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1. INTRODUCTION
 

In 	the past five years the problem of malnutrition 


in developing countries has received increasing 


attention because the consequences of malnutrition 


appear to be even more severe than previously rec-


ognized(l)*, and the number of persons affected by 


malnutrition has not been reduced significantly in 


many countries2). The occurrence and severity of 


malnutrition are particularly high for children 
ranging approximately from six months to three 
years of age( 3 ). During this period of life, the 

normal rate of growth of a child is extremely high, 
and this rate cannot be achieved unless the diet 
provides adequate amounts of calories, protein, 
vitamins, and minerals. It is difficult to insure 
adequate nutrition duritg this crucial period be-

cause the milk provided by thc mother is no longer 
sufficient by itself to satisfy all of the nutri-
tional needs of the child, but child is notthe yet 
able to digest the same diet as the older members 
of the family. In low income familkw, the foods 
prepared for young children often have ;uch low 

concentrations of nutrients that the child's 
limited capacity for food intake does not allow him 
to consume a sufficient quantity to provide adequate 
nutrition. re problem is compounded by the high 
occurrence of diarrhea during the weaning period; 
in addition to reducing the extent to which nu-
trients are absorbed in the child's digestive 
system, diarrhea is generally trea-:ed by adopting 
a diet having an extremely low ;iutrient content, 
The nutritional status of a child is also Influ-
enced detrimentally by many other factors, such as 

the economic and educational status of the family, 
dietary traditions, agricultural production, sani­

tation and medical care( 4 ) . 

There is increasing evidence that malnutrition may 

result in permanent defects in the physical and 
mental development of children. For example, there 
are results showing that school-age children who 
,.ave suffered irom severe malnutrition during their 
infancy tend to ha-e below-average heights, weights, 
and Il.(

3 ). 


Although adults are not affected as severely or 

* 	 Superior numbers refer to similarly-numbered 

references at the end of this paper. 


irreversibly e- children, there is ample evidence
 

that malnutrition seriously reduces the ability of
 

the body to perform physical work and to resist
 

infection and disease. Consequently, the malnour­

ished adult is trapped in a cycle where an inade­

quate diet may result in reduced productivity which
 

contributes to low income and, therefore, to a poor
 

diet for both the adults and children in the family. 
This cycle passes on from one generation to the
 

next if the children's physical and mental capa­
bilities are severely handicapped as a result of 
malnutrition. Since the most important resource 
of a country is its people, malnutrition is most 
certainly a problem of national development( 

1 ), as 
well as a long-standing humanitarian problem. 

As a result of these facts and c thers, the United 
Nations commissioned a panel to recommend a pro­

5

gram for alleviating malnutrition( ). Other pro­

grams have been considered recently by various 
( 7 )

panels( 6 ) and conferences , as w.ll as In a 
number of books and journals. Recognition of the 
importance of combatting malnutrition has grown to 
the point that nutrition has recently been incl'oed 
as a campaign issue in elections in several coun­
tries (e.g., India, Chile, and Jamaica). Further­
more, many of the developing countries are now 
expanding their nutrition efforts, and some are 
attempting to integrate their nutrition program
 

into the overall national development program. The
 

World Bank has just recently indicated that it now 
considers nutrition as a vital aspect of national 

8 .

development( )


Many of these considerations of nutrition programs
 

conclude that a "systems approach" should be 
utilized in nutrition planning because the task of 

evaluating the alternative strategies is compli­
cated by the large number of variables, objectives, 
and constraints. Although several excellent dis­

cussions of the basic steps and procedures of nu­
,1 0 ) ,

trition planning have recently been presented ( 9 

these efforts have not attempted to develop a
 

quantitative systems approach.
 

As members of the newly-established International
 
we are now
Nutrition Planning Program at M.I.T., 


attempting to develop a nutrition planning
 
methodology that utilizes, where appropriate, the
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various techniques that are included within the 

broadest definition of the field of systems analysis. 

The tentative framework of the proposed methodology 

is outlined in Section 2, and two preliminary ex-

ercises are summarized in Section 3. Various 

problems and limitations are mentioned in Sections 

2 and 3, and we discuss the current directions of 

our work in Section 4. 


2. NUTRITIONAL PLANNING METHODOLOGY 


Although systems analysis is an exceedingly powerful 

approach which, when properly applied, can yield 

useful information on complex systems, it has char-
acteristics and limitations that can lead to incom-
plete and inaccurate results. This problem exists 

for all branches of knowledge that have developed 

methodologies, but the consequences are particularly 

serious for systems analysis because it is often 

difficult to verify the validity of the model or to 

check for computational errors. In a case as com-

plex as nutrition planning, it is essential to 

guard against tendencies to develop a methodology 

that will be too rigid or specialized to be appli-

cable to the exceedingly wide range of situations 

met in practice, or to over-emphasize the computa-

tional techniques to the degree that the possible 

inputs from human intuition and experience are 

sacrificed. Since some of the essential influences 

on nutrition planning (e.g., food acceptability 

governed by cultural traditions) cannot be modeled 

in a realistic manner, the methodology must incor-

porate human judgment into various steps of the 

procedure in a manner that encourages interaction 
and makes best use of the different attributes of 

the computer and of the human mind. That is, sys-

tems analysis should be treated as a limited 
tool to aid and extend human reasoning and e.peri-
ence. 

A first step of a systems approach to nutrition plan-
ning is to adopt a tentative outline of principal 
steps to be included. The outline is tentative be-
cause it is expected that improvements will evolve 

as a result of the insight gained by attempting to 
develop the detailed analyses associated with these 
steps and by attempting to apply the resulting 

methodology. Therefore, the preliminary outline 

provides an initial perspective of the overall 

framework which is to be developed into a coherent, 

quantitative program by employing the techniques of 
system analysis. The outline that we have adopted 
as our first attempt is described briefly below*, 

1. Problem Identification and Assessment. The 
initial task is to determine the principal causes 
and effects of malnutrition in the particular region 
or country being considered. The existing methods 
for accomplishing this task include the food balance 
sheet, the consumer expenditure survey, the food 
consumption survey, and the medical survey. The 
food balance sheet provides: (a) a tabulation of 

the food supplies that are available to the country 

in a particular year; (b) a calculition of the 

available quantities of nutrients (calories, pro-

tein, etc.) associated with these food supplies; 


* For more detailed discussions of nutrition elan-

ning methodology, see references 9 and Ir. 


(c) a comparison of the available quantities of nu­
trients with the quantities that are necessary to
 
fulfill the nutritional requirements of the total
 
population of tile country. The results of the food
 
balance sheet indicate if the present food suppliLs 
are deficient in certain nutrients in the hypotheti­
cal ideal case of equitable distribution of the
 
supplies. Since distribution is not equitable in
 
practice because of income diffurences and other
 
factors, the results provide an unrealistically
 
conservative estimate of the actual nutrient defi­
cits of the population. Consumer expenditure
 
surveys provide a more realistic view by gathering
 
data on the quantities of foods purchased hy 
families. However, the nutrient deficits calculated 
from such data are conservative estimates because 
they do nit account for the loss of nutrients
 
during cooking, the pattern of food distribution 
within the family, and the influence of health on 
the ability of the human body t) absorb and utilize 
the available nutrients. To account for these
 
factors, it is necessary to perform both a food 
consumption survey and a medical survey. In the 
food consumption survey, data are obtained on the
 
kinds and quantities of foods actually consumed by
 
the various members of families representing
 
specific socio-economic segments of the population. 
These data are used to calculate the nutrient 
deficits for the different age groups and socio­
economic levels. Furthermore, with the aid of 
additional data, these results are useful in
 
attempts to determine what factors are primarily re­
sponsible for the various nutrient deficiencies.
 
The principal disadvantages of food consumption snr­
veys are the time and expense associated with in­
terviewing an ad, quate number of households, the 
limited accuracy of the responses of the inter­
viewees, and the omission of the influence of 
health on the utilization of the available nutrients. 
The latter factor is covered hy performing a medical 
survey of families representing the same segments 
of tile populc'ion. In addition to identifying the 
incidence of intestinal parasites or other health 
problems that reduce the absorption of nutrients, 
medical surveys provide information on the fre­
quency and severity of the most common nutritional 
problems (e.g., marasmus, kwashiorkor, iron­
deficiency anemias, etc.) and nr the general nutri­
tional status of the population as indicated by
 
athropometric measurements (e.g., height and
 
weight) of the various age groups. Although the 
results of medical surveys generally are the most 
reliable of the four methods, they arc time­
consuming and costly, and they require highly
 
trained personnel. Since each survey has certain 
shortcomings, it is desirable to have the results 
of all four methods available to the nutrition 
planner. 

2. Preliminary Analysis. The design of the above­
mentioned surveys requires a preliminary analysis of 
the region or country being considered. In its
 
simplest form, this analysis provides an intuitive
 
estimate of the general nature of the nutrition
 
problem, and this estimate is used as the basis for
 
selecting the target groups, the survey items and
 
techniques, and the sample sizes. In its highest
 
form, the analysis will also include quantitative
 
(but approximate) considerations of the available
 
data and of potential objectives and strategies.
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(Two examples are presented in Section 3.) When the 


surveys are completed, a detailed analysis of the 


resulting data leads to a more exact formulation of 


the objectives of the nutrition planning effort, 


3. Formulation of Objectives. An essential step 


in developing a nutrition policy is the selection 


of the specific objectives or goals. Since the ob-


jectives are based upon the results of a careful 


analysis of the data provided by nutritional and 


medical surveys, their validity depends in part upon 


the accuracy and scope of the surveys and associated 


analysis. The objectives should be consistent with 


the overall development plan of the zountry, with 


the political, economic, and sociological con-


strainLs, and with the priorities expressed by the 


persons experiencing the most serious nutritional 


problems. If the objectives are set too high, the 


program will be doomed to fail; if the objectives 


are too low, the program will not lead to signifi-


cant reductions of nutritional problems. The ob-


jectives should be stated in a manner that mini­

mizes the difficulty of designing the nutrition 


program (i.e., selecting the most effective strate-


gies) and of evaluating the program at a future 


date*. Clearly, the important task of formulating 


meaningful objectives is an extremely complex pro-


cess that would benefit by adopting a systems 


approach that wou)d assist human intuition and 


experience, 


4. Comparative Analysis of Alternative Strategies. 


After the objectives of the nutrition policy have 


been stated, the next task is to design a program 


that will achieve these objectives in the most 


effective manner while 3atisfying a number of con-


straints arising from various factors 
(economic, 


political, cultural, etc.). Since there are a wide 


variety of alternative strategies** that must be 


considered for inclusion in the program, one might 


expect that the techniques of systems analysis
 
would prove to be extremely useful in comparing the 


alternatives and determining an optimal combination.
 

However, the analysis is complicated by the fact 


that some of the most important factors of the 


problem cannot be described accurately in terms of 


mathematical models. [An example of one such 


factor is the reluctance of people to accept new 


foods having unfamiliar tastes and odors.] There-


fore, the systems analysis must be designed to allow 


for constructive interaction between the quantita-


tive portion of the analysis, which will be per-


formed by computer, and the nonquantitative portion, 


nu-
* 	 For example, the objective of improving the 


tritional status of children may be stated more 


effectively by specifying measurable changes to 


be 	achieved by a definite date(I0) (e.g., to 


achieve by 1980 a 50Z reduction in the number of 


cases of third-degree malnutrition of 
children 


under 5 years of age in region X). 


** 	 Examples of the various possible strategies are 

changes in: agricultural methods and produc-


tion patterns; food price policies; dietary 


customs (e.g., weaning practices); food forti-


cation, supplementation, and substitution; 


water purification and sanitation; health 


care; education; employment and income distri-


bution. 


which will involve the input of questions and de­

cisions based on the planner's experiences and/or
 

intuition. [A simple illustration of this point
 

will be described in Section 4.] The systems
 
analysis would most probably utilize a wide variety
 

of techniques, such as econometrics to assist in
 

the formulation of models, mathematical programming
 

methods to search for the most effective strategies,
 

marginal and sensitivity analysis to guide the pro­

gram design and to examine the solutions, decision
 

analysis to assess the influences of risk and un­

certainty, welfare economics to improve the per­

spective of the cost-benefit and cost-effectiveness
 
considerations, and simulation techniques to esti­

mate the possible consequences of various strategies.
 

It should be emphasized that although there will be
 

cases where a comprehensive analysis of the total
 

planning activity may prove to be impractical be­

cause of time and cost limitations, useful results
 

may be obtained in those cases by applying systems
 

techniques to some components of the activity.
 

5. Recommended Program. The purpose of the pre­

ceding steps is to lead to the design of a nutri­

tion program to meet the specified objectives of a
 

particular country's nutrition policy while being
 

compatible with the economic, political, cultural,
 

and technological constraints. The basic elements
 

of the program are: (1) the objectives; (2) the
 

strategies selected for attaining these objectives;
 
(3) preliminary tests to determine costs, consumer
 

acceptahilityetc.; (4) program implementation and
 

administration; (5) methods for evaluating the
 

effectiveness of the strategies and 
for introducing
 

improvements; (6) estimated time schedule, budget,
 

equipment and personnel. Ideally, the program
 

should be an integral part of the overall develop­

ment plan of the nation, and it should indicate the
 

possible influences of improved nutrition on the
 

objectives and performance of other sectors.
 

3. PRELIMINARY STUDIES
 

In 	this section we present a brief summary of our
 

preliminary efforts to explore the potential bene­

fits and limitations of applying systems analysis
 

to 	nutrition planning. 
Our goal is to concentrate
 

on 	the utilization of the simple existing tech­

niques of systems analysis rather than to attempt
 

to 	develop new techniques or to adopt the most
 

elegant methous of mathematical programmiig or
 

optimization theory. Consequently, we have con­

centrated initially on 
one of the best known and
 

most widely used techniques, linear programming.
 

We 	should also point out that, for simplicity, our
 

initial studies have been approximate analyses of
 
rather than
hypothetical limiting (extreme) cases 


detailed analyses of actual cases, and we have con­

sidered isolated subsystems rather than the total
 

nutrition system. Therefore, our results must not
 

be 	interpreted as a realistic description of the
 

subsystems under actual conditions. Instead, we
 

believe that these results, when viewed from the
 

proper perspective, provide useful information on
 

the nature of 
the bounds or extreme solutions
 

associated with the 
limiting cases. Knowledge of
 

tile approximate magnitudes of the bounds can prove
 

to 	be valuable in a preliminary screening of a
 

problem to estimate the ranges of the parameters
 
and to identify tile most influential factors and
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promising strategies. 	 fertilizer associated with one kilogram of the prin­
cipal foods of the U.S.A. By assuming linearity and
 

3.1 	 EXPLORATORY ANALYSIS OF AGRICULTURAL additivity, these values were used to formulate a
 
STRATEGIES simple model for estimating the quantities of essen­

tial 	nutrients provided by any choice of food mix
 

Agriculture is one of the many sectors that should 	 (i.e., combination of foods), as well as the cost 

be considered in nutrition planning, and in this 	 and quantities of resources (land, water, :nd ferti­

section we present an exploratory analysis of agri-	 lizer) required to obtain these niutrients. This mod­
cultural strategies. This study may be viewed as 	 el was used to cmpute the food hal , , sheet shown In 
an extension of the food balance sheet technique, 	 Table 1 for the U.S.A. in the year 196F. The nu::ri­

described in Section 2, to include considerations 	 ents provided by the following two food mixes were
 

of the following questions. What changes in the 	 computed: (I) Thi production food mix, which In­
present food production pattern of a particular 	 cludes all foods produced in the U.S.A. in 1)1-8,
 

country will lead to sig.nificant reductions in both 	 even those foods that were used as animal feed or 
the cost and the resources (land, water, and ferti- were exported; (2) The consumption food mix, which 

lizer) required to provide the population with the includes 0uV those foods that were directly util­

recommended amounts of the essential nutrients? ized for human consumption. The results of these 
From this viewpoint, what foods are most attractive mixes are listed in Table 1, and we see that nutri­

(and least attractive)? Are the estimated reduc-	 ent production greatly exceeds nutrient consumption.
 

tions of costs and resources sufficiently large to The primary reason for this excess is that a larte 
be interesting to the development planner? fraction of the agricultural production is fed to 

animals. Also included in the table is a1 es timate 

The question of providing a nutritious diet at low of the national nutritional reuirements (NNE), i.e., 

cost is esp-,cially important in countries where mal- the quantities of nutrients required in 195 t, pro­

nutrition is severe as a result of low income. vide all members of the United States population 
Effective use of :he resources required for food with annual nutrient intakes equal to the levels 

production is of primary concern in countries where recommended by the NAS-NRC Food and butrition 
population growth and traditional agricultural Board( 1'. [Since the ;AS-NRC board did not pro­

practices have lead to scarcities of arable land vide values for the essential amino a' idz* , we a.' 

and water for irri,,atlon. Fertilizer production in adopted the recormcendations of FA( 
1 
3).] T"he ratios 

the developing countries has consistently lagged presented in the last two columns indicIte that, as 

behind the demand, and the introduction of the new would be expected for a developed country, the nutri ­
high-yielding grains is leading to substantial in- ent production and consumption leV:l!; are sub­

creases in the demand. stantially higher (40, in the 1Lo:est Cas') than the 

estimated nutrient requirements. b;otice thit the 
Our approximate analysis of these questions consists nutrients having the lowest ex:cesses irL calcilm 

of the following steps: (1) Formulation of a simple and calories in the cas,, of c0tstmpticl, and ascoric 

linear model of the nutrient production, consump- acid and calcium in the case of productionl. hoth; 

tion, and requirements of a country; (2) Construc- the quantity ald quality ** of the proto in al.. high, 

tion of a food balance sheet for estimating the with the sulfur amino acids Ieing the essentil 
deficits and excesses of nutrients provided by the amino acid having the lowest excess and with lVs mU 
present food production and consumption patterns; being the one with the greatest excess in the case 

(3) Linear programming analyses "to determine what of consumption. 
combinations of foods will satisfy the nutritional 
requirements of a country at minimum cost and for The next step was to ut ilize the mole i1 n a lilear 

minimum usage of land, water, and fertilizer; (4) progralmming analysis of the opt imal foo(d mixe2s de-

Examination of alternative agriculture strategies on termined by separatelv minimizing cost , land, waler, 

the basis of their costs, resource requirements, and and fertilizcer while satisfying the nutriti,nal con­
probable acceptability relative to the present agri- straints (NNR) listed in Table I. lhe results pro­

cultural and dietary practices. sented in Table 2 correspond to three different 
choices of bounds: 

Although our objective is to develop modeling and 

analytical techniques that will be useful to nutri- 1. Unbounded (['l) : Tr this case no bounds (dimits) 

tion planners in developing countries, we chose the were placed on the quantities (activities) of the 

U.S.A. as the country for our initial study because food; in the optimal mixes. As a conse)uelce , the 

the necessary data were more accessible, thereby resulting mixes have unacceptably large quantities 
freeing us to devote a greater portion of our time of some foods (e.g., soybeans, celery, onilns) anlW 

to the modeling and computation steps, which would did not include a sufficientlv wide vrietv of foeds 
be similar for all countries. Based on available to be palatable. To remedv this problem, x' intro­
data(

1 1 
), we obtained estimates of the nutrient con- duced the bounds described below. 

tents, prices, and quantities of land, water, and 

2. Production-hounded (Pli): 'l-. sconud ch ice of 

* Although linear programming has been employed in 	 * Protein is composed of many different amino 

numerous analyses of agriculture, the objective acids, but only 2ight are essential o humat 

has generally been to maximize profit rather nutrition becaso the ',ady is incanable ot 
than 	to minimize the price of food to the con- s-thesizing them from other amino acids. These 
sumer; fu,-tbermore, most analyses have not in- eight are called the 'esseatlal amino acids". 

cluded the nutritional needs of the country as ** The quality of a protein supply is Judged on the 

constraints, 	 basis of its content of each essential amino 
4
 

acid 	relative to a re;erence( ).
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bounds corresponds to the limit where the quantity 


of each food in the optimal mix is not permitted to 

exceed the 1968 level of production of the food in 

the U.S.A. Although the resulting mixes are far 

more palatable in this case because they include a 

greater variety of foods than in the unbounded case, 

several of the mixes have unacceptably high quanti-

ties of soybeans and sorghum but low quantities of 

sugar (since the production level of sugar is smaller 


than the consumption level because of large sugar 

imports). 

3. Consumption Bounded (CB): In this case the 

bounds are designed to prevent the quantity of any 

food from exceeding the 1968 level of consumption of 

the food in the U.S.A. An advantage of this choice
 
of bounds is that the resulting food mixes are 

closer to toe actual consumption mix; a serious dis-

advantage is the fact that the stringent bounds 

eliminate some important strategies, such as in-

creased consumption of soybeans. 


The results for all three bounds are included in 

Table 2 because they correspond to different limit-

ing cases, with the unbounded case yielding the most 

radical food mix and the consumption bounded case 

yielding the most conservative mix. For example, 

the unbounded mix corresponds to the hypothetical 

limiting case where foods are selected solely on the 

basis of maximum effective use of resources (i.e, 

without coitsidering the constraints of existing 

dietary preferences or production capabilities). 

The consumption bounded mix corresponds essentially 

to the opposite limit where the existing consumption 

food mix is adopted as an upper bound, and the re- 

suilts indicate which combination of items in the 

present mix are most effective with respect to cost 

and resource usage. 


Table 3 shows the cost and resource usages computed 

for each of the food mixes in Table 2. For ease of 

comparison, each cost and resource usage has been 
divided by the values estimated in Table 1 for the 
cost and resource usages corresponding to the con­
sumptlon food mix of tile U.S.A. in 1968. The re-
suits indicate that the cost and resource usages may 

be reduced approximately by a factor of five or more 

in the unbounued cases, by a factor of four or more 

in the production bounded case, and by more than a 

factor of three In the consumption bounded case. 

Notice that substantial reductions in the cost and 

usages of all resources are obtained by optimizing 

the food mix with respect to the cost or to any one 

of the resources. This result is a consequence of 

the fact that the costs and the water and fertili-
zer usages of many agricultural crops are closely 
related to the area of land required to grow a unit 
amount of the crop. 


The sensitivity of the different optimal food mixes
 
to the nutritional constraints is illustrated by the 

shadow prices given in Table 4. In this case, the 
shadow price of a particular nutrient requirement 
(constraint) is defined as the per centage change in 

the objective function (cost, land, water, or ferti-

lizer) that occurs when the optimal mix is recal-
culated with a 10% change in the magnitude of that 
constraint from the NNR value given in Table 1. 
Since an optimal food mix will exactly satisfy some 

of the nutrient constraints (the "binding con-

straints") and will more than satisfy the remaining 


(non-binding) constraints, it follows that the shad­
ow prices will have non-zero values for the binding
 
nutrients and will be zero for the non-binding nu­
trients. The results in Table 4 show that calcium
 
and calories were binding in all the cases consid­
ered here, and they usually were the most binding of
 
the nutrients. Protein is not binding in any of
 
these cases, and the only essential amino acids to
 
be binding are the sulfur amino acids. [It is in­
teresting to recall that calcium and calories had
 
the lowest excesses of all nutrients in the food
 
balance sheet for 1968 U.S. consumption (Table 1),
 
and the excess of sulfur amino acids was lower
 
than for the other essential amino acids.]
 

Using Tables 3 and 4 as sources of auxiliary in­
formation, we may now return to consider in more
 
detail the optimal food mixes given in Table 2.
 
Soybeans are included in all mixes because of their
 
high concentrations of calcium and protein together
 
with their relatively low cost and resource usages.
 
At present, the majority of the U.S. soybean pro­
duction is used as animal feed and is produced by
 
large-scale farming based on the latest methods for
 
increasing the yield and decreasing the cost. A
 
similar statement can be made regarding several of
 
the grains (e.g., sorghum, maize, and barley) that
 
are included in the optimal mixes. Milk is util­
ized in some mixes because, in addition to being an
 
effective source of calcium (which is the most bind­
ing nutrient in many of the cases), it also provides
 
calories, protein, and other nutrients . The prin­
cipai contributors to meeting the calorie, protein,
 
and essential amino acid constraints are soybeans,
 
various grains, milk, and potatoes; sugar is another
 
important source of calories. A variety of vege­
tables and fruits provide the balance of the vita­
mins and n'inerals. Absurdly large quantities of
 
celery appear in several of the unbounded cases be­
cause, from the viewpoint of resource usage, celery
 
is a very effective (but expensive) source of
 
calcium and ascorbic acid.
 

Although the quantitative details of the results of
 
this analysis are not expected to be entirely re­
liable because of the weaknesses of the food bal­
ance sheet method (see Section 2) and the approxi­
mations and simplifications associated with the
 
model, we do believe that the results provide val­
uable approximate information to the nutrition plan­
ner. For example, the present results indicate that
 
substantial reductions in cost, land, water, and
 
fertilizer could be achieved in the U.S.A. if the 
population would decrease its consumption of animal 
products and substitute those foods that are now 
used primarily as animal feed (e.g., soybeans, cor­
ghum, and maize)**. Since an animal is relatively
 

inefficient in converting plant protein to animal
 

* It should be emphasized that milk would not 
appear in the optimal mixes if the calcium con­
straint were less binding; that is, milk is not
 
one of the most effective sources of nutrients
 
other than calcium. 

** There are various posible strategies for en­
couraging this change, such as nutrition edu­
cation, ond the development of meat analogs
 
(e.g., soybean products having meat-like
 
texture and taste.
 

141 



Table 1. Extended Food Balance Sheet for the U.S.A. in 1968.
 

(NP) and Nutrient Consumption (NC)
A Comparison of the Nutrient Production 
Nutritloral Requirements (NNR)with an Estimate of the National 

:I'/NCR NC/NNR
Nutrients Units Ni _C N!R 

0.26 0.16, 5.82 1.63
Calories loIS :cal. 0.93 

0.40 2.57
3.74 1.02 9.42 


Essential Amino Acids:
 

Tryptophan 


Protein 10l Kg. 


101 K. 0.45 0.13 0.05 8.96 2.65
 

(1.216 13.95 3.21Leucine 10, Kg. 3.62 0.84 

0.52 0.19 9.78 2.70


Isoleucine 10 Kg. 1.86 

0.19 3.25Lysine 101 Kg. 1.83 0.62 9.59 

Valine 10' Kg. 2.05 0.58 0.22 9.36 2,59 
9.07 2.67


Threonine 10' Kg. 1.44 0.40 0.15 
0.16 7.72 2.20


Sulfur Amino Acids 10' Kg. 1.24 0.36 


Aromatic Amino Acida 10' Kg. 2.98 
 0.83 0.30 9.96 2.77
 

0.99 0.41 0.17 5.71) 2.38
loll 1.U.
Vitamin A 

2.22 2.03
101 Kg. 0.86 0.79 0.39 

10 Kg. 7.90 2.70 1.08 7.30 2.50 
Ascorbic Acid 


Niacin 

101 Kg. 0.49 0.20 0.11 4.46 1.78
 

Riboflavin 

0.08 14.85 3.16

Thiamin 10, Kg. 1.19 0.25 
e 2.94 1.40
1o Kg. 1.94 0.84 0.61


Calcium 

7.83 2.11 0.66 13.10 3.21 

Phosphorous 108 Kg. 
1.93 

Iron 106 Kg. 9.37 1.91 0.99 9.37 

10 Kg. 3.26 0.65 0.23 14.18 2.83 
Magnesium 


Cost and Resources
 

2.84 2.52
j0IO SCost 

10, Ila. 9.30 6.57
Land 


3.30
10' lla.-M 4.80 


Fertilizer 

Water 


101, Kg. 3.25 2.61
 

Table 2. Optimal Formulations of Food Mixes Corresponding to Minit ation of Four Objective Functions (Cost, L.,nd,Water , .nd 

Foods (U;,bounded (UL), Production bounded (I), and Consumption Bounded (CI)I].
Fertilizer) for Three Different Bounds on the 


Food quantities are reported In millions of metric tons.
 

Formuiations L.east-Ftrtil-izr Formulations 
Foods Least-Cost Formulations Least-Land Formulations Least-Watnr 

(.1; L H_ CBUB IBl CB U8 lB Cl UB H; 

Grains
 

6.89 + 15.80 
Wheat + + 17.08* 9.64 

+ ++ + 0.15* 
1.15* 1.15* + 1.15*Rye 


Barley 2.37 3.74 1.15* 4 + 
+
1.38*
1.38*
+ 1.38*
Oats + 


+ 7.36*
+ 5.71 + 26.24 7.36* 26.55 28.75 7.36*
Maize 


+ 0.79* 0.79* 2.10 0.79*
 
Rice 


0.27* 13.85 0.27*
 
Sorghum 8.71 12.96 0.27* + + 0.27* 

Legumes 

+0.53* + 

Dry Beans + 

3.10A 26.35 3.10
 
Soybeans 25.24 25.50 3.10* 14.90 2.09 3.10* 5.29 2.41 14.55 


+ 0.71* 0.710 
Peanuts 


0.47*
0.25* 0.47*
Nuts 


Animal Products
 

Beef
 
Lamlb
 
Pork
 
Poul try
 
Lard
 

0.83*
+Fi sh 

38.59
 
Milk 

Veal 

44.82 37.95 23.70 45.04 39.18 + +38.74 + 
Eggs 

Vegetables
 

Peas 
Green Beans 1.07* 1 07*
+ 1.07*1.07* 1.07* 1.07*Cabbage +
+ + + ).69+ 0.88* 0.88*0.07 

Lettuce
 
Carrots 


+ 4.18*+ 4.21* 4.18* 10.67 4.21* 4.18* 
Onions 

+ 7.20* 7.44* 8 7.20* 7.44* 7.20* 7.44* 
7.20* 7.11
Tomatoes 


Asparagus +
 
+
0.14* + ++ 

Broccoli ++ 
Brussell Sprouts + + + 

+ O.Oik 0.01* 
0.01* 0.01* + 0.01* 0.01* + 0.01k 

Kale +0.22* 

Peppers 
 0.06 + 

(coot.)
 



Table 2 (con't)
 

Least-Water Formulations Least-Fertilizer Formulations
Foods Least-Cost Formulations Least-Land Formulations 


!MS PB C l_ 0L_ P tB 08 P BB CB E B IB CB 

2.00 0.18* 0.18*
Spinach .l15 0.18* 0.10* 19.04 0.18* + + 0.18* 


Cauliflower
 
Celery 
 49.40 0.70* 0.70* 63.46 0.70* 75.15 0.70* 0.70*
 

Cucumbers
 
lggplant
 

+ 0.04* 	 0.04*
Garlic 


Fruits and Berries
 

2.49* 	 2.49*
Apples 

4
 

Pears 

Peaches 


+ 0.55* 	 0.55*
 

Graps
 
Orangcs 4.75* 4.48* + 4.48* 3.70 4.48* 3.07 1.71
 

4 1.42* 	 + 1.52* 1.42*Grapefruit 	 + + 


Wat erme Ion
1


CaIt ' Ope 
+ 	 +Cherry 

+ 	 +
Ilum 


+ 	 0.14* 0.14*
 
+ +


Apricot 

0.05* 0.05* 


Olive 

Fig 


0.08* 0.10* + 

NL,-t ir Ine + 0.06* 	 0.06* 

0.07* 0.07* 
0.0&* 0.08*

Avocaidl 
Tanger ine 0.08* 0.08* 0.08* 0.08* 

Ler.nis 0.60* 0.50* 0.60* 	 0.50* 0.60* 0.50*
 
0.03* 0.03* +
 

0.04* + 0.04* 4 +
 
iP" 

Tange Io 

Crinberry +
 

+ 
Strawbnerry 


0itIn"i' 

26.94 0.01*
0.01* 	 0.01* 0.02*
iiBuckwheat + + 0.01* 
53.27 13.38* 0.10* + + 9.10* 

!t.vt P'otaii 0.63* 
Potato 


+ 0.49* 0.49*
 

Sugar 10.55 4.78* O.46* 17.52 4.78" 9.46* 6.11 4.78* 9.46* 
 3.17 4.78* 9.46*
 

lihse quantitis ar, at tile Lipper limit set by tine ionds Oiltilefoods. 

Indlites those products that woul,' ha-c tiie used i. tineformulantion if their cost or resource usage for that particular objective 

function v e ligintly lIoer (lens 	 than 307 Il er). 

Lsaig OptimalTable 3. Costs and Riesource' s of tht' Formulations 

(%'allies repnrtvd ire tine ratins of tine resource usaife of the optial forrulathn to the 
ccrre!;pondnl$g valin, ; tr U.S. cinsurt lt:tl ill 196P.) 

Resource Least-Cot Formulations Ltin-Lnd Forrulation'; Lea-.t-Water Firtnlnntionsn Leist-Fertillzer Formulations 

Gi P t A 	 I'lt111 I'll tB ,B cB U_ 1h U' tB c13 

Cost 0.13 Oln 0.27 0 . 0.35 0.35i.,t, 0 ) .31 0.35 0.42 0.17 0.29 

Lanai I.30 i.33 0.25 0.30 ( (.25 0.30 0.38 0.320.33 0.2i 	 0.23 0.32 

Water 0.27 0.31 0.37 0.20 0.21 0.32 0.19 0.20 0.30 0.45 0.30 0.35
 

Fertilizer 0.22 0.25 0.28 0.29 0.30 0.30 0.26 0.29 0.31 0.20 0.24 0.27 

Table 4. Binding Nutritional Constraints in Optimal Fermulations 

(Values reported are tile per centage change in the objective funnctionfor a 101. change in tine nutritional constraint.) 

Nutrients [.east-CostPormulattnons Least-Land Fornulations Least-Water Formulations least- Fert illzer Formulations 

11B lI1 CB UlU PB Ci I'll 'B Cl1 UB 10 Ci 

Calories 0.01 0.01 2.40 0.34 4.40 12.80 0.52 3.20 19.20 0.38 4.02 4.18 

Sulfur Amitn Acids 0 0i 0 0.52 0 0 3.16 0 0 0.80 0 0 

V.'itamni A 0 0.01 0 0 0 0 0 0 0 0.05 0.41 0.40 

Asncorbi Acid 0.25 2.01 0.99 i 0 0 0.04 0.18 0 0 0.55 0 

Niae ill 0.24 0 0 1.10 0 0 1.04 0 0 0 0 0 

Ribol laiin 4.35 3.55 0 1.42 0 0 1.38 0 O 2.97 0.52 0 

Calcium 3.30 2.54 8.70 1.78 5.03 2.35 3.74 5.75 0.20 5.42 5.11 6.50 

Iron 0 0 0 0 1.10 0 0 1.05 0 0 0 0
 

* Otnlynutrients w'hiech were binding illat leist one formulation are included iiithis table. 



protein, it seems logical to adopt the view that now 


prevails in most developing countries; i.e., that 


animal products are a luxury to be used sparingly to 


enhance main dishes composed of grains and legumes. 


The same modeling and analytical methods could be 


applied equally well to a developing country. In 


such cases, however, we would expect to find some 


nutrient deficts, and the present analysis could be 


used to compare the various alternative agricultural 


strategies for eliminating the deficits at low cost 


and with effective use of resources, 


3.2 	 PRELIMINARY ANALYSIS OF ALTERNATIVE DIETS FOR 

SPECIFIC TARGET GROUPS
 

Since the severity of malnutrition in a country gen-


erally is found to be far greater for some segments 


of the population (e.g., young children) than it is 


for the overall population, nutrition planners will 


usually find that it is more economical to concen-


trate on programs that are designed specifically for 


the most critical segment ("target group") rather 


than for the population as a whole. In this case, 


the food balance sheet method described in Sections 


2 and 3.1 is not adequate by itself because the 


specific needs and pecularities of the target group 


may be overshadowed by the general characteristics 


of the total population. For example, in situations 


where the diet of the target group depends either on
 

low income or on erroneous feeding practices rather 


than 	on inadequate food production, the nutrient 


deficiencies of the target group may be completely 


unrelated to the nutrient deficits indicated by the 


food balance sheet. To provide a more accurate view 


of the target group, it is necessary to move from 


the level of the food balance sheet to the level of 


the consumer expenditure and food consumption sur-


veys. Linear programming is often employed in ana-
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lyses at this level( ), and we have attempted to 


increase the value of these analyses by adding two 

the re-

quirement for essential amino 
constraints that often are omitted: (a) 

acids; (b) a limita-

tion on the total bulk (volume) of food that a per-

son is capable of consuming daily. The bulk con-

straint is extremely important in the case of young 


children because in many countries their traditional 
diets are based on foods and mixtures having nutri-

ent concentrations that are so low that it is physi-

cally impossible for a child to consume the large
 

quantity required to provide adequate amounts of 


calories and protein(
1 5 '. 


Although the analysis can be applied to any target 


group, we have chosen to concentrate initially on 


young children (the approximate age range being 1 to 


5 years), since they often are the most critical 


group with respect to malnutrition. The general ob-


jective of 
the analysis is to assist the nutrition 


planner in designing and comparing alternative nu-


trition strategies that will provide children with 


adequate quantities of the essential nutrients at 


low cost and at sufficiently low bulk. Our initial 


goal 	was to explore the attributes of the analysis 


by considering children's diets in five regions
 

representing different staples: Northern Nigeria
 

(millet and sorghum), Southern Nigeria (yams and 


cassava), Mexico (maize), India (rice), and Turkey 


(wheat). Three segments of the population were stud-


a child weighing 20 kg (age approximately9
ied: 	(1) 


to 18 months); (') a child weighing 20 kg (age approx­
imatelv 5 to 6 years), (3) an adult weighing 60 kg. 

The adult was included as a standard for comparisor. 

The necessary inputs to the linear programming ana­

lysis are: (I) data on the costs, bulk'*, and nu­

trient contents of the principal foods for each of
 

the countries: (2) the recommended nutrient intakes
 

for each group (see Table 5); (3) the bulk limita­

tion 	of each grou,. (estimated to be 900 and 1250
 
ml/day for the 10 and 20 kg children, respectively).
 

Since malnutrition of childrer is predominantly
 
associated with calorie and protein deficiencies, we
 

have 	chosen to simplify the present analysis by
 

neglecting the vitamin and mineral requirements.
 

A summary of the results of this analysis is pre­
sented in Table 6. In the present case a lest­

cost 	diet is defined is a particular combination
 

(mix) of regional foods that meets the nutritional
 
and bulk constraints of the target group whiile
 

minimizing tilecost. The analysis considered a
 

greater number of foods than listed in the table
 

(which includes only those foods appearing in at
 

least one of the formulations). Foods that were not
 

considered in the analysis for a particular region
 

are denoted by the entry of a dash in the table; the
 

entry of a zero denotes foods that were considered
 

but were not selected as component2 of the least­

cost 	formulation.
 

At this point we should mcntion that it is apparent
 

from 	the results in Table 6 that the least-cost
 

diets obtained in this preliminary stage are un­

realistic for actual consumption because the variety
 

of foods in any diet is too limited and the quan­

tities of some foods (e.g., oil and cowpeas) are 

absurdly large for children to digest. The analysis 

would yield more realistic diets if vit'imins and
 

minerals were added to the nutritional constraints
 

(this would increase the variety) and if reasonable
 

bounds were placed on the quantities of certain
 

foods. As an example of the use of bounds, we found 

in the present study of Southern Nigeria that the 

principal regional staples, yams and cassava, would 

not be included in the least-cost diets unless 
forced in by means of a lower bound. We are now 

developing a program (Section 4) that will enable us 

to introduce bounds more easily and thereby observe 

their consequen.es. 

In spite of the unrealistic aspects of the least­

cost 	diets in Table 6, we believe that these results
 

do provide some useful approximate information. To 

illustrate the main features of the analysis and the
 

results, we will discuss the least-cost diets for
 

Northern Nigeria in considerable detail. The ana­

lysis considered seven of the most commonly consumed
 

foods of Northern Nigeria, but the solution shown in
 

Table 6 utilizes only three of these: millet, oil, 

and cowpeas. It is of interest to point out that a
 

diet 	composed solely of millet (804 g) would also
 

fulfill all of the nutrition constraints of the
 

adult, but its cost would be higher than that of the
 

present solution because oil and cowpeas are cheaper
 

* Since water is added to many foods to obtain a
 

consistency that is acceptable to children, our
 

values for the bulk of 
each food include an
 

estimate of the added water.
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Table 5. Nutritional Constraints for children weighing 10 kg and 20 kg (abbreviated
 

CIO and C20, respectively) and for an adult weighing 60 kg (A60).
 

Nutrient Units CIO C20 A60
 

Calories kcal/day 1150 1775 2750
 

Total Protein b g/day 	 14 20 36
 

Essential Amino Acids
 

Isoleucine mg/day 760 1030 930
 

Leucine mg/day 1010 1375 1240
 

Lysine mg/day 735 1000 900
 

Aromatic Amino Acids mg/day 1560
1150 	 1405
 

Sulfur Amino Acids mg/day 630 855 770
 

rhreonine mg/day 580 790 715
 

Tryptophan mg/day 180 250 225
 

Valine mg/day 1130
830 	 1015
 

a 	Based on Calorie Requirements, FAO, Rome, 1957.
 

b The required protein per unit body weight is assumed to be 1.4, 1.0, and 0.6 g/kg for CIO, C20, and 

A60, respectively. [Protein Requirements, WHO, Geneva, 1965.] 

C Based on the assumption that E/T is 427 for CIO, 40X for C20, and 20% for A60. [E/T represents the 

essential amino acids in the total protein.] The amino
 
required proportion (percent by weight) of 


acid requirements follow the recommendations of Munro [in Parenteral Nutrition (A. Wilkinso, ed.)
 

Balliere, Tindall and Cassell, London (in press)].
 

Table 6. 	Least-cost diets calculated for children weighing 10 kg and 20 kg (abbreviated CIO and
 

C20, respectively) and for a 60 kg adult (A60). The foods are expressed in g/day.
 

Northern Nigeria Southern Nigeria Mexico India Turkey 

(Millet & Sorghum) (Yams & Cassava) (Maize) (Rice) (Wheat) 

Foods 	 A60 C20 CIO A60 C20 A60 C20 C1O C20 C1O A60 C20
CIO A60 


a 

Millet and/or Sorghum 362 201 148 - -I - - -


Yams 
 0 0 0 7001 1401 100 1 ­
± 


Cassava 0 0 0 400, 70 50 - -


Maize 	 - - 2 142 95 772
c 


260 191 - - -


Rice ­ - - 0 0 0 755 233 166
 
d 


Wheat . .. 
 . 0 20 11 0 45 35 983 301 


Oil 169 110 63 160 90 49 0 80 42 0 78 41 0 88 


Cowpeas 
 4 35 25 75 80 68 - - - - ­

1
Dry Beans - - - - - - 0 23 17 0 0 0 0 


Chickpeas - - - - - 24
- - - - 0 18 0 0 

b 

Shadow Prices 

Calories .84 .80 .75 .45 .56 .53 1.0 1.25 1.33 1.0 1.05 1.09 1.0 1.26 


Sulfur Amino Acids 0 .05 .05 .12 .77 .82 0 0 0 
 0 .16 .18 0 0 

Lysine .09 .17 .18 0 0 0 0 .07 .08 0 .07 .08 0 .15 


Tryptophan 0 0 
 0 0 0 0 0 .13 .14 0 0 0 0 0 

Total Protein .07 0 0 .07 0 0 0 0 0 0 0 00 0 

Bulk 0 0 0 0 .54 .57 0 .44 .50 0 .30 .33 0 .40 


a 	Although the amounts shown here are for millet, equivalent amounts of sorghum could replace part or all of tilemillet at small 
incremental cost. 

b 	The shadow price of a constraint is the percent change in the cost of the least-cost diet when the level of the constraint is 
changed by I per cent. 

c 	The required amount of maize increases when we 
absume that a portion of the maize is prepared as tortillas.
 

d To account for the loss of nutrients occurring when wheat is prepared as bread, it is assumed that only 100 g of wheat 
are
 

consumed in unprocessed forms while th, remainder is consumed as bread.
 

1 	The amount of this food is equal to the lower bound selected to insure that at 
least a minimal amount would be present in the
 
formulation.
 

C10
 

217
 
48
 

2
 

0 

1.28
 
0
 

.18
 
0 
0
 

.46
 



sources of calories and lysine, respectively, than 


is millet. Since the typical level of consumption 


of millet and sorghum in Northern Nigeria is above 


400 g/day, the amount of millet (362 g) in the pre­

sent solution appears to be reasonable. On the 


other hand, the amount of oil in the solution is un-


reasonable because it is approximately twelve times 


the typical consumption. When oil is constrained 


to a more reasonable quantity by introducing an 


upper bound, the amount of millet in the solution 


increases sufficiently to fulfill the calorie con-


straint, and the diet cost becomes slightly higher. 


The shadow prices given in Table 6 show that, in 


the case of the least-cost diet for the adult in 


Northern Nigeria, only three of the constraints are 


binding: calories, lysine, and protein. Since the 


shadow price is greatest for calories, we may con-

clude that the cost of the present solution depends 

most strongly on the level of the calorie constraint 

(2750 kcal) and on the costs of the foods that are 

the major contributors to the fulfillment of this 

constraint, 

The solution for children's diets in Northern Ni-


geria include the same three foods that appeared in 


the adult diet, but cowpeas are utilized to a great-


er degree because the nutritional const:aints re-


quire a considerably higher protein quality for 


children than for adults. Although calories con-


tinue to be the predominant binding constraint, the 


requirement for high protein quality causes lysine 


and the sulfur amino acids to also be binding. To 


illustrate the contributions of each food to these 
binding constraints we have calculated the following 
contribution percentages from the results shown in 


Table 6 for the 10 kg child: Calories - oil 49%, 
millet 44", cowpeas 8"; lvsine -cowpeas 53%, 
millet 47%; sulfur amino acids - millet 84%, cow-
peas 16%. Oil and cowpeas play important roles
 

because they are very concentrated sources of 


calories and lysine, respectively. Our analysis 
shows that if we were to limit oil and cowpeas to 

more reasonable quantities, millet would increase 
to the degree that the bulk constraint would become 

binding, thereby forcing other foods to appear in 

the formulation and resulting in a substantial in-

crease in the cost. 

Calculations of lea.---ost utrS f-c ;,u.-hern Ni-

geria presented an unusu'l problom becau: E the re-

gional staples, yams and ca:;n , have vcry low con-

centrations of calories and FtLCin. '.ae least-
cost diets that we obtained initially were un-
acceptable because the regional staples were com-


pletely excluded and maize was utilized to a far
 

greater extent than its actual level of consumption 
in the region. The solution shown in Table 6 was 
obtained for the adult diet when constraints were 


added to force the staples to be utilized at levels 

that are approximately equal to their typical con-

sumption levels. In the case of the children's 
dicts, the bulk constraint severely limits the 

quantities of yams and cassava that may be forced 


into the diet. Even the moderate quantities shown 

in Table 6 are sufficiently large to cause the bulk 

constraint to be binding, and yet their ntritional 
content is sufficiently low that the quaitities of 

maize, oil, and cowpeas appearing in the solutions 

are unreasonably high relative to the typical con­

sumption pattern. This problem emphasizes the
 

difficulties associated with formulating children's
 

diets based on yams and cassava.
 

The least cost diets for the adult in Mexico, India,
 

and Turkey were extremely simple because in each
 

case they contain only a single food, the regional
 

staple. The explanation for this result is that
 

the staple is the cheapest source of calories, and
 

the amount required to fulfill the calorie con­

straint provides enough protein and essential amino
 

acids to surpass the corresponding constraints.
 
The children's diets do not exhibit such simplicity
 

because additional foods are included as a result
 

of the bulk constraint and the requirement for high
 

protein quality. Oil is utilized as a supplementary
 

source of calories in all cases, and the amino acid
 

pattern of the regional staple is supplemented by
 

the addition of legumes (e.g., dry beans and chick­

peas) and, 
in some cases, a second grain (wheat).
 

Notice that the shadow prices indicate that the 

binding constraints are calories, bulk and several
 

amino acids.
 

The results of the present study show that the
 

formulation of least-cost diets for children may be
 

influenced to a great degree by the bulk constraint,
 

i.e., the limit on the bulk of foed that a child 

may consume daily. This result is consistent with 
recent statements by Nicol ( 5 ) . As indicated by the 

shadow prices in Table 6, the bulk constraint fre­

quently is as influential as the nutritional con­
straints. This sugPests that it hoeldworthwhilehe 


to determine if changes in food prupaation and/or
 
feeding schedules are feasible and would result in
 

an increase in the amount of low nutrient. density 

foods that a child may coasume without discon-fort. 
It also points out the need for more accurate data 

on the bulk consumed by children of various ages. 

In Table 6 we see that all of the least-cost diets 
computed for children contain large quant ities of 
oil because of its high caloric concentration. 
Furthermore, the shadnw pri('es show that in all 
cases calories are among the binding constraints, 
and in most cases calories are more binding than the 

amino acids. These results indicate that child 

nutrition programs shouJd net concentrate on pro­
tein to the extent that calories are neglected, 
especially since diets deficient in calories result 

in some waste of protein as retabol i:'L'd energy. V 

also note that, for the particular cases considered 

in Table 6, the shadow prices show that the sulfur 

amino acids and lysine generally prove to be the 
most binding amino acid constraints.
 

new
 
foods, the planner benefits from data on thle com­

petitive prices of the foeds, i.e., the price at
 

which the food will appear in a least-cost diet 
having exactly the same cost as the refurence least­
cost diet (e.g., the diets in Table i). 'Ilh pre­

sent analysis provides these data, but we will nct 

In considering the possibility of ttilizil'g 

attempt to present the details. It is of interest
 

to point out, howevet, that in all of the cases 

covered in Table 6 the competitive prices indicate 

that oil seed meals would be more economic choices 
than animal products (milk, eggs, chicken, lamb, 

beef, goat, and fish).
 

146 



4. CONCLUDING REMARKS 


There is wide-spread agreement that malnutrition is 

one of the most critical problems of the developing 

countries, and there are increasing expectations 

that 	systems analysis will contribute significantly 

to the planning and evaluation of programs for com-

batting malnutrition. At this time, however, the 

application of systems analysis to nutrition plan-

ning 	is in its infancy, and therefore the form of 

the analysis has not been established and the bene­
fits 	and limitations are unresolved. In an attempt 


to provide an initial perspective of the problem, 

we have described (Section 2) a tentative outline 

of the nutrition planning process, indicating where 

systems analysis may prove to be useful. 


In Section 3 we summarized our p eliminary studies
 
of the potential utilization of systems analysis in 


two aspects of the nutrition planning process. Al-

though both studies involve drastic oversimplifica-

tions, we believe that they illustrate some of the 

benefits and limitations of a popular technique, 

linar programming. For example, these studies 

clearly demonstrate that the analysis depends criti-

cally on the availability and accuracy of inputs 

froi 	persons representing a wide range of fields, 

including nutrition, medicine, agriculture, social 

anthropology, economics, and food technology. With-

out the proper inputs, the analysis yields results 

that are unrealistic and, therefore, of limited 

value (or even detrimental if not interpreted cor-

rectly). 


Based on the experience gained in these preliminary 

studies, we are now developing a computer-aided 

analysis that will: (a) perform basic calculations 

that 	are useful to the nutrition planner (e.g., 

calculations of the nutrient deficiencies of present 

diets and the cost-effectiveness of various strate-

gies for improving these diets; and c lculations of 

least-cost diets); (b) allow for the input of human 

knowledge and judgment, thereby correcting for the 

limitations of the analytical model and ensuring 

more realistic results; (c) enable various members 

of the planning team (nutritionists, doctors, 

economists, etc.) to examine quickly a wide variety 

of possible conditions and strategies. The computer 

memory will contai- the necessary data on the nu- 

trient requirements and bulk limitations of differ-

ent target groups, as well as data on the costs, 

nutrient compositions, and bulk of various foods. 

Our ultimate objective is to have the analysis 

available at a time-sharing console witl a simple 

instruction manual so that it may be used easily by 

persons having no knowledge of computer programming. 

The operator would type in the necessary input data 

(e.g., country, target group, present diet) and 

then 	specify different nutritional strategies (e.g., 

introduce a food or food mixture that is not 

presently consumed in the country). After examin-

ing the results, the operator would try other 

strategies and/or introduce bounds to obtain more 

acceptable diets. Although this project is more a 

problem of computer-aided design than of systems 

analysis, it utilizes the systems approach to de­
termine what calculations and parameters are most
 
valuable.
 

text 	of a real case because we believe that the
 

specific details of the application of systems ana­
lysis to nutrition planning will vary substantially
 
with ,he nature of the particular country, target
 
group, available resources, and the national nu­
trition policy. Therefore, we arc now arranging to
 
participate in a nutrition planning project in a
 
developing country. Thi; experience will hopefully
 
provide an informative case study of the systems
 
approach to nutrition planning.
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