -
1 2.36 1 2.36 2 4.72 2 4.72
 

- - 30 70.0 - 
- - - - - -

17.250 40.71 10.250 
 24.19 67.333 158.91 21.333 50.34
 
3.550 8.38 1 2.36 7.650 18.05 2.550 6.02
 

20.800 $ 49.09 11.250 $26.55 
 74.983 $176.96 23.883 $ 56.36
 

50.200 $118.47 8.750 $20.65 78.017 $184.12 27.117 $ 64.00
 

IAverage summer workload: 
 7 qq/day of cereals ground; winter workload: 2 qq/day. Based on daily operations,

30 days a month. Grinding price: D 340/qq. (average northern price).


2Converted at the 1974 exchange rate of I dinar 
= U.S.$2.36.
 
3Average summer workload: 15 qq/day; average winter workload: 
 5 qq/day; grinding price: D.340/qq.

4Depreciation for equipment, over 10-year period, initial value in smaller mill, 150 dinars, and
 
large mill, 400 dinars (two grinders).
 

51n the second mill, one worker paid 1 dinar/day in summer.
 

http:U.S.$2.36


The products which the small mills process vary in the different regions of 

the country. The mills in the north handle primarily durum wheat although 

limited amounts of bread wheat and barley are also processed in these mills. A 

small proportion of the northern mills also occasionally grind spices, peppers, 

broad beans, chick peas (mainly to put in coffee and for other liquid and semi

liquid dishes) and sorghum (which is ground into a fine flour for cakes). In the 

central region grinding durum wheat is often a less important activity than grinding 

spices, peppers, chick peas, sorghum, and barley, the main product of many of 

the mills, especially in the Sfax area. In the south most mills grind mainly 

barley, but also durum, spices, and peppers, as well as small quantities of bread 

wheat, sorghum, chick peas, and broad beans. 

Almost half of the millers interviewed reported that, during the peak summer 

months (June-September) they process an average of less than ten quintals of 

durum a day. Furthermore, most of these mills with low workloads are located 

in the central and southern regions. In contrast, three-fourths of the remaining 

mills which handled an average of ten or more quintals per day are located in the 

northern region, and all of the mills with very large workloads (averaging over 

50 qq/day) are located in the north. Furthermore, of six mills located with 

average workloads of over 50 qq/day, five are located in the northwest part of 

the northern region. 

In winter and spring the millers reported that their average workload decreases 

significantly. Of 52 millers interviewed, ten responded that usually no durum is 

brought in by customers, and another 34 millers (65% of those interviewed) 

reported average workloads of less than 10 qq of durum per day. The average 

output of the larger also decreases significantly in winter. Only five northern 

mills reported average workloads of 15 or more quintals per day, and the largest 
"small" mill located, a mill in Le Kef which handles over 100 qq/day in summer, 

reported that its workload decreases about 50% in winter. 

Few of the millers reported processing any bread wheat in summer, and the 

survey found only one miller whose customers bring bread wheat to be ground in 

winter. The workload of barley is higher; many of the millers reported handling 

barley in summer, and most of these millers said that their average workload was 

two or more quintals per day. The data for barley processing in winter are almost 

identical; most of the millers which process barley reported handling an average 

of two or more quintals of barley per day. 
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Fifteen of the millers interviewed reported handling spices, peppers, broad 

beans and sorghum. Almost all of their mills were located in the central and 

southern regions. 

The extraction rate which millers obtain when grinding durum varies mainly 

according to the machines used and the number of times which the wheat is ground. 

Generally after one grinding, the output is sifted through a course sieve and about 

two-thirds of the finer output is retained as semolina; this is resifted through 

finer sieves to produce two or three grades of semolina suitable for couscous and 

a fine grade for use in tabuna bread or cakes. The remaining one-third of the 

output from the initial grinding may be used as animal feed, but is usually ground 

a second time, producing 75% semolina and 25% animal feed after sifting. Again, 

when this semol'na is sifted through finer sieves it produces several different 

grades and the coarse animal feed output may be ground a third time in order to 

separate more semolina from the offal. In the small mills it was reported that 

the coarser output may be ground as many as seven times and as many as eight 

different grades of semolina may be produced. Apparently in the north most 

customers have their durum ground at least two or three times, producing about 

90-95% semolina (four to six grades) and 5-10% animal feed. Before fortification 

could be implemented through the small mills, it would be imperative to collect 

more refined data concerning these grinding and sifting practices and extraction 

rates in order to ascertain the appropriate rate of addition of the fortificant and 

to evaluate whether all of the fortificant would be sifted through to the semolina 

reserved for human consumption or whether a certain portion of the fortificant 

might remain in the offal to be fed to the animals. 

Most customers of the small mills take the ground wheat home and sift the 

semolina from the offal by hand, with small sifters with sieves of various sizes 

to separate out the various grades of semolina. However, some of the small 

mills provide sifting services for the customers by means of "automatic" sifters, 

large free-standing wooden frames with imported meshes from which as many as 

eight grades of semolina can be separated. Survey respondents were questioned 

about the sifting facilities in the mills, becausc of the possible usefulness which 

the sifters might have in a fortification program. Fortification feeders might be 

attached to the sifters' output shutes, thereby assuring that all grades of semolina 

are equally fortified and that none of the fortificant is retain.d in the residual 

animal feed. After millers and customers began being questioned about their 
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local mills' sifting facilities, it became clear that few have these sifters and 
most of the sifters are located in mills in the northern region. Only 29 sifters 
were located in the north (17 in Bizerte, 6 in Tunis, 1 in Nabeul, 4 in Beja, and 
1 in 	Le Kef), one was located in the central region (Kairouan), and more were 
found in the south. Most of the millers who have sifters reported that less than 
half 	of their total output is usually sifted, probably because of the additional 
charges for sifting. (Grinding with sifting usually costs about 1-1/2 to 2 times 
as much as grinding alone.) In mills without sifters the millers were asked why 
they 	did not have these facilities. Their responses were as follows: 

(1) 	 I don't have enough work in my mill to require a sifter (response
 
given mainly in the central and southern regions).
 

(2) 	 People are used to sifting at home, probably would not want to pay
 
more for the sifting service.
 

(3) 	 I cannot afford one. 

(4) 	 I've never seen one, don't know anything about them. (One miller 
who had never seen a sifter said that he would obtain one if it would 
draw more customers to his mill.) 

(5) 	 My mill is too crowded; there's not enough room for a sifter. (The 
sifters used in Tunisia are about 6-8 feet long, about 4 feet wide and 
about 3 feet high.) 

Fifteen millers were also asked if they would buy a sifter if low interest credit 
were available. Seven millers responded that they probably would buy one under 
such conditions, but eight said that they still would not want a sifter. (Most of 
these millers said that they can afford to buy one, but do not need or want one; 
one miller said that he still could not afford to pay for the electricity.) 

Most of the millers interviewed keep their mills open every day of the year, 
from nine to sixteen hours a day. Some millers maintain these same rigorous 
hours, but close their mill one day a week, usually on Friday the Moslem Holy 
Day. Other millers adhere to different schedules: some are open 24 hours a 
day, every day; one mill is open in the evenings only, which is the only time when 
electricity is available, and some are open only in summertime. 

The prices charged by millers surveyed vary widely, ranging from D. 200
.750 ($0.48-$1 .79) for the grinding of quintal of durum. The prices charged in 
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the northwest show the lowest average (D. 268/qq; the average for eleven mills) 

while the average prices charged in the south are the highest (D. 446/qq average 

for eleven mills). The limited data concerning the prices for both grinding and 

sifting suggest that these prices are about twice the price of just grinding a quintal 

of durum. The prices for grinding and sifting may be slightly higher in the north

east than the northwest, but grinding prices are also higher in the northeast. 

One miller reported that he earns revenue not only from the fees charged for 

the grinding and sifting services, but also from the sale of grain offal at the mill 
by customers who own no animals. He reported that in his area (the northern town 
of Mateur), one quintal of grain offal could be sold for three dinars in the summer

time. 

Only limited financial data about the cost of operations of the small mills 

were obtained during the survey. This was due to several interacting factors: 

the nervousness of many millers about giving such information, the considerable 

time required to pose all the interview questions, and the higher priority given 
to other questions. Although the millers seemed surprisingly relaxed with the 

interviewers and open about discussing the details of their business, they were 
often hesitant to discuss financial matters in detail, since they feared that the 

information might somehow be used to require them to pay higher taxes. Thus, 
the financial questions were placed at the end of the interview, when a certain 

degree of trust might have been established and when the answers to all of the 
other questions had been obtained. However, in many cases the millers lacked 

the time to complete the entire questionnaire, and therefore, the last questions 

pertaining to financial matters were often not asked. 

Most millers reported that they pay no rent, but that they own the mill 
property and building. Four millers who do not own their mills reported that 

their monthly rents are four dinars ($9.44), nine dinars ($21. 24), twelve dinars 
($28.32) and thirty dinars ($70. 80) (inclades the rental of a grinder as well 
as the mill property). The main expense of most mill operators is the cost of the 

grinding equipment. New grinders like the ones used in most small mills are 

priced from about 176 dinars ($415) to 276 dinars ($651), depending on the capacity 

of the machines.': The owners of some of the older, larger grinders (possibly 

*Prlces quoted by the distributor of Diamont grinders. The price ranges for 
other brands may vary somewhat. 
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more dependable) estimate much higher present resale values for their machines. 
One miller placed the current value of his twenty-year old grinder at 2, 800 dinars 
($6, 608) while the owner of a mill in Le Kef (the mill with the largest output of
 
any interviewed throughout Tunisia) estimated that his massive, 
 sixty-year old
 
grinder is 
presently worth 15,000 dinars ($35,400). 

Some of the millers are able to make their own spare parts for the grinders, 
and a few operators reported that they can obtain spare parts in their own locale 
or in nearby towns. But, most millers said that they could only obtain parts in 
Tunis or sometimes Sfax, and they reported extreme difficulty in obtaining parts
 
and long waits. For example, one mill had not been operating for nine days
 
because of unavailable spare parts, 
 and another miller had been waiting for six
 
months for parts delivery. In another mill, of 7 grinders
3 were not operable
 
because of the unavailability of parts. In fact, many millers keep extra grinders
 
in order to provide spare parts when they are needed. 

The twenty-one millers who use electricity in their operations reported widely 
ranging monthly costs. The operators of eight of the smaller mills pay from 
10-14 dinars per month ($24-$33) in summertime, while three millers reported 
paying over 70 dinars ($165) per month. In winter because of the significantly
 
decreased workload, the electricity costs also drop sharply 
- most millers pay
 
less than 10 dinars ($23) monthly.
 

Some millers with grinders operating with gas motors were not sure of their
 
exact monthly gasoline costs. 
 Six other millers with gas-operated grinders 
reported monthly gasoline costs ranging from 9 dinars ($21) to 55 dinars ($130). 

Many millers operate their mills by themselves or with the assistance of 
unpaid family labor. However, a significant portion of the millers interviewed 
hire additional workers during the peak summer months. Most of these millers 
hire from one to three full-time workers, although in one mill, seven workers 
are employed each summer. During the winter, few mills employ workers to 
assist the millers. The pay for the hired laborers in the north (where most mills 
with additional employees are located) ranges from D. 800-1.200 per day 

($1.88-$2. 83). 
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Several millers stated that they are required to pay government taxes
 
amounting to 5%of total revenues, 
 although it was suggested that many millers 
pay less than this preparation. A few millers reported paying insurance fees of 
about 10 dinars ($24) annually for the protection of their mills and some millers 
also have water outlets installed in their mills mainly for human use and main
taining the cleanliness of the mill, but not for any milling function. Average wate 
bills were about 5 dinars ($12) per month. 

Based on this limited financial data, a simple income statement for a small 
Tunisian mill may be roughly estimated. Table 8.18 includes hypothetical state
ments for two mills 'withdifferent workloads in both summer and winter. The
 
first mill is 
a typical mill like those found in villages; the average workload is 
only 7 qq/day in summer and 2 qq/day in winter. With minimal costs estimated
 
(no rent, water, labor, insurance or interest costs), the monthly net income to
 
the miller, 
before paying salary to himself or family members, is only $118.47 
in summer and $20. 65 in winter, totalling about $639.08 annually. In the slightly 
larger second mill, where the average daily workload is 15 qq in summer and
 
5 qq in winter the miller is somewhat more prosperous. He earns a monthly
 
average of $184.12 during the 
summer and $64.00 in winter, totalling $1,248.48
 
for the entire year. 
 For either miller the addition of any rent expenses, extra
 
labor costs, 
 or other expenses for interest, insurance, extra repairs or new
 
equipment would significantly reduce their already rather meager income.
 

The millers were also questioned about the occupations of their customers,
in order to ascertain the proportion of people who were having home grown grain 
milled and the proportion of people who were purchasing their grain in the non
controlled system. Many millers were not able to answer these questions with 
precision and some refused to attempt to make any estimates. When asked what 
proportion of their customers who are farmers who produce some wheat, 21 of 
37 responding millers (58%) said that at least half of their customers grow all or 
some of their own wheat, Three of the millers in the center and south said 
that none of their customers produce any wheat. Of 28 millers who could estimate 
the proportion of their customers who work on wheat-producing farms (and thus,
might receive wheat as partial salary payment), over half (12) said that these 
farm workers constitute from 20-29% of their customers. Four of the southern 
millers responded that none of their customers are workers on wheat-producing 
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farms. The millers were also asked to estimate the proportion of their customers 
who have nonagricultural occupations. Eleven of nineteen responding millers 
(58%) said that farmers and workers on nonwheat producing farms comprise from 
10-39% of their customers, while 17 of 21 responding millers (81%) said that cus
tomers with nonagricultural occupations constitute less than 29% of their clients. 

The millers were also questioned about the average number of customers 
whom they service each day in the summer, the frequency of each customer's 
visit, and the average amount of grain brought by each customer. Of 32 millers 
responding to the first question, over half said they normally service from 10-29
 
customers per day. 
 The millers also explained that the frequency of customer
 
visits varied widely; 
 some farmers make only one visit to the local mill annually, 
bringing the families' full year's supply of grain at one time, while other people 
have their day's si .pply of grain ground each day. However, most of the millers 
said that most of their customers bring grain to the mill from one to three times 
a week. Finally, the millers reported that at each visit most customers bring in 
small quantities of grain. Twenty-eight of 33 responding millers (85%) said that 
their customers normally bring in from 4.2-16.6 kg (1/24 - 1/6 of a quintal or a
 
sack) to be processed at one time.*
 

Much of this information which was gathered about the small mills and the 
millers would be extremely useful for the design of a fortification program imple
mented through these mills. For example, the data concerning the average output 
of the mills throughout the year, the fees charged, and the typical costs of operating 
a mill are all necessary in estimating the incomes of the millers, and subsequently, 
an appropriate fee which might be paid to the millers for their participation in a 
fortification program. Similarly, the information concerning the small quantities 
of grain which many poorer people purchase at one time and bring to be milled, 
as well as the data on the usual milling fees, would be valuable in determining how 

"In rural areas of Tunisia the quintal (100 kg) is broken down into several sub
divisions: 1 quintal = 3 wiba (1 wiba = 33.3 kg) 

= 6 gelba or themna (1 gelba or themna = 16.6 kg)
= 24 saa or roboui (1 saa or roboui = 4.2 kg) 
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much of the cost of fortification these people might be able or willing to bear. 
However, one of the most important results of the mill survey was the general
impression of the millers which was gained. Most of the millers were extremely
cooperative, helpful, and pleased and proud to participate in the mill survey.
 
Some who were 
told that the results might be used for a nutrition program for 
lower income groups seemed eager to be of assistance. Thus, if a fortification 
program were designed which did not severely distrupt the milling activities, and 
if the millers were fairly compensated for any time and effort necessary for the 
implementation operations, it seems that they would be willing and trustworthy 
participants in any program of fortification implemented through their mills. 

The Home Grinding of Wheat 

Some Tunisian families who grow their own cereals or purchase whole grain 
wheat or barley do not take these cereals to the small local mills to be processed,
but grind the grains at home. Typical home grinding equipment consists of two
 
large, round flat stones or clay discs placed on top of each other. 
 The grain is
 
placed between the two discs and the top disc i3 rotated, usually by means of a
 
stick lodged in a notch or hole in the disc. The grain is crushed by the rotating
 
action of the stones. After the grinding, several sifters with different mesh sizes 
are used to separate out the offals and the coarser and finer grades of semolina. 

There is no data available about the number of Tunisian families which grind
their cereals at home. It is widely agreed to be a very small proportion of the 
population; most experts and officials roughly estimate the exact proportion to be 
between 1-3 percent. These families are generally thought to be among the lowest 
income groups in Tunisia. 

As part of the survey conducted for this report, an attempt was made to pro
vide more information about the numbers and location of the people who grind 
their wheat at home and why they process their wheat in this manner. The survey
respondants in each locale were asked two questions: (1) who does their grinding 
at home in this area, and (2) why do these people prefer home grinding. Although 
the answers to these questions do not enable a more precise measurement of the 
number or proportion of families who grind at home, the responses do provide 
useful new information. 
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In both the northwest and northeast, most respondants said that very few 

people, almost no one, or no one at all, grinds at home anymore. However, some 

people contradicted this by saying that many people in isolated rural or mountain 

areas, some of the poorest people in rural areas, villages, and urban fringes, 

as well as a few wealthier city people, still practice home grinding. In the central 

region the answers were very similar to those in the north, although the home 

grinders also include the nomads, shepherds, and bedouins.* According to the 

survey respondents, the greatest proportion of families who grind at home seems 

to be in the south. As in the central region, these families include the nomads, 

bedouins and shepherds, as well as sume people of all income levels outside the 

towns and villages, and some urban people. 

In all three regions the respondents gave very similar answers when ques

tioned about the reasons that people grind at home. These reasons were explained 

as follows: 

(1) 	 Many poor people grind at home in order to save money, both the 

milling fees and transportation costs to the small mills. 

(2) 	 Some people prefer home grinding because it is more convenient 

and less time consuming than taking the grain to the mill. This 

explanation was given most frequently in the central and southern 

regions, where there are fewer mills than in the north. Some 

families who live only a few kilometers from a mill consider this
 

distance too far to travel for grain millings. Many families
 

prefer grain which is milled daily or every few days,
 

and some families can only afford to trade or buy one or two days'
 

grain supply at one time. Thus, many of these people, who might
 

typically travel into "town" (including village centers) only once a 

week (often on "souk" day), grind their grain at home every day, 

just before making their cous-cous, tabuna, or other dishes. The 

nomads and shepherds, who rarely come into "town" and the bedouins, 

who reportedly come to town infrequently, also do their own grinding 

because they are rarely near a small mill. 

*The bedouins are a particular group of people who typically live in isolated
 
groups in the central and especially the southern region. Some bedouins are
 

also nomads.
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(3) Many people of all income levels grind their own grain only for 
certain special dishes, such as zomita (a breakfast drink or porridge 
made with semolina or ground barley), and malthouth (barley cous
cous). 

The individuals who grind their grain at home would obviously not be reached 
by a fortification program through either the large government mills or the small 
local mills. This is particularly notable since most of these people are part of 
the probable target population groups of any nutrition program. However, since 
the people who home grind constitute such an extremely small percentage of the 
population, the overall effectiveness of a fortification program would not be signi
ficantly reduced. Nevertheless, by well publicizing the benefits of fortification,
 
it might be possible to encourage some of these people to have at least some of
 
their grain, perhaps the grain designated for the children, milled in the local 
mills where the fortificants were being added. 

Barriers to the Implementation of a Fortification 

Program in Tunisia: Centralized Program 
Because of the dichotomous structure of the Tunisian wheat processing system, 

the barriers which would be encountered in a centrally implemented program and 
in a decentralized program have been evaluated separately. However, these two 
types of programs are not mutually exclusive. In fact a fortification program
which could reach the two most likely target-groups, the urban poor throughout 
the country and the lower income inhabitants of the southern region, would require
 
a two pronged implementation scheme, 
 with the fortificants being dispensed in 
both the large controlled mills and the small local mills. 

Barrier I: Nutritional Need 

Tunisia is a developing country in Africa that exists on a cereal-based diet. 
A nutrition survey (Institut National de la Statistique, 1968) carried out between 
1965 and 1968, showed an average per capita caloric intake of 2,360 calories and6 5g of protein; of this total, cereal supplied 68 percent of the calories. However, 
countrywide averages are deceptive and often mask regional differences in con
sumption. Table 8.19 shows the nutrition survey data stratified according to 
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Table 8.19 
Foods (g/person/day)in Typical Tunisian Diets 

Southern Villges 

FAO 1964-661 Nutrition Survey 1965-682 Antar 1971-72 

All'Tuhieia All Tunisia Big Cities All Rural Villages Scat. Dwel, 
Cereals 392 403 353 422 364 458 310 
Potatoes 30 42 55 38 46 36 17 
Sugars and sweets 43 49 55 47 47 '7 32 
Pulses 16 10 15 8 10 8 10 
Vegetabl 202 240 303 205 250 191 93 
Fruits 139 164 340 102 104 100 51 
14eat 33 36 59 30 35 28 13 
Eggs 6 2 4 2 2 2 0 
Fish 7 13 27 7 12 6 1 
-111k 106 68. 96 59 49 63 20 
Fats and oils 37 42 56 39 40 39 31 

Calories 2190 2360 2550 2310 :230 2470 1640 

Total Protein 66 65 68 64 60 67 40 

1PAO, 1969 

2Institut National de Is Statistique, 1968 
3Tesi, et al., ;:-pblished observations 



city/rural/village areas of Tunisia and contrasted with the countrywide statistics. 

It is apparent that cities fair better than the rural areas with 14 percent more 

calories and 15 percent more protein than the villages. 

The mean intake of 65g of protein would appear adequate except for the fact 

that only 14 percent of the total amount of the protein in the diet is from animal 

sources (Table 8.20). The Comite-sectariel (1968) in Tunisia recommended 

that 30 percent to 40 percent of the protein intake should be of animal origin; the 

protein problem appears to be one of quality rather than quantity. 

Southern Tunisia borders on the Sahara desert and because of the limited 

rainfall is adequate only for cultivation of dates as a commercial resource (Tesi, 
et al., 1975). Results from the national nutrition surveys (Bourtourline, et al., 
1972) have shown that nutritional deficiencies are present to a greater degree than 

in the rest of Tunisia and anthropometric studies have shown that preschool 
children of the southern villages demonstrate maturational delay when compared 

to other areas (Bourtourline, 1972). Deficits of food energy are more common
 

in the south (Antar) than the rest of rural Tunisia.
 

Four surveys on food consumption of families were carried out in the southern 

Tunisian villages between 1971 and 1972 (El Lozy, et al., 1975). Each survey 
involved between 150 and 300 families. Table 8.19 shows that the Antar villages 

get only about 75 percent of the calories (1,640 as opposed to 2,230) and 70 per
cent of the protein (40g as opposed to 58g) that the average Tunisian village gets. 
In addition, in the Antar villages, cereal products are the principal foods and of 

these 97 percent were represented by wheat products (Table 8.21). The most 

traditional food in Southern Tunisia is cous-cous (Tesi, et al., 1975). This is a 
coarse semolina steamed and eaten with a sauce composed of water, oil, tomato 

paste, a few vegetables and occasionally a little meat. Main meals generally 

consist of a single dish, cous-cous. 

Since the Tunisian diet relies heavily on wheat and is limited in variety, it is 
not surprising that micro-nutrient deficiencies have been identified (Republicque 

Tunisierre, 1968). According to the cornitesectorial de la planification 
alimentaine (1968), low intakes of calcium, vitamin A, riboflavin, vitamin C, 

iodine and fluoride have been identified in the population. Rickets have been 

observed in 20 percent to 30 percent of individuals under 20 years of age. The 

deficiencies in micro-nutrient intake are much more severe in rural than in 

urban areas, as can be seen from Table 8. 22. 
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Table 8.20 

Protein Intake in Grams per Day per Person, 
by Degree of Urbanization 

Protein Intake LargeCities OtherCommunes ScatteredPopulation Total
Rural Total for

Tunisia 

Total Protein 67.7 59.8 67.3 63.7 64.8 

Provided by 
cereals 41.4 43.4 53.5 49.3 47.1 

Of animal 
origin 15.0 8.3 7_, 7.4 9.3 

Animal protein as 
percentage of 
total protein 22.0 14.0 10.0 12.0 14.0 
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Table 8.21
 

Daily per Capita Consumption of
 
Commonly Consumed Tunisian Foods
 

Food Per Capita ConsumDtion 

r Grains 

Cereals 310 

Legumes 10 

Fresn Vegetables 93 

Potatoes 16 

Fresh Fruit 17 

Dates 34 

Meat 13 

Fish 1 

Oil 31 

Sugar 32 

Milk 20 

Leghmi-'1 8 

Tomato concentrate and har ssab 12 

a) A sweet juice from date palm
 

b) A Paste made of oil and red pepper
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Table 8.22
 

Percentage of the Population for Whom the per Capita
 
Daily Nutrient Intake Falls Below Specified Levels
 

--Percentage of the Populatien for Whom the per Capita Daily
 
Nutrient Intake Falls Below Specified Levels.
 

Nutrient 


Calories 


Protein
 

Total.(g) 


0Ratio of animal
 

to total protein
 
(percent) 


Vitamins
 

A (I.U.) 


B2 (mg) 


C (mg) 


Calcium (mg) 

Level 

Specified 


2,000 


55 


20 


1 4,000 

1"1.4 

55 


400

"I_____________
 

Rural Urban Tunisia 
as a .hole 

30 12 25 

30 12 25 

70 :34 61 

50 27 44 

70 35 61 

30 12 25 

50 27 44 



To summarize, the Tunisian diet as a whole is characterized by heavy con

sumption of cereals and a very low consumption of animal products such as meats, 

eggs, and milk (Table 8.19). Cereal consumption is heaviest in the rural areas 

particularly in the South (Table 8.23). 

Taking the country as a whole, 85. 6 percent of the protein consumed is of 

vegetable origin (Table 8.24). 

Wheat is the major source of calories and protein in Tunisia. It is important 

to realize, since calories and protein are derived primarily from a single grain 

source, a dietary deficit in total protein is also likely to indicate a deficit in 

calories. 

Barrier II: Commodity System Structure 

One major issue in this category is the ability of a centralized program to 
reach specific target groups. For those groups which are already consuming 

large mill products, it would be relatively easy to fortify only the limited quanti

ties of wheat products which would be delivered to these groups. The mills 

already keep detailed records of the geographical destination of their output; for 
1973-1974 these records illustrate the relative simplicity with which 

targeting could be accomplished. Of course, the groups which consume 

mostly locally milled products would not be effectively reached by a 

centralized fortification program, and the barley portion of Tunisian 
diets would also not be covered by a program in which only wheat is fortified. 

Thusif these groups, the rural and small town people who consume mainly 

locally milled products and the major barley consumers, the lower income people 

in the central and southern regions are defined as target groups, implementation 
of the program through the small mills and the fortification of barley must both 

be seriously considered. 

The second major issue relating to the commodity system structure is the 
necessity of gaining and maintaining the support of the directors of the large mills 

in order to assure that a fortification program be properly implemented. Since the 

mills are already controlled by the government and the millers must comply with 

government instructions, there would probably be no resistance to the imposition 
of the additional requirements which would be necessary for a fortification pro

gram. In addition, because the government already collects extremely detailed 
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Table 8.23 

Annual per Capita Consumption Levels 
(in Kilograms, Weights as Purchased) 

Product Large 
Group Cities 

Villages 

Cereals 129.0 133.0 

Vegetables 110.6 91.3 

Fruits 124.2 38.7 

Eggs 60 30' 

Meats 21.6 12.8 

Milk 35.0 18.0 

Fish 9.8 4.2 

Fats and 
Oils 20.4 14.5 

Sugar 20.0 17.0 

aNumber of eggs, not weight. 

Rural Areas
 

Scattered 

Pouseliolds 


167.C 


69.6 


36.6 


3oa 


10.1 


23.0 


2.1 


14.2 


17.0 


Total 
Rural 

runtsia 
as o 
IThoIe 

154.0 147.0 

75.0 87.7 

37.4 

11.0 

"60.0 

3Po 

13.0 

21.5 25.0 

z.7 4.6 

14.2 15.5 

17.0 18.0 
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Table 8. 24
 
Major Sources of the Protein Consumed (Percentages)
 

Rural Areas Tunisia 
Product Large 
Croup Cities Villages Sca:tered Total as 

Households Rural Whole 

Cereals 61.2 72.7 
 .79.5 77.4 
 72.7
 

Animal
 
Products 22.0 
 15.8 10.4 
 11.6 14.4
 

Fresh
 
Vegetables 6.5 
 6.0 4.3 4.7 .5 

D:y Legumes 4.9 3.7 
 2.7' 3.0 
 3.4
 

Other 5.4 1.8 
 3.1 3.3 4.0
 

Total 100.0 
 100.0 100.0 100.0 
 100.0
 

records concerning all phases of the operations of these mills, there would 
probably be no miller resistance to providing the various types of data which 
would be necessary for the implementation of a program. 

Barrier III: Technlogy 

The technological aspects of fortification through the large controlled mills 
in Tunisia present no serious barriers. The actual process of the fortification 
is, in fact, an extremely simple procedure. In the Tunisia pilot project a small 
feeder was installed in each of the participating mills; the feeder added the forti
ficant powder to the stream of processed flour in the final step in the operations, 
as the flour was released into the sacks. One supervisor was required to monitor 
the operations and perform periodic quality control checks on the fortified products. 

If an expanded fortification program were to be implemented in the same 
manner as the pilot project, which seems the logical procedure, feeders would 
be installed in each of the participating large mills and supervisors would have 
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to be trained to oversee the fortification activities in each participating mill. In 

addition, the blending operations would have to be set up for the mixing of the 

lysine, vitamins, and minerals, which are produced by different companies and 

would be shipped separately to Tunisia. For this operation a large tank-type 

blending machine and some other small equipment would be required and several 

supervisors to direct the blending activities would have to be trained. 

The only technological barrier which would be encountered in a centralized 

fortification program is the variation in the milling extraction rates in the different 

mills, and thus, the variation in the nutritional content of the wheat products 

milled at different times in each mill. The mills could all be required to use one 

uniform set of extr;,ction rates, but this requirement would probably arouse the 

opposition of the millers as well as consumers who have a: sensitive appreciation 

of the different products produced at the various mills and a wide range of 

preferences for these products. A more feasible alternative might be to allow 

each mill to determine its own extraction rates, but to require that the same rates 

be used throughout the year within the mill. The best solution might be to allow 

the mills some flexibility and permit the use of several different rates with 

different premixes blended to suit each rate. This, of course, would complicate 

the blending and distribution of the premix, but could technically be accomplished 

without great difficulty. Regardless of the exact solution, it is important that 

the quantity of fortificants to be added be determined as precisely as possible. 

Adding an insufficient quantity of premix would reduce the nutritional effectiveness 

of the fortification, and while adding slightly more premix than is needed w'uld 

not cause any biological or medical problems, it would result in unnecessary 

additional costs, since the fortificants represent most of the cost of the fortifica

tion program. 

Barrier IV: Consumer Acceptability 

One of the main barriers to a fortification program in Tunisia would be the 

resistance of Tunisian consumers towards certain alterations in the characteristics 

of their wheat products and their mistrust of government intentions in allowing 

these alterations. Although it is widely believed that consumers in developing 

countries might oppose the addition of any foreign substance to their cereal pro

ducts; this did not seem to be true in Tunisia or in Thailand. In Tunisir 
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in fact isome consumers seemed to be enthusiastic about the possible beneficial 
effects of the fortificants. However, the survey also showed that Tunisian 
consumers are highly sensiti%9 to the color of their wheat products and that
 
they generally favor lighter colored products 
and reject darker colored varieties. 
In the pilot project region, the semilina which was fortified with lysine a white 
powder, was actually favored over the non-fortified semolina from other townLI. 

The color of the lysine evidently lightened the overall color of the semolina, 
according to the Tunisian consumers. Conversely, several years ago when an 
American company attempted to introduce a highly nutritious new brand of cous
cous, the product was rejected and the project failed mainly because the product 
had a slightly darker color than the familiar cous-cous, and consequently, became 
widely known as "black cous-cous." The Tunisian consumers also seem to be 
wary of the intentions of the government in allowing additives in wheat products. 
Some consumers in the pilot project arez. expressed a fear that the fortificants
 
were actually a birth control device. 
 Similarly, survey respondents throughout
 
the country believed that the government always, 
 or often, allows the addition of 
ground corn or broad beans to wheat products in order to dilute the products, and 
thus lower producer costs. Although this practice was permitted during several
 
periods of inadequate wheat harvests in the past, 
 it has not been allowed recently, 
nevertheless many consumers believe that the practice still persists and complain 
that these additives change the flavor of wheat products; give them a darker, more 
yellow color, and reduce the nutritional content of their semolina or flour. The 
danger for a fortification program is that some consumers might avoid any forti
fied products due to their fear that the fortificants might actually be corn or broad 
beans; in the pilot project area some respondents were certain that not only 
vitamins, but also corn was being added to the semolina. Some of these people 
said that they eat the fortified products anyway, but others said that they try to 
avoid the government semolina and buy whole wheat to grind locally whenever 
possible. Thus, if fortification were being implemented only in the large mills, 
some of the previous market for government products might be diverted to the 
noncontrolled system, where consumers could retain control over the milling of 
their wheat. However, since the consumer sensitivity to color is so pronounced 
in Tunisia, this problem might be avoided if it could be assured that the addition 
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of the lysine and vitamin premix would, according to a Tunisian consumer, lighten 

the color of the semolina or flour. Alternatively, the fears concerning the possible 
fortification with corn or beans could be alleyed by a comprehensive public educa

tion program before the lysine and vitamin fortification is initiated. 

The fortificant premix used in Tunisia has no perceptable taste or odor, and 
the addition of the premix to wheat flour does not affect the texture or cooking 
characteristic of the flour. Thus, there would probably be no problems of con

sumer resistance due to these fortificant characteristics. 

Barrier V: Intervention Economics 

An estimate of the cost of the feeders and blending equipment, as well as the 
other initial capital costs required for a fortification program implemented 

through all of the 18 large mills is presented i-a Table 8.25. In addition, the Table 
also includes an est;.mate of the annual operating costs of a fortification program, 

as well as an explanation of the derivation of the cost calculations for the major 

items in the estimates. 

These calculations are based on the assumption that all of the wheat products 
produced by al of the 18 mills are fortified. However, if it were decided that 
only certain 1target groups were to receive the fortified products, then only part 

of the total output would be fortified and many of these costs would be significantly 

reduced. Similarly, after the specification of particular target groups, it might 
be decided that fortification of the products for these groups could be performed 

in a few of the large mills and their overall costs would be further decreased. 

In these calculations it was also assumed that the vitamins and minerals, as 
wrAl as the lysine would be manufactured in Europe; shipping costs from France 

are used in the shipping estimates. In early 1974, officials of the Ajinomoto 

Company, the major manufacturers of lysine, said that they were considering 

opening a plant in France. They also explained that they would seriously consider 
opening a plant in the region of any country where lysine fortification we're to be 

undertaken on a large scale basis. 

As the data in Table 8. 25 show, the total estimated capital cost for a pro
gram of fortification implemented through the large mills would be $288, 949, 

which includes $100, 500 (35 pf. cent) in equipment costs and $94, 599 (33 percent) 
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Table 8.25
 

Estimate of Cost of Fortification Implemented
 
Through 18 Large Mills
 

(U.S. $) 

I. Capital Costs
 

A. 	Fortification Equipment
 

1. 	Fortificant blender 
 $27,000

2. 	Scales 
 2,500
 
3. 	Ladders 
 1,000

4. 	Feeders and spare parts 
 40,000
 
5. 	Laboratory equipment 
 30,000
 

B. 	Shipping of Fortification Equipment
 

1. 	Shipping of blender from point of manufacture
 
(U.S.) to Tunisia 
 $16,000


2. 	Shipping of feeders and spare parts frompoint

of manufacture (U.S.) to Tunisia 
 18,000
 

C. 	Landing Fees, Equipment Handling and Transport
 

1. 	Cargo lending fees and unloading of blender and feeders 250
 
2. 	Handling and transport of blender to central warehouse 
 100
 
3. 	Transport of feeders to 18 mills 
 300
 

D. 	Warehousing
 

1. 	Central warehouse (Tunis) - land and construction $81,409

2. 	Regional warehouses - land and construction:
 

a. 	Sousse 
 4,374
 
b. 	Sfax 
 1,908
 
c. 	Ebbs Ksour 
 1,908


3. 	Warehouse equipment 
 5,000
 

E. 	Administration
 

1. 	Equipment for central and regional offices
 
(at warehouses) 
 $ 2,500
 

F. 	Training
 

1. 	Training of blender and feeder operators and
 
supervisors 
 $ 2,500
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Table 8.25 (Continued)
 

G. Program Start-Up Costs: Plarning and InItial Imulementation
 

1. Personnel 	 $13,200
 
2. Office expenses 	 3,000
 
3. Domestic and overseas travel 	 8,000
 
4. Education and publicity 	 30,000
 

Total Capital Costs 	 $288,949
 

II. Annual Operating Costs
 

A. 	Fortificants
 

1. Lysine and vitamins 	 $6,970,510
 

B. 	Containers for Blended Premix
 

1. Additional drums 	 $148,500
 
2. Liners for all drums 	 18,658
 

C. 	Transport and Handling of Fortificants
 

1. Transport and handling within France 	 $9,971
 

D. 	Shipping of Fortificants
 

1. 	Shipping of fortificants from point of manufacture C.
 
(France) to Tunisia, including containers $71.050
 

2. 	Shipping of drum liners from point of manufacture
 
(France) to Tunisia 


E. Landing Fees, Handling and Transport of Fortificants
 
and Liners
 

1. Cargo landing fees 	 $6,136
 
2. Handling, from ship, at dock, at central warehouse 4,914
 
3. Transport from dock to central warehouse 	 2,061
 

F. 	Blending and Fortification Operations
 

1. 	Labor costs
 
a. 	Blending supervisors at central blending point $6,000
 
b. 	Supervisors of feeders, fortification, and quality
 

control in each mill 64,800
 
2. 	Electricity
 

a. 	For blender 5,292
 
b. 	For feeders 7,300
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Table 8. 25 (Continued) 

G. Warehousing (central (Tunis) and three regional warehouses)
 

1. Laborers 

$10,500
2. Telephone, utilities, maintenance 
 6,840
3. Supplies 


2,500
 

H. Premix Distribution
 

1. Handling 

$3,062
2. Transport to 13 other Tunis mills 
 3,145
3. Transport to Sousse, Sfax, Ebba Ksour mills 
 2,517
 

I. Program Administration
 

1. Personnel 

$25,800
2. Supplies, utilities 

2,400
3. International and domestic travel 
 4,200
 

Total Annual Operating Costs 
 $7,376,279
 

Explanation of Major Items in Cost Estimate for
 
Large Mill Fortification System
 

I. Capital Costs
 

A. FortificationEquipment
 

1. Blender: 
 one 5000 lb. capacity blender to mix lysine and vitamins.
Capacity requirements based on blending of four batches per day,
with generous surplus time provided for breakdowns and other problems.
To be located at central warehouse/blending point (STIM mill, in

Tunis suburbs). Manufactured in the U.S.
 

2. Scales: 
 for the weighing of the lysine and vitamins before blending.
 

3. Ladders: 
 two @ $500 each for access to the top of the blender

where fortificants are poured in for mixing.
 

4. Feeders: 20 @ $2000. 
Eighteen feeders intended for ongoing use
in mills, with two feeders to be used as backup replacements.

Manufactured in the U.S.
 

C. Landing Fees, Equipment Handling and Transport
 

These costs, as well as many other domestic costs calculated in this
section, are derived from basic rates outlined in Industrial Investment
in Tunisia, Economic and Social Environment (Investment Promotion Agency,

Government of Tunisia, Tunis, 1973).
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Table 8.25 (Continued)
 

D. Warehousing
 

One large central warehouse in Tunis which receive.: all fortificant
 
shipments and dispatches blended premix shipments to the three regional
 
warehouses, which service four mills outside Tunis. Plan monthly ship
ments of fortificants to Tunisia and monthly dispatches of premix to
 
regional warehouses. Capacity of each warehouse is for two months'
 
inventory of fortificants or premix. Costs based on land costs of DI.5
 
per square meter and construction costs of D25 per square meter.
 

F. Training
 

Three days of training for three blender operators and 36 feeder
 
operator/supervisors (2 for each mill).
 

G. Program Start-Up Costs
 

Personnel and office expenses for six-month planning period. Personnel
 
staff includes program administrator and assistant administrator, one
 
accountant, one scientist, and one secretary. Travel expenses provide
 
for trips within/Tunisia, and to Japan and France, for discussions with
 
lysine and vitamin manufacturers.
 

II. Annual Operating Costs
 

A. Fortificants
 

Estimated cost of lysine and vitamin premix, $3,130/ton; based on
 
December 1975rpricas for vitamins, iron and niacin and projected
 
1980 price ofilysine, estimated by Ajinot')to Company officials in
 
January 1974.' Added at a rate of 0.5% per weight of flour and semo
lina, rate of addition in pilot project for Tunisian wheat fortifi
cation. Output from 18 large mills based on Office of Cereals records
 
for the 1973-74 output from each mill, presented in Annex 14. Total
 
estimated flour and semolina output, 445,340 tons; total quantity of
 
premix to be added, 2,227 tons.
 

B. Containers
 

Drums - The lysine drums to be reused for the distribution of the
 

blended premix; since lysine constitutes about 60% of the premix
 
weight, containers needed for about 40% of the premix. Drums contain
 
30 Kg; thtis 29,700 drums needed, at $5 per drum. Liners at $.25 each
 
needed for all drums.
 

D. Shipping of Fortificants
 

From France to Tunisia, at $29/ton (125% of 1974 rate).
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Table 8.25 (Continued)
 

F. 	Blending and Fortification Operations
 

Eighteen supervisors
Two blending supervisors, $250 each per month. 


of fortification (feeder operations and quality control); one in each
 

mill, with a second peruon in each mill trained as a substitute.
 

Eighteen at $300/monih.
 

G. Warehousing
 

Labor - Two laborers at central warehouse and one at each of three
 

regional warehouses. Five at $175/month.
 

H. Premix Distribution
 

Transport charges based on estimated trucking costs of D.035/tons/Km.
 

Within Tunis, D.020/tons/Km. to Sousse and Ebba Ksour, and D.018/tons/Km.
 

to Sfax.
 

I. Administration
 

Personnel - One administrator at $500/month, one assistant administrator
 

at $450/month; one scientist/quality control supervisor and one accountant
 

at $450/month each, and one secretary at $300/month.
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for the construction of warehouses for the storage of the fortificants. The annual 
operating costs 'f the program would be about $7, 376, 279, of which over 94 per

cent is represented by the cost of the fortificants. If only micro-level fortifica

tion programs were done, this $7. 3 million would decrease considerably. 

As the data in Table 8. 25 suggests, the most serious barrier to a fortifica

tion program- implemented in the large mills would be the magnitude of the pro
gram costs. Based on the estimate of the annual operating costs, the cost to 

fortify a ton of semolina or flour would be $16. 56 and the cost per kilo would be 

1.66 cents. This is the equivalent of D.007, or about 8 percent of the present 

cost of coarse semolina and 9 percent of the present cost of bread wheat flour. 
Although this is a small quantity of money, it is questionable whether the Tunisian 

government would allow all of these costs to be paid by the consumers; the retail 
price of wheat products is considered an important political issue and the govern

ment keeps these prices as low and as stable as possible. In fact, in the twelve 

year period from 1963-74, the retail price of coarse semolina was increased 
only 18 percent (from D. 072 to D. 085/kg) and the retail price of bread wheat flour 

was raised 15 percent (from D.065 to D.075/kg). Thus, an 8-9 percent increase 
in these prices in one year or in a several year period would probably be perceived 

as intolerable by the government and the consumers. It has also been suggested 

that part of the cost of fortification might be covered by a reduction in the 
'grinding margins' allowed to the large mills. However, since these were 
recently raised for the first time since 1948 and are still considered inadequate, 

it is improbable that a reduction in these margins would be allowed by the govern

ment. Furthermore, the miller's margins could cover only a small part of pro
gram costs, since until recently, the margins were only D. 525/qq or D. 005/kg, 

less than the estimated annual program costs of D. 007/kg. Data on the current 
margins is not available, but it is unlikely that they have been increased to a 
level which would permit them to cover more than a small fraction of total pro
gram costs, even if this were considered to be a feasible alternative politically. 

Another important economic issue is the price of the fortificants which can 
probably be expected to increase in the late 1970s. Although some economics of 

scale might be achieved with expanded production of the main fortificant, lysine, 

steadily rising energy, oil, and commodity prices would result in inevitable price 
increases in the lysine and vitamins. Since these fortificant costs represent over 
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94 percent of total annual program costs, the program would be particularly 

sensitive to any increases in the prices for fortificants and total program costs 

would increase almost directly with any changes in fortificant costs. 

Because of these various economic factors, it is improbable that a fortifica

tion program could be implemented in Tunisia without significant financial support 

from the Tunisian government, bilateral and multilateral assistance agencies, or 

from foreign or international health organizations. 

In summary, although there are several obstacles to a centrally implemented 

fortification program, none of these obstacles is insurmountable and most could 

be overcome with fairly simple and relatively low cost solutions. Therefore, it 

can safely be concluded that the implementation of a fortification program through 

the large Tunisian mills would certainly be feasible and would not be particularly 

difficult to accomplish, although the overall cost would be considerable. One 

should note, however, that the protein fortification should not be undertaken 

unless the calorie gap is also simultaneously addressed. 

Barriers to a Decentralized Fortification Program 

It is commonly thought that it would not be feasible to implement a fortifica

tion program through a decentralized, local milling system in a developing 

country. Some observers think that it would not be possible to develop fortifica

tion equipment which would function reliably and effectively under local milling 

conditions. Other analysts believe that it would be impossible to elicit the support 

of the local millers and that the millers would not be willing or could not be 

trusted to implement the program properly. Most of these people also think that 

the cost of a locally implemented fortification program is simply prohibitive. 

However, the pilot fortification project in Thailand and the research on the 

local mills in Tunisia both suggest that these and other doubts about the feasibility 

of a decentralized program should be seriously reconsidered and much more 

carefully analyzed. For the Thai experience and the Tunisia information, as well 

as the opinions of various experts on different issues which would be involved in 

the design and implementation of a decentralized fortification program, indicate 

that it would certainly be feasible to develop such a program in Thailand or 

Tunisia, and probably in other developing countries as well. 
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Unlike the Tunisian experience, in Thailand it was clearly recognized that 
a large proportion of the rice consumed is processed in the small local mills, 
rather than the much less numerous larger rice mills. In order to reach users 

of the small mills, mainly rural and village inhabitants, the project planners 
realized that the fortification would have to be implemented through the small 

mills. Local and foreign experts designed and constructed small feeders which 
could be attached to the grinders in the mills; the feeders were built with local 

materials at a cost of $50. 00 each, and operated successfully throughout the 

several year duration of the pilot project. Although some millers who were 
initially contacted about the proposed project were reluctant to participate, most 
millers were cooperative and proved to be effective managers of the fortification 

operations. On the basis of this experience, it seems clearly reasonable to con
clude that it is possible to design an implementation system for a fortification 

program which technically can be successfully operated in the small local mills\of a developing country. There would, however, be several barriers to such a 

program; these barriers are outlined in the following sections. 

Barrier I: Nutritional Need 

The existence of nutritional need was documented in the discussion of 
arriers in a centralized fortification system for Tunisia. The one difference 

in analyzing a decentralized system of fortification is that the fortificant can 

otentially be designed to address the nutrient deficiencies on a village by 
vIllage basis unlike a centralized system where one fortificant formula is 

ed. The decentralized system approach, by tailoring the fortificant to 

S ecific nutrient needs in an area, decreases the likelihood of nutrient 

overcoverage.
 

Barrier U: Commodity System Structure 

One of the most challenging barriers which would be encountered in the small 
SLlL.l program would be the task of eliciting the support and cooperation of the 
small millers. Most of the millers interviewed in Tunisia were extremely helpful 

and enthusiastic about participating in a study of the local milling system. Many 
also seemed to have a high degree of social consciousness and to be concerned 
about the status of the lowest income groups; this might increase their willingness 
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to participate iUa program to assist these groups. The millers are also accus
tomed to government controls on various aspects of their business and on most 
other aspects of their lives. If the millers were required to make significant 
modifications of their operations or assume additional costs, there would probably 
be strong opposition to a decentralized program. However, if the program had 
the support of top national leaders who are popular in the rural areas, and if the 
millers could see their role as one which contributed to national development and 
assisted the low income groups, the millers would probably be willing to partici
pate. This willingness would most likely be assured if the millers were paid for 
their time and effort and could view their participation as an important source of 
income. In the cost estimates of the proposed small mill fortification system, 

the millers of the larger mills (about one-third of the total) were scheduled to 
receive fees of 16 dinars per month in the summer and fall months, about 20 per
cent of their estimated average monthly income during these months, and eight 
dinars per month in winter and spring, about 38 percent of their average monthly 
income during this period of the year. The fees for the operators of the small 
mills were lower, 12 dinars monthly during the six busier months (25 percent of 
their average monthly income) and six dinars per month during the remaining six 
months, about 69 percent of their monthly income. These fees certainly seem 
high enough to provide an adequate incentive to the millers, nevertheless the fees 
do not constitute an unreasonable burden on the program since they total less than 
11 percent of total annual operating costs of the proposed program. In fact, the 
fees could probably be set at a lower level without jeopardizing the commitment 

of the mill operators. 

In spite of the probable willingness of the millers to participate in a fortifica
tion program, resistance would most likely be stimulated if millers thought that 
any program information might be used by the government to evaluate their tax 
position. This potential problem could probably be overcome by the behavior 
and even the professions of the program administrators. In Thailand the 
administrators were trusted partly because they were doctors or were perceived 
by villagers as being medical personnel. In Tunisia, the millers were extremely 
open with the author and her Tunisian assistarit, probably due in part to the fact 

that they were perceived as scholars or as students and because they behaved in 
a friendly, informal manner. (When a more brusque, formal government official 
accompanied the author on one mill interview, the miller who had been interviewed 
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previously, became more reticent and closed. ) Thus, the behavior of project 

personnel with the millers could be extremely important; furthermore, if the 

personnel could be presented as health workers or as some other trusted 
profession, this would probably reduce the suspicion of the millers. 

Another important issue, the targeting of specified population groups, does 

not constitute a serious barrier. Fortification could easily be implemented only 
in the small mills in certain regions of the country, in specific sections of 
different regions, or even for particular customers of a given mill. However, 
as with the centralized program, the barley portion of the grain diet as well as
 

the wheat which is ground at home would not be reached by a program of wheat
 

fortification in the small mills.
 

Barrier III: Technology 

A program in the small Tunisian mills could be designed like the Thai project 

with certain modifications. Simple feeders which could be attached to the existing 
grinders could probably be developed for a relatively low cost. Wheat milling 
experts who worked on the Tunisia piloi: project think that the most effective, 

inexpensive feeders for the small mills would be feeders which dispense the 
fortificants in a tablet form, rather than a powder. Thus, while the fortificants 

to be delivered through the large mills would be blended in Tunisia and dispens .. 
in powder form, the fortificants intended for the small mill program would 

probably be blended and tableted abroad and then shipped to Tunisia in tablet 

form. As the Thai experience has shown, the millers could easilybe trained to 
operate and repair these machines, and regular visits to the mills by quality 

control teams could assure that the fortificants were being dispensed properly. 

This last issue, the need for effective quality control, is one of the most 
important problems to be addressed in a decentralized fortification program. 
Although limited fortificant overdoseage would not cause toxic effect'J, it would 
result in expensive wasteage of the fortificants; under doseage would simply 

mean that the program's effectiveness would be unnecessarily restricted. While 

a trustworthy feeder for dispensing fortificant tablets could most likely be 
developed and the millers could be trained to make simple control test and repairs 
of the equipment, periodic evaluation by specialists would definitely be essential. 

In the program described elsewhere, each mill would be visisted once every 
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two weeks by a quality control advisor who would deliver the supply of fortificants 
needed and conduct quality control checks on the output. In addition, in each 
region quality control specialists with vehicles would be available to assist any 
millers with emergency problems. 

Another technical barrier which would require further research, is the
 
determination of the exact rates of extraction used in each small mill. 
 Millers 
might have to ae requested to use one extraction rate consistently or, if possible, 
the feeders might be designed so that they could be adjusted by the millers to fit 
several different rates of extraction. 

Barrier IV: Consumer Acceptability 

The issue of consumer resistance to fortification would probably not be as 
much of a barrier to a small mill program as to a centralized program in Tunisia, 
for both the Tunisian and their interview respondents indicated little reluctance 
to having their foods fortified with "medicine" or "vitamins, " especially if recom
mended by the local doctors and if the fortificants did not significantly alter the 
color, taste, smell, or cooking characteristics of the foods. The main consumer 
reaction issue in Tunisia seems to be the opposition to having ground corn or 
broad beans added to reduce the product costs; however, in the small mills the 
customers could see the fortificants before they are added and be assured that 
the fortificants are not corn or broad beans. The success of the overall program 
would certainly depend on a relatively extensive public education and publicity 
program, but these could be provided at a reasonable cost as the cost estimates 

indicate. 

Barrier V: Intervention Economics 

An estimate of the cost of a fortification program implemented through the 
small mills in Tunisia is provided in Table 8. 26. The capital costs for this 
program, estimated tc, be almost $2. 3 million, are much higher than for the 
centralized program, for which the capital costs are less than $300, 000. There 
are four main reasons for this difference. First, the program start-up costs 
for the small mill program are much higher; they total $719, 600 or 31 percent 
of overall capital costs. Much of these funds are designated for the support of 
twelve regional staffs which are initially responsible for locating the mills, 
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explaining the program to the millers and eliciting their support. Most of the
 
remaining start-up funds are one
intended for a month education and publicity
 
program conducted by local representatives in the area where each small mill
 
is located. The 
second major category of costs is for distribution and quality
 
control equipment. This category includes $636,000, 28 percent of total capital
 
costs; these funds are intended mainly for the purchase 
of vehicles necessary 
for the delivery of fortificants and the transportation of quality control inspectors 
to the individual mills. The third reason for the higher capital costs for the
 
decentralized program is the need for training programs for the much greater
 
number of personnel participating at the regional and local level, including
 
regional administrators, 
 quality control supervisors, local representatives to
 
conduct the initial education program, and the small millers. These training
 
costs total $388, 980, almost 17 percent of total capital costs. And finally, about 
16 percent of these costs, a total of $366, 600, are designated for the construction 
of fortificant feeders for each of 3666 small mills. 

An estimate of the annual operating costs for a small mill program is also
 
presented in Table 8. 26. These costs total $10, 860, 249, 
 of which over 77 per
cent, almost $8.4 million, is designated for the fortificants and the tableting of 
these materials. In addition, about $1. 16 million, 11 percent of the total, is 
allocated for the payments to the millers and another $605, 734, 6 percent of 
total operating costs, are designated for the salaries and costs of the distribution 
and quality control personnel. If only micro-level fortification were undertaken, 

the annual cost would be significantly less. 

As was true with the centralized fortification program, with the decentralized 
scheme, the intervention costs do constitute a serious barrier to the possible 
realization of the program. As noted above, the estimated annual operating costs 
would be about $10.9 million, which represent an estimated cost per ton of wheat 
processed of $22.85 or D. 981/quintal. This would mean that the average esti
mated summer price of a quintal of durum semolina, including processing charges, 
would be raised about 12 percent in the northern region (from D7. 340 to D8.321/qq), 
about 12 percent in the central section of the country (from D7. 872 to D8.853/qq) 
and about 11 percent in the south (from D8. 830 to D9. 811/qq). However, for the 
farm families or workers who do not buy grain, but simply take their own supply 
to be processed in the small mills, the impact of the cost of fortification would 
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Table 8.26
 

Estimate of Cost of Fortification implemented
 
Through Small Local Mills
 

(U.S. $) 

I. Capital Costs
 

A. Fortification Equipment
 

1. Feeders of fortificant tablets 	 $366,600
 

B. 	Warehousing
 

1. Central warehouse (Tunis) - land and construction $73,267 
2. Twelve regional warehouses - land and construction 89,131 
3. Warehouse equipment 	 15,000
 

C. 	Distribution and Quality Control Equipment
 

1. 	Quality control equipment $13,000
 
2. 	Small vans for delivery of tablets and use by
 

quality control teams 455,000
 
3. 	Jeeps for delivery of tablets, and use by quality


control teams and on-call advisors 168,000
 

D. 	Administration
 

1. Equipment for central and regional offices
 
(at warehouses) $8,000
 

E. 	Training
 

1. 	First training program for regional administrators
 
a. 	Facilities, supplies and miscellaneous $4,000
 
b. 	Transportation for participants to conference site 1,020
 
c. 	Per diem for participants 4,080
 

2. 	Second training program for regional administrators
 
a. 	Facilities, supplies, and miscellaneous 2,500
 
b. 	Transportation for participants 900
 
c. 	Per diem for participants 2,250
 

3. 	Training program for quality control supervisors
 
a. 	Facilities, supplies, and miscellaneous 5,000
 
b. 	Transportation for participants 5,300
 
c. 	Per diem for participants 3,180
 

4. Training program for local representatives in each gouvernorat
 
a. 	Facilties, supplies, and miscellaneous 10,400

b. 	Transportation for participants 21,600
 
c. 	Per diem for participants 34,560
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Table 8.26 (Continued)
 

5. 	Training program for local millers
 
a. 	Facilities, supplies, and miscellaneous $39,000
 
b. 	Transportation for participants 
 98,150
 
c. 	Per diem for participants 
 157,040
 

F. 	Program Start-Up Costs: Planning and Initial Implementation
 

1. 	Central staff (Tunis)
 
a. 	Personnel 
 $ 24,600

b. 	Office expenses 
 8,000
 
c. 	Domestic and overseas travel 
 20,000
 

2. 	Regional staffs
 
a. 	Personnel 
 184,800
 
b. 	Office expenses 
 31,200
 
c. 	Domestic travel 
 26,000
 

3. 	Education and Publicity
 
a. 	Personnel - local representatives 146,800
 
b. 	Supplies 
 109,980.
 
c. 	Regional travel 
 66,060

d. 	Media and billboards 
 65,500
 
e. 	Posters in mills 
 36,660
 

Total Capital Costs 
 $2,296,578
 

II. Annual Operating Costs
 

A. 	Fortificants
 

1. 	Lysine and vitamins 
 $7,812,480

2. 	Tableting of blended fortificants 
 559,104
 

B. 	Containers for Tableted Premix
 

1. 	Additional drums 
 $166,400

2. 	Liners for all drums 
 20,800
 

C. 	Transport and Handling of Fortificants
 

1. 	Transport of fortificants from point of manufacture
 
to point of tableting (within France) 
 $4,119


2. 	Handling of fortificants 
 4,595
 

D. 	Shipping of Tablets
 

1. 	Handling and transport of tablets (in France) 
 $ 6,910
 
2. 	Shipping from France to Tunisia 
 79,750
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Table 8.26 (Continued) 

E. 	Landing Fees, Handling, and Transport of Tablets
 

1. Cargo landing fees 	 $ 6,864 
2. Handling of tablets (transfer to central warehouse) 3,063
 
3. Transport to central warehouse 	 2,315
 

F. 	Feeder Operations
 

1. Fuel 	 $73,320
 
2. Replacement parts 	 18,330
 

G. 	Warehousing (central and twelve regional warehouses)
 

1. Personnel 	 $27,900
 
2. Telephone, utilities, maintenance 	 18,000
 
3. Supplies 	 14,400
 

H. 	Distribution and Quality Control
 

1. 	Handling and transport of tablets from central
 
warehouse to regional warehouses $27,967
 

2. 	Operation of vans and jeeps
 
a. 	Fuel 37,167
 
b. 	Maintenance and spare parts 33,000
 

3. 	Distribution/quality control teams
 
a. 	Salaries for drivers/laborers 117,000
 
b. 	Salaries for quality control inspectors 273,000
 

4. 	On-call quality control personnel
 
a. 	Salaries 117,600
 

1. 	Administration
 

1. 	Program administration (Tunis)
 
a. 	Personnel $29,400
 
b. 	Facilities, supplies, utilities 7,200
 
c. 	Domestic and international traveJ 6,800
 

2. 	Central warehouse/distribution administration
 
a. 	Personnel 18,000
 
b. 	Supplies, utilities 4,800
 
c. 	Travel 4,800
 

3. 	Regioial warehouse/distribution administration
 
a. 	Personnel 115,200
 
b. 	Supplies, utilities 43,200
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Table 8. 26 (Continued) 

J. 	Publicity 
 $47,450 

K. 	Payments to Millers
 

1. 	Fees to owners of smaller mills 
 $636,595
 
2. 	Fees to owners of larger mills 
 522,720
 

Total Annual Operating Cost 
 $10,860,249
 

Explanation of Major Items in Cost Estimate
 
for Small Local Mill Fortification System
 

I. Capital Costs
 

A. 	Fortification Equipment
 

Locally made feeders to be installed in each small mill;
 
3666 @ $100 each.
 

B. 	Warehousing
 

Large central warehouse in Tunis for the receipt and storage of tablets
 
from Europe and distribution of tablets to 12 other gouvernorats.

(Central warehouse handles tablets for the gouvernorat of Tunis.) 
 Plan

monthly shipments of tablets and monthly dispatches of tablets to

regional warehouses. Capacity of each warehouse is for two months'
 
inventory of tablets. 
Costs based on land costs of D1.5 per square meter

and 	construction costs of D25 per square meter. 
These costs, as well as
 
many other. domestic costs calculated in this section, are derived from

basic rates outlined in Industrial Investment in Tunisia, Economic and
Social Environment (Investment Promotion Ag ncy, Government of Tunisia,

Tunis, 1973).
 

C. 	Distribution and Quality Control Equipment
 

Sixty-five small vans and 28 jeeps to be used by delivery/qua'i.y control
 
teams and on-call quality control advisors assist with fortification/
 
quality control problems.
 

E. 	Training
 

1. 	First training program for 13 regional administrators: eight-day
 
program in Tunis. 
Topics to include nutritional need for fortifica
tion, general program design and management, the technology of forti
fication, analysis of methodology for locating small mills in each
 
gouvernorat, and methods of gaining the support and commitment Zrom
 
the 	millers and the community.
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Table 8. 26 (Continued) 

2. 	Second training program for 13 regional administrators: five-day
 
program in Tunis, 2-3 months after the first training program.
 
Focus primarily on general program management, the operation of the
 
distribution system, quality control supervision, and problems in
 
miller and community relations.
 

3. 	Training program for quality control supervisors and advisors: ten
day program in Tunis for 56 quality control supervisors and 28 on-call
 
quality control advisors. Topics to cover nutrition, technology of
 
fortification, milling operations, lab tests, the distribution of the
 
tablets, and miller and community relations.
 

4. 	Training program for local program representatives in each
 
gouvernorat: two-day program in each gouvernorat capital for
 
community inhabitants who would be hired for one month during
 
the initiation of the program to explain the program to the
 
community and answer any questions. Representatives would most
 
likely be vacationing school teachers or older students, or
 
health workers loaned from various otganizations.
 

5. 	Training program for local millers: two-day program in each
 
gouvernorat capital to explain nutritional need for fortifica
tion, the design of the overall program, fortification technology,
 
the repair of feeders, the distribution system, and community
 
relations.
 

F. 	Program Start-Up Costs
 

1. 	Central staff in Tunis to operate for eight months before the 
initiation of the fortification operations. Personnel to include 
one program administrator @ $500/month, two assistant administrators 
@ $450/month, one assistant @$300/month, one accountant and one 
scientist @ $450/month each, and two secretaries @ $300/month each. 
Travel funds to provide for domestic travel and trips to Japan and 
Europe for discussion with fortificant manufacturers and tableters. 

2. 	Regional core staffs to operate for four months before the initiation
 
of the fortification operations. Personnel to include the 13 regional
 
administrators @ $450/month each and the 93 quality control super
visors and advisors, @ $350/month each. The quality control personnel
 
would be involved mainly in locating the mills and establishing rela
tions with the millers.
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Table 8. 26 (Continued) 

3. 	Education and publicity:
 

a. 	Salaries for local community representatives: one representativw
 
for five mills, thus 734 representatives @ $200/month for one
 
month.
 

b. 	Supplies for representatives - $30 for each mill (for publicity
 

or educational material3 for the mills' customers).
 

c. 	Travel @ $3/day for one month for each representative.
 

d. 	Media - Radio and TV advertisements for 120 days; 50 billboards
 
in each gouvernorat @ $50 each.
 

e. 	Educational/promotional posters in each mill; 3666 posters
 
@ $10 each.
 

II. Annual Operating Costs
 

A. 	Estimated cost of lysine and vitamin premix, $3,130/ton, based on
 
December 1975, prices for vitamins, iron, and niacin and projected 1980
 
price of lysine, estimated by Ajinomoto Company officials in January
 
1974. Quantity of fortificants based on estimated output of small
 
mills, 391,682 tons of durum and 153,556 tons of bread wheat (from
 
Table 19.04); extraction rates estimated to be 90% for durum and 80%
 
for bread wheat. Quantity of fortificants needed inflated by 5% to
 
provide for wastage and losses in distribution, storage, or in the feed
ing operations; total quantity of fortificants needed estimated at 2,496
 
tons. Fortificants to be made into 2.5 gram tablets, to be added at a
 
rate of 2 per kilogram of wheat. Tableting cost estimated @ $.45/1000
 
tablets; additional charge for mixing of lysine and vitamins estimated
 
at 25% of tableting charge. Thus total tableting cost, $.56/1000.
 
Tableting to be done in Europe in the country of manufacture of the
 
fortificants (probably France).
 

B. 	Containers
 

The lysine drums to be reused for the shipping and distribution of the
 
tablets; since lysine constitutes about 60% of the premix weight, con
tainers needed for 40% of the tablets. Drums contain 30 Kg; thus
 
33,280 drums needed @ $5 per drum. Liners, @ $.25 each, needed for all
 
drums.
 

D. 	Shipping of Tablets - from France to Tunisia @ $29/ton (125% of 1974 rate),
 

F. 	Feeder Operations
 

Fuel @ $20/mill per year and replacement parts @ $9/mill per year.
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Table 8. 26 (Continued) 

G. 	Warehousing
 

Three laborers at central warehouse @ $175/month each; one laborer at
each of 12 regional warehouses @ $150/month each.
 

H. 	Distribution and Quality Control
 

1. 	Transportation charges based on the following rates: 
 less than
50 Km, D.035/ton-Km.; 50-99 Km, D.022/ton-Km; 100-199 Km, D.020/ton-Km;

and over 200 Km, D.018/ton-Km.
 

2. Fuel costs based on estimated price of D.160/liter. Maintenance and
 spare parts estimated at $400 per year.for each of 65 vans and $250
 
per 	year for each of 28 jeeps.
 

3. 	Salaries for 65 driver/laborers at $150/month. Salaries for 65
 
quality control inspectors at $350/month.
 

4. 	Salaries for 28 on-call quality control personnel at $350/month.
 

I. 	Administration
 

1. 	Central program administration personnel  one 	program administrator

@ $500/month; one assistant administrator @ $450/month; 
two accountants
@ $450/month and two secretaries @ $300/month. Travel funds for
domestic travel and trips to Europe and Japan, if necessary.
 

2. 	Central warehouse/distributio-a personnel  one 	administrator
 
@ $450/month; one assistant @ $300 month, one accountant @ $450/month;
and one secretary @ $300/month. Travel funds for trips to each
gouvernorat, for the establishment and maintenance of the distribution
 
system.
 

3. 	Regional warehouse/distribution administration 
- one administrator
 
@ $450/month and one accountant/secretary @ $350/month for each of

12 gouvernorats.
 

K. 	Payments to Millers
 

To two-thirds of the millers (2,456 millers), fees of 12 D/month during
six 	months (summer-fall) and 6 D/month during the remaining six months
(winter-spring). To one-third of the millers (1,210 millers) payments
of 16 D/month during six months (summer-fall) and 8 D/month during the

remaining six months (winter-spring).
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be much greater. For if these customers bore the full cost of the program, 

their normal milling fees of about D. 300/qq in the north and center or D. 400/qq 
in the south would be increased to D1.281 or Dl. 381 -- cost increases of over 
300 percent in the northern and central regions and over 200 percent in the south. 
Clearly, these customers would be unwilling and perhaps unable to assume these 

additional costs. 

In conclusion, none of these various barriers to the implementation of a
 
fortification program through the 
small local mills in Tunisia appears to be
 
insurmountable. The high cost of the program appears 
to be the most serious 
problem and the most difficult to resolve. In order to implement the program, 
it would probably be necessary to obtain funds from bilateral and multi-lateral 
donors, as well as from the Tunisian government. These funds would most 
likely have to cover the initial capital co.sts of the program, and commitments 
would also have to be made to cover a major portion of the annual operating costs 
over an extended period of time. Furthermore, the dramatic recent price 
increases in the price of the fortificants, mainly lysine, and the lack of control 
over the setting of these prices suggest that program costs might be much higher 
than estimated; since fortificants constitute such a major portion of operating 
costs, the program is extremely sensitive to these possible price increases. 
Thus, program planners would have to be prepared to obtain additional funds for 
the program or have the participants bear these increased costs. The price 
impact would not be so serious if only micro-nutrient fortification is undertaken. 
However, if these financial problems could be solved and if funds could be 
obtained for present program costs and future cost increases, it is reasonable 
to conclude that it would be possible to design and implement an effective program 
of fortification through the small local mills in Tunisia. 
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CHAPTER 9 

THAILAND CASE STUDY 

Delane Welsh 

Sopin Tongpan 

Zhristopher Mock 

Eileen Kennedy 

James Austin 

Introduction 

Thailand is a country whose main dietary staple is cereal, in particular 

rice. Like Guatemala and Tunisia, a set of barriers exist that must be 

addressed in considering a fortification program. This chapter explores each 

of the five barriers - nutritional need, commodity system structure, technology, 

consumer acceptability, intervention economics - for Thailand. Special 

emphasis is given to rice milling and the unique set of problems this 

presents for nutrition intervention. 

Barrier I: Nutritional Need 

At first glance, Thailand would appear to be a country where a poor 

dietary intake is not a problem. The 197Z Food Balance Sheet (Agricultural 

Statistics, 1972) for Thailand showed an average per capita caloric consumption 

of 2, 580 calories; this is well above the recommended intake of 2, 100 calories. 

The question then becomes: Is there a real need for a nutrition intervention? 

A closer examination of data reveals that country-wide averages like Food 

Balance Sheet Statistics (Agricultural Statistics, 1972/73) mask nutrient 

deficiencies that do exist in subgroups of the population. Dietary, clinical and 

anthropometric data do exist to substantiate this. 
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A survey of rural-urban eating habits for heads of household conducted
 

during 1972-73 (Pi Solyabutra, 1974) showed an average caloric intake of
 

1,821 for the rural residents and 1,504 for persons living in the Bangkok
 

slums. In this case, the caloric adequacy reflected in the Thai FBS is not
 

supported by data from local-level studies in both rural and urban areas.
 

In a typical rural community where income level is low with consequently 

less money transactions, variations in the eating pattern of the population 

generally are limited and markedly influenced by the community's ecology. In 

general, all members of the family jointly share the meal; there is no special 

distribution of protein or other essential nutrients to pregnant, lactating women 

or growing children. 

In the rural areas, the typical meal pattern consists of cooked rice 
consumed with "Kaeng" or "Nam Prick, "1 vegetables and small amounts of 

protein food such as fish, meat or egg. The protein food is usually considered 

as appetizer, not main item of the diet. The preparation of "Kaeng" in the 

rural areas is simple, no coconut milk is used in the preparation. Vegetables 

are consumed fresh. 

The "Nam Prick, " which is almost the only source of protein for rural Thais 

is usually a mixture of shrimp paste, dried fish, meat or vegetables with 

chillies and some kinds of condiment. Fermented fish and chillies usually 

constitute the "Namprick" in the Northeast, while in the North it is prepared 

with fermented soybeans, meat or vegetables as the principal ingredient. 
In the South, mostly in the muslim community, fermented sauce is widely used. 

Nam Prick is consumed with leafy greens or other vegetables, either raw or 
cooked. In Bangkok, Nam Prick is usually consumed with vegetables and Pla-tu 

(a variety of marine fish), other fish or egg, thus contributing more high

quality protein than the typical rural diet. As can be seen from Table 9.1, 

residents of the Bangkok slum areas have a higher percentage of animal protein 

than their rural counterparts. 
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Table 9. 1
 
Percentage of Animal Protein in Different Diets
 

Rural 31.0 

Bangkok (slum area, Dindaeng) 40. 0 

Bangkok (middle class, Bangkok) 50.0 

A nutrient analysis of the rural meal pattern shows not only that caloric 
and protein intakes are insufficient but also that micronutrient intake is often 

inadequate. Table 9.2 compares nutrients consumed by heads of households 

in 10 provinces in rural Thailand for 1962 and 1966. Despite the fact that 
applied nutrition projects had been in effect between the 1962 and 1966 surveys, 

inadequate intakes of calcium, thiamine and riboflavin are still present. 
However, nutritional deficiencies are most critical in periods of rapid growth. 

Malnutrition influences morbidity rates for various diseases, maternal and 
perinatal mortality rates, life expectancy and other health statistics. A variety 

of vital statistics may therefore be considered as indirect indicators of the 
nutritional status. The vital statistics of Thailand show in the 0-4 year age 

category, 51, 396 chilIren or 22.5% of total deaths in 1971, could be attributed 

to malno"t-rition (Khangaritsthiti, 1972). 

Birth weight of the newborn (under 15 days) is an indication of nutritional 
status of the mother during pregnancy. Several observations indicate that 

severe undernutrition in terms of total calories significantly reduces the birth 

weight of the full-term infant. The average birth weight of Thai infants in the 
rural areas ranges from 2. 5-2.6 kilograms (Faculty of Public Health, 1972/73) 
while the Bangkok middle-class families had a mean birth weight of 3. 1 kilograms. 

The situation is equally as critical when assessing the nutritional status of 
preschool individuals. A recent study of early protein calorie malnutrition 

(PCM) in slum areas of Bangkok revealed that PCM was widespread in the 0-5 
year old children (Khanjara Sthiti, 1972). Nutritional status was determined by 
anthropometric methods; each of the 1, 154 children in the study were classified 
by calculating the observed weight as a percentage of expected weight for age 

in months. 
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Table 9.2 
Comparison of Nutrients Consumed per Head/Day 

Nutrients 	 1962 Survey 1966 Survey 

Percent Percent 
Average of Average of 
Intake Adequacy Intake Adequacy 

Calories 	 2093 100 2054 100 
Fat (gin) 11.0 12.1
 
Carbohydrate (gm) 425.4 417.5
 
Animal Protein (gin) 17.3 17.8
 
Vegetable Protein (gm) 38.8 38.2
 
Total Protein (gin) 56.1 93 56.0 93
 
Calcium (mg) 357 51 433 
 67 
Phosphorous (mg) 808 812
 
Iron (rag) 10.6 124 11.9 134
 
Vitamin A (I.U.) 1111. 45 2812 111
 
Vitamin BI (rag) 0.80 78 0.82 89
 
Vitamin B2 (rag) 0.45 38 0.50 46
 
Niacin (mg) 17.7 135 18.1 
 148
 
Vitamin C (ing) 38.0 	 47.0166 	 204 

Source: 	 Ministry of Health, 1967, Period C Report on Nutrition, 1966
1967-1968, Bangkok.
 

The anthropometric results showed that the middle-class and rural Thai boys 
had mean height and weights fully equal to the North American standard of the 50th 
percentile during the first six months of life. However, the slum Thai boys fall 
well below the 50th percentile in weight during the first six months and fall below 
the third percentile during the second six months of life. 

It is not until the second year of life that the mean heights and weights for 
rural and urban slum children are similar; the familiar "flattening" of the growth 
curve is seen in the post-weaning period. The data indicate that the nutritional 
status of the urban population is adversely affected at a much earlier age than 
that of the rural children: the decline in breast feeding of urban infants may well 
account for this, In the present study, 22 percent of the preschoolers had never 
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been breast fed and 23 percent Thiswere weaned within the first six months. can 
be contrasted with the rural situation where most of the children are weaned after 
six months. This closely parallels the disparities in growth between urban slum 
and middle-class Thai children. Both the anthropometric and dietary data indi
cate that undernutrition is a problem for a substantial proportion of the Thai 
population. 

Barrier 11: Commodity System Structure 

In order to address the nutritional needs of the Thais through a fortification 
program, the government must be able to coordinate the project with the existing 
commodity system structure. It must be possible to identify points within the sys
tem that will allow effective penetration of the nutritionally vulnerable groups.
 
Production, milling, wholesaling and 
retailing are possible points at which the 
fortification can be considered. 

Production 

Rice farming dominates the agricultural section of Thailand. Despite the
 
overwhelming importance 
of rice in the Thai economy, only a few systematic
 
analyses of the rice system have been done.
 

Rice is grown in every one of the seventy-two Changwats (provinces) in 
Thailand, with the most concentrated area being in the Central Plains, particularly 
on the Chao Phya delta. Precise data on the number of farmers and their average 
farm size are not available. Estimates made in 1971 were 95.2 million rai (15.2 
million hectares) of land in farm holdings. If the average size of farm holding is 
30 rai (4.8 hectare), as a 1969/70 sample survey indicates, then there might be 
about 3.2 million farmers. The number is probably not less than that, and could 
be as high as 4 million. The 1971 estimate of paddy land was 68 percent of total 
land in farm holdings, or about 65 million rai (10.4 million hectares). This varies 
from 36 percent in paddy in the South to 79 percent in the North East. The propor
tion of farms growing some rice is not known, but is probably between 85 and 90 
percent of all farms. Farms not growing any rice would include corn and cotton
soybean farms in the Central Plain, cassava farms in the East and North East, 
and rubber farms in the South. 
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Amounts produced per farm, consumed by the producers, and hence market

able surplus is not known, and therefore can only be speculative. Table 9.3 shows 

regional data on tenure situation, average farm size, and estimated number of 

farms. Farm sizes are largest in the East and Central Plain regions, which are 

commonly thought to be the sources of Thailand's marketable surplus, part of 

which is exported. Farm sizes are smallest in the South and North regions, and 

these regions may barely be self sufficient of actually import some from the Center 

and East. The smaller the farm, the less likely it is to produce any for sale, and 
very small farms may in fact have to purchase some rice for home consumption. 

This is substantiated by survey data (Mock, 1975) from sonsumers in Northern 

Thailand. Of the 39 surveyed, 32 indicated that almost all the rice brought to the 
local mills was used for home consumption and during certain periods additional 

rice had to be purchased because their crop was not sufficient to meet family needs. 

Also, small, full tenant farms may have to deliver ..ubstantial amounts to landlords 

for rent, and have to buy some rice for home consumption. 

Techniques of production, irrigation, and type of rice produced are shown by 
region in Table 9.4. People in the North and part of the North East (north and 

eastern parts, border-ing Laos) regions prefer glutinous rice, and produce it 

largely for their own consumption, although small amounts are exported, mainly 

to Laos. Only when the individual farmer is able to produce a sizeable marketable 

surplus in these two regions, does he then start planting some non-glutinous vari

eties for sale. The decline in proportion of glutinous in the North from 1959 to 

1970 is thought to represent just this sort of increased production for sale outside 
the region. Accordingly, a fortification program in the North would have to employ 

glutinous rice in order to ensure acceptability. 

Milling System 

Thailands rice production is characterized by a large number of farmers, 
approximately 3.2 million, producing rice for home consumption or small parcels 

of land (Table 9.3). Interaction with this many individual farmers at the produc

tion level is impractical when considering the logistics of a fortification program. 

The local mills are an alternative intervention point. However, even at this level, 

the milling system is very atomistic. T able 9. 5 shows that in the six provinces 

included in the Changwat Nakorn Pathom Survey (1974) there is an estimated 4,177 

mills. It is not clear exactly how many mills are currently operating in Thailand. 
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Table 9.3
 

Tenure Situation, Farm Size, and Number of Farm Holdings
 
in Thailand, 1969/70
 

Full Part Owner Full 

Owner Part Tenant Tenant Total 

percent of total land in farms 

Central Plains 43.60 45.02 11.38 100 

North 61.43 33.84 4.73 100 

Northeast 73.99 23.35 2.66 100 
East 46.73 36.04 17.22 100 
Sourth 58.20 41.04 0.76 100 

Kingdom Total 62.18 32.04 5.78 100 

average rai per farm holding 

Central Plains 33.26 41.37 27.55 36.26 
North 24.80 23.61 21.74 24.25 

Northeast 28.74 20.6836.01 30.22 

East 41.06 50.75 33.15 43.19 

South 21.55 25.99 9.57 23.94 

Kingdom Total 29.05 34.33 18.79 30. 13 

number of farm holdings 

Central Plains 425,615 

North 741,764 
Northeast 1,417, 858 

East 163,716 

South 
 493,257
 

Kingdc.-n Total 3,242,210 

Source: Calculated from Thailand Agricultural Statistics in Brief 
Bangkok: Division of Agricultural Economics, Ministry of 
Agriculture and Cooperatives, 1975. 
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Table 9.4 

Table 9.4 

Areas Planted and Irrigated, Method of Planting and Type of Rice, 
by Geographic Region, Thailand, 1959-70 

Am planted (16) mpw ant 
dwa d 6.0 42.0 44-0 3.0 

sa 4 10.0 10-0 -4;.0 3.0 
Am Ikuopw u pwam ( ) 

am pkmsd. 40.4 7.9 45.0 9.5 
Musbsofplanadig (715Tfm w.99.4 U-4 34.1' 71.3 

3udow 0.4 1.5 45.2 11.7 
Tm edw (tin) 

Nogm.lmau 3 26*2 967 95.7 
oltam 91.5 71.8 5.5 4.5 

Type d.u. (3970) 
Nmghtlam 15.2 36-3 96.0 96.1 
G0ihm 84.8 63.7 4.0 3.9 

5-m-: am planted, Tain Miobtryao Agriculture, Divrhil of Agricultura 
Sconmslo 1967: 46; am inipwd, Thail=nd Ministry of Agr~u~ Divhha of 
Aicuhaal Zeeunks 1967:174-4 (include state irrigation preoa people'sW pgtom 
porwnt, and tak f pet, tition oly); method Kuihbng.,r4mthoa lI man f plantn, 
Ihdm sad Ong 1964:7; type of ice, for 1959 Kulthongham ad Ong 1964: 6, for 
3970 ampMM d dats be DD e amof Agricultural Etmion, Mknhy oft 
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Table 9.5
 

Sample Size and Estimated Total Number of Rice Mills
 

Estimated 
Number of 

Province Sample Size Rice Mills 

Phrae 165 925 

Phichit 153 579 

Ayuthya 105 154 

Chaiyaphum 187 923 

Kalasin 155 738 

Songkhla 216 858 

Total 981 4,177 

Source: Six Changwat Survey 

Although the Ministry of Industry is administratively responsible for maintaining 

a register of rice mills, their list is incomplete. In 1956, it was estimated that 

there were 6,067 mills in the whole Kingdom, with 3,518 of these with a capacity 

of less than 5 tons per day, 2,179 of 5 to 30 tons, 273 of 31 to 65 tons, 56 to 66 to 

100 tons, and 41 of over 100 tons per day capacity. Formerly, government per

mission had to be obtained before building new mills but this regulation was aban

doned in the late 1960's with a subsequent rapid expansion in the number of small 

mills located in producing areas. 

A survey of 21 of the 29 mills involved in a pilot fortification project in the 

Northeast (Mock, 1975), indicated that a fairly high proportion of the equipment 

was new (less than 10 years old) suggesting that the number of small mills may in 

fact be expanding. 

Although mills are still required to register with the Ministry of Industry, not 

all do and mills stopping operation do not "de-register, " hence the number of mills 

in the Kingdom is not known. It is probably more than 10,000, it might be 20,000, 

and it could even be significantly higher. 
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Two critical issues must be considered if the mills areto be the ,entry point 
for the fortificant: 

(1) Can the target group - the nutritionally vulnerable - be reached through 
this Mechanism? Urban/Rural differences must be considered. 

(2) Will the millers cooperate? 

Cove rage 

First, in order to reach the target group through the milling system. The 
assumption is that people the mills.use The traditional way to mill rice in 
Thailand was hand pounding at home by the farmers. This removed the husk and 
part of the bran. However, this practice was presumed to decline as mechanical 
mills developed in the mid-1800's. 

Current data on the proportion of farmers who still hand-pound is nonexistent; 
Table 9.6 presents estimates from millers in six rural areas of Thailand and 
represents their judgement of the prevalence of hand pounding. 

Table 9.6 
Percent of Rice Production That is Milled by Hand Pounding 

Province 

Phrae 
 1 

Phichit 1 
Ayuthya 0 

Chaiyaphum 12 
Kalasin 0 
Songkhla 15 

Four of the six areas indicated zero to one percent hand pounding; this would 
indicate that hand pounding is most likely not a barrier to the use of mills as the 
link between consumers and the fortification program. In addition, 100 percent of 
the consumers surveyed in the pilot fortification villages (Mock, 1975); indicated 
that they use i mills rather than hand pounding. Utilization of mills by consumers 
does not appear to be a problem in rural Thai provinces as was also the case in 
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Guatemala and Tunisia. However, the milling system is quite different for urban 
residents. The number of rice mills in Bangkok has now decreased to only a few 
and are primarily trade mills -- that is -- mills that are involved in wholesale and 
retail rice marketing rather than service milling for producers who bring their 
own rice to the mill. 

Two different intervention systems would have to be designed to reflect the
 
urban/rural milling patterns.
 

Miller Surveys 

To evaluate the feasibility of implementing a fortification effort through the
 
local millers in rural villages, it is important to determine the millers' 
attitude 
toward participation and the barriers using this type of decentralized system. 
Data from two different sources, the Six Changwat Survey (Welsh, and Pilot1976) 
Project Millers Survey (Mock, 1975) were used to assess the possibility and prac
ticality of nutrition intervention at the milling stage. 

For the Six Chagwat Survey it was felt that usefulness of information could be
 
maximized by carefully choosing the Changwats 
 on the basis of regional location,
 
type of rice produced and degree of self-sufficiency or surplus in production as
 
compared with consumption needs.
 

Six Changwats were selected as follows: 

Phrae- -North--glutinous rice--rice deficit
 

Phichit--North Central--non-glutinous--large surplus
 
Ayuthya- -Central -- non -glutinous -- large surplus
 
Chaiyaphum- -Northeast - -one -half glutinous, one -half non-glutinous - 

rice deficit
 

Kalasin- -Northeast- -glutinous -- surplus
 

Songkhla--South--non-glutinous. -surplus
 

The number of rice mills that were sampled and the total number estimated 
to be in each of the six Changwats is shown in Table 9. 5. We did not use a con
stant sampling fraction, but instead used a rather subjectively determined fraction. 
In general, we tried to interview all of the big mills, most of the medium sized 
mills, and somewhere between 10 and 20 percent of the smaller mills. Thus we 
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actually sampled 68 percent of the mills in Changwat Ayuthya, where the average 
size of mill is much larger than in Changwat Phrae, where we sampled only 18 

percent of the mills. 

Size 

How one defines "size" of rice mill depends somewhat on the purpose of mea
suring size. For our purposes, capacity seems to be more appropriate than 
dimensions of components or some other measure. We have chosen capacity per 
24 hour period because we run for 24 hours at somefound that most mills time or 
other during the peak season of milling, and therefore millers were able to visual
ize such a quantity and to give us what we felt to be fairly reliable Thisanswers. 

approach avoids the conceptual difficulty of the theoretical maximum output as
 
determined by engineering data which rarely be reached without
can a high level of 
variable cost. In fact, our respondents included time for service and maintenance 

and very minor repairs when they reported on throughput in a 24 hour period. 

The distribution of the sample mills by size, determinedas as described 
above, is shown in Table 9.7. The differences among Changwats is somewhat 
related to the magnitude of rice production in the Changwat. Those with large, 
exportable, surpluses of non-glutinous rice, namely Ayuthya and Phichit, have 
larger size mills on the average than the others. Ayuthya is a much older rice 
growing area than Phichit, and its mills are also larger on the average. Although 
Kalasin has an exportable surplus, about one-half of it is glutinous rice, as shown 
in Table 9.8 which has a much narrower market than non-glutinous rice, so some 
of the glutinous surplus may move in paddy form. 

In addition to the Six Changwat Survey, twenty-one of the twenty-nine mills 
that participated in the pilot fortification effort in Thailand were surveyed (Mock, 
1975). All the mills were located in rural areas surrounding the northern city 
of Chiang Mai; these mills are considered typical of the small rice mills through

out Thailand. 

Most of these mills consist of a small, usually bamboo structure with earthen 
floors. All of the mills visited have one milling machine, a simple Engelberg 
machine with stone rollers. The machines are all powered by small diesel motors, 
most of which have 10 horsepower, although a few are as small as 5 horsepower 

and one has 18 horsepower. 
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Table 9.7 

Capacity (24 hours) in Metric Tons of Paddy 

Capacity 
(tons/ Phrae Phichit Ayuthya ChaLya- Kalasin Songkla TotalphU1 K24 fhrs) 

- - - - - - - ----- percent of each size---------

0-10 98.8 35.5 
 U.4 83.4 93.6 96.7 75.3 

11-20 1.2 26.2 17.1 11.2 3.3 2.8 9.4 

21-30 0 17.6 32.4 2.6 1.3 0 6.9 

31-40 0 8.5 11.4 1.6 0.6 0 2.9
 

41-50 0 6.5 12.4 0.6 0.6 
 0.5 2.7
 

51-60 0 1.9 8.6 0 
 0 0 1.2
 

61-70 0 0.6 4.9 0.6 0 0 0.7
 

71-80 0 1.3 0 0 0.6 0 0.3 

81-90 0 0 0.9 0 0 0 0.1 

91-100 0 1.9 0.9 0 0 0 0.5
 

Total 100 
 100 100 100 100 100 100 

Source: 981 sample mills
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Table 9.8
 

Type of Rice Milled
 

Type of Chaiya-
Rice Phrae Phichit Ayuthya phum Kalasin Songkla Total 

percent of each type 

Non-glutinous only 0 85.6 100 15.0 0 82.4 45.0 
Glutinous only 93.3 0 0 5.3 54.0 0 25.0 
Both 6.7 14.4 0 79.7 46.0 17.6 30.0 

Total 100 100 100 100 100 100 100 

Source: 981 sample mills 

The Engelburg machines are usually classified as small if they have a maxi
mum capacity of 6 tons of paddy/24 hours. All of the mills (Table 9. 9) in this 
survey were small with the largest having only a maximum capacity of 4. 9 tons 
of paddy/day. 

Table 9.9 

Capacity of Fortification Machinery in Mills in Pilot
 
Project Area of Chiang Mai
 

Capacity (ton/day) Number of Mills
 

less than 1.0 4 
1.0 to 1.9 7 

2.0 to 2.9 2 

3.0 to 3.9 2 
4.0 to 4.9 3 

A second aspect affecting size is the type of rice mill. The business functions 
of rice mills range from completely service to completely trade. Small mills tend 
to do only service milling for farmers who retain ownership of the paddy, and very 
large mills tend to do only trade, milling only paddy that the mill itself owns. 
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The functions, or type of operation of the sample mills in the Six Changwat 

Survey is shown in Table 9. 10. Except for Songkla, there is a strong relationship 
between size and function. It is easier to custom mill small lots of paddy for 

farmers with a small mill than with a large mill. One reason is that the amount 
of rice that stays in the mill becomes important. For example, in a mill that can 

handle 100 kilograms per hour, probably less than one kg remains inside the 
machine after a batch is run through. And 100 kg batches are not unusual in ser
vice milling. But 50 to 100 kg or more may remain inside a very large mill, say 
one with capacity of 100 tons. An individual farmer's batch would "get lost" inside 
such a mill. Another reason is that the effective area for service milling is much 

smaller than for trade milling, as farmers are very sensitive to the inconvenience 

caused by distance when wishing to purchase milling services. "Smaller" in this 
sense also includes ease of travel. For example, a farmer may equate 0.5 km of 

carrying a bag of paddy to be milled on his shoulder to 10 or even 15 km of travel 
on a pickup or bus on a hard surface road. Thus., the three most remote Changwats 

in our sample, Phrae, Chaiyaphum, and Kalasin, also contain the highest propor
tion of service only mills (Table 9. 10) and a high proportion of small mills under 

10 tons capacity per day (Table 9. 7). 

The information gathered from the pilot project millers is similar. Of the 21 

surveyed, 15 were service only mills catering to local village farmers. The 
implication of these two surveys for nutritional intervention at the milling stage is 
that the more remote it is and the poorer road system a Changwat has, the more 
small, widely dispersed, service-only mills it will have. Thus, the populations 

in those regions could not likely be reached by using the larger, more centralized 

trade mills for a fortification program. 

Fee 

A final aspect of mill system operation to consider is charges to the customer. 
In the service mills, a common milling payment is for the milling to be done for 
.the bran and small brokens. The farmer brings the paddy and receives all of the 

milled head rice, and sometimes the brokens, while the miller keeps the bran, and 
sometimes the broken rice, as Threea milling fee. of the millers interviewed in 
the Chiang Mai area (Mock, 1975) provide free milling if the customer leaves the 
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Table 9. 10a
 

Type of Operations, by Percent of Each Type, SM of SCRMS
 

Typeof Phae Phichit Ayuthya Chaiya- ialasin Songkla Average 
Operations Ka S l r 

- - - - --------- percent of each type----------

Service 82.4 55.5 27.6 81.3 81.9 60.6 67.3 

Buy paddy 
and sell 1.8 20.3 33.3 13.3 7.1 6.5 12.1 
milled rice 

Both 15.8 24.2 39.1 5.4 11.0 32.9 20.6 

Total 100 100 100 100 100 100 100 

Table 9. 10b 

Type of Operation!, by Number of Mills of Each Type, by SM of SCRMS 

Type ofphaOperations Pa're Plichit Ayuthya Ckiya- KaJasin Souigk.la Avera.,e 

- - - - ----- ---- nutber cf mills------------

Service 136 85 29 152 127 131 660 

Buy paddy
 
and sell 3 31 35 25 U_ 14 119 
milled rice 

202
Both 26 37 41 10 17 71 


Total 165 153 105 1S7 155 216 981
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bran. However, if the customer retains the bran, a fee ranging from .5 to 1.25 

1%aht (U.S. $.025 to U.S. $.0625) per bushel basket (10 kg) is charged. The 

average fee in the mills visited is .93 I aht/bushel or . 145 1%aht (U.S. $. 073) per 

kilo of white rice output. About half of the millers set no minimum requirement on 

the quantity of paddy to be milled at one time. However ten of the millers reported 

a minimum of 10 pounds. In the Six Changwat Survey the proportion of millers 

charging a fee above and beyond the bran varies from a low of two to four percent 

in Phichit and Ayuthya, to a high of 84 percent in Phrae. The proportion charging 

the additional fee appears to vary inversely with the transportation network, which 

in turn determines both the degree of competition and farmer attitudes toward pay

ing for services. For example, in Ayuthya, the network of waterways and roads, 

plus a long history of mechanical milling, has resulted in a highly competitive 

milling stracture, whereas, in a more remote area with poorer communications 

facilities, the miller, even though he is very small, and perhaps even a farmer 

himself, is able to extract a higher rent from mill ownership. 

In Nakorn Pathom, which has an excellent communications network, service 

milling is so competitive that millers not only cannot charge for milling but in 

fact they must add an additional service, that of picking up the paddy at the farm 

and delivering the milled rice back to the farmer in order to stay in business. In 

this context consumers would likely resist paying for fortification. On the other 

hand, the millers might offer fortification as a "bonus" to attract more farmers to 

their mills. 

Paddy Procurement 

In the Pilot Project Survey, almost all of the customers of the project mills 

are rice farmers who produce their own paddy. Only a small proportion of the 

customers ever purchase their paddy, and a few customers are farm workers who 

receive the paddy in return for their labor. The millers who buy paddy to process 

and sell as white rice obtain the paddy directly from farmers. One of the millers 

reported that he grows his own paddy and sells his surplus in processed form in 

his mill. The millers who sell processed rice sell it to retail outlets, to market

place vendors, and to individual customers who come to the mill. 
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What is apparent from the Six Changwat Survey data is that there is a positive
 

relationship between size of mill (tons/day) and type of mill as shown in Tables
 
9. 1 la-9. I lb. None of the mills with more than 70 tons capacity did any service
 
milling. In fact, trade milling was the predominant activity in all mills with over
 

30 tons capacity.
 

It is suificient here to point out that for nutritional intervention purposes, the 
larger the mill, the more likely it is to be a trade only mill, with the product 
owned by the mill owner, who is therefore the major person to be convinced if 

intervention is to be successful. 

Seasonality 

Seasonal patterns in rice milling are of importance to nutritional intervention 
from two standpoints: timing of the distribution of the fortificant and possible 

concentration of the product for a major promotional effort. 

The data on seasonality of milling from the Six Changewat Survey are sum
marized in three tables: 9. 12, 9.13 and 9. 14. Table 9.12 shows actual amount 

.nilled in each of four quarters of the year, by Changwat. Tne quarters are based 
on the crop year. The main season (wet or monsoon season) crop harvest starts 

in December in most of the Central Plain, a little bit later in the North and North

east, and much later in the South. But actual harvest (cutting of the stalks in the 
field) is followed by sun drying, threshing, and winnowing, which can take from 
two to six weeks to complete. Thus, although new crop milled rice will start to 

appear in certain markets by the second week of December (such as in Supanburi) 
the major movement of paddy to mills does not start until February. 

Table 9. 12 should be studied in comparison with Table 9. 7 (capacity) and 
Table 9. 13, which shows the relationship between actual amouni milled and capacity, 

by quarter season. Conclusions that can be drawn from these three tables are as 
follows. First, the smaller the rice mill, the lower the rate of utilization (ratio 
of actual output to capacity). Second, the smaller the rice mill, the less the fluc

tuation in amount milled by season. This seems reasonable, because earlier it 

was shown that the smaller the mill, the more likely that it does service milling 
only, and farmers are likely to have their own rice milled for their own consump

tion at a steady rate thioughout the year. 
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Table 9. Ila
 
Correlation Between Size and Type of Operations
 

Typv of 0peritton.i 

Service 

Buy paddy and sel.1urilled r dce 

-.
,A*24XBoth 


Total 


Type of Operations 

Sexrvice 


Buy paddy and sell 

milled rice
 

Al&x Both 
Total 


Capneity (tonZ241.r) 
0-10 11-20 21-3V 31-40 41-50 51-60 61-70 71-80 

- ------ -------- percent of' each type -----------79.70 48.91 26.4 10.34 11.54 8.33 14.29 0 
3.24 19.56 36.76 51.73 57.69 66.67 85.71 100 

17.06 	 31.53 36.76 37.93 30.77 25.00 0 0 

100 100 100 100 100 100 100 100 


Table 9.1 lb 
Correlation Between Size and Type of Operations 

Capacity (tun/24hrs) 

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 

.. -------------- of' mills -------------number ---

589 45 18 3 3 1 1 0 

24 18 25 15 15 8 6 3 

126 29 23 31 8 3 0 0 

731) 92 68 29 26 12 7 3 

81-9U 91-100
 

-.... 
0 0
 

100 100
 

0 0 
100 100
 

81-90 91-100
 

0 0
 

1 4
 

0 0
 

1 4 



Table 9. 12 
Actual Amount Milled per Day in Four Quarters of the Crop Season 

Quarter Phrae Phichit Ayuthya Chaiyaphum Kalasin Songkhla Average 

W00 

February-April 

May-July 

August-October 

November-January 

0.75 

0.46 

0.42 

0.57 

9.62 

7.01 

5.41 

5.00 

15.23 

10.39 

7.08 

7.28 

Ton of Paddy 

4.20 

2.65 

1.72 

1.10 

1.02 

1.27 

0.79 

0.79 

0.48 

0.63 

0.46 

0.37 

5.20 

3.70 

2.60 

2.50 

Average 

Actual/capacity (%) 

0.55 

10.74 

6.80 

33.39 

9.99 

32.93 

2.37 

30.89 

0.96 

14.81 

0.48 

8.79 

3.52 

28.04 

Note: This classification is based on the actual rice producing season in Thailand. 



Table 9. 13 

Relationship Between Amount Milled (tons of paddy) per Day 
and Size of Mill in Four Quarters of the Crou Season 

Quarters.... 0-10 11-20 21-30 

Capacity Cton/24hr) 

31-40 41-50 51-60 61-70 71-80 81-90 91-100 

Actual Input (ton/24hr) 

February-April 0.63 6.47 11.63 18.61 25.75 35.32 48.29 38.00 40.00 58.12 

May-July 0.67 3.76 7.28 14.21 14.30 32.50 31.57 35.67 30.00 50.63 

August-October 0.40 2.32 5.61 8.39 11.88 25.05 23.14 29.00 30.00 40.00 

November-January 0.59 2.26 5.77 5.74 7.93 20.27 24.14 24.50 30.00 28.75 

Average 0.57 3.70 7.57 11.74 14.96 20.28 31.78 31.79 32.50 44.38 



Table 9.14
 

Regularity of Rice Mill Operation by Year, 1971-1975
 

Province Regularity 
1975 1974 

Year 

1973 1972 1971 
Average 

percent 

Phrae Normal 
Less than average 
Entirely stop 

83 
17 
-

91 
9 
-

97 
3 
-

99.4 
0.6 
-

100 
-
-

94.1 
5.9 
-

Phichit Normal 
Less 'thanaverage 
Entirely stop 

56 
43 
I 

66 
30 
4 

78 
19 
3 

82 
13 
5 

84 
12 
4 

73.2 
23.4 
3.4 

Ayuthya Normal 
Less than average 
Entirely stop 

70.5 
28.5 
0.9 

91 
7 
2 

85 
10 
5 

83 
II 
6 

79 
15 
6 

81,7 
14.3 
3.9 

Chalya-
phum 

Normal 
Less than average 
Entirely stop 

67.7 
32.3 
-

67 
32. 
I 

66.8 
32.2 
I 

83 
17 
-

87.5 
12.5 
-

74.4 
25.2 
0.4 

Kalasin Normal 
Less than average 
Entirely stop 

93 
7 
-

96 
4 
-

98 
2 
-

98 
2 
-

100 
-
-

97 
3 
-

Songkhla Normal 
Less than average 
Entirely stop 

47 
53 
-

54 
45 
I 

66 
33 
I 

78 
21 

I 

74 
25 

I 

63.8 
35.4 
0.8 

Average Normal 
Less than average 
Entirely stop 

69.5 
30.2 
0.3 

77.5 
21.2 
1.3 

81.8 
16,5 
2.5 

87.2 
10.8 
2.0 

87.4 
10.7 
1.8 
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Lastly, the sensitivity of seasonal patterns to year-to-year variation is not
 
precisely known. Table some
9.14 shows of the yearly fluctuations in the six 
provinces. A consistent pattern of either monthly or yearly irregularity would
 
mean that the quantities 
of rice consumed varied and therefore the quantities of
 
fortificant needed to insure a constant level of nutrient intake would also need to
 

be varied. 

Storage and Transportation 

One-third of the mills in the Six Changwat Survey had storage facilities with
 
the proportion varying from 12.5 percent in Kalasin to 85. 7 percent in Ayuthya.
 
Having storage facilities in conjunction with the mill is associated with size, as 
shown in Table 9. 15. Of the 82 mills larger than 30 tons, only three did not have 
storage, while less than one-fifth of the smallest mills had any storage. Mills that 
had storage tended to have more storage relative to size the larger the size of 
mill. For example, the 11-20 ton mills had storage enough for 14 days' milling 
at maximum capacity, while the largest mills (91-100 tons) had storage capacity 
for 53 days of milling. It should be remembered at this point that the larger the 
mill, the more likely it is to engage in trade, and storage is essential for a mer
chant involved in buying paddy and selling milled rice. 
 Mills with storage would 
be able to keep fortified and unfortified products separate in case of limited target 

populations. 

The means of moving paddy from farms to mills and of milled rice from mills 
to consumers are shown in Tables 9. 16 and 9. 17 respectively. Table 9. 16 shows 
movement of paddy by Changewat. A similar table showing milled rice movement 
would have almost identical data, i.e., milled rice tends to move from the mill 
by the same mode as paddy came to the mill. Likewise, Table 9.17 would show 
the same pattern, whether the data were for paddy into or milled rice out of the 
mill. The most striking observation from the data is the prevalence of non-motorized 
means of paddy/rice transport to the very small mills. Trains are not important 
means of rice transport anywhere, and ox carts are important only in the North, 
while water transport dominates in Ayuthya. From an intervention standpoint, 
mode of transport is important only from an accessibility, and identification, of 
the mill standpoint, as presumably the quantity of fortificant would be small 
enough such that transport, even by shoulder carry, would not be a problem. 
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-------------------- 

Table 9. 15
 
Relationship Between Size and Storage Facility
 

Storage __ , Capacity (ton/24hr) Total 

0-10 11-20 21-30 31-40 41-50 .,-60 61-70 71-80 81-90 91-100 

------- Percentage-------------------------- (Mo.
 
No storage 81,46 33.70 16.18 3.45 3.85 
 - 14.29

facility (602) (31) (II) (C) (I) ([) (647) 

Have storage 18.54 66.30 83.82 96.55 96.15 100 85.71 100 100 100facility (137) (61) (57) (28) (25) (12) (6) (3) CI) (4) (334)
Total 100 100 100 00 100 100 00 tOO !00 100 

(739) (92) (68) (29) (26) (12) (7) (3) (I) (4) (981) 
Capacity of storage
 

paddy (ton)/rice mill 1.2 289.75 488.99 748.39 1284.80 1454,17 2016.67 140,00 140,00 5312.50 

Note: Numbers in parentheses are number of mills in that cell of the table, represented by the 
percentage figure directly above them. 



Table 9. 16
 

Method of Transporting Paddy to the Mill, in Percent
 

Method Phrae Phichit Ayuthya Chaiya- Kalasin Songkhla Average
 

phum
 

- --------- Percentage----------------

Trucks 6.0 68.0 41.0 20.7 11.3 10.3 26.20 

Trains 0.6 0.6 0.2 0.2 - 0.1 0.28 

Boats - 5.0 56.0  0.5 5.4 11.15 

Oxen carts 12.4 22.0 1.6 2.4 0.3 - 6.45 

Others(a) 81.0 4.4 1.2 76.7 87.9 84.2 55.90
 

Total 100 100 100 100 I00
100 !0O 


(a)Bicycle, shoulder carry, head carry 
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Table 9. 17
 
Relationship Between Size of Mill and Method of Transporting White Rice from the Rice Mill
 

Capacity (ton/24hr)
 
Method 

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 

------- -------------- Porcontage----------------------

Trucks 11.71 65.17 41.57 48.79 37.88 8.00 36.43 53.33 - 57.50 

Trains 0.35 2,02 0.45 4.48 8.08 9.17 - 6.67 - 5.00 

Boats 1.07 11.49 46.64 46.73 50.19 82.83 63.57 40.00 100 37.50 

Ox carts 6.67 8.39 8.36 - - - - - - -

Others(a) 80.20 12.93 2.98 - 3.85 - -

(a)Bicycle, shoulder carry, head carry 



Cost 

The only reliable cost data that are available for millers were gathered in the 

interviews with the mills involved in the pilot fortification project in Thailand. The 

main operating cost of the small mills in the project area is the fuel for their mill

ing machines. The millers reported that in winter the mills use an average of 

185 liters per month (at 2.5 M or 12.5 cents per liter), although there is consid

erable range in the amount used in different mills, depending on the hours per day 

that the machines are operated. Maintenance of the machines and spare parts con

stitutes another major category of costs, which range up to 3000 r/year (U.S. $150) 

but average about 1500 r/year (U.S. $75). In winter the millers also use an aver

age of about 7.4 liters of lubricating oil per month for the milling machines, which 

accounts for another 126 1%(U.S. $6.29) in costs. None of the millers reported 

having any rental costs, and almost all handled the milling operations by them

selves and with family labor, but without any hired workers. 

On the basis of these data, as well as the information on average monthly 

input into the mills and milling fees, it is possible to estimate the average monthly 
revenues and costs for a typical small mill in the project area, during the winter 

months. Although most millers could not recall their exact costs during the 

remaining months of the year, these costs can be estimated using the data con

cerning the differences in average input and hours of operation in the mills during 

the four seasons of the year. This input data, combined with the information on 

milling fees can also be used to calculate the approximate revenues of the project 

mills during the spring, summer, and fall. An estimate of the average monthly 

revenues, operating costs, and net income for a typical small Thai mill during 

each season of the year is presented in Table 9.18. As the estimates demonstrate, 
the average net income derived from operating a small rice mill in the rural areas 

is extremely low -- only about $27 per month in the peak winter months, about $16 
monthly during the spring and summer, and about $7 per month in the fall season. 

The millers may have under reported income, but it would appear that any fees 

which might be paid to the millers for their participation in an expanded fortifica

tion program could be set relatively low and would still act as an effective incen

tive since they would nevertheless constitute an important source of income for 

the millers. 
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Table 9.18
 

Hypothetical Monthly Income Statements for a Small Rice Mill
 
in Winter, Spring, Summer and Fall 

Winter Spring/Summer Fall 

I aht Dollars Saht Dollars Saht Dollars 

I. Net Revenues 1455 72.75 837 41.85 474 23.70 

II. Costs 

1. Rent - - - - - 

2. Equipment 50 2.50 50 2.50 50 2.50 

3. Machine Maintenance, 
Spare Parts 198 9.93 108 5.40 67 3.35
 

4. Machine Oil 126 6.29 68.0 3.40 43 2.13 
5. Diesel Fuel 463 23.15 250 12.50 157 7.87 

6. Salaries - - - -  -

Subtotal 837 41.85 476 23.80 317 15.85 

7. Taxes (5% of revenues) 73 3.65 42 2.10 24 1.20 

Total Costs 910 45.50 518 25.90 341 17.05 

III. Net Income 545 27.25 319 15.95 133 6.65 
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Miller's Attitudes 

A separate part of the Miller's Survey conducted in the pilot project villages
 

(Mock, 1975) contained subjective questions about the Millers' attitudes toward
 

participation in the program; as the critical gatekeepers in the intervention it is
 

important to ascertain their willingness to participate in the system.
 

First, the participating Millers were asked if their handling of the fortifica

tion 	operations had caused them any problems. Seven of the nineteen responding 

millers said that no problems had been encountered as a result of the program. 

Nine of the millers did mention specific problems. One of the main problems 

noted by four millers was the extra time required to fill the feeders, attach and 

detach the feeder, supervise the fortification, and to keep the records for the 

project personnel. The other major problem, also mentioned by four different 

millers, was the strain on the engine and the much more frequent breakage of 

the 	engines drive shaft, due to the load of the feeder. One miller explained that 

project personnel had tried to assist him in finding a shaft for his machine which 

could bear the feeders load, but even the stronger shaft still has frequent breakage 

and 	need for replacement. Two of the millers also complained that they had lost 

some customers because of their dislike of the fortificant granules and their 

discomfort at being asked to accept the fortification. One of these millers 

explained that although he fortified the grain only for those customers who wished 

to participate, some customers "hate the drug" and thus will take their paddy to 

mills 3 or 4 km away to avoid being asked if they wished the fortification. The 

second miller also described how his customers "don't want to hear 'please take 

it' " 	(the fortification) and if they feel pressured will "run away to the other mills." 

The millers were then asked how they thought the fortification operations 

could be improved. Eight of the respondents said that the present system was 

adequate and that they could think of no particular improvements which were 

necessary. However, six millers did offer specific suggestions which were as 

follows: 

(1) 	 The design or operation of the feeders should be modified so that they 

will put less of a load on the engines of the milling machines. 

(2) 	 The design or operation of the feeders should be changed to prevent the 

breakage of the drive shaft. 
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(3) 	 The design or operation of the feeders should be changed so that the use 

if extra fuel would not be required. 

(4) 	 The feeders are adequate but could be elimi,,ated altogether and the 

adding of the fortificants could be done by hand. 

(5) 	 The millers should be paid more than 125 1 (U. S. $6. 25) per 25 kg case 

of granules dispensed. 

(6) 	 The project should be better explained to the villagers; explanatory 

lecture-' and educational programs should be longer and more frequent. 

In order to obtain information which could be used in the determination of an 

appropriate incentive for the millers participation in a fortification program, the 

millers were asked several questions concerning the actual payments which they 

receive and whether they considered these payments to be adequate. The first 

question concerned the quantity of fortificants distributed each month by the 

millers; from this information the payments received by the millers could be 

estimated. The replies given by the millers and their estimated income from 

participation in the fortification program are illustrated in Table 9. 19. 

Table 9.19 

Number of Cases of Fortificants Dispersed Monthly Income Derived 
by Pilot Project Millers Per Month 	 from Participation in the 
in 1973 - 1974 	 Program (125 b per case) 

Less than one case 	 4 <125 1 <$6.25 

One 	case 4 125 B $6.25 

More than one case, but less than two cases 3 125-250 $6.25-12.50 

Two 	cases 3 250 $12.50 

More than two cases 	 1 >250 >$12.50 

These data suggest that most of the millers partipating in the pilot project 

earned about 125 1 month or slightly more. This represents about 23 percent of 

their estimated monthly income in winter months, 39 percent of their estimated 

monthly income in the spring and summer months, and almost 94 percent of their 

estimated monthly income during the fall. 
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When they were questioned about the fee level which they felt would be 

appropriate, nine of fourteen millers said that they thought that the current fee 

was inadequate and that they should be paid more. The specific answers by all 

of the fourteen responding millers are as follows: 

(1) 	The current fee (125 0 case) is adequate. (3 respondents) 

(2) 	 The fee should be higher. (4 respondents) 

(3) 	 The fee should be from 150 to 160 b/case. (2 respondents) 

(4) 	 The fee should be 200 10 case. (I respondent) 

(5) 	The fee should be 250 10 case. (I respondent) 

(6) 	The fee should be 300 io 400 04 case. (1 respondent) 

(7) 	Don't know. (2 respondents) 

The millers were then asked the reasons for their partipation in the pilot 

project. A variety of responses were given by the seventeen responding millers, 

most of whom expressed a high degree of social consciousness and a desire to 

help the villagers. The millers also exhibited a great respect for the authority 

and contribution of doctors; many of the project personnel were doctors, nurses, 

and medical technicians and this appears to have been an influential factor in 

persuading both millers and villagers to participate in the program. The millers 

outlined the following specific reasons for their involvement in the pilot project. 

(1) 	 The doctors asked us to help (the doctors are helping 

us so we should give something in return; the doctors
 

are helping the villagers). (11 responses)
 

(2) 	 The fortification benefits the villagers. (It improves 

the health of the old people and children; reduces
 

fevers; improves eye diseases; and relieves pain.) (8 responses)
 

(3) 	 The project personnel asked us to participate. (3 responses) 

(4) 	 The fortification was supposed to help people, but 

now the people don't want to receive it. (2 respon.ces) 

(5) 	 The payments are useful. (1 response) 

(6) 	 Don't know; the former mill owner initiated the 

fortification. (1 response) 
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Finally, the millers were asked whether they thought the other millers who were not included in the pilot program would "mind" participating ir. an expanded
fortification program. Only three of the millers thought that other millers might
mind or would mind, while five respondents thought the other millers would notmind, and four said the others wouldn't mind if the program were better explained
to both the villagers and the millers. One miller said that other millers would
probably participate if the majority of millers chose to become involved in a 
program, and three millers had no opinion. 

Summary
 
The decentralized nature of the rural millizg system may initially seem to
present logistical problems 
of management ar..d control for a fortification inter

vention. However, the two key elements are present - target group'coverage

and miller's cooperation. Therefore, 
 in the design of a fortification program

the alternative of a decentralized milling system should not be overlooked for
rural areas. However, urban residents, because of their reliance on the com
mercial market, could best be reached by the retail network. 

Wholesale/Retail 
Most of the wholesale rice activities in the Kingdom are conducted by the


rice mills that engage in trade. 
 Only in the very largest Changwat capitals andin Bangkok are there non-rice milling firms that specialize in rice wholesaling,

and there are only a few such firms. At times, 
 a few additional individuals or
firms will engage in speculative holding of stocks, 
 disposing of them either to
 
exporters or to retailers. Recently, during the 1973 rice 
 'crises, " the govern
ment got involved in rice wholesaling through the Public Warehouse Organization. 

Milled rice retailing is engaged in by tens of thousands of individuals andfirms scattered throughout the Kingdom. The largest concentrations of course,
are in large urban areas, especially in Bangkok. Only very small rice mills sell 
at retail, the rest prefer to sell at wholesale only. In small villages, at Least 
one general shop will also carry rice at retail for non-rice producers in the
community, as well as for rice farmers who do not produce enough or are unable 
to retain enough rice for their family consumption. 
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Most urban residents, particularly the low income families, (less than 3, 000 
bolts annually) purchase rice in the reduced price shops (Slom Survey, 1972).
 
The urban residents could effectively be reached by a centralized processing

fortification 
system using the reduced price shops as an outlet for the fortified 
rice. 

Barrier III: Technology 

The technology for development of a fortificant that can be added to a food 
product has been perfected and does not present a barrier to fortification projects. 
Technology problems, where they do exist, would be expected to occur in the
 
fortifying process, 
 especially in a large decentralized milling network. 

The purpose of rice milling is to process the paddy rice from the form it is
in after harvest and threshing into a form in which human beings can consume it. 
Milling, therefore, adds form utility tc the product. The impervious covering of 
the kernal of paddy rice, called the husk, is composed mainly of silica and is not 
digestable, and therefore has to be removed before the kernal is available as
 
human food. Underneath the husk are 
several more layers of material, called
 
bran, covering the kernal. 
 The bran layers are digestible and high in protein
 
content. The outer layer is 
 called coarse bran and the inner layer is called fine 
bran. These two bran products are separated in some milling systems and not
 
in others, 
 and each bran product has a different price. The kernal with only the
 
husk removed, 
 but the bran layers still remaining, is called brown rice or cargo
rice generally, but in Thailand is sometimes referred to, especially in urban 
areas, as 11prison rice, "1 because prison inmates are fed the cheapest food available, which is undermilled rice. This reflects the taste preference of Thai people
in general for highly milled rice, in which not only is all of the bran removed,
but the kernal is also whitened. Technically, this operation can be called polishing
only if a leather polisher is used. In Thailand, emery stone is used, so the 
operation is called "whitening." As the husk and bran layers are removed, and 
the rice is whitened, some of the kernals break. In general, the more highly
milled and whitened the rice, the higher the breakage rate. Breakage rates, or 
proportion of brokens is also affected by the variety of rice, weather at harvest 
time, and the drying technique and practices followed. Among the rice consuming
countries known to the authors, Thailand has probably the most detailed classifi
cations of grades of rice based primarily on the proportion of each category of 
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rice; category referring specifically to length of grain. Length of grain is 
defined in terms of proportion of a whole long grain kernal. 

In general, there are approximately seven possible steps in the process of 
rice milling. In some of the most elementary technologies, some of the steps 
are omitted or passed over. Advanced or "modern" technologies include all 
seven steps. The steps are: 

(1) Placing the paddy into the milling machine. 

(2) Removing the husk from kernal and then from milling machine. 

(3) Separating husk and coarse bran from brown rice. 

(4) Removing fine bran (whitening) from kernal and from the milling 
machine. 

(5) Separating fine bran from white rice. 

(6) Separating head rice from broken rice,' and separating head and 
broken rice into various grades of each. 

(7) Removing head and broken rice from the milling machine. 

Devices or elements used to perform these steps can be divided into: 

(1) Husking devices 

(2) Whitening devices 

(3) Separating devices 

(4) Source of power 

This scheme of seven steps and four elements can be used to describe any milling 
process. For example, the ancient and traditional method of hand pounding paddy 
rice includes: 

(1) Mortar and pestle for husking. 

(2) No whitening. 

(3) Bamboo tray for winnowing. 

(4) Human being for power. 
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The feasibility of adding equipment for fortification at the local mill was 
investigated as part of the Pilot Project Millers Survey (Mock, 1975). One of 

the concerns was that machinery needed in order to add the fertificant would 
disrupt the small-scale operation of village mills. It is genexally stated that 

adding supplemental equipment to a mill system is easier in a more complex 

operation. The millers were asked about technical difficulties in the fortifying 

process.
 

In the Thai pilot project, small simple fortification feeders were developed 

and constructed locally for about $50 each. These were installed in the small 
mills of 22 villages which were selected because of the cooperative attitude of 

the village officials and the millers. For the customers desiring to have all or 

a portion of their rice fortified, the feeders could be simply and quickly attached 

to the driveshaft of the milling machines and thus, always function at the same 

rate of speed as the machine itself. For customers not desiring fortification, 

the feeder could be easily detached from the miil. Each feeder was examined 
by project personnel once a week and quality control checks were made regularly, 

but the feeders continued to function effectively througho ,t the duration of the 

project to assure their participation in the program and to compensate them for 

any time expended or additional costs, the millers were paid 125 0$($6. 25) for 

each case (25 kg) of RFGs dispersed, which is the equivalent of 0. 32 $ (1. 6 cents) 
for each bushel basket of paddy which was fortified during milling. The granules 

were delivered regularly to each mill by project personnel. Most of small drums 

containing the fortificants were stored in the mills; the drums were generally 

stacked in one corner of the mill enclosures, most of which are small bamboo 

structures with dirt floors. 

The millers were first asked whether the fortification operations had caused 

them to incur any additional costs. The millers noted only three specific factors 
which they felt had increased their costs or their workload. First, two of the 

millers thought that the attachment of the feeders to the milling machines caused 

the machines to utilize a small quantity of extra fuel, although other millers were 
certain that there had been no increase in their fuel costs. The second factor, 

noted by five millers, was that the operation of the feeders considerably increased 

the load on their machines' engines and thought that this extra load harmed the 
engines and caused more rapid depreciation than would otherwise occur. The 
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third item mentioned by the millers was extra time and effort required to 7: aasure 

out the fortificants and to supervise the feeder operations. However, the millers 

themselves could easily perform these functions, and thus, did not have to hire 

any additional labor. Aside from these three factors there were no additional 

costs incurred by the millers as a result of the fortification program. 

Despite the operational inconveniences cited, 17 of the 21 millers specifi

cally stated they would still be willing to participate in the fortification effort if 

it were to help the villages. The one problem that has been identified for the 

small village mill using their current system is a lower recovery rate 

Barrier IV: Consumer Acceptability 

In order to obtain information about the attitudes of the participants in the 

Thai pilot project towards the fortification granules and towards the overall pro

gram, forty-five villagers were interviewed in 20 of the 22 villages where the 

fortification was being conducted (Mock, 1975). In addition, twenty of the parti

cipating millers in these villages were also interviewed about their perception of 

their customer's attitudes towards the fortificants and the program. The 

respondents were first questioned about whether they like or dislike the fortifi

cation granules and about their appraisal of the fortificant characteristics -- its 

odor, taste, color, and texture, and the problems involved in soaking and cooking 

rice which has been fortified. The respondents were then asked their opinion 

concerning the ways in which the fortification granules should be improved in 

order to increase consumer acceptability of the fortificants. The next group of 

questions involved the reasons for the villagers' participation in the program 

why they and others participate, who consumes the granules, the reasons why 

some villagers stop participating, why others stop and then resume their parti

cipation, and finally, their attitude towards the day care centers which were being 

operated in some of the villages. 

The responses to these questions often varied noticeably, according to 

specific content of the fortificant granules being dispensed in the particular village. 

In some villages, the granules contained lysine and threonine, as well as vitamins, 

iron, and riboflavin; these granules are known as RFG 1. Nine of the eleven 

villages distributing these granules were interviewed in the survey. The second 
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type of fortificant granules, RFG 2, contained only vitamins, iron and riboflavin; 

all of the five villages dispensing this fortificant were visited. The third type of 

granule, RFG 3, was a placebo; these were distributed in six villages, all of 

which were visited in the survey. Because of the distinct differences in the 

characteristics of these granules and in the consumers' attitudes towards them, 

the responses to most of the questions are subdivided according to the type of 
fortificant distributed in the particular village where the interview was being 

conducted. 

Consumer Attitudes Towards the Characteristics of the Fortificant Granules 

The villagers were first asked whether they liked or disliked the fortificant 

granules, and the millers were also asked to evaluate whether most of their cus

tomers liked or disliked the fortificant. Most (57 percent) of the villagers res

ponded that they disliked the granule, and almost all of the millers said that 

most of their customers did not like the fortificants. The RFG 1 was the most 

disliked type of granule; 14 of 18 villagers (78 percent) and all nine millers in 

the RFG 1 villages gave negative appraisals of the granules. The RFG 3 was 

clearly the most acceptable granule; two-thirds of the consumer respondents 

(8 out of 12 individuals) and three of four millers interviewed in these villages 

indicated that they liked the granule. The complete breakdown of responses 

given to this question are summarized in Table 9.20. 

Table 9.20
 

Consumer and Miller Evaluations of the Overall
 
Acceptability of the Granules
 

Response to the question: Do you/your customers like or dislike the granules. 

"Like" the granules "Dislike" the granules 

RFG1 RFG2 RFG3 Total RFG1 RFG2 RFG3 Total 

Villager responses. 4 6 8 18 14 6 4 24 

Miller evaluation of 
most villagers 
attitude s. 

- - 3 3 9 5 1 15 
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The responses to the first question are not only useful in indicating consumer 
attitudes towards the different types of granules, but the generally positive 
reactions towards the placebo, RFG 3, suggests that the villagers are not opposed 
to having a foreign substance mixed into their food, as long as the specific 
characteristics of the substance are not displeasing. A more thorough approach to 
determining acceptability would entail blind taste tests as done in the Guatemala
 
case study.
 

The villagers and millers elaborated their views in the second section of
 
questions, in which they were asked what specifically they liked or disliked about
 
the characteristics of the granules -- the odor, taste, 
color, texture, soaking 
properties, and cooking characteristics. The responses to these questions are 
summarized in Tables 9. 21 - 9. 23. As Table 9. 21 illustrates, 24 of the villagers 
(57 percent) complained of an unpleasant, drug-like or sickening odor, and four
teen of the millers said that their customers dislike the odor of the granules. 
Almost all of the respondents in RFG I villages 'andmost of the people receiving 
RFG 2 complained about the odor; while most of the .nhabitants of the villages 
receiving placebos had no reaction to the granules' odor or said they smelled 
good, two consumers of placebos did complain about their objectionable odor. 
It is also important to note that some of the people who like the granules com
plained about the unpleasant odor, but still find the fortificants acceptable. One 
woman explained that although she dislikes the cdor, her family consumes the 
granules because of their benefit. Another woman said that she refused to ruin 
her rice with the bad-smelling RFG 1 granules, but she takes the granules home 
in a small bag, soaks them, and consumes them like pills in order to receive 

the beneficial effect. 
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Table 9.21
 

Consumer and Miller Evaluations of the Odor of the Granules
 

Opinions of Villagers Opinions of Villagers 
Percent Who Liked the Who Disliked the 

Granule s Granules 

RFG RFG RFG Total RFG RFG RFG Total Grand 

1 2 3 	 1 2 3 Total 

Villager Responses 

1. 	 The granules have a bad smell. 11 3 1 15 15 

2. 	 The granues smell like a 2 2 1 5 1 2 3 8 
medicine or drug. 

3. 	 The granules used to smell 1 1 1 
like a drug but smells ok now. 

4. 	 The granules have a sickening 1 1 1 
smell (feels dizzy). 

5. 	 The granules smell good. 1 3 "4 4 

6. 	 No reaction 2 1 5 8 1 1 3 5 13 

Total 18 24 42 

Miller Evaluation 

1. 	 Most customers think that the 9 5 14 
granules have an unpleasant 
odor.
 

2. 	Most customers have no 3 3 1 1 
reaction. 



Table 9.22
 
Consumer and Miller Evaluations of the Taste of the Granules
 

Opinions of Villagers Opinions of Villagers
Percent Who Liked the Who Disliked the 

Granules Granules 

RFG RFG RFG Total RFG RFG RFG Grand 
1 2 3 1 2 3 Total Total 

Villager Responses 

1. 	 The granules taste like a drug 1 1 2 5 1 6 8 
taste.
 

2. 	 The granule taste like a drug 1 1 2 2 
or medicine. 

3. 	 The granules have a bad taste. 11 1 
4. 	 The granules have a sickening 11 1 

taste (vomited after eating). 
5. 	 The granules taste good. 2 1 3 6 1 1 2 8 
6. 	 The granules are sweet 1 1 1 

tasting. 
7. 	 No reaction. 2 4 3 9 7 4 1 12 21 

Total 18 24 

Miller Evaluation 

1. 	 Most customers think the 8 1 9 9 
granules have a bad/bitter 
taste.
 

2. 	 Most customers have no 3 3 1 4 1 6 9 
reaction. 

Total 3 	 18 



Table 9.23
 
Consumer and Miller Evaluations of the Texture of the Granules
 

Opinions of Villagers Opinions of VillagersPercent Who Liked the Who Disliked the 
Granules Granules 

RFG RFG RFG RFG RFG RFG Total Grand 

1 2 3 Total 1 2 3 Total 

Villager Responses 

I. The granules are too hard. 2 5 4 11 5 3 3 11 
2. The granules are too soft. 2 2 2 1 3 
3. The granules have a normal 3 3 

rice texture. 
4. No reaction. 1 1 2 9 1 10 

Total 18 24 

Miller Evaluation 

1. The granules are too hard. 1 1 5 4 1 10 11 
2. The granules are too soft. 1 1 1 
3. No reaction 2 2 3 1 4 6 

Total 3 15 18 



The consumers' and Millers' evaluations of the taste of the granules are 

Exactly half of both the villagers and Millers responsespresented in Table 9.22. 
and thus the tasteindicated that there was no reaction to the taste of the granules 

was considered 'normal' and acceptable. Some of the villagers, including those 

who like and dislike the granules even said that they tasted good or sweet. How

ever two of the respondents who liked the fortificants and ten (42 percent) of those 

who disliked the granules complained about the bitter, bad or sickening taste. 

Most of these complainants lived in RFG 1 villages and a few lived in RFG 2 vil

lages; in addition, three people receiving the placebos found the taste objectionable. 

When questioned about their reaction to the color of the granules the villagers 

in the RFG 1 and 2 villages noted the yellow color (caused by the riboflavin), no 

one indicated that the color caused them to avoid accepting the fortification. Only 

one woman said that the color caused her to dislike the granules, but she said 

that her family consumes them anyway, because of %heirbenefit. Almost all of 

the Millers thought that most of their customers dislike the yellow color of the 

RFG 1 and 2 granules. Several of the consumers of the placebos also complained 

about their 'black' (less than pure white) color; like the Tunisian consumers these 

Thai villagers seemed to be extremely sensitive to subtle shades of color in their 

grain products. 

The villagers and millers were questioned next about their reaction to the 

texture of the granules. Throughout the duration of the pilot project this had 

beenan issue about which the villagers had continually complained and as a result 

several modifications had been made in the preparation of the granules. The 

reactions of the respondents, who were interviewed in early 1974, are summarized 

in Table 9.23. As the data shows over half of the villagers and Millers, including 

both those who liked and disliked the granules, complained that the granules 

still have an objectionably hard texture. However a large proportion of the respon

dents had no particular reaction to the texture. This factor, plus the high propor

tion of people who liked the granules yet still complained about their texture being 

too hard or too soft suggests that the texture of the fortificants was no longer an 

important issue in determining the behavior of the consumers. 

The last two characteristics which the villagers were asked to evaluate were 

the problems encountered in the soaking and cooking of the fortified rice. Only 

two of the villagers complained that the granules require more soaking time, and 
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four respondents including two who liked the granules, mentioned that the fortified 

rice was more time consuming to prepare. In addition, two of the Millers empha

sized that the granules required more cooking time, but said that this did not cause 

their customers to refuse to accept the fortification. 

After villagers and Millers had evaluated the characteristics of the granules 

used in the pilot fortification project, the respondents, were asked to describe 

so as to increase consumer acceptabilityhow the fortificants should be improved 

and consumption. Their suggestions are outlined in Table 9.24. As the data 

comment was that the yellow color of the granulesillustrates, the most frequent 
The issueshould be removed; 30 percent of the respondents made this suggestion. 

of odor was almost as important to the respondents as the color issue; over 

27 percent of the respondents advised that the bad or medicinal odor should be 

removed in order to increase consumer acceptability. The third major issue 

which was mentioned was the texture; 24 percent of the respondents suggested 

Only 7 percent of the respondents thoughtthat the granules should be made softer. 

that the taste needed improvement and eight villagers, 9 percent of the total 

sample, said that the granules used in the pilot project were acceptable and needed 

no specific changes. 

Consumer Participation in the Fortification Program 

As the previous section reveals, many Thai villagers in the pilot project 

region were highly critical of various characteristics of the fortificant granules. 

However in spite of their adamant opinions, it is critical to note that almost all 

of the villagers interviewed were participating in the fortification program, 

despite their dissatisfaction with the odor, taste, color, or texture of the gran

ules. Although undoubtedly some villagers who were not included in the limited 

sample may have stopped their participation in the program because of the char

it is also clear that consumer dissatisfaction withacteristics of the granules, 

a sharp
these characteristics, however strongly felt, does not necessarily cause 


reduction in program participation.
 

Of the forty five villagers interviewed randomly in the pilot project villages, 

forty reported that either their children or their entire family were still con

suming the fortified granules. Only five of the respondents said that they had 

halted their part icipation in the program. Three people explained that they could 
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Table 9.24
 
Consumer and Miller Suggestions as to How the Fortified Granules
 

Should be Improved
 

Percent Villager Suggestions Miller Suggestions 

RFG RFG RFG Total RFG RFG RFG Grand 
1 2 3 1 2 3 Total Total 

1. Remove the bad/medicinal 12 7 1 20 3 1 4 24 
odor. 

2. Remove the yellow color; 13 7 20 2 5 7 27 
make the granules white. 

UL 3. Improve the texture: make 3 7 4 14Nthe granules softer. 2 3 2 7 21 

4. Remove the bitter taste; make 2 2 4 4 6
it taste like normal rice. 

5. No changes are necessary; 2 2 4 8 8
the granules are acceptable
 
as they are.
 

6. No suggestions. 1 1 2 2 

Total 66 22 88 



no longer tolerate the odor of the granules, one person said that the hard texture 
was too unpleasant, and one villager said that her family stopped because they 
could see no positive benefits to their health. One other woman also admitted that 
her family detests the fortificants and would like to forego eating them but have 
continued their participation so that their children attend the day carecan center. 

Thirty four of the villagers interviewed who are participating in the program 
(85 percent of the participants) reported that their entire family consumed the 
fortified rice. In addition, in two families the mother and the children partici

pated in the program. 

These respondents offered four explanations for the adult's consumption of the 
fortificants: (1) it was less time consuming and bothersome to cook all of the 
families rice together, without separating it (six responses); (2) the adults par
ticipation acted as an example 
for the children and encouraged them to eat the
 
fortified rice (six responses); (3) all of the rice 
was milled together (three
 
responses); and (4) the adults perceived 
a positive effect on their own health after 
consuming the granules (two responses). In only three of the forty participating 
families interviewed was the consumption of the granules restricted to the children 
alone. It is clear from this data that if the designated target group were defined 
to include only the young children, the children's families would need better instruc
tion in the separation of the childrens rice at the point of milling, and in the cooking 
of separate portions for children, which is accomplished simply by placing the 
childrens' portions first in the bottom of the cooking pot. With the yellow color,
 
the fortified rice is 
 easily visible after cooking and can be spooned out separately
 
from the unfortified rice. Even if the yellow color 
were removed from the gran
ules, the rice could probably still be cooked in one pot in this fashion, although 
the size of the cooked portions to be served to the children would have to be roughly 
estimated. Furthermore, it might be impossible in some families to serve rice 
only to the children, if the example of the parents participation serves as a strong 
motivating factor for the children. 

The forty villagers who reported that they participated in the fortification 
program were then asked to explain the reasons for their participation. All of 
the individuals interviewed were also asked why they thought other people parti
cipated; this question was asked in the hopes of obtaining more honest responses 
from some villagers who might feel freer to explain frankly the reasons for other 
peoples' behavior than their own. Finally the Millers were also asked to explain 
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their view of the reasons for their customers participation in the program. The 
responses to these thr-'j .uestions are presented in Tables 9.25 - 9.27. As the 
comments in these tables illustrate, the main reasons for participation, as 
explained by the villagers and the millers, are the expected and perceived medical 
benefits to both the adults and the children who consume the granules. In each 
group of explanations, the great majority of the responses concerned these medical 
and health benefits. The explanations also reflected a great respect for the advice 
of medical personnel, a factor which could be extremely useful in encouraging 

support in for an expanded fortification program. 

Table 9.25 
Villagers' Explanations of Their Reasons for Participation 

in the Pilot Fortification Project 

1. 	 The doctors suggested that they participate in order to improve their health
 

and the health of the children (16 responses).
 

2. 	 The fortification is beneficial for the health of all of the consumers. (Soine 
villagers were certain that the granules had cured various illnesses suchlas 
rheumatism, arthritis, mouth and eye diseases, and muscle pains.) (8 

responses)
 

3. 	 The fortification is beneficial for the childrens health, makes them sronger 

(5 responses). 

4. 	 The granules are added at the mill; no other reason (4 responses). 

5. 	 The majority of the people are participating; it is go'od to follow the majority
 
(2 responses).
 

6. 	 The workers at the child care center persuaded them to participate (1
 

response).
 

7. 	 The children like the granules (1 response). 

8. 	 The children must participate in order to attend the center (I response). 
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Table 9.26
 
Villagers' Explanations 
 of Other Peoples Reasons for Participating 

in the Pilot Fortification Project 

1. The doctors asked them to participate in the program in order to improve 
their health and the health of their children (10 responses). 

2. 	 The majority of the people are participating and the others want to follow 
the majority (8 responses). 

3. 	 The fortification is beneficial for the childrens' health (4 responses). 

4. 	 Others participate so that their children can attend the day care center,
 
where the children must eat fortified rice (1 response).
 

5. 	 Adults participate to serve as an 	example to their children (1 response). 

6. 	 The children like the granules (1 response). 

7. 	 Don't know other peoples reasons (14 responses). 

Table 9.27
 
Millers' Explanation of the Villagers' 
Reasons for Participating

in the Pilot Fortification Project 

1. 	 The fortification is beneficial for the health of adults, cures rheumatism, 
aches, and muscle pains (7 responses). 

2. 	 The fortification is beneficial for 	the health of the children (6 responses). 

3. 	 The doctors asked them to participate (5 responses). 

4. 	 The children must eat the granules in order to attend the day care center. 
The day care center is good for the parents; enables parents to work 
(2 responses). 

5. 	 The doctors force them all to participate by visiting the mill to see if the 
granules are being distributed (1 response). 

6. 	 The millers participate in order to set a good example for the villagers 
(1 response). 
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Although the villagers and millers displayed a high degree of interest in the 
expected and perceived medical and health effrts of the pilot fortification program, 
the stimulation of consumer acceptance by promising or predicting any of these 
benefits must be done in an extremely cautious manner. In Thailand many of the 
villagers were impatient to see visible benefits within a short time period. In 
many of the interview responses about various other issues, the villagers expressed 
concern and even extreme dissatisfaction with the lack of visible health or medical 
benefits, and their reluctance to continue further participation in the program 
unless such effects could be seen within a few months or at least a few years. 
In addition, three of the five millers who reported decreased customer acceptance 
of the granules in 1973-4 as compared with the year before attributed this decrease 
to the customers inability to see any health or medical benefits from their parti
cipation. Therefore in the education programs for the participants in any future 
fortification programs, there should be explicit, careful explanations of the exact 
benefits which can be expected. It must be emphasized that many of these bene
fits might not be visible to the participants or the parents of the children 
participating, similarly, the participants must be led to understand that some of 
the benefits will not be gained in a short period of time but can only be achieved 
after several or many years participation in a fortification program. 

Barrier V: Intervention Economics 

The final issue to be addressed is one of economics; two separate questions 
need to be answered: "What is the cost of the fortification program? " and equally 
important "Who shall pay? " 

The cost components ol a fortification program include -- the fortificant, 
program logistics, control and cooperation costs. The fortificant cost is the 
major component of overall cost. 

The following economic analysis has been developed from information gathered 
from interviews with millers and consumers in 20 of the 22 villages that partici
pated in the pilot fortification effort in Thailand (Mock, 1975). 
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The Millers Appraisal of Consumer Willingness to Pay for Fortification 

In order to gain an impression of the possible willingness of consumers to 

pay for part or all of the costs of fortification, the millers who implemented the 

program for four years during the pilrt project were questioned in detail about 

customer reaction to the fortification. The millers were considered to be knowl

edgeable about the attitudes of their customers, who either refused or accepted 
the millers offer of fortification each time the customers brought their rice to be 
milled. Much of the information obtained from the miller interviews was included 

in the previous section which discussed cor~q, ner acceptability in the pilot project 
region. However one of the specific questions posed to the millers concerns the 

consumers' willingness to pay for fortification; the millers were asked whether 

they thought that their customers would pay an unspecified amount to receive the 
fortification and why their customers would or would not be willing to make any
 

payments.
 

Seventeen millers were asked these questions. One miller said he did not 
know the answer and one said he thought the customers would pay if the fortifica
tion were better promoted with an extensive advertising (1propoganda') campaign. 

However, fifteen of the seventeen millers said that in their opinion the customers 

would not be willing to pay anything; several millers were extremely adamant in 
expressing this view. The reasons given by the millers can be divided into three 

main categories. First, the millers cited the unpleasant characteristics of the 
RFG granules as a tomajor reason for the probable lack of consumer willingness 

pay for fortification. Six millers said that many people refuse to accept the 

fortificants because of these characteristics; the millers reasoned that if these 
people would not accept fortification free of cost, they certainly would not be 

willing to pay for the fortification. Four of the millers specifically mentioned the 
odor of the granules, the yellow color, and the cooling characteristics (excessive 

softness after cooling and yellow discoloration of surrounding rice grains) as the 
main reasons why the villagers would be unwilling to pay for the program. One 
miller said that she had even attempted to induce customers to accept the fortifi

cants by effectively paying them. She gave reduced prices to any customers 

willing to have their grain fortified and was thus passing on some of their own 
payments for participation to her customers. However she reported that her 

policy had produced little effect and that even when they were paid most of her 

customers still refused to accept the fortification. 
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According to the millers, the second major reason for the unwillingness of 

customers to pay for fortification is that they simply cannot afford to pay. Four 
of the seventeen miwiers said that most villagers are too poor to pay for any of 

the fortification costs. 

The third argument presented by two millers is that many villagers cannot 
see any clear benefit from fortification andthus would not be willing to pay for 
participation in the program. Two millers gave this explanation; although one 
of these mills was dispensing placebos and thus could not be expected to produce 
any real results, this lack of clear cut benefit from the vitamins and amino acid 
fortification was a frequent complaint mentioned by numerous respondents in other 

contexts. 

Consumer Evaluation of their own Willingness to Pay for Fortification 

Thirty nine residents of villages where fortification was implemented were 

asked whether they would be willing to pay for fortification, the reasons for their 

responses, and how much they might be willing to pay. Twelve of the 39 respon
dents indicated that they would be willing to pay for fortification one villager said 

that she would pay only if the granules were improved, nineteen gave negative 
responses to the question, and seven people said that they might be willing to 

pay for the program. 

The villagers who answered affirmatively to the question gave three reasons 

for their responses. Five people said that the fortification seemed to be bene
ficial for their health and the health of their children. One respondent said that 
he would pay because the local doctor supports the program, and another person 
attributed their willingness to pay to the influence of her brother, who is a firm 

supporter of this program. The woman who said that she would pay for the 
granules if they were improved made four specific criticisms. She said that the 
RFG, which in her village contained amino acids and vitamins, had a bitter taste, 
a texture which was too hard, a disturbing yellow color and a smell so unpleasant 

that a friend had vomited after consuming the granules. 

The twelve respondents who indicated their willingness to pay for fortification 

were then asked how much they would consider reasonable to pay. The villagers 
were offered four different price levels to choose from: (1) (0. 25 1%($1. 254J) per kg 
of rice; (2) (0. 50 1 (2. 54) per kg; (3) 0. 75 0 (3. 75Q() per kg; and (4) 1. 0 0 (51) per 
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kg. Four of the twelve respondents selected the first choice, 0. 25 B; two people 
selected the second category, 0. 5 1%; and four individuals indicated they would 
pay 1. 0 1%. Two respondents ignored the choices offered; one volunteered that she 
would be willing to pay 1. 5 ]%/kg, and the second said he would pay whatever the
 
millers charged to obtain the fortification. The woman who said that she would
 
pay only if the granules were improved indicated that she would pay any price
 
which would be charged for the improved granules.
 

The nineteen respondents who said that they would not be willing to buy the
 
fortified granules gave three main 
reasons for their position: (1) the fortification 
yields no clear benefit to the consumers (8 responses); (2) the granules have 
unpleasant characteristics, mainly an undesirable smell and taste (5 responses);
 
and (3) 
 the respondent was too poor to pay any money for the fortification
 

(4 responses).
 

Finally, three of the villagers who responded that they might pay to have 
their rice fortified explained that they would follow the decision of the majority of 
the villagers and would participate in any program accepted by the village as a 
whole. Two people said that they would pay if the price were not too high, one 
person indicated that she would pay if she had extra money, and one villager said 
she would buy the granule if she could see more clear cut benefit to her family. 

The differences between the villagers responses to these questions and the 
millers appraisal of the villagers willingness to pay for fortification are striking. 
While 31 percent of the villagers interviewed (12 of 39 respondents) indicated their 
willingness to buy the granules only one of seventeen responding millers thought 
that the villagers would be willing to pay. While there are several possible 
reasons for these differences, without further interviews it would be impossible 
to ascertain which responses are more representative of the opinions of the 
majority of the villagers. Nevertheless, the villagers responses do suggest that 
despite their criticisms of the grandules and the fortification program, many 
might in fact be willing to bear part of the costs of the program, if they perceive a 

benefit. 
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Comparison of Fortificant Costs with Consumer Expenditures on Rice and Rice 
Milling 

One method of evaluating the feasibility of allocating the costs of fortification 

to the recipients is to compare the costs with the recipients' normal expenditures 

on rice and rice milling. It can generally be assumed that if the additional costs 

do not significantly increase their normal expenditures, consumers might be able 

or willing to assume these extra costs. Conversely, if the addition of the fortifi
cation costs results in a considerably increased price for rice or rice milling, 

it is reasonable to assume that most recipients, especially the lower income or 
subsistence rural population, would not be willing or able to pay for the fortifica
tion of their rice. This kind of comparison could be particularly useful to govern

ment officials who, in deciding where to allocate costs, could have explicit or 

implicit guidelines concerning the size of grain and milling price increases which 

would be tolerated by the consumers and thus which the government might con

sider politically feasible to allow. 

While detailed estimates of the total costs of a fortification program in 

Thailand are not available, the cost of the fortificants, which represent the large 

majority of total costs, can be used as a rough indicator of total program costs. 

In early 1974 the manufacturers of the fortified granules estimated that the price 
of the granules in 1980 would be $10 per kilo. Since the granules are added to 
rice at a rate of one percent, the fortification of rice with these granules would 

cost about $. 10 (21%) per kilo of rice or $. 64 (130) per bushel of paddy milled 

(one bushel of paddy = 6.4 kg of rice). 

During the research for this project, the millers and residents of 21 of the 29 
villages included in the Thai pilot fortification project were interviewed about the 

prices for paddy and rice in their area during both the winter season, when prices 

are typically at their lowest level, and during the summer, when prices rise to 

their highest point. Information was also obtained about the milling fees and the 
typical grain purchasing patterns of consumers in each village. While this data 

may not precisely correspond to the exact conditions in all of the other regions 
of the country, the information can be considered representative of typical rural 
villages in the northern rice growing regions of Thailand. The data can also be 

used to roughly evaluate the economic conditions in other regions of the country, 
although additional data would have to be gathered, particularly in the northeast 

region, before an expanded fortification program could be implemented. 
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In order to evaluate the ability of the village consumers to absorb the cost 

of a fortification program, as represented by the actual fortificant costs, these 

costs should be compared with the expenditures typically required in the five 

main ways in which rice is usually obtained and processed: 1) home grown paddy, 

milled locally in exchange for the bran; 2) home grown paddy, milled locally for 

a fee; 3) purchased paddy, milled locally in exchange for the bran; 4) purchased 

paddy, milled locally for a fee; and 5) purchased rice. 

Home grown paddy, milled locally in exchange for bran: Some local mills 

offer their customers the option of foregoing the milling fee and given the miller 

the bran by-product instead of a fee. In this case, the consumer makes no imme

diate out-of-pocket expenditures for the paddy, which is home grown, or for the 

milling. The allocation of the full fortification costs to the consumers would 

require that they pay 13B ($. 64) per bushel of paddy milled. Since the lowest 

income groups in rural areas, probable target groups of a fortification program, 

live largely outside the cash economy or have relatively limited cash resources 

available, the absorption of these new costs would most likely be an impossibility. 

Those families with relatively more cash available would probably be highly 

reluctant to assume what appears to them to be significant new costs instead of 

receiving a seemingly free service. 

Home grown paddy, milled locally for a fee: In the northern rural areas near 

the city of Chiang Mai, where the pilot project was conducted, the operators of 

the small local mills charge from 0.5-1. 25] (2. 5-6. 254) per bushel for the 

milling of paddy. For the families with home grown paddy, the absorption of the 

full fortification costs would mean price increases of 13B per bushel, with the 

new fees ranging from 13. 5-14. 251 (68-714) per bushel. Again, to the consumers 

these would appear to be highly dramatic increases, which most poor rural fami

lies would not be able to absorb and which other more prosperous families would 

probably not be willing to cover, because of the relative magnitude of the increases. 

Purchased paddy, milled locally in exchange for the bran: In the villages 

included in the project interview respondents reported that during the winter har

vest months a bushel of good quality paddy costs from 12-25A ($. 60-1.25) per 

bushel, with an average price quoted of 18.6B ($. 93). During the summer and fall 

when paddy is more scarce the price increases to from 17-341§ ($. 85-1. 70), with 

an average price of about 26. 51 ($1.33). If the purchased paddy were milled in a 
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small local mill and the bran were given to the miller in lieu of a milling fee,
 
the addition of the fortification 
costs would cause the immediate out-of-pocket
 
expenditures 
for the paddy and milling to rise to an average of 31. 69 ($1. 58) 
per bushel in winter and 39. 59 ($1. 98) in summer. This represents cost
 
increases of about 70 percent in winter time and about 50 percent in 
summer.
 
For most low income customers, 
 these increases would probably be prohibitive. 
However for the poor families who grow most of their own rice supply and pur
chase paddy only when their home 
grown stock is depleted, these additional costs 
would most likely be impossible to absorb. 

Purchased paddy, milled locally for a fee: When purchased paddy is milled
 
for a fee, overall costs to the 
consumer are increased by about . 931 per bushel
 
the average 
cost of milling in the pilot project villages. Thus pricethe consumer 

for a bushel of paddy and processing increases from an average paddy price of
 
18.619 ($. 93) in summer to a total cost of 19.519 ($. 98), and in winter the average 
price of paddy, 26. 51 ($1.33) is increased to 27:419 ($1. 37). When fortification
 
costs are processing, the total cost to the 
consumer increases to an average of 
32. 51 ($1. 63) in winter and 40.49 ($2. 02) in winter, increases of 66 percent 
47 percent respectively. 

Purchased rice: Most urban families, and the wealthier and non-farming
 
rural families purchase all 
or a major part of their rice supply as processed
 
rice, rather than unprocessed paddy. 
 The poorer rural families may also buy 
processed rice when their home grown stocks are depleted and when local paddy 
is unavailable or scarce, and therefore extremely expensive. Much of this rice 
is milled in the large rice mills within each particular region. although processed 
rice is also regularly transferred from more productive regions to the rice deficit 
areas, which would be the likely targets for a fortification program. Some of 
this rice is also processed in the small local mills; in addition to providing milling 
services, some millers also grow or purchase paddy which they process and sell 
as rice either in their mills or in local market places and retail outlets. In the 
northern Chiang Mai region, the price of high quality processed rice averages 
about 3. 6V (18J) per kg in winter time and about 4. 53 (234) per kg. in summer 
while low quality rice is priced at an average of 2. 7V (131) per kg. in winter and 
4. 0 (2UO) per kg in summer. If fortification costs of 21%($. 10) per kilo were 
added to these prices, the winter and summer prices for high quality rice would 
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increase by 56 percent and 44 percent respectively, while the price of low quality
rice would increase by 74 percent in winter and 50 percent in summertime. 

In summary, as these various comparisons suggest, allocating the full cost
of the fortificants to the consumers would result in price increases which most 
poor rural consumers would probably be both unwilling and unable to bear. How
ever with these data and information on village incomes and rice consumption, 
government officials with a view of the political feasibility of small price increases 
would be better able to evaluate the ability and willingness of villagers to absorb 
a certain portion of the fortification costs. Of course, the price burden is much 
smaller for micronutrient fortification. 
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Summary of Intervention Economics 

The costs incurred as a result of the fortification include the fortificant, the 

fortifying process, control costs and cooperation incentives. By far, the most 

expensive component of the intervention is the cost of fortificant. However, it is 

apparent, given the income constraints of the target population in rural areas that 
only a small part, if any, of the cost of fortification could be absorbed by con

sumers. 

The consumers' reactions to cost were all gathered on rural area residents 

in the pilot fortification village. No data were gathered on urban residents; 

however, as stated earlier, the majority of the lowest income urban consumers 

purchase rice in the government subsidized rice shops. As of June 1977, rice 

in the government subsidized shops was selling for 60 bolt per 15 kilos of rice 

compared to 65 bolt for the same quantity in the retail stores. The primary 

reason for utilizing the government shops is because of the cost savings. If, in 

fact, the cost of a fortification program was passed onto the urban consumer 

utilizing government shops, the price differential between subsidized and non

subsidized rice would disappear. The fortification under these circumstances 

(consumers paying for the service) might even have a negative impact if, because 

of the price increase, consumers purchased less rice. In short, it does not 
appear feasible for low income consumers in urban or rural areas to pay all or 

part of the cost of fortification. The question then becomes can the Thai govern

ment afford to underwrite this type of nutrition intervention. For example, in 

the northeastern area of Thailand there are approximately 8. 9 million people 

including 1.4 million preschoolers (periodic nutrition survey, 1966) survey data 

indicate that in 1966, adults consumed an average of 511 gins of rice per day. 

Under the system used in the pilot fortification project, in most cases, the total 

rice supply of the family was fortified. If this were done in the northeastern area 

of Thailand, it would result in an overcoverage of 7. 5 million persons in order to 
reach the 1. 4 million preschoolers in the area. A more efficient approach would 

be an attempt to target in on the preschoolers; in Thailand, this could be done 

through the currently existing day care centers. Use of the centers as delivery 

systems allows not only efficient coverage but utilizes a network with an estab

lished administrative structure. As such, a quality control system could easily 
be integrated into the day care centers. 
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However, even if the fortification effort were able to target exclusively on 
the 1. 4 million preschoolers, it is still an expensive venture. For the 1. 4 
million preschoolers in the northeastern region of Thailand, the cost of fortifi
cant alone is 3. 5 million/year. This cost would be dramatically reduced to 
approximately $27, 000/annually if only micro level fortification were proposed. 

The costs of the fortifying process are minimal; in the 21 mills surveyed
 
(Mock, 1975) fortification equipment could be supplied generally at $100 
or less.
 

Control costs could also be substantially curtailed by use of already estab
lished agencies like day care centers.
 

Data from the millers' survey (Mock, 1975) provide estimates of the economic 
incentives needed to cultivate the cooperation of millers; the average fee for 
millers in the pilot project area was $. 025/kg of rice fortified. This $0. 25 was 
34 percent of the normal million fee of $. 0725/kg rice. Although most of the 
millers indicated that they would expect more reinbursement if the program 
continued, they also indicated that if the volume of business at the mills increased 
thereby increasing their total earnings, they would probably continue to accept 

the same fee. 

Summary 

Dietary and anthropometric survey data from Thailand have indicated that 
nutritional deficiencies do exist in a significant proportion of the population. The 
fortification pilot project described in this chapter was one attempt to address 
these problems. The technology both for the fortificant and fortifying process is 
available and can be implemented in a centralized or decentralized system. 

The concept that fortification is an "invisible" intervention is not true. Con
sumers interviewed in the pilot project villages revealed that not only could they 
distinguish the fortified from unfortified rice but the fortified rice had undesirable 
taste, odor, color and cooking characteristics. Despite these criticisms of the 
fortified rice, most consumers also indicated that they were willing to eat the rice 
if they thought it was beneficial for them and their families. 
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The major drawback of the fortification project as currently designed is cost. 

In view of the possibility of caloric insufficiency in the target population, the 

government might consider micro rather than macro-le'el fortification. In rural 

areas, this could easily be done through the currently existing day care centers. 

In urban areas, micro-fortificants could be added to the rice sold through the 

government subsidized shops. These shops are used primarily by low income 

consumers. 
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APPENDIX A
 

ANNOTATED BIBLIOGRAPHY
 



I. Studies - Adult Human 

Clark, Helen, Malzer, J., Underka, H., J.,Howe, and Moon, W.H. 
Nitrogen Balances of Adult Human Subjects Fed Combinations of 
Wheat, Beans, Corn, Milk and Rice. Am. J. Clin. Nutr. 26:702, 
July 1973. 

The experiment, using healthy adults ages 23 to 30 years of age, tested the
ability of six combinations of navy beans, corn, milk, rice and wheat supplying
7.0 g of nitrogen to maintain nitrogen-balance. The trial period lasted 60 days;
white wheat flour supplied 50% of the 7. 0 g of Nitrogen, two other sources supplied
25% each of the total nitrogen. Total protein intake averaged 41. 3 to 43. 8 g per

day. 
 Total energy intake was determined by age and sex and ranged from 2, 150
 
to 3, 620 kcal/day. 
 Two groups were selected based on sex and weight. Results 
showed that Group 1, Men, had a Mean Daily Nitrogen Balance of 0. 72 + 0. 58 g

and Group 2, Women, had an average of 0. 38 + 0. 57 g. 
 The data indicates that
 
the nitrogen balance did not differ as a 
result of the various treatments. 

Scrimshaw, K.S., Taylor, Y., and Young, V.R. Lysine supplementation 
of Wheat Gluten at Adequate and Restricted Energy Intakes in Young 
Men. Am. J. Clin. Nutr. 26:965, September 1973. 

Sixteen, healthy male students were studied in two metabolic balance studies 
to determine the effect of lysine supplementation and dietary energy restriction 
on the utilization of wheat gluten. Two levels of wheat gluten were tested; 0. 27 g
protein/kg of body weight/day ant" 0. 73 g of protein/kg of body weight/day.
Phase 1 of the study tested the two levels of protein intake under conditions of
adequate energy intake; adequate caloric intake was determined by maintenance 
of body weight. During Phase 2, the total caloric intake was decreased by 20%. 

The results of the study indicate that for subjects receiving an adequate
caloric intake and fed a diet low in wheat protein (0. 27 g protein/kg of body weight/
day), nitrogen utilization can be improved through supplementation with the 
limiting amino acid lysine. 
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Howe, J., Clark, H., Jewell, 3., and Senchak,. M. M. Nitrogen 

Retention of Adults Fed 6.0 Grams of Nitrogen From Combina

tions of Rice, Milk and Wheat. Am. 3. Clin. Nutr. 25:559, 

June 1972.
 

The study was designed to compare the effectiveness for seven adult human 

subjects ages 22 to 25, of a daily intake of 6. 0 g of nitrogen from two generally 

available cereals; rice and wheat, with and without milk. The nitrogen was 

limited to 6. 0 g/day which maintained equilibrium in all subjects when rice was 

fed with chicken, but not when rice was fed alone. R "as included in the diet 

in amounts of 25, 50 or 75% of total nitrogen; enriched white flour provided 0, 25, 

50 or 75% and milk provided 0, 25 or 50% of te nitrogen. The foods were 

supplied in 6 combinations. 

The results showed that a daily intake of 6.0 g of nitrogen from six combina

tions of rice, milk, and wheat must be considered borderline as none of the food 

combinations maintained equilibrium in all subjects. All of the diets permitted 

nitrogen equilibrium in some and five of the six diets tested allowed a group mean 

positive nitrogen balance. 

el Lozy, M., Hegsted, D.M., Kerr, G.R., Boutourline, E., Tesi, G., 

Ghamry, M.T., Stare, F. 3., Kallal, Z., Turki, M., and Hemaidan, N. 

Amino Acid Composition of The Diet in a Region of Southern Tunisia. 

Am. 3. Clin. Nutr. 28:1183, October 1975. 

A survey conducted on the dietary habits in Tunisia revealed the average diet 

provided 1, 670 kcal, 42.0 g of protein and 1, 280 mg of lysine/person/day. There

fore, the overall diet supplied only mg lysine/g of protein or only 56% of the FAO 

recommendation addition of lysine to the diet at a concentration of 0. 2% would 

raise dietary lysine of wheat products to a final concentration of 45 mg/g of 

protein or 82% of the FAO recommendation. 
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Butler, L.C., Dawson, V.T., and Adams, Y.L. Utilization by 

Young Women of Peanut Flour Equilized to The FAO pattern. 

Am. J. Clin. Nutr. 23:1169, September, 1970. 

The study was designed to determine the nutritive value of peanut flour com

pared with a 5:1 casein lactalbumin mixture when the peanut protein were supple

mented with pure, crystalline essential amino acids to equal the FAO provisional 

patterns. The study subjects ranged in age from 17 to 20. The diet provided 

0.4 g protein/kg of body weight and adequate calories based on body weight. After 

a seven-day preliminary period, the subjects were placed on two ten-day trials, 

one using the protein and the second utilizing the casein-lactalbumin control diet. 

Results showed a significantly lower nitrogen retention when the subjects were on 

the peanut flour diet. 

Clark, H., Howe, J. M., Lee, C. J. Nitrogen Retention Of Adult 

Human Subjects Fed A High-Protein Rice. Am. J. Clin. Nutr. 

24:324, March, 1971. 

A high protein rice was compared in seven adult subjects ages 21 to 24 to an 

equal weight of commercially available rice. The high protein rice contained 

1. 8 times more protein than the standard rice. A total of 480 g of rice was 

supplied; adequate calories based on individual needs was supplied. 

Results indicated that the high protein rice caused significantly higher 

(P < 0.01) nitrogen retention than the commercial rice. The perspective positive 

mean nitrogen balances were 1.41 ± 0.89 g and 0.24 + 0.31 g. 
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Edwards, C.H., Booker, L.K., Rumph, C.H., Wright, W.G., 
and Ganapathy, S. N. Utilization Of Wheat by Adult Man: 

Nitrogen Metabolism, Plasma Amino Acid And Lipids. Am. 

J. Clin. Nutr. 24:181, February, 1971. 

The study was to determine whether the nutritive value of a diet consisting 
primarily of wheat and containing common foods such as potatoes, turnip greens 
and fruit could be improved by other sources of plant protein such as pinto beans, 
rice, and peanut butter. Twelve males ages 23 to 30 years old participated in the 
74 day trial. The control diet consisted of 46 g of protein with 35 g from wheat 
and 11 g from other sources; approximately 3,000 calories were provided. The 
three experimental diets replaced 20% of the nitrogen supplied by wheat with 

equal amounts of either pinto beans, rice or peanut butter. 

The authors concluded that a diet containing.46 g protein/day of which 76% of 
the nitrogen was supplied as wheat and the remainder potatoes. Vegetable and 
fruit was adequate to maintain nitrogen equilibrium. Replacement of 20% of the 

wheat did not improve nitrogen utilization. 

Lee, C-J., Howe, 3., Carlson, K., and Clark, H. Nitrogen Retention 
Of Young Men Fed Rice With Or Without Supplemented Chicken. 

Am. J. Clin. Nutr. 24:318, March, 1971. 

The study was designed to determine the effect on nitrogen retention of young 
men of two quantities of rice when this grain was the principal source of protein 

and when rice was partially replaced by animal protein. Six male students par
ticipated in the 59 day experiment. Two levels of nitrogen from rice were tested: 

6.0 and 8.0g. At both levels, three treatments were tested: 

1) 100% nitrogen from rice. 

2) 85% nitrogen from rice plus 1 5% chicken. 

3) 70% nitrogen from rice plus 30% chicken. 

Caloric intake in all trials was based on individual need and varied from 

3,050 to 3, 700 calories. 
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Results showed that all subjects were in positive nitrogen balance when they 
consumed only 8.0 g of nitrogen from 595 g of rice alone, but only half were in 

nitrogen balance when 6.0 g of nitrogen from 446 g of rice were supplied mean 

daily nitrogen balances were 1. 07, 0. 89, 1. 04 g when rice supplied 100, 85 and 
70% of 8.0 g of nitrogen and 0.18, 0.39, and 0.030 g when 100, 85, and 70% of 

6.0 g nitrogen were consumed. 

Clark, E.A., Meyers, P.E., Tuckett, S.E., and Yamamura, Y. 

Nitrogen Balance Of Adults Consuming Opaque Maize Protein. Am. J. 

Clin. Nutr. 20:825, August, 1967. 

Opaque 2 maize is a strain of corn higher in lysine and tryptophan and has 
a better balance between leucine and isoleucine than other hybrid strains of corn. 

Four levels of opaque-2, 350, 250, 200, and 150 g, were administered to healthy 

adults. The requirement of corn to maintain niti-ogen-balance was found to relate 

to body size. Five of the six subjects were in nitrogen balance on 300 g; most 

subjects were in balance on 250 g, but one man needed 350 g. 

Astur, S.S., Clark, H., Moon, W.H., and Malzer, J. Nitrogen 

Retention Of Adult-Human Subjects Who Consumed Wheat And 

Rice Supplemented With Cheapen Sesame, Milk And Whey. 

Am. J. Clin. Nutr. 26:1195, November, 1973. 

Five experimental diets that supplied 8. 0 g of nitrogen were administered to 
healthy adults ages 24 to 28 years for a period of 51 days. In two diets, cereals 

(white wheat flour, bulgur and rice) furnished 80% of the nitrogen and either non

fat milk or whey supplied the other 20%. In the three other diets, the cereals 
provided 60%, chickpea 20% and either milk, whey or sesame flour 20%. Mean 

nitrogen balances ranged from 0.79 * 0.29 g to 1.10 ± 0.47 g, but did not differ 

significantly from one another. 
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II. Studies - Children 

Knapp, J., Barness, L., Hill, L.L., Kaye, R., Blattner, R., and 

Sloan, J. Growth and Nitrogen Balance in Infants Fed Cereal 

Proteins. Am. J. Clin. Nutr. 26:586, June, 1973. 

The study was designed to investigate the effectiveness of various protein 

sources in maintaining positive nitrogen balance and supporting growth in infants. 

Undernourished, male infants hospitalized for acute diarrhea were admitted to 

the study two to three weeks following recovery. Diets provided 2. 0 g/kg/day of 

protein provided from one of nine sources: dry skim milk, soybean, rice, cotton

seed, peanut, cottonseed and rice, cottonseed and peanut, rice and soybean or 

soybean and peanut. All formulas were isocaloric providing 100 kcal/kg of body 

weight/day. The trial period lasted three months; gain in weight, gain in body 

length and nitrogen balance were measured. Results indicated no significant 

differences in all the proteins tested except peanut protein which was significantly 

inferior. 

In the short term balance studies, nitrogen retention in infants fed isocaloric 

diets containing 2. 0 g protein/kg body weight could be maintained when protein 

was cow's milk, cottonseed and rice, soybean, rice, soybean and peanut, soybean 

and rice, cottonseed and peanut or cottonseed. 

Graham, G.G., Baertl, J.M., Placko, R.P., and Cordano, A. 

Dietary Protein Quality In Infants And Children VII. Wheat or 

Oat-Soy Mixture. Am. J. Clin. Nutr. 25:875, September, 1972. 

The present study is a report of the evolution of wheat-soy blend (WSB) and 
oat-soy in the diet convalescent, malnourished and normal infants and children. 

Diets provided between 100 and 150 kcal/kg and body weight/day. Comparisons 

were made in the same children between casein and the test mixture as the only 

source of isocaloric, isonitrogenous diets. Protein supplied 8% of the calories 

in all but one case where it was 6. 7%. 

The digestibility of the protein in WSB was similar to other cereals, but 
inferior to white wheat flour. This resulted in a nitrogen-retention which was 

inferior to that of white flour enriched with lysine or fish protein concentrate 
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despite similar biological values. Prolonged feeding with both mixtures at high 

enough protein/calorie ratios, at least 8% and preierably 9-10% of calories, can 

provide the dietary protein for healthy infants and children, but does not appear 

adequate for malnourished or sick children. 

The data from the study strongly imply that wheat concentrates or whole 

wheat feeding because of their inferior digestibility do not, increase protein 

utilization to the same extent that might be expected. However, the biological 

value of the oat flour-soy flour mixture was so high that it almost compensated 

for its inferior digestibility when compared with milk protein. 

Albernathy, R.P., Ritchey, S. J., and Gorman, J.C. Lack of Response 

To Amino Acid Supplements By Preadolescent Girls. Am. J. Clin. 

Nutr. 25:980, October, 1972. 

The study was designed to evaluate the effec of supplementation of the basal 

menus with the amino acids most limiting with respect to egg protein. The diet 

supplied 4. 0 g of nitrogen and 2, 000 kcal/day. Two replicite 20 day trials were 

conducted with 32 preadolescent girls ages 7 to 9 years old. The subjects were 

fed a diet formulated to simulate one typical of low-income Southern families. 

Although the protein in the diet was supplied primarily by legumes and cereals 

supplementation with lysine, threonine and methionine, the amino acids calculated 

to be most limiting, failed to improve nitrogen utilization. 

Pereira, S.M. Begum, A., Jesidian, G., and Sundarara, R. Lysine 

Supplemented Wheat And Growth Of Preschool Children. Am. J. 

Clin. Nutr. 22:606, May, 1969. 

The study was undertaken to assess the effect of lysine supplementation of 

wheat on the growth of 52 healthy preschool children ages 2 to 5 residing in an 

orphanage. The diets provided 2.0 g vegetable protein and 100 kcal/kg of body 

weight/day. The children were divided into one of two groups based on height, 

weight, age, sex, and rate of growth during the previous three months. The con

trol group received 0.68 g lysine daily, the experimental groups received an addi

tional 0.37 g/day or a total of 1.05 g of lysine. 

The results indicated there was a statistically significant increase in the 

height of the lysine supplemented children. 
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Begum, A., Radhakaishnan, A.N., and Pereira, S.M. Effects Of 

Amino Acid Composition Of Cereal-Based Diets On The Growth 

Am. J. Clin. Nutr. 23:1175, September,Of Preschool Children. 


1970.
 

supply 70 to 80%Surveys conducted in Southern India have shown that cereals 

of the dietary protein of preschool children. The present study was designed to 

test the adequacy of a wheat-based and a rice-based diet in healthy children ages 

Both the wheat and rice diet were designed to provide 100two to five years old. 

kcal and 2.0 g vegetable protein/kg of body weight/day. The two groups were 

sex, height, and weight. Twenty-two childrenmatched-paired based on age, 


were assigned to the wheat-based diet and 24 to the rice-based diet.
 

on the rice-based dietResults showed that increases in height of the children 

on the wheat were significantly greater than increases in height of the children 

based diet and were comparable to rates of growth of North American children at 

in gain in weight and nitrogen retention werethe 50 percentile. The differences 

on both diets.not significant; children maintained positive nitrogen balances 

V. Reddy. Lysine Supplementation of Wheat And Nitrogen Retention 

In Children. Am. J. Clin. Nutr. 24:1246, October, 1971. 

The study investigated the effect of lysine supplementation on exclusively 

wheat based diets on nitrogen retention in six hospitalized children ages two to 

five who were moderately undernourished. The diet provided 2.0 g protein and 

100 kcal/kg of body weight/day. The unfortified wheat contained 56 mg lysine/kg 

of body weight and the fortified wheat had 72 mg lysine/kg of body weight. Balance 

on each child at three different periods:studies were carried out 

Phase 1: Unfortified wheat given
 

Phase 2: Fortified wheat at 0. 1% level
 

Phase 3: Unfortified wheat
 

Data indicates no significant differences in nitrogen retention during any of
 

the three periods.
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Graham, G., Morales, E., Cordano, A., and Placko, R. Lysine 

Enrichment Of Wheat Flour: Prolonged Feeding Of Infants. 

Am. J. Clin. Nutr. 24:200, February, 1971. 

Six convalescent infants ages three to six months were provided with white 
wheat flour enriched with lysine as the sole source of protein. Protein provided 
8% of total calories and the equivalent of 0. 1, 0. 2 and 0.4%lysine enrichment 

were tested during trials of 92 to 182 days duration. Calorically adequate diets 

were supplied. 

The diet showed that the three levels of lysine enrichment were equally 
effective in supporting normal linear growth, weight gain, nitrogen retention, 

serum proteins and plasma amino acids. 

Graham, G., Morales, E., Acevedo, G., Placko, R., and Cordano, A.
 
Dietary Protein Quality In Infants And Children IV. A Corn-Soy
 

Milk Blend. Am. J. Clin. Nutr. 24:416, April, 1971.
 

A comparison of milk protein with cornmeal. Soy milk (CSM) mixture at 
6.4 to 7.3%of total calories, was carried out in nine convalescent infants. For 
six of the children studied, nitrogen retention from CSM was 65, 98, 64, 80, 62 
and 50% of that from milk. The fact that the studies were carried out at levels 
of protein intake that were on the borderline of adequacy suggests that these 
figures are a fairly accurate representation of relative biological value. The 
average rate of apparent nitrogen absorption from the milk protein was 83% of 

intake compared to 70% for the CSM. 
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King, K.W., Sebrell, W.H., Severinghans, E.L., and Storvick, W.O.
 

Lysine Fortification Of Wheat Bread Fed To Haitian School Children.
 

The study was to evaluate the nutritional value of lysine-supplemented wheat 

flour in chronically undernourished school age children. Three rural villages in 

Haiti comprising approximately 600 children participated in the study; data on 

464 children was included in the final analysis. 

The response of rural Haitian school children to lysine supplementation of 

enriched white flour was studied over a complete school year. A general trend 

toward increased stature, weight gain, mean corpuscular hemoglobin concentration 

and skinfold thickness was evident. In comparing the children receiving the lysine 

supplementation with both the control group and the unsupplemental lysine group, 

the authors found that of the eight sex-age groups, the children in one group 

(Females, 9-12 years) showed a statistically significant increase in height after 

two months and in two groups (Males, 9-12 and Females 13-14) after four months. 

Significant weight responses were found in children in six groups after two 

months and in one group after four months. 

Reddy, V., Gopta, C.P. Treatment Of Kwashiorkor With Opaque-2 

Maize. Am. J. Clin. Nutr. 27:122, 1974. 

Children with Kwashiorkar were tested with a diet providing 4 g protein/kg 

of body weight and 200 kcal/kg of body weight/day; 22 children were investigated. 

They were grossly underweight and with varying levels of edema and hypoalbuminemia. 

Children were divided into two groups, 10 children received a diet based on 

opaque-2 maize and 12 other children received a skim milk diet both for a period 

of four to five weeks. 

The clinical and biochemical responses observed in children who consumed 

to those obtained with skim milk. The criteria employed in the assessment of 

responses were: 

1) Time taken from the disappearance of edema. 

2) Gain in weight after minimum body weight was reached. 

3) Serum albumin regeneration. 

The results of the study indicate opaque-2 is effective in the treatment of 

Kwastiorkor. A-10 



III. General 

Hegsted, D.M. Amino Acid Fortification And The Protein 

Problem. Am. J. Clin. Nutr. 21:688, June, 1968. 

General review of the topic of amino acid fortification and the problems 

inherent in the design and implementation of projects. The author points out that 

many reseaichers have the impression that the addition of small amounts of 

lysine or lysine and threonine added to cereals will produce products with high 

quality proteins comparable to meat and milk. This is generally not true. 

Also discussed are problems with current methodology Protein Efficiency 

Ratio (PER). A widely used method will generally indicate differences in protein 

quality, but does necessarily measure the quantitative differences between pro

teins since PER is often not proportional to nutritional quality. 

Hegsted, D.M., and Juliano, B.O. Difficulties In Assessing The 

Nutritive Qualities Of Rice Proteins. 

The difficulties in the biological asses..'ment of the protein quality of rice 

with relatively little protein is discussed. 

Bressani, R., Elias, L.G., and Gomez-Brenes, R.A. Protein 

Quality Of Opaque-2 Corn; Evolution In Rats. J. Nutr. 97:173, 

February, 1969. 

The present study was designed to test the protein quality of opaque-2 corn 

in rats. The results of the chemical analysis of the corn indicates that opaque-2 

corn has a higher protein quality than that of common corn. In addition, the 

analysis shows that opaque-2 corn has higher niacin levels then common corn and 

the niacin is more available in opaque-2. 
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J. L. NitrogenClarke, H., Howe, J. M., Magee, J. L., and Malzer, 

Balances Of Adult Human Subjects Who Consumed Four Levels Of 

Nitrogen From A Combination Of Rice, Milk and Wheat. J. Nutr. 

102:1647, December, 1972. 

Nitrogen balance studies were conducted on human subjects consuming diets 

supplying 8.0, 7.0, 6.0, and 5.0 g of nitrogen per day from rice, milk and wheat 

flour. Rice supplied 5076 of the nitrogen, 25% was from milk and 25%6 of the 

nitrogen was from wheat flour. Mean nitrogen balances decreased from + 0. 85 

to + 0.12 as total nitrogen supplied from the diet decreased. Mean daily nitrogen 

balances were positive at all levels of dietary nitrogen; however, only the com

milk and wheat at the 8.0 and 7.0 g nitrogen level maintainedbination of rice, 


positive nitrogen balances in all subjects. The 6.0 g of dietary nitrogen approxi

mated the minimal requirement of the group.
 

Forsum, E. Use Of A Whey Protein Concentrate As A Supplement 

To Maize Rice And Potatoes: A Chemical And Biological Evaluation 

Using Growing Rats. J. Nutr. 105:147, February, 1975. 

The study was designed to test the efficacy of use of whey protein concentrates 

to improve the protein quality of grain. Maize, protein is known to be low in 

tryptophan and lysine, whereas rice protein is relatively low in lysine and 

threonine. The Whey Protein Concentrate (WPC) used iii this study contains high 

levels of these amino acids. The supplementary effect of the WPC on rice and 

maize protein was compared to the corresponding effect of dried skim milk. 

Biological tests performed on both raw and boiled protein mixtures showed WPC 

to be superior to skim milk in supplementing maize and rice proteins. The data 

also indicated that a potato-WPC mixture may possess high protein quality com

parable to potato-lactalbumin and potato-egg mixtures. 
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Young, V.R., Fajardo, L., Murray, E., Rand, W. and Scrimshaw, N. 
The Protein Requirements of Man: Comparative Nitrogen - Balance 
Response Within The Submaintenance to Maintenance Range of Intake 
of Wheat and Beef Proteins. J. Nutr. 105:534, May, 1975. 

The nitrogen balance response of young men given beef or wheat protein over 
the submaintenance-to-maintenance range of protein intake was determined as the 
basis for estimating the relative capacities of these proteins to meet the minimum 
protein needs for young adult males. Sixteen healthy students participated in one 
of two studies. All diets provided adequate energy as determined by food intake 
history. Equal meals were provided four times per day. The levels of protein 
intake tested were 0.2, 0.3, 0.4 and 0.5 g/kg body weight/day in the beef study 
and 0.3, 0.4, 0.5 and 0.65 g/kg of body weight/day in the wheat study. The 
regression of the estimated "true" nitrogen balance (Y) on nitrogen intake (X) was 
Y = +0. 51 for beef and Y = + 0.27 for whole wheat protein. The amounts of beef
 
and wheat estimated to be needed to support nitrogen balance in 
 97. 5% of the 
population supplied 96 and 178 mg nitrogen/kg/day, respectively. The relative 
protein value of beef and wheat protein in comparison with egg protein was 
78 * 12 and 41 ± 10, respectively. The authors suggest that protein quality should 
ba taken into account in assese-ing the protein adequacy of diets for individual and 

population groups. 

Clark, H.E., Moon, W.H., Malzer, J.L., Birt, D.F. and Pang, R.L. 
Nitrogen Retention of Adult Human Subjects Fed Varying Quantities of 
Tryptophan. J. Nutr. 104:1121, September, 1974. 

Young adult human subjects consumed 750, 625, 500, 375 and 250 mg of 
L-tryptophan in conjunction with quantities of other essential amino acids. Essen
tial amino acids were provided in part by cereal and in part by mixtures of 
L-isomers of crystalline amino acids. Mean nitrogen balances were betwee., 
+ 0.20 ± 0.38 and + 0.57 _ 0.15 g per day, and did not differ significantly as a 
result of modifying the tryptophan over a three-fold range. 
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Bolourchi, S., Friedemann, C. and Mickelsen, 0. Wheat Flour 

As A Source of Protein For Adult Human Subjects. Am. J. Clin. 

Nutr. 21:827, August, 1968. 

A study was undertaken to determine the effect produced by feeding young 

men a diet which 90-95% of the protein came from wheat flour with the remainder 

from other plant sources. The study consisted of a 20 day control phase followed 

by a 50 day experimental phase. The control diet provided an average of 72 g of 

protein per day with 45% from animal protein; the experimental diet provided 

11.0 g of nitrogen per day with 90-95% from commercial wheat flour. Adequate 

calories were provided; results indicated that nicrogen equilibrium could be main

tained on a diet in which most of the protein was supplied by wheat. 

Kies, C. and J. Mertz-Fox. Effect Of The Level Of Total Nitrogen 

Intake On The Second Limiting Amino Acid In Corn For Humans. 

J. Nutr. 100:1275:1070. 

The objective of the study was to determine the second limiting amino acid 

in corn protein for maintenance and nitrogen equilibrium in human adults under 

conditions of a high total nitrogen intake and in a second study under intakes of 

both high and low total nitrogen intake. Study 1: the 70 day study consisted of 

two parts: Part A: a 7 day preliminary period and Part B: five experimental 

periods of five days each. In this first study, various proportions of lysine

supplemented cor', meal to diammonium citrate-glycine nitrogen with a total 

dietary nitrogen kept constant at 13. 0/nitrogen/day were fed to ten adult men in 

order to determine the minimum lysine supplemented corn requiremint. Results 

indicated that under conditions of high total nitrogen intake, methionine is the 

second limiting amino acid. 

In second study lysine-supplemented corn was again fed to subjects, but to 

supply a low nitrogen intake. When total dietary nitrogen was maintained at 4.0 g 

nitrogen/day, tryptophan additions resulted in increased nitrogen r'-tention and 

methionine additions had no effect. The authors conclude that the level of total 

dietary nitrogen can influence the order in which amino acids become more 

limiting in the dietiry protein source. 
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Bressani, R., Elias, L.G., and Gomez-Brenes, R.A. Protein 

Quality of Opaque-2 Corn Evaluation In Rats. J. Nutr. 97:173, 

February, 1969. 

The present study was designed to test the protein quality of opaque-2 corn 
in rats. The results indicate that opaque-2 has a higher protein quality than that 
of common corn. In addition, the analyses show that opaque-2 has higher niacin 

than common corn and the niacin is more available in opaque-Z. 

Babcock, M.I. and Markley, R.A. Utilization of Amino Acid From 

Protein By Weaning Pigs. J. Nutr. 93:368, November, 1967. 

The study presents responses of weaning pigs to equal amounts of essential 

amino acids and nitrogen derived from three sources: milk protein, a 5:1 mix
ture of casein and lactalbumin, wheat gluten and pure amino acids. Two pigs 

each were fed either the amino acid, casein, lactalbumin or wheat gluten diet 
for 14 days. Results indicate that the mean body weight gain was lowest with 

wheat gluten and highest with the amino acid diet. Nitrogen balances were also 

lowest with the wheat gluten. 

Kies, C., Mertz-Fox, H. and Williams, Eleanor R. Effect of 
Non-Specific Nitrogen-Supplements On Minimum Corn Protein-

Requirements and First Limiting Amino Acid For Adult Men, 

J. Nutr. 92:377, 1962. 

The minimum amount of corn protein and first limiting amino acid in corn 
protein for maintenance of nitrogen-equilibrium of human adults were investigated 

at a high constant level of total nitrogen intake. When a slightly inadequate 
amount of corn protein, as individually determined for each subject, was fed under 

a total-nitrogen intake of 12.45 g/day, only the inclusion of a lysine supplement 
resulted in re-establishment of nitrogen retention. Lysine, thus was the first 

limiting amino acid. 
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Chi-Shya,, Chen Shirley, Mertz-Fox, H. and Kies, C. Nitrogenous 
Factors Affecting The Adequacy of Rice to Meet The Protein 
Requirement of Human Adults. J. Nutr. 92:429, August, 1967. 

The 	study was designed to determine the first limiting nitrogenous component 
in rice protein for nitrogen retention in human adults. Six subjects were fed diets 
providing 6 g of nitrogen from rice or 6 g of nitrogen from rice supplemented with 
either 2 g of amino acid nitrogen provided in the pattern of rice protein or 2 g of 
non-specific amino acid nitrogen. Nitrogen retentions were significantly higher 
in response to the lysine cortaining supplements than to those containing threonine 
alone or methionine-cystine; lysine is the first limiting amino acid for rice protein. 

Bolourchi, W., Vaghefi, M. and Mickelsen, 0. Lysine Supplementation 
of Wheat Protein. Am. J. Clin. Nutr. 28:1231, November, 1974. 

A review of papers concerned with the ability of protein in wheat and/or 
white flour to meet essential amino acid requirements of human subjects. Perti
nent animal and human studies are discussed. The conclusions drawn from the
 
review are:
 

(1) 	 The protein in whole wheat flour is adequate to maintain nitrogen 
equilibrium in adults. A corollary to this is that lysine fortifi
cation of white flour produces no improvement in adults who 
receive an adequate caloric intake. 

(2) The provision of an adequate caloric intake is needed before a 
valid evaluation of lysine fortification trials can be made. 

(3) 	 No conclusive answers exist as to whether lysine fortification 
will produce long-term improvements in the growth of children. 

Gershoff, S., McGandy, R., Suttapreyasri, D., Nondasuta, A., 
Pisolyabutra, U., P.and Tantiwongse, Amino Acid Fortification 
of Rice, Studies in Thailand: 1. Background and Baseline Data. 

Description of the design and large scale fortification of rice with lysine, 
threonine, thiamine, riboflavin, vitamin A and iron. The population studied 
obtains 70 to 80% of its calories from rice. Baseline data was obtained on 
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29 Test Villages including clinical, biochemical and anthropometric information.
All the anthropometric measurements indicated that the Chiang-Mai Village

children of this study were 
severely retarded in growth. 

Maruyamn, K., Shands, H.L., Harper, A.E., and Sunde, A.L. 
An Evaluation of the Nutritive Value of New High Protein Oat 
Varieties. J. Nutr. 105:1048, August, 1975. 

The study was conducted to evaluate the nutritive value of the newely developed
oat varieties using chicks and rats. 
 To correct amino acid deficiencies the oats
 were supplemented with 0. 55, 
 0. 60 and 0. 65% lysine and 3. 2, 5. 1 and 6. 6% of a

mixture of other amino acids. 
 The omission of lysine from the supplement

resulted in retarded growth and a 
decrease in plasma lysinn concentration. Theprotein efficiency ratio of oats increased from 2. 2 to 
__.4 by lysine-methionine
 
supplementation.
 

Kies, C. and Mertz-Fox, H. Protein Nutritive Value of Opaque-2
Corn Grain For Human Adults. J. Nutr. 102:757, June, 1972. 

Protein nutritive value of opaque-2 corn was studied in human adults under 
three separate conditions: 

1) The first study consisted of a 3-day nitrogen depletion period and 
three experimental periods of 10 days each. During the experimenta
period, opaque-2 corn provided 4 .Og of nitrogen/subject/day. The 
corn diets were supplemented with 0, 4. 0, and 8. Og of nitrogen per
subject per day from urea. The basal diet during the three experi
mental periods provided a total of 4. 8, 8. 8 and 12. 8g N/subject/day,
respectively. The mean N-balance of the subjects fed 4. Og N from 
ground opaque-2 corn plus 0.0, 4.0, and 8.Og N from urea were 
-0. 36 + 0. 27 and + 1. 49g N/day. These results suggest that total 
nitrogen as well as favorable amino acid proportions may be 
important in determining the apparent nutritive value of this dietary 
protein source. 
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2) The 33-day second study was to determine the first limiting aminoacid in degermed, ground opaque-2 corn for maintaining nitrogen
equilibrium in human adults. The mean N-Balance of subjects
maintained 
on 4 .Og N/day from opaque-2 corn plus L-lysine,

L-tryptophan, L-methionine, a combination of these amino acids or no ossential amino acids was -0.11, -0. 84, 77,-0. -0.18 and-0.8 giN/day. Nitrogen retention when L-lysine was added aloneor in combination was significantly different than when unsupplemented
opaque-2 corn was fed. This indicates that L-lysine is the first 
limiting amino acid. 

3) Study 3 compared two strains of opaque-2 corn to whole ground
Nebraska field corn for humans under conditions of equal intake
of corn protein and under conditions of equal intake of corn grain.
Nitrogen balance data indicate that the two strains of opaque-2 corn 
were superior to field corn. 

Young, V.R., Ozalp, I., Cholakos, B. U. and Scrimshaw, N.S.
Protein Value of Colombian Opaque-2 Corn For Young Adult Men. 
J. Nutr. 101:1475, November, 1971. 

This paper reports the results of a study in eight young men of the nutritionaquality of proteins of whole and degerminated Colombian corn containing theopaque-2 gene, compared with that of hen's egg as a 
reference protein. 
 The testprotein (whole corn, degerminated corn and whole dried hen's egg) providedessentially all the dietary nitrogen and were incorporated to supply 0. 27 g protein/Kg/day. This level of protein was calculated to furnish about 10% less than thetotal nitrogen necessary to meet the average obligatory urinary and metabolicfecal nitrogen losses. The experimental results indicate that at relatively lowlevels of protein intake the nutritive value of whole and degerminated opaque-2corn is about 80% of the value of whole hen's eggs. These data underscore the
high quality of opaque-2 corn protein for humans. 
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Rice, H.L., Shamon, A.C., Matthias, R.H. and Flodin, N.W. 
Nitrogen Balance Responses of Young Men to Lysine Supple.
mentation of Bread. J. Nutr. 100:847, July, 1970. 

The study was planned to determine whether significant nitrogen-balance
 
responses to lysine-supplementation 
could be observed in healthy young adults 
receiving diets in which the protein came mostly from white wheat flour in the 
form of bread. The subjects were 22 male students. Diets were fed at two pro
tein levels, 0. 75 g/kg and 1. 1 g/kg/body weight. After standardization of sub
jects by feeding bread diets without lysine for nine days, nitrogen balance res
ponses 
were measured in the succeeding 12-day period. Experimental groups

received diets containing L-lysine. 
 HCL baked into bread at 0.15, 0.25 and
 
0.45% based on flour weight. Control groups 
received isonitrogenous amounts
 
of glycine baked into bread. 
 Group responses to the lysine supplements were
 
positive and statistically significant 
as compared to control subject. 

Romo, G.S. and Linkswiler, H. Effect of Level and Pattern of 
Essential Amino Acids on Nitrogen Retention of Adult Men. 
J. Nutr. 97:147, January, 1969. 

The studies reported were made to determine whether increasing the dietary
intake of essential amino acids patterned as in the poorly balanced protein of corn 
would have a beneficial or an adverse effect on nitrogen retention in adult human
 
subjects. 
 The results indicate that at the level of 6. 0 g total nitrogen intake, 
each increase in the intake of essential and semi-essential amino acid was accom
panied by an increase in nitrogen retention. In a second study, nitrogen balance 
responses were compared when equivalent amounts of nitrogen were supplied by
the essential plus semi-essential amino acid of egg protein and corn protein. The 
data indicated that when essential nitrogen provided 3.30 or 5. 50 g, more positive
nitrogen balances were obtained when subjects were fed the egg pattern than when 
they were fed the corn pattern of amino acids. 
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Drews, J.E., Moody, N.W., Boys, V.W., Speer, V.C. and 

Ewan, R.C. Nutritional Value of Opaque-2 Corn For Young 

Chicks and Pigs. J. Nutr. 97:537, April, 1969. 

One day old chicks and 25 day old pigs were used to study the effect of 

replacing normal hybrid corn with opaque-2 corn in diets containing varying 

levels of supplemented soybean meal. At suboptimal protein levels, both chicks 

and pigs gained significantly more weight with lower feed/grain ratios when 

opaque-2 corn replaced an equal amount of normal corn in the diet. There was a 

significant increase in body weight gain and decrease in feed required per unit of 

gain by chicks and pigs fed increased levels of soybean meal. Because of the 

higher protein and lysine content of opaque-2 corn as compared with normal 

hybrid corn approximately 5% less soybean meal was required in diets containing 

opaque-2 corn to result in maximum performance of chicks and pigs. 

Graham, G.G., Placko, R.P., Acevedo, G., Morales, E. and 

Cordano, A. Lysine Enrichment of Wheat Flour, Evaluation in 

Infants. Am. J. Clin. Nutr. 

The effect of lysine fortification was studied in six previously malnourished 

infants. The equivalent of 0.12%lysine enrichment of white wheat flour resulted 

in significant enhancement of its protein value for the rapidly growing human 

infant as demonstrated by increased rates of weight gain and nitrogen retention, 

stability of serum albumin. Isonitrogenous and isocaloric casein diets were used 

as controls. The authors suggest thal; enrichment of white wheat flour with lysine 

to the 0. 12% and possibly the 0. 2% level be considered in those areas of the world 

where cereal serves as the major source of protein particularly for infants and 

children. 
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APPENDIX B
 

CHEMICAL STRUCTURES OF COMMERCIALLY
 
PRODUCED VITAMINS
 



VITAMIN A 
0n 0 

2O 15H31 CH OC-CH 3 

VITAMIN A PALMITATE VITAMIN A ACETATE 

THIAMINE 

NH 2 HCI CH 3 

Fs
NH 2 CH3 

cK CH CHOHI CH2CH2OH 

THIAMINE HYDROCHLORIDE THIAMINE MONONITRATE 

NIACIN 

COOH CO NH 

NICOTIVE ACID NICOTINAMIDE 

RIBOFLAVIN 
CH 2 (CHOH) 3 - CH2 OH 

NHCH 3 

0 
RIBOFLAVIN 
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APPENDIX C
 
CHEMICAL STRUCTURES OF COMMERCIALLY
 

PRODUCED AMINO ACIDS
 



LYSINE HYDROCHLORIDE 

Coo 

SH P + HCI 

THIOMINE 
00 

COO~ 
coo 

TRYPOTOPHAN Co 

COO-Co 

lb 

eb H 0 H 

METHIONINE 
coo- coo-

Hlb 

1-FORM IS
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APPENDIX D 
PROGRESS FOR THE INDUSTRIAL PRODUCTION 

OF L-LYSINE . HCL 



VIA FERMENTATION 

CARBOHYDRATESALTS DEFOAMER 

FERMENTOR 	 SOYBEAN MEAL 

HCl -- NHARVEST 

I 	 ION EXCHANGE AMBERLITE IR-120 

COLUMNS OR EQUIVALENT 

RICHCU 

JEVAPORATOR 

ACID 
ACIDHARVEST 

TANK 

SPRAY OR DRUM CARBON 

DRYERJ TRtEATMENT 

PACKAGE 
EVAPORATORRE Y L 

~RECYCLE 

FEED GRADE 
FEED RADECRYSTALLIZER 

SCENTRIFUGE 

J DRYER 

FOOD OR FEED 
PACKAGEJ GRADE 
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RAW MATERIALS 
EVAPORATOR 

T NEUTRALIZING 
VESSEL 

STERILIZING WITH HCL 

VESSEL 

'J" - V E! HYDROCHIORIC 
SEED ACID 
TANK 

M 

o PERMENTER 

CRYSTALLIZER 

ISOLACING 
FACILITIES 

DRIER 

HOLDING CENTRIFUGAL 
TANK MACHINE 

Dfl2 
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APPENDIX E 

OUTLINE OF INDUSTRIAL PROCESSES FOR THE PRODUCTION 
OF SOY PROTEINS (Wolf and Cowan, 1971) 



SOYBEANS 

CRACKED 

DEHULLE,) BY
 
BLOWN AIR
 
MOISTURE 

r.....FLAKING 
~HEXANE 

EXTENSION COOKING 	 EXTRACTION 
,,DRYING AND COOKING J 

ULL-FA SOYBEAN1 DEFATTED DRYING TOASTING DEFATTED 
OYL OIL SOY MEAL COOLING (OPTIONAEL) SOY FLOUR 

AQUEOUS ALCOHOL LEACH DILUTE ALCOHOL 
SOR DILUTE ACID LEACH J CLARIFICATION 

OR MOIST ACID WATER LEACH LARIFIATIO 

SOLUBLES INSOLUBLES RESIDUE EXTRACT 
(SUGARS, ASK (PROTEIN, (CARBOHYDRATES 
MINOR COMPUTER) POLY LITTLE PROTEIN) ACIDIFICATION 

NEUTRALIZE 

DRY
 

PROTEIN SOLUBLE 

CURD WHEY 

SOY PROTEIN 	 WASHING (RICH IN 

DRYING METHANINE)CONCENTRATEI 

SOY PROTEIN 

ISOLAT 
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L22 

j .8
 

I . BEAN CLEANER 
2. BEANS MAY BE DEHULLED (OPTIONAL) 
3. GRIND BEANS IN HAMMERMILL 
4. CIRCULAR BIN DISCHARGER 
5. VARIABLE SPEED MOTOR ON PRECONDITIONING FEEDER 
6. PRECONDITIONER 
7. SHORT TIME/HIGH TEMPERATURE COOKING EXTRUDER 
8. INCLINED BELT 
9. HORIZONTAL COOLER 

10. CRUMBLIZING ROLLS - BYPASS WHEN DESIRED 



BEANS 

BEAN 
CLEANER TRASH 

FEED SCALPER 

FLAKES 

HEXANE 
VAPOR 

HEXANE VAPOR 
AND STEAM 

HEXANE SCRUB 

BEAN 
DRYER 

NATURAL 

AIR STEAS 

HULLS 

BEAN 

STEAM DESOLVENTIZER 

CONITINE 

CC;ND STEAM 

AIRAIR 
AIR-

BEOAGE 

STORAGE 

BEANAIR 
FLAKING 

MIL 

COND. MEAL 
COOLER 

TO MEAL 

- m GRINDER 



APPENDIX F
 
PROCESS FOR PRODUCTION OF FISH PROTEIN CONCENTRATE
 



FLOW CHART OF THE ASTRA FPC PROCESS 

FRESH FIN FISH 

GRINDING 

DEBORING 	 (TO THE EXTEND REQUIRED 
TO REDUCE FLUORINE CONTENT; 
REQUIREMENT IS GREATEST WITH 
LEAN FISH AND LEAST WITH 
FATTY FISH) 

FISH PULP 

FISH OIL 
STICKWATERI 

I CONTINUOUS 
CONFIGURATION 

S GENTLE DRYING 

(DECANTING) 

STORAGEABLE 
SEMI-FINISHED 
PRODUCT 

0*-, 	 4-STAGE COUNTER-CURRENT EXTRACTION 
OF REMAINING NEUTRAL FATS AND PHOSPHOLYISH 

EVAPORATING SOLVENT / 

SOLVENTPROTEIN PULP WITH LESS 
AND EXTRACTED THAN 0. 1 % FAT 
FATSI 

DESOLVENTIZING 

DRYING AT -70 0C 

GRINDING 

PACKAGING 

FISH PROTEIN CONCENTRATE 
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APPENDIX G 
DIAGRAMMATIC REPRESENTATION OF FLOUR MILLING(Jones, 1958) AND PREMIX ADDITION IN CENTRALIZED MILLS 



FOUR MAIN GROUPS OF MACHINES ARESHOWN:
 

BREAK AND REDUCTION ROLLS 00
 
FROM 

SIFTERSWITH COARSE---- A SCRATCH 
PURIFIERS (MEDIUM C')ARSE-.-.- FROM REDUCTION 

AND FINE SIEV-.-........ SCRATCH 

3RD BREAK B
 
WHEAT OR SCRATCH
 

THE FLOUR STREAMS ARENOT SHOWN BUTEACH REPRESENTATION 
REPRESENTING . FA BOLTING SILK _ IMPLIES THAT A FLOUR STREAM 
COARSE AND ORIGINATES THEREAND ISNAMED AFTER THE ROLLS THAT FEED 

THE SIFTERIN QUESTIONFINE SEMOLINA 

rn. P RF R 

SCRATCH 

MIDDLINGS 
PURIFIERG 

FROM MIDDLINGS PURIFIER 

~4 F 4TH BREAKAND SCRATCH 
F 
 F
 

FROM 
E --- GERM4THBREAK 


SIFTER


K;-
G 

H7 

-~K OR G VOLUMETRIC
 
I FEEDER
 

........ HEATFEED
 

FROM H AND 4TH BREAK " ' -M 

______MECHANICAL 

Lo ;>CONVEYOR
06 OR AIR 

WHEATFEED 

PACK ING 
BIN 

PACKED FLOUR 
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APPENDIX H
 

TUNISIAN VILLAGE WHEAT MILL
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APPENDIX I 
MANUAL PROCEDURE FOR FORTIFYING SEMOLINA 

AND FLOUR AT THE VILLAGE MILL 



DESCRIPTION OF THE MIXING BUCKET 

ROTATING HANDLE 

STEEL BEARING 

SHAFT SUPPORT 

BUCKET 

PADDLE 

- ROTATING SHAFT 

-- STEEL BEARINGS 

THE MIXING BUCKET CAN BE MADE FROM WOOD OR PLASTIC WHILE THE
ROTATING SHAFTS CAN BE MADE OF WOOD EXCEPT FOR THE BEARINGS (STEEL). 
STANDARDIZED MIXING BUCKET AND MEASURING CUP 

SMEASURING CUP 

LINES WITH THE SAME COLOR 
OR MARK WILL INDICATE HOW 
MUCH PREMIX TO ADD FOR A 
GIVEN BULK OF SEMOLINA

MIXING BUCKET OR FLOUR 
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APPENDIX J
PRODUCTION OF AMINO ACID AND VITAhIN ENRICHEDRICE KERNELS BY INFUSION (Mitsuda and Yasumoto, i974) 



L-LYSINEQ HUMIDIFICATION SOAKING INI PERCENT ACETIC ACID /

TO AVOID CRACKING SOLUTION SATURATED WITH L-LYSINE FOR DRAINING 

DURING SOAKING 10-12 HOURS 
IF NECESSARY) 

( J AT 370 C (ALSO L-THREONINE, 

POLISHED RICE POLISHED RICE WITH ORGANIC SOLVENTS POLISHED RICE WITH12-13 PERCENT 15-16 PERCENT (ACETONE, ETHONOL, ETC.) -6 PERCENT L-LYSINEMOISTURE CONTENT MOISTURE CONTENT CONTAINING WATER- AND 30 PERCENT 

INSOLUBLE VITAMINS MOISTURE 
SGENTLE 
 SPRAY OR 
DRYING 
 EMULSION 

VITAMINS 

SOAKING IN ORGANIC SOLVENTS ELIMINATES
 
THE NECESSITY OF STEAMING, 
 THUS MAKING 
THE PROCESS MORE SIMPLE AND ECONOMICAL. 

I STEAMINGWATER-INSOLUBLE DERIVATIVES OF THIAMINE N-LAYER 
 FOR 10 MINUTES 
() CONTAINING'(DIBENZOYL THIAMINE, THIAMINE NAPHTHALENE ADDED VITAMINS 

DISULFATE, THIAMINE DICETYLSULFONATE) ARE 
USED IN THIS PROCESS. VITAMIN A, RIBOFLAVIN,

AND NIACIN NICOTINAMIDE) HAVE LOW WATER
 
SOLUBILITY. 
 GENTLE 

DRYING 

EVACUATION OF THE POLISHED RICE GRANULES 
PRIOR TO SOAKING WILL ENHANCEPENETRATION RATE OF AMINO ACIDSTHE FORTIFIED RICE GRANULE POLISHED RICE WITH-WITH
6 PERCENT L-LYSINE WATER-RESISTANT 

AND DESIRED LEVELS OF oa-STARCH LAYER 
VITAMINS AT MOISTURE AND 33-34 PERCENT 
CONTENT OF 13-14 MOISTURE CONTENT 
PERCENT 





APPENDIX K
 

A SCHEMATIC OUTLINE OF THE SIMULATED KERNEL PROCESS
 



INGREDIEN 
BINS 

'S 

SCALE 

L -

BATCH 
MIXER 
--

BIN 

-

w 

SHORT TIME/HIGH TEMPERATURE EXTRUSION COOKING 
OF AMINO ACID/PROTEIN FORTIFIED SIMULATED KERNELS 

UP TO PACKING 
BIN OR IMPACT 
MILL 

CIRCULAR 
BIN 
DISCHARGER 

PRECONDITIONER 

COATING 
SOLUTION 

PUM KNIFE 

M PUMP
 

COE OZL 

*TEMPERATURE OF VITAMIN SOLUTION 
TANK MUST BE MAINTAINED AT 140-180OF 
AND/OR LOW PH USING ASCORBIC ACID TO 
PREVENT YEAST GROWTH 



........-. ...
 

Cdo 
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APPENDIX L: a. 	 ESTIMATES 1 OF CAPITAL AND OPERATING COSTS OF THE EXTRUSION COOKING 
SYSTEM USED TO MAKE SIMULATED KERNELS 

Capital cost (million $) Operating cost ($/hr) 

basic extrusion cooking system 2 .26 	 17.8 

building and related facilities .44 9 (includes management) 

miscellaneous (running-in, etc) .20 2.5 

quality control laboratory .10 2.5 

Total 1.0 	 29.3 

1All the capital and 	operating cost estimates are based on a unit producing 4000 lbs of extruded goods 
per hour.
 

2 For both capital cost and operating cost, 10 percent has been added to the 1976 estimates provided by 
Wenger Manufacturing. 

APPENDIX L: b. 	 ESTIMATES OF THE COST OF PRODUCING DIFFERENT QUANTITIES OF SIMU-
LATED KERNELS (million $) 

Cost Cost 
of sim- ($/kg) 

1 ulated with 

tons/yr. 
Production 
hours 

Capital 
cost 

Operating 
cost L-lysine2 

Binding 
starch Vitamin 

kernels 
($/kg) 

L-thre--
onine 

L-thre
onine 

10900 6000 1 .1758 12.208 1.199 1.09 1.44 21.8 3.44 

8000 4400 1 .1289 8.96 .88 .80 1.47 16.0 3.47 

6000 3300 1 .097 6.720 .660 .60 1.51 12.0 3.51 

4000 2200 1 .0645 4.480 .44 .40 1.60 8.0 3.60 

2000 1100 1 .0322 2.240 .22 .20 1.85 4.0 3.85 



APPENDIX L: b. (continued) 

1Total operating cost = operating cost per hour (29. 3) X production hours.made for administrative, depreciation, etc. No adjustment has beencosts since these are very minor components of the finalsimulated kernel cost. 

2Simulated kernels are 
starch, 

assumed to contain 20 percent L-lysine, 10 percent L-threonine, 50 percentand small quantities (-5 percent) of vitamins. L-lysine price is estimated $1. 12/kg simulatedkernel (Table 8). L-threonine price is estimated at $2/kg simulated kernel. $20/kg L-threonine isused rather than the current price ($57. 70/kg) which isStarch is quoted for pharmaceutical grade L-threonine.estimated at $. 11/kg simulated kerL
(1974). 1 by adding 20 percent to the data provided by WoodenVitamin price per kg simulated kernel s estimated at $. 1/kg simulated kernel which is
approximately 10 percent the 
cost of L-lysine per kg simulated kernel. 
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MAILLARD BROWNING REACTION 

Maillard Reaction involves condensations of carbonyl groups from reducing 

sugars 1 or lipid oxidation products 2 with alpha-amino groups of free amino acids, 

e-amino group of lysine, and, to a less extent, imino groups of histidine and 

tryptophan. A general mechanism of Maillard Reaction is given below: 

f. (Dtast 

R-C-H + R'-NH2 R-NH3 (inactive)
 

-HzO 
H2 0 

0 
R-NH 3 

_______unsaturated 

R-CH=N-R' aldosylamines --- deoxysones -- osones 

Schiff's base 

pigments furfurals 
unsaturated 
N- compounds 

N - containing
pigments 

1 Reducing sugars are capable of reacting with Fehling's solution to give Cu(I)OHJ 
which is red in color. Some examples of reducing sugars are glucose, fructose, 
galactose, mannose, ribose, xylose, maltose, and lactose. Sucrose, rtarch, 
and cellulose are non-reducing, but, upon warming for a short tilme with 5 per
cent HC1, these sugars are hydrolyzed to reducing sugars. Hydrolysis can also 
be effected by invertase (sucrose - glucose + fructose), amylase (starch 
glucose, maltose), etc. 

2 Upon storage, polyunsaturated fatty acids (e. g. linoleic, linolenic, arachidonic 
acids) are rapidly oxidized to lipid hydroperoxides, particularly in the presence 
of pre-oxidants, such as lipoxidases, heme-proteins, transition metal ions, 
light, etc. Lipid hydroperoxides subsequently breakdown into carbonyls (alkanals, 
alkenals, alkadienals, ketones, etc. ), hydrocarbons, and alcohols through free
radical autocatalytic processes. In addition to their roles in Maillard Reaction, 
carbonyls from lipid oxidation are often the sources of off-flavors and limit the 
storage life of food containing unsaturated lipidi3 (e. g. spray-dried milk). 
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Maillard Reaction involves condensations of carbonyl groups from reducing
sugars1 or lipid oxidation products 2 with alpha-amino groups of free amino acids,
e-amino group of lysine, and, to a less extent, irmino groups of histidine and
 
tryptophan. A general mechanism of Maillard Reaction is 
 given below: 

,! .. tast (R-C-H + R'-NH 2 - R-NH3 (inactive)
-H 20
 

R-NH 3 
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N - containing
pigments
 

Reducing sugars are capable of reacting with Fehling's solution to give Cu(I)OHwhich is red in color. Some examples of reducing sugars are glucose, fructose,galactose, mannose, ribose, xylose, maltose, and lactose. Sucrose, starch,and cellulose are non-reducing, but, upon warming for a short time with 5 percent C1, these sugars are hydrolyzed to reducing sugars. 
Hydrolysis can also
be fected by invertase (sucrose
--- a glucose + fructose), amylase (starch

glucose, maltose), etc.
 

2Upon storage, polyunsaturated fatty acids (e.g. linoleic, linolenic, arachidonicacids) are rapidly oxidized to lipid hydroperoxides, particularly in the presenceof pre-oxidants, such as lipoxidases, heme-proteins, transition metal ions,
light, etc. Lipid hydroperoxides subsequently breakdown into carbonyls 
 (alkanals,alkenals, alkadienals, ketones, etc. ), hydrocarbons, and alcohols through freeradical autocatalytic processes. In addition to their roles in Maillard Reaction,carbonyls from lipid oxidation are often the sources of off-flavors and limit the
storage life of food containing unsaturated lipids (e. g. spray-dried milk).
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STRECKER DEGRADATION 

Strecker Degradation of alpha-amino acids by carbonyls are complicated 

processes which yield CO 2 , aldehydes, and amino compounds as end products. 
In addition to alpha-amino acids, this reaction requires relatively high tempera
tures (e.g. 100°C) and carbonyls with the structure -C-[-C=6-]n-C- where n = 0 
or an integer. Thus, glucose does not degrade a alpha-amino acids via Strecker 

Degradation when the reaction is carried out in the absence of oxygen even at 

100 0C. In the presence of oxygen, glucose is oxidized to a substance containing 
the active -C-[-= 6 -]n-C- group which subsequently reacts with alpha-amino 

acids. A general mechanisms of Strecker Degradation is given below: 

R R 
-C=O NH 2 -H20 - C=NC-COOe -C=N-CH 2 

H -CO 2-C;=O + R-CH- - 1CO H -O 

-C=O - -C=O 

-C-NH 2 -C-N=CHR 

RCHO + 1H 20
 
-C-OH -C-OH 

H
 

NH3+ I
 
-C=O
 

N. B. No ammonia is evolved because equilibrium favors the combined form with 
carbonyl.
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DESTRUCTION OF AMINO ACIDS UNDER OXIDIZING CONDITIONS 

free alpha-amino acids 

oxidizing fats, OH 

R-H2 Oz R CH-COe R -CH 2 Co (Yong and
R-CH\.. UV-irradiation R- 2Kr 	 19

NH 2 	 Karel, 1976) 

both free and "bound" (as in proteins) amino acids 

1. Methionine 

0further 11 
R-C H2 0 2 RSCH oxidation R-S-CH3 (Tannenbaum

3 oxidizing lipid 3 et al., 1969; 

0 " Cuq et al., 
rmethionine 1973)methioninesufn 

sulfoxide 

Methionine sulfone is usually not observed in food systems since its formation 

requires strenuous oxidizing conditions (e. g. peracids). Methionine sulfoxide, 

but not methionine sulfone, retains some nutritional value, depending on the age 

of the animal (Miller et al., 1970). 

2. Tryptophan 

COR COR 

IN . 0 H2 O2 9 kynurenine 

H peracids,photoxidation_ a NCHO 	 NH 2 
biological oxidation 

N-formylkynurenine (Pirie, 1971;
Dalgliesh et 
al., 1951; 

Savige, 1975) 

3. Lysine 

•. H202R-CH" NH 	 R-CHO (Stahman, 

Lysine aldehyde 1976)
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VITAMIN DEGRADATION
 



\ \\o 

itamin A , i, 

inactive 

CIT.'zaxNI 

SCHEMATIC REPRESENTATION OF REACTIONS LEADING TO
 
VITAMIN DEGRADATION
 

vitamin A 

polymers, volatile compounds, short-chain water-soluble compounds 

02 

c h,nmical
 
oxiition \\ \
O 	 OH catalyzed F utcrm

oxidation mutachrome 

poxide trans vitamin A 

I cooking, canning, etc. 

cis vitamin A 

(less than 1/2 the potency of trans form) NH 2 

thiamine 	 meaty flavor heat CH 3 CI-H2CH 2 OH \CH2 OH 
compounds (e._g. roasting) N 

CN 

CH3N 

" heatpH>5,CH 2 CH2 OHC3 

N 	 CH CH- OHproducts thiaminase N 2oxidation 	 S 

sulfite ClON thiamine N , H
 
other nuclohIles C 3 N N C
 

cli 'so III CII Ci O-CH 3 0HN ,1)thio chrome 

C- N3 

N. B. Sulfite 	is often used to prevent browning in dehydrated fruits 

riboflavi n 

CII, -CIOIT-CHOH-CI-IOH-CI- 2 01-1 CH 3 
CII, I CH. 

0\X light and alkaliN
 

1H1 II 

N' 

0 	 0 

r iboflav in 	 luniflavin 
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MOISTURE CONTENT OF CEREALS AT DIFFERENT ATMOSPHERIC 
HUMIDITIES AND TEMPERATURES 

Fortified cereals are consumed in areas where transportation and storage 
take place over a wide range of temperature and humidity. It is desirable to know 
how these environmental variables influence the moisture content because of its
 
importance in 
 the chemical and microbial stability of cereals. Experimentally
 
determined changes in moisture content of cereals are given on the table in the
 
following page. On the table, one 
can observe that the equilibrium moisture con
tent of cereals is primarily determined by the atmospheric humidity. Although
 
lower temperature is associated with higher equilibrium moisture 
content at a 
given relative humidity, temperature (70-100°F) and the type or form of cereals 
have little effect on the equilibrium moisture content. At this point, it must be 
emphasized that the equilibrium moisture content does not reflect the actual 
moisture distribution in bulk grain/flour under fluctuating atmospheric humidity 
and temperature. In the absence of an efficient aeration system within the bulk, 
ambient temperature and humidity fluctuations result in accelerated inequilibrium 
in moisture distribution. Migration of moisture from hot to cooler zones of the 
bulk takes place as differential thermal gradient is established and convection 
currents set in. lvo.sture then condenses when the dew point is reached, creating 
"hot" spots of high water activity where molds and fungi can florish. This phe-
nomenon is accelerated in the tropics (Majumder and Natarajan, 1963). Vulnerable 
"hot" spots can also result from the addition of fortificant premix to bulk cereals 
if such premix has higher hygroscobicity than the carrier cereal. Simulated rice 
kernels, which were used in the Thailand Study, have been reported to clump 
together during storage under a humid atmosphere due to their hygroscobicity 

(Mitsuda and Yasumoto, 1974). 
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COMPARISON OF EQUILIBRIUM MOISTURE CONTENTS OF CEREALS ATVARIOUS R ELATIVE HUMIDITIES AND TEMPERATURES 

Percent relative humidity of atmosphere 
Type of Cereal Temperature ( F) 30 40 50 60 70 80 90 

bulgur (cracked, 65 8.4 9.4 10.2 11.4 12.9 15.4 21.0 
white)* 78 8 9 9.7 10.8 12.4 14.6 19.7 

90 7.8 8.8 9.3 10.4 12.2 14.5 19.7 
parboiled rice** 77 9.5 10.9 12.2 13.3 14.1 15.2 19.1 

100 8.4 9.8 11.1 12.3 13.3 14.8 19.1 

white rice*- 77 9.2 10.5 12 13.4 14.8 16.4 18.8 

whole wheat 77-82.4 8.6 9.0 11.2 11.8 13.9 17.1 21.2 
wheat flour*** 70 - - 12 13.5 15 18 27.5 

*Ferrel et al (1966) 

**Houston and Kester (1954) 

***Gur-Arieh et al (1965) 
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Social Costing and the Shadow Pricing of Foreign Exchange 

This Appendix briefly discusses (1) the principles of social costing and 
(2) the application of shadow pricing to the resource to which it is most likely to 
be applicable in the analysis of protein fortification programs, namely foreign 
exchange. The discussion attempts only to lay out the basic principles. For more 
thorough discussion of the points made here, as well as presentation of the under
lying theory and discussion of alternative approaches, the reader is referred to the 
excellent treatise of Romer and Stern (1975), upon which the discussion here is 
primarily based, or to the social cost/benefit manuals of the OECD (1968) and 
UNIDO (1972). 

In the text'we referred to two principles of social costing: (1) that all inputs 
which have alternative uses anywhere in the society (and only such inputs) should 
be included in the costing and (2) that all inputs included should be valued at the 
benefits forgone in their best alternative use. We shall now consider the major 
issues of inclusion and valuation that are likely to arise in the evaluation of protein 
fortification projects. 

In terms of practical procedure, the most convenient way to carry out a social 
costing is to start with a costing in nominal terms, such as those presented in text 
Tables 6. 1 and 6. 2. The problem is then reduced to one of deciding what adjust
ments must be made to convert from nominal to social cost. Three separate kinds 
of adjustments may be required: 

1) Deletion of nominal cost items which fail to meet the alternative-use 

criterion stated above; 

2) Addition of social cost items which do meet that criterion but which may 
have been omitted from the nominal costing because they were borne by 
agencies other than those principally concerned with the execution of the 
project or by program participants; 

3) Revaluation of items which are included both places but whose nominal 
costing does not adequately reflect benefits forgone in the best alternative 

use. 

We shall discuss each of these points in turn. 
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1) Exclusion 

In general, payments made to acquire resources needed to undertake a project 
and included in a nominal costing will reduce the quantity of resources available to 

society for other purposes and thus should be included in a social costing of the 
project. Possible exceptions include tax payments and payments for the use of 

pre-existing assets, such as land. 

Most taxes can be regarded as transfer payments rather than payments for the 

use of specific resources and should thus be excluded from social costing. This is 
true of all direct taxes, such as income taxes, and also of most indirect taxes, 
such as sales or excise taxes. The exception is the user charge, a tax which is 
directly related to the use of some service or facility provided by the government. 
Straightforward examples of user charges include property tax surcharges for 
improvements in water, power or sewerage facilities and highway and bridge tolls. 
Many other taxes, such as fuel and vehicle taxes, are less clear-cut cases. Most 

project analysts regard them as contributions to general government revenue rather 

than user charges and therefore disregard them in calculating social cost. 

Land and other pre-existing assets represent a "sunk cost" because they do 
not have to be produced for the purpose of the project. This does not necessarily 

mean, however, that they should be disregarded in social costing. The key ques
tion is whether they have alternative uses. Ifthey do, they should be included in 
the costing, priced at their value in the best alternative use, which could be 
measured by the price which they would bring if sold in a competitive market. 
Only if the land or other pre-existing asset has no alternative use should it be 

excluded from the social costing. 

In the program example used in the text, we note that land appears explicitly 
as an element of capital cost in Table 6. 1 and may also be present implicitly (as 
part of the cost of regional warehouses) in Table 6. 2. This is urban land, which 
almost certainly has alternative uses. It should therefore be included in the social 

costing and no adjustment is needed, provided that the land is already priced at 

its market value. 
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2) Inclusion 

The nominal costing should already include costs borne by secondary agencies 

or participants, but if it does not it is important that the social costing do so. This 

inclusiveness is essential for maintaining fidelity to the basic objective of 

measuring the project's impact on society as a whole. 

Fortification projects tend to be relatively self-contained, so assuring full 

inclusion may be less of a problem than with some other kinds of project. Hidden 

participant costs are not likely to be present. Tables 6. 1 and 6. 2 provide for 

services, such as training and propaganda, which in other cases might be supplied 

by secondary agencies. 

3) Revaluation 

Once the proper list of program inputs from the social costing point of view 

has been attained, the next question which arises is whether they have been cor

rectly priced, i.e. priced to reflect their social opportunity cost. According to 

economic theory, the prices which prevail in perfectly competitive markets do 

measure social opportunity cost, based on consumers' preferences for various 

goods and services and the resources required to produce them. Although per

fectly competitive markets exist only in textbooks of economic theory, real world 

markets sometimes approximate them. As stated in the text, program input prices 

should be corrected to accord better with social opportunity cost when these prices 

are significantly distorted relative to the competitive outcome and when the input 

in question makes up a significant share of program cost. There is no objective 

standard for either of these significance tests; both are matters of judgment. 

Shadow prices are synthetic prices which are calculated to correct for distor

tions of this kind. They may be used to correct the effects of taxes, subsidies, 

foreign exchange overvaluation, interest rate ceilings, minimum wage laws, 

administered wages and salaries, monopolies, monopsonies and many other ele

ments which cause real world prices to deviate from the competitive norm. Two 

types of input are most commonly shadow priced: anything purchased with foreign 

exchange and unskilled labor. Many governments of low-income countries over

value their currencies, i. e. keep the price of foreign exchange at a subequilibrium 

level by such means as import duties and quotas, expo r subsidies and restrictions 
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on foreign payments. Since foreign exchange is in effect rationed at this artificially 

low price, its cost to the person fortunate (or well-connected) enough to obtain it 

does not measure the cost to society. Some excluded potential users would have 

been willing to pay more. Hence the need to shadow price foreign exchange at a 

higher rate in terms of domestic currency than that maintained by the government 

in the form of the official exchange rate. 

It has been noted in the text that foreign exchange outlays represent a large 
fraction of the program costs tabulated in Tables 6. 1 and 6. 2, and are likely to do 
so in other protein fortification projects as well. If the exchange rate of the 
program country is significantly overvalued, therefore, the need to shadow price 
foreign exchange is inescapable. We must thus consider how this can be done. 

Roemer and Stern suggest a simple method of calculating the shadow exchange 

rate. An import rate is calculated by correcting the official rate for import duties 
and for any price premium produced by the existence of controls. An export rate 
is similarly calculated by correcting the official rate for any export taxes or 

subsidies. Finally, a weighted average of these two rates is calculated, giving 

the shadow exchange rate.,:-

To illustrate the method with a wholly hypothetical example, say that the 
official exchange rate is 4 units to the dollar and that there is evidence of over

valuation, such as smuggling and a black market for foreign exchange. The 
average rate of import duty is estimated to be, say, 20 percent. In addition, 

imported goods appear to sell in local markets at, say, 30 percent above their 

c. i. f. value as a result of the scarcity created by import licensing. The effective 
import rate is therefore 50 percent greater than the official rate, i. e. 6:1. Let 
us assume that there are no significant taxes or subsidies on exports, so that the 
effective export rate is 4:1. The effective exchange rate which we want to use in 

our analysis therefore must lie between 4:1 and 6:1. Technically, the weighting 
of the two rates should reflect the relative supply elasticities of imports and exports. 

iince imports are generally more responsive to price changes than exports, the 
rate should probably be closer to 6:1 than 4:1. Under these circumstances, it 

*Fora more detailed discussion of this methodology and the rationale for it, 
see Roemer and Stern (1975): 46-54. This approach is only one of several 
proposed in the literature, which is reviewed in Bacha and Taylor (1971). 
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might be warranted to use 5. 5:1 as the shadow exchange rate, testing out the 

sensitivity of the analysis to alternative rates, such as 6:1 and 5:1, if it seems at 

all likely that their use would affect the outcome of the analysis. A project in 

which imports make up 50 percent of nominal capital cost and 80 percent of 
nominal annual operating cost is really this much more expensive in social cost 

terms if foreign exchange is shadow priced: 

Shadow Increase in Increase in 
exchange capital annual 
rate 
(percent) 

cost 
(percent) 

operating 
(percent) 

cost 

5:1 (i.e. +25) 12.5 20 

5.5:1 (+37.5) 18.75 30 

6:1 (+50) 25 40 

We can appreciate that nutritional planners will often be reluctant to get into 

the unfamiliar intricacies of calculating a shadow exchange rate. As noted in the 

text, this should have been done for them by a central planning or budgeting agency. 
If it has not been done, however, then it is important for the nutritional planner to 

make at least a rough calculation of this kind, since imported inputs can account 

for such a large share of program cost that program costs will be substantially 

understated otherwise. 
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Regions 

I 

Department of: Totonicapan 
Quezaltenango 
Retalhuleu 
San Marcos 

II 

Department of: Huehuetenango 
Quiche 

III 

Department of: Guatemala 
Sacatepequez 
Chimaltenango 
Es cuintla 
Solola 
Suchitepequez 

IV 

Department of: Progreso 
Baja Verapaz 
Alta Verapaz 

V 

Department of: Santa Rosa 
Chiquimula 
Jalapa 
Jutiapa 

VI 

Department of: Izabal 
Zacapa 
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APPENDIX S 

BASIC ELEMENTS IN FORTIFICATION FEASIBILITY ANALYSIS 

Introduction 

The purpose of this Appendix is to set forth the basic questions and
 
calculations that an analyst should consider in determining the feasibility of a
 
fortification intervention. As such this represents a distillation of the full
 
methodology presented in the chapters; accordingly, the reader can refer to the
 
corresponding chapters for detail and discussion of the elements.
 

Feasibility will depend on how well the fortification intervention addresses
 
five potential barriers: nutritional need, commodity system structure, tech
nology, consumer acceptability, and intervention economics.
 

The starting point for any intervention should be a thorough diagnosis of the
 
nutritional problem -- suffering what type and
who is severity of nutrient 
deficiencies and why. For fortification this is critical to determining kind and 
quantity of nutrient fortificant to use and to selecting the food to be fortified. 
Examining the structure of the commodity system to be selected as the carrier 
is necessary to determine whether adequate coverage of the target group will be 
possible. Furthermore, the structure will also carry many implications for the 
kind of organizational and administrative system needed to operate and control 
the intervention. The technological problems to be examined can arise in the 
design of both the fortificant and the fortification process. Even with nutritional, 
administrative, and technical feasibility, implemenLation can falter if the consumers 
find the fortified product nonacceptable. Consumer acceptability can be influenced 
not only by -rganoleptic and cultural factors but also by price increases due to 
the costs of the intervention. Both the size and incidence of the cost burden require 
careful examination in determining the economic feasibility of the project. 

The key questions that an analyst should consider in examining each of these 
potential barriers will now be presented. 
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Nutritional Needs 

For Problem Diagnosis: 

(1) What information (dietary, biochemical, 

nutritional profile of the population? 

clinical) exists to develop a 

(2) What nutrient deficiencies 

within the population? 

exist in the population? in specific groups 

(3) What is the magnitude of the deficiency? 

(4) Who are most severely affected? 

For 	the Choice of Carrier: 

(5) 	 What is the typical dietary pattern of the population? For the Target 

Groups?
 

(6) 	 What food is appropriate as the fortificant carrier? 

(7) 	 How much of the carrier is consumed by specific target groups? 

(8) 	 Are different amounts of the fortificant mix needed to address 

regional deficiencies? 

For 	a Protein/Amino Acid Fortificant: 

(9) 	 Is protein intake inadequate? 

(10) 	 Is the caloric intake adequate? 

(11) 	 If the caloric intake is inadequate, would simply increasing the calories 
alleviate the protein problem? 

(12) 	 If calories are adequate, is it a specific amino acid that is lacking, or 

is it simply total nitrogen? 

For 	Other Nutrient Supplements: 

(13) 	 Will the positive impact of the amino acid supplement be offset by other 

nutrient dificiencies? 

(14) 	 In addition to, or in place of, the amino acid supplement, what mix of 

nutrients should be added? 
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(15) 	 Is toxicity a problem at the level at which the fortificant is to be 

added?
 

(16) 	 For a mineral mix, is there a competition for absorption between 

substance to be added? 

(17) 	 Does anything in the carrier (phytate or fiber) interfere with absorption? 

(18) 	 If absorption is hindered, would another carrier be more appropriate? 

General Issues:
 

(19) 	What is the health status of the population? target group? 

(ZO) 	Does a problem with infection negate the probable results of the fortifi

cation effort? 

(21) 	 What is being done to monitor the health status of the population being 

served while the fortification effort is underway? 

Commodity System Structure 

Target Group Coverage: 

(1) 	 What portion of the target group use the commercial system to mill 

their grain? 

(2) How nutritionally needy are those families who mill their grain
 

in-house?
 

(3) 	 Which mills supply which population groups? 

(4) 	 Are there distribution channels which would reach the most needy? 

Organizational Implication: 

(1) 	 To what extent is the grain centrally processed? 

(2) 	 Using central mills would lead to what magnitude of overcoverage? 

(3) 	 To what extent is the milling structure decentralized? 

(4) 	 How targeted will the decentralized system permit the fortification 

program to be? 
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(5) How 	much additional administrative costs will have to be incurred under 
the decentralized as L-rnpared to the centralized system? 

(6) How do these costs compare with the savings from reduced over
coverage?
 

(7) 	 What is the volume of grain milled in each mill and how much fortificant 
would this quantity require? Given the consumption patterns and deficit 
levels among the consumers served by that mill? 

(8) 	 What is the seasonal milling rate pattern? 

(9) 	 To what extent will the fortification program cause operational problems 
or an economic burden for the miller? 

(10) 	 How is the 	miller likely to react to these factors? 

(11) 	 What incentives or tactics can be employed to increase miller receptivity? 

(12) 	 How resistant will millers be to the increased government intention 
implied by the program? 

Technology 

For 	the fortificant: 

(1) Will the fortificant as proposed affect the organoleptic characteristics 
(taste, appearance, texture, odor) of the product. If yes, what are the 
consequences? 

(2) What is the stability of each of the nutrients in the proposed form? 

(3) Will the dosage of the fortificant as proposed have any harmful side 

effect s ? 

(4) How well will each of the nutrients in the proposed mix be absorbed? 

(5) Is there a tradeoff between a lower absorption and greater taste 
acceptability? 

(6) 	 What price differential exists between the various forms in which the 
nutrient can be supplied? What will be the most 	cost effective? 
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(7) Will a nutrient imbalance be created by the fortificant mix? 

(8) Will large scale fortification interventions create a relative or absolute 
shortage of raw materials? 

(9) Will fluctuations in the availability and cost of nutrients affect the 

program? How? 

(10) 	 Will chemical reactions in the fortificant mix alter nutrient digestion, 
absorption or metabolism? 

For the Fortification Technology: 

(11) Can a quantity and quality control system be built into the program? 

(12) What are the storage capabilities of the mix? 

(13) Can the vitamin-mineral-amino acid premix be centrally produced? If 
not, is the technology feasible? 

(14) Can uniformity in the premix composition be attained? 

(15) How easily can premix composition be tested in the field? 

(16) Can the fortificant mix as proposed be incorporated into a carrier that 
will reach the target groups? 

(17) Is the necessary equipment easily available within the country? 

(18) What is the cost of each processing method? 

(19) What effect will the local cooking practices have on the fortificant mix 
as proposed? 

(20) Will microbial contamination of the nutrient mix occur? How can this 

be controlled? 

(21) What are the optimal processing and storage conditions for each of the 

specified nutrients? 
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Consumer Acceptability 

Feasibility Questione: 

(1) What is the role of the staple cereal in the folk medical system? 

(2) Is the proposed fortification program compatible with the existing 

beliefs and uses? If not, can the project be altered to become 

acceptable? 

(3) How are labor and decision-making power allocated relative to procure

ment, processing and preparation of the staple cereal? Is the fortifica

tion program reinforcing or antagonistic to the existing allocations? 

(4) Are the color, flavor, texture, storage qualities or cooking character

istics changed by the fortificant? Are these changes desirable or 

undesirable? How can the adverse effects be minimized? 

(5) Who must make the decision to adopt the fortified product? 

(6) Who influences the decision makers? 

(7) What characteristics of the decision makers are favorable or unfavorable 

to adoption of the program? 

(8) Who are likely to be the initial acceptors? 

(9) What are the primary concerns of the target population with regard to 

food and health? Are these perceived needs reinforcing or antagonistic 

to the introduction of the fortificant? 

(10) Are there other needs which must be addressed before the fortification 

intervention can be implemented? 

(11) Who stands to benefit from the project and how can this be communicated? 

(12) Who stands to lose from the program and how? 

(13) Are there risks involved in the program participation? How can these 

risks be minimized? 

(14) What formal or informal communications networks can be utilized to 

reach decision makers? 
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(15) 	 What local leaders are influential in matters pertaining to food and 

health and how can their help be enlisted? 

(16) 	 Has the community had previous experience with similar programs? 
What were the results and how does this influence your current 

endeavor?
 

Intervention Economics 

About the Nature of the Problem: 

(1) 	 What subgroup of the population is affected? i.e. , What is the potential 

target population for the program? 

(2) 	 What is the nature of the problem in nutritional terms? i. e., What 

symptoms of deprivation are present? 

(3) 	 What are the known or suspected economic and social consequences? 

About Alternative Program Designs: 

(4) 	 What types of programs might be addressed to these problems? How 
do fortification programs fit into the range of possibilities? 

(5) 	 What alternative fortification program designs are worth considering 

seriously? (Extensive and targeted approaches, in particular, should 
be thought about as potential alternatives. ) 

(6) 	 What potential fortificant packages should be considered? 

About Intervention Costs: 

(7) 	 What inputs will be required, and in what quantities, for each program 

alternative? 

(8) 	 What will these inputs cost, delivered at the time needed and to the place 
where needed? 

(9) 	 How does the cost structure of each program break down in terms of 
cost categories, i.e., fortificant cost, fortifying process, logistics, 

control? 
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(10) 	 What does sensitivity analysis show about the extent to which the cost 

estimates could be affected by variations in timing, prices of key inputs 

and other contingencies? 

(11) 	 Are price distortions (especially of tradeable goods inputs) sufficient to 

warrant conversion from a nominal cost basis to a social cost basis? 

About 	Potential Program Impact: 

(12) 	 How fully will the program cover the target population (in relation to 

program cost)? 

(13) 	 What quantity of nutrients will be delivered to the target population (in 

relation to program cost)? 

(14) 	 What biological effectiveness measures are appropriate for program 

evaluation? 

(15) 	 How do alternative program formulations compare in terms of various 

cost-effectivenes measures? 

(16) 	 Is there any possibility of valuing at least some key benefits in money 

terms and carrying out benefit/cost analysis? 

About 	Program Financing: 

(17) 	 What possible methods are there of financing the program? 

(18) 	 What are the advantages and disadvantages of each method, in terms 

of social efficiency, equity and consistency with the nutritional objectives 

of the program? 
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Program Costing 

This final section provides more specific guidance on how to computer the 
costs of a fortification intervention. The cost components are basically for the 
fortificant, logistics, administration plus capital equipment outlays. 

Fortificant Costs: 

To calculate the fortificant cost per kilogram of carrier fortified four steps 

are 	needed:
 

(1) 	 First one should determine the quantity of nutrients needed to fill the 
nutritional deficits identified (i. e. , the difference between the 
recommended daily allowance and the actual nutrient). This will emerge 
from the nutritional need analysis but certain judgements are necessary. 
The degree of deficits will vary among target population individuals and 
so one will have to decide whose deficit to fill. One approach is to use 
an average deficit and another is to use the maximum deficit; the latter 
improves potential impact but also increases total costs. In using the 
maximum approach, one should also determine the risk of toxicity. 

(2) 	 Having calculated the nutrient need, one next verifies the daily consump
tion quantity of the food to be fortified. The quantity of fortificant to be 
added will vary depending on the carrier consumption level. 

As an example, let us assume equal nutrient deficits in preschoolers in 
two different villages. Village one preschoolers consume 100 grams of 
tortillas per day and village two consumes 200 grams daily. The fortifi
cant 	formula in village one would have to contain twice the nutrient level 
in order to fill the nutrient inadequacies. 

(3) 	 The next step is to determine the cost per kg of each nutrient included 
in the fortificant (see tables S-l, S-2 through S-4 for fortificant costs). 

(4) 	 To compute the 20 fortificant costs per kg of carrier, one combines the 
calculations made in the first three steps. For example, in 1977 Thiamine 

Hydrochloride cost $25/kg of thiamine. Assuming the nutrient need and 
consumption level required 21.4 mg of thiamine/kg maize, then 1 mg of 
thiamine costs $0. 000025 and 21.4 mg equals $0. 000535/kg maize 

fortified. 
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In summary the computation formuiae are: 

(1) F = Nd " C q d q 

where:
 

F = quantity of the fortificant to be added to 1 kg of carrierq 

Nd nutrient specific deficit per day 

C = quantity of the carrier consumed daily in kilograms 

(2) F = F xFc q p 

where: 

F cost of fortificant per kg of carrier 

F = as computed in (1)q
 

F = price per kg of the fortificant being added
P 

Total fortificant costs are computed simply by multiplying the quantity of carrier 

fortified during a given period (say one year) by the cost fortificant per kilogram 

calculated above. 

Logistical and Administrative Costs 

In addition to the direct fortificant costs, one should also add the costs of 

transporting, storing, and handling the fortificant. Furthermore, the administra

tive costs attributable to the intervention should be computed. These include 

personnel, supplies, etc., costs and can be sizable if the program involves a 

decentralized village level fortification system. Expenditures may also be neces

sary for training personnel, educating consumers, and providing special incen

tives to millers to elicit the necessary cooperation. 
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Capital Equipment Costs
 

Fortification interventions 
are not very capital intensive but investmentsare necessary for mixers and blenders either for centralized or decentralized 
milling systems. 

References 

The reader should consult chapter six for further details on costing methodology. Also, the case studies in chapters seven to nine provide more completeillustrations of the application of the methodology in the context of actual country 
situations. 
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Table S. 1
 

Current and Past Prices of Vitamins (U. S. $/kg)
 

Vitamins 

Vitamin A 	 palmitate beadlet (250, 000 £U/g) 

palmitate in oil (106 IU/g) 

acetate beadlet (500, 000 IU/g) 

Thiamine (hydrocholoride or mononitrate) 

Niacin nicotinic acid 

nicotinamide 

Riboflavin 

1977 1975 1972 

15 15 13. 1 

30 - -

23 - -

25 23 14 

5 5 3.75 

5.25 5.25 4.0 

42 40 28 

Note: Prices are quoted for food-grade, "stabilized" vitamins in 
quantities greater than one kg fob N. J. Vitamin premixes 
for cereal fortification can be made by blending these 
ingredients at desired levels. 

Source: Hoffman-La Roche, 1977. 
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Table S. 2
 

Current Prices of Commercially Available Calcium
 
Sources Important for Cereal Fortifications
 

Calcium source 
Cost per kg 
(U.S. $) 

Percentage of 
contained calcium 

Cost per kg 
calcium (U.S. $) 

Calcium carbonatea 0.15 40 0. 375 
Calcium phosphate, dibasic 0.792 23.3 3.40 
(dicalcium phosphate) 

Calcium phosphate, tribasic 0.792 38.8 2.04 
(tricalcium phosphate) 

Calcium sulfate 0.638 23.3 2.74 

Note: 	 Prices are quoted for food-grade calcium sources in bulk quantities 
(e.g., 15 x 100 lb bags, 5 x 225 lb drums). 

Source: 	 Mallinckrcdt, Inc., 1977. 

a. Calcium carbonate is supplied by Pfizer Inc. , N. J. 

Table S. 3 
Current Prices of Commercially Available Iron Sources 

Important for Cereal Fortification 

Cost per kg Percentage of Cost per kg
Iron source (U.S. $) contained iron iron (U.S. $) 

Ferrous 	sulfate, dried 0.66 32.1 2.05 
Ferrous sulfate, heptahydrate 0.84 20.1 4.16 
Chemically reduced iron 1.56 96.0 1.63 
Electrolytically reduced iron 2.55 97.0 2.64 
Ferrous fumarate 2.24 32.9 6.82 
Ferric orthophosphate 1.63 28.6 5.70 
Sodium iron pyrophosphate 1.80 14.5 	 12.45 

Source: 	 3. T. Davidson and M. E. Russo, "Iron Fortification in Breakfast 
Cereal", Cereal Foods World, 21 (1976), Pg. 534. 
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Table S. 4 

Current and Historical Prices of Synthetic 
Amino Acids for Cereal Fortification 

U.S. $/kg 
L-lysine. HC 1 L-threonine L-tryptophan DL-methionine 

1972 3.80 4.20 

1973 3.80 - - 4.20 
1974 7.30 57.70 86.80 4.20 

1975 5.60 57.70 86.80 5.30 
1976 5.60 57.70 86.80 5.30 
1977 5.60 57.70 86.80 5.30 

Notes: Prices are quoted for food-grade L-lysine and DL-methionine 
in bulk quantities (a ton or more); for L-tryptophan and 
L-threonine, prices are quoted for pharmaceutical-grade in 
quantities greater than 50 kg. Except for DL-methionine prices,
which are obtained from Chemical Marketing Reporter, amino 
acid fob Japan prices are estimated from the "delivered prices"
given by Ajinomoto Co., U. S. A., using the following formula: 

estimated price = delivered price/(100 percent + handling
and transportation charge and customs duty) 

where customs duty is 6 percent for L-lysine. HC1 and 
L-threonine, 12. 5 percent for L-tryptophan; and transportation
and handling charge is estimated at 6 percent. 
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APPENDIX T
 

ESTIMATES OF THE SIZE OF THE NONCONTROLLED SYSTEM
 
DERIVED FROM RECORDS OF GRAIN PURCHASES TO THE
 

CONTROLLED SYSTEM
 



Estimates of the Size of the :on-Controled .se..n._ Derived
 
Fr-om Records Purrhases the Cont.1' 4j:.d7.,
of r;rain to 	 t 

Version I Version II ;.srsion i I 
(Lsing Auroconsu-,ption 

(Using Atoconsumption Est. fro:M SLudV of trhe (Usin Autocon-
Est. from 1965-8 Food Tunisian .rain Market- sunpirfi, Est. 
Consumption Surve./) ing S'.ste) 	 from Chaip:er 9)

A. 	 (;rar I'nrchastvs by the
 
Cow rolled System 291,3.4 291,344 39],3L.
 

I;. 	 Sl, trum I'ur hasing 
(;vuI vr 	 -4,985 -4,985 -4,965
 

.. Io Stock!; 	 -32,000 -32,000 -32,000 

I). 	 Imior t +364,100 +364.100 +364,100 

F.to .II rGrain sipply in th, 
C,,roli il Sp';tem 618,459 618,459 618,459 

I". 	 A,,olonsompL Ion 514,825 578,000 635,462 
( 	 T. I'tnl (;raIn In Co , nl lI d 

C;Y',Lem and Autocon.uMpt toll 1,133,284 	 1,196,459 1,253,941
 

i. 	 Total Availahlllty of Grain 1,523,000 1,523,000 1,523,0CO 

theI. 	 'r ital f;r. in i t, Non-Controlled 
Syslem (11- C') 	 389,716 326,541 269,059 

Non-Couq rul ed System as ; of 
''ot.l Avnilability of Grain(V -I 	 36%. 21%. 18%
 

K. 	 Total Human Consumption of Grain 1,225,000 1,225,000 1,225,000
 

L. 	Grain in Non-Controlled System 
% fllman Consumption 32% 27% 22% 

Source: 	 A,B,C,I) from Table 10.02. 
F(l) from 1965-8 Food Consumption Survey, ibid. 
F(I) from Study of the Tunisian Grain 1arketinS System, ibid. 
FOI"11) from Appendix 3. 
H,K from Table 8.01. 

T-I
 



APPENDIX U 
OUTLINE OF GROUPS WHICH PARTICIPATE IN THE CONTROLLED
SYSTEM, NONCONTROLLED SYSTEMS AND AUTOCONSUMPTION 



Outline of Groups Which Participate in the Controlled System. Non-controlled Systems and Autoconsumption
 

North 


II 

Centei 


I 


j 

C 0N T R 0 L L E D S Y S T 
A B 

Processed Semolina Bakery Bread 


1 	 In central area of large cities (Tunis,
1. 

Bizerte, almost everyone 


2. 	In small cities, towns, and villages, 

mainly rich non-farmers and middle-
class (government employees,3
schoolteachers). 

3. 	In cities, towns, and villages, lower 

income people when NCS grain not availancl eole w enb S rais ot aai-
able (in winter bad harvest or areasaloteryn(xcpasoedi1,2
with little grain, like fishing villages 

4. 	In fringe areas
 
of Tunis.
 

1. 	In central area of large cities (Sousse, 

Sfax); almost everyone. Sfaxiannes also 

frequently eat NCS barley couscous and 

bread. 


2. 	 In sinall cities, to'ms, villages, mainlyrich non-farmers and middle clas, 


3. 	In cities, towns, villages and rural 

areas when NCS grain is not available 
or the price is unusually high. (In 
w nter, bad harvest, or in areas with 
little wheat growm such as western 

mining towns, eastern fishing villages, 

cloth weaving towns.) 


.
 In cities and towns, almost everyone.

2. 	 In lowland agricultural villages, most 

P1pIe in wifnter, whAen their homegrown 
rain s ipls 1Iy In dep1hetud. 

3. 	 | d.i ,'],.I I) O;S:gs;': , :I|I.,)35! ('v.'ryi,,si ', 

5...0I. .1 I *:f. . j'' 

E M 

C 
Off.Cer.Grain 


Few people 

mainly 


rich 


people. 

A few people 

of all income 

levels, mainly 

in winter
 
when no grain
is available 


in NCS or 

prices in 

NCS are 

high. 


NON-CONTROLLED SYSTEM & AUTOCONSLPI'TION 

D R 
Grain for Couscous, etc. 	Grain for Tabuna Bread
 

1. 	In fringes of Tunis,
 
some poor people.
 

2. 	In fringe areas of cities and towns, almost
 
everybody.

A 

3. 	A few people of all
income levels in 5. 	In towns with no
 
bakery, everyone


central urban areas.
 
4. 	 In small towns, villages, and rural areas 

alrost everyone (except as noted in I, 2) 

1. 	In fringes of large cities (Sousse and
 
Sfax) almost everybody.


2. 	In Sfax, most people of all income levels
 

buy barley for use once or twice a week.
3. 	In small cities (e.g. Kairsvan), towns,
 

villages and rural areas, almost everyone,
most of the time (unless NCS grain is not 
available, or if price is unusually high). 

1. 	Some lowland farms 

and mountain 

villages,


2. 	Nost people both
 
rich and poor buy 

smlV)l m forJ-o!unts s 
upecial occasions. 

3. 	 ]h' [ , [ .: Intiy 

t 

In t with no 
b. everyno
 
ar e y
 

1. 	Mainly lowland grain
 
farmers, mountain
 
villages and Bedouins.
 



APPENDIX V 

FIRST ESTIMATE OF NUMBER OF MILLS AND GRINDERS 





First Estimate of Number of Mills and Grinders
 
1. Northwest (ija,.e 
Kef and Jendovba)
 

A. B. 
 C. D. 
 E. F. G. 
 It.
 
Av. No. Av. No. of
No. of Est. Iota!
of Mills Grinders Est. Toto! 
 No. of
Total W~its No. of 
 No. of Located Located 
 No. of Hills Grinders
No. of Inter- Hills Grinders Per Unit Per Unit 
 All l'tits All Units
Units viewed Located Located C;B 
 D;B 
 AxE AxF_._ 

Large Cities 
100,0004- 0 

Hiedlum Cities
 
50,000-99,999 0
 

Small Cities
 
20,000-49,999 2 2 
 14 19 7 9.5 14 19
 

Large Towns

10,000-19,999 
 1 1 4 
 7 4 7 
 4 
 7
 

Medium Towns

5,000-9,999 
 7 5 20 20 4 4 
 28 28
 

Small Town,

2,000-4,999 17 9 
 23 
 24 2.6 2.7 
 45 
 46
Villages
 

i00-1,999 
 880 
 13 
 28 
 29 
 2.2 
 2.2 
 1936 
 1936
 

Sub Total: 
 2027 
 2036
 
Villages of 50-99: 
 613
 
Estimated 50;' have one mill wiltlone 
grinder - 502 x 613 - 307 
Grand Total: MIlls: 
 2027 + 307 = 2334
 

Grinders: 2036 + 307 2343
-

Estimate of Number of Mills and Grinders. Version I
 
Ii. Northeast (ETuniRzert.
, arid a ,u --


A. B. C. D. E. 
 F. 
 C. 
 II.
 
Av. No. Av. No. of
No. of Est. Total
of Mills Grinders
Total Units No. of Est. Total No. of
No. of Located located 
 No. of Milli Crinderv
No. of lntwr- Hills Grinders Per Unit Per Unit
Units All Units All Units
viewed Located Located 
 C;D D;B 
 AxE 
 AxY
 

Large Cities
 
100,000+ 
 1 1 7 
 7 7 
 7 
 7 
 7
 

Hedium Cities
50,000-99,999 
 1 1 3 
 8 3 8 
 3 
 8
 

Si..,,Z
Cities

20,000-49,999 
 5 2 5 
 6 2.5 3 
 13 
 15
 

Large Towns

10,000-19,999 
 9 
 4 23 28 
 5.8 7 
 53 
 63
 

Medium Towns

5,000-9,999 
 15 
 5 12 16 
 2.4 3.2 
 36 
 48
 

Small Towns

2,000-4,999 
 12 8 
 10 10 
 1.3 1.3 
 16 
 16
 

Villages

100-1,999 
 325 17 
 22 26 
 1.3 1.5 424 
 489
 

Sub Total: 
 552 646
 
Villages of 50-99: 
 102
 
Estimated 25Z have one mill with one grinder: 
 25% x 102 - 26
Grand Total: Mills: 540 + 26 578 mills
-


Grinders: 
 632 + 26 - 672 grinders
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FsLmiJte of Numberof Millsand Grinders. Version I 
I1. Cent ral IL. n (_Sou.,se, St'_.x,." K.,I rou,xi and K.isserint.) 

Total 
No, o.f 
_n i.ts 

B. C. 

No. of 
l*:!Its No. of 
111Lr- Mills 
vi ,'wd. l.adted 

D. 

No. of 
Crindors 
Loatod 

E. 
Av. No. 
of mills 
Located 
Per Unit 

C-R 

F. 
Av. No. of 
Grinders 
Located 
Per t'nit 

.-. 

G. 

i:st.rotal 
No. of Mills 
All 'nlits 

xE ... 

II. 
Ent. Total 
No. of 
Grind.rs 
All Units 
.. AxF _. 

Large Cities
100,00+ 0 - - - - -

Medium Cities 
50,000-99,999 2 2 31 36* b h 31 36* 

Small Cities 
20,000-49.999 4 4 28 36 7 9 28 36 

Lar:e Towns 
10,000-19,999 5 3 ]6 16 53 53 27 27 

Med lum lowns 
5,000-9,999 17 7 25 26 3.6 3.7 62 63 

Small Towns 
2,000-4,999 31 8 15 18 1.9 2.3 59 72 

VI llages
100-1,999 665 8 14 34 1.8 1.8 1197 119? 

Sub Total: 1404 1431 

Villages of 50-99 (Souss., Sfax and Kairovan): 386 
Estimated 25,.. 0a1vou1..l w1th 
Villagres of 50t-99 in K.2.zcrlnc.: 

011V grinder: 
?43 

97 

E.t lr.ated 10. have o ( mill a. oI grinader: 
GranId Total: Xills: 1404 + 97 4 25 - 1526 

15 

Grinder,;: 143J 4 97 + 25 - 1553 
blDlsparity Is to,) "iic. fur :;av iagful average. It wAs estimated. 

Mi n i mum. 

l'stinate cf Number.f Mills and Grinders, Ver -ion I
 
IV. Souther Rg_. (Cifsa, "ha- ,a Mad-u .ne 

A. B. 
 C. D. E. F. 
 G. H.

Av. No. Av. No. of 
 Est. Total
Nn. of 
 Of Mills Grinders Est. Total 
 No. of
Total Units No. of 
 No. of Located Located No. of Mills Crindcr.


No. of Inter- Mills Grinders Per Unit Per Unit 
 All Units All Units
Units vieoed Located Located C-B D.B AxE 
 AxF
 

Large Cities
 
100,000+ 
 0 .. ..
 

Medlur. Cities
 
50,000-99,999 0  - - -

Small Cities
 
20,000-49,999 2 
 2 10 19 5 9.5 10 19
 

I.arp" Towns 
0,000-19,999 h 
 4 
 9 15 2.3 3.8 14 
 23
 

Medium Towns
 
5.000-9,999 
 6 2 11 12 5.5 6 33 36 

Small Towns
 
2,000-9,999 18 6 18 
 22 3 3.7 54 67
 

luU-l,999 258 
 22 47 
 55 2.2 2.5 
 542 6s.5
 

Sub Total: 653 
 790
 

Villages of 50-99! 129 
 Grand Total: 653 790
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