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Human testing of both food blends and the products of agricultural
 

research is a necessity if appropriate recommendations for the use of 

these foods in human nutrition are to be made. This is especially so 

when the foods are destined to be consumed by infants and children,
 

the group most at risk for developing malnutrition because of their
 

higher nutrient requirements and lower digestive capacities. Such
 

studies in the past have confirmed the high protein quality assayed in
 

rats of such blends as Thriposha. On the other hand a study of three 

corn soy blends, all of apparently equal nutritional value based on 

animal studies, showed that only one was suitaile for infants and 

children. 

With the support of Contract ta-C-1286, the Nutrition Research 

Institute in Lima, Peru has continued work in the "Clinical Assay of 

High Protein Foods". This involves short-term balance studies to 

assess the tolerance, the digestibility of protein, fat and total 

energy content, and nitrogen balance. Where appropriate the cffects 

of supplementation with the amino acid that is first-limiting for 

nitrogen utilization "s carried out. Nitrogen balance, growth during 

more prolonged consumption and plasma amino acid values are used to 

assess the benefit of this supplementation. 

This report summarizes work carried out from 1/1/80 to 12/31/80. 

Most of tlis work has previously been detailed in progress reports to 

AID during the year. These more detailed descriptions are found as 

appendices. 
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I. 	 RESEARCH CARRIED OUT DIRECTLY UNDER CONTRACT ta-C-1286 

A. 	 Sorghum 

Our original studies in nine children with two low protein

low 	lysine sorghums and two high protein-high lysine varieties as whole
 

grain flours were detailed in a previous summary progress report. The 

protein quality and digestibility of all four sorghums was extremely
 

poor. The conclusions were somewhat tentative, however, because an
 

insufficient number of studies had been completed with one low protein

low 	 lysine (954063) and one high protein-high lysine (IS 11758) variety. 

Additional whole grain flour was obtained and four additional infants
 

age 	 8-30 months were entered in the study. Because of previously poor 

results the sorghum study diets provided 8% of energy as protein. 

Control diets (based on casein) provided the usual 6.4%of energy as 

protein. Carrying out these comparisons with study diets providing
 

more protein than the control diet tended to underestimate the difference 

between the two diets but was felt necessary because of the poor 

protein quality of sorghum.
 

Nitrogen retention from the low protein-low lysine sorghum
 

flour was 39% of the preceding casein control value and was associated 

with a slowing of weight gain or, in some cases, weight loss. Some of 

the poor nitrogen retention could be explained by poor digestibility but
 

not all. Nitrogen retention from the high protein-high lysine sorghum
 

flour was inferior, only 25% of the preceding casein control. Much,
 

but not all, of the difference again owed to poor digestibility. Weight
 

gain was similarly poor. An average of 20% of dietary energy was lost
 

in the stool during all sorghum dietary periods.
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The relative nutritional value oi whole grain sorghum flour
 

was compared to the other major staples.
 

Comparison of Various Results of Sorghum Studies
 
With Corresponding Data from Other Staple Foods
 

Apparent NBalance Stool Weight StoolEnergy 

Abs Ret Wet Dry Kcal/d 
___ g/d g/d Ka/ 

Sorghum 46 14 223 38.9 183 

Wheat2 81 20 95 13.3 60 

Rice3 66 26 67 11.6 58 

Potato 4 66 34 165 20.3 78 

Maize5 73 27 133 28.6 117 

Casein6 81 38 94 16.0 69 

1 Mean values of all 26 sorghum periods 

2 Studies of all-wheat pasta, J. Nutr. 109:1290, 1979. 

3 Data from studies of two varieties of rice, J. Nutr. 
108:1740, 1978. 

4 Data from 9 balance studies with potato, J. Nutr. 
110:1849, 1980. 

Data from 6 studies with whole kernel normal maize, 
J. Nutr. 110:1061, 1980.
 

Data from the 11 preceding casein control periods of 
these studies. 

Whole grain sorghum flour is clearly inferior to all. Extensive
 

cooking (boiling for one hour or use of a pressure cooker) did not 

improve digestibility or nitrogen retention.
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The value of "home pounded" and winnowed sorghum has been 

reported to be superior to whole grain sorghum in young men (1). Ou. 

evaluation of a blend containing extrusion cooked pearled sorghum 

(Thriposha) also suggested that processing could alter digestibility 

favorably. It is possible that the whole grain sorghum flour used in 

our studies was not representative of sorghum used in Asia and Africa.
 

In a meeting at AID at which Dr. Lloyd W. Rooney of Texas A&M 

University reported on sorghum use in Mali and Upper Volta, it was
 

pointed out that much of the sorghum used. in these two countries is 

dehulled. In addition, cooking is often done in alkalai solutions
 

rather than plain water. Plans for further studies of one high protein

high lysine and one low protein-low lysine pearled sorghum were 

discussed (see Section II, A., page 6). 

Whole grain sorghum flour should never be distributed for 

human consumption by AID, even to those countries in which sorghum is 

currently eaten, since appropriate home processing is precluded. 

Whole grain sorghum that has not been milled might be appropriate in
 

those countries in which sorghum is already eaten and processing
 

understood; any of the other traditional staple foods would be
 

preferable, if available. The introduction of sorghum into countries
 

in which it is not a'ready eaton and appropriate processing understood
 

could be disastrous.
 

A complete report of these sorghum studies was submitted to 

AID on larch 19, 1980 and is found as Appendix 1. 
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B. Maize 

Short-term balance studies were carried out using endosperm 

and whole kernel maize meals from three different 3-way hybrids 

developed at Purdue University (normal, opaque-2 and sugary-2 opaque-2). 

The opaque (02) gene results in an increase in lysine and tryptophan 

contents while decreasing leucine concentration. The double mutant 

sugary-2 opaque-2 more(su 2o 2 ) has favorable kernel characteristics 

and a higher lysine content and PER in rats. In our studies energy 

digestibility from endosperm meals was seemingly lower than that of 

whole kernel meals, probably because of the increased amount of whole 

kernel meals needed to supply the 6.4%protein calories in each diet. 

Apparent nitrogen retention from whole kernel meals (29.5±7.5% of intake) 

was significantly higher than that from endosperm meals 
(20.9±7.5%)
 

and seemed to relate possibly to better energy absorption, a better
 

balance of absorbed amino acids or more available tryptophan. Samples 

for plasma free amino acids were obtained during the studies and have 

now been determined and the data analyzed.
 

Plasma free amino acids were determined before and 3 and 4 

hours after the first meal of the 27th day of endosperm or whole kernel 

meal consumption. The three varieties of endosperm meals had been
 

consumed in six different sequences during consecutive nine-day dietary 

periods by six subjects. The same protocol was followed for the three 

corresponding whole kernel meals. The plasma aminogram was expected to 

reflect the effects of 26 days of maize consumption and eight days of 

the last variety consumed, particularly the latter. The significantly 

poorer absorptions of from thenitrogen endosperm meals were reflected 

in lower fasting molar ratios of total essentials to total amino acids
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(TEAA/TAA 	= 0.192 versus O..29 for whole kernel). Fasting leucine/TEAA 

molar ratio was consistently elevated, notably after normal maize. 

With the 	exception of one very low (0.067) and one moderately low
 

(0.120) lysine/TEAA ratio, fasting values did not suggest a Zirst

limiting amino acid. Striking postprandial falls singled lysine out
 

suggest that lysine 

as first-limiting in five, possibly six studies, tryptophan in two 

studies (normal endosperm and su 2 o 2 whole kernel) and probably 

isoleucine in oneo 2 whole kernel study. In two studies (su o endosperm 

and normal whole kernel), lysine and tryptophan seemed equally limiting. 

These plasma free amino acid studies is 

probably 	 the most common first-limiting factor when normal maize or 

o2 	 and su2o2 are consumed, but that tryptophan and perhaps occasionally 

isoleucine can also be, first-limiting. The excess of 	leucine, 

particularly in normal maize, was invariably evident even in fasting
 

plasma. The persistently normal methionine/TEAA ratios confirm the
 

fact that 	this amino acid is not limiting in maize. 

The complete report of these studies was not previously 

submitted to AID. It is found as Appendix 2 and was published in the 

Journal of Nutrition 110:1070-1075, 1980. 

II. RESEARCH PLANNED OR UNDERWAY 

A. 	 Sorghum 

Because of the question of whether pearling of sorghum would 

improve digestibility and nitrogen utilization further studies of 

sorgh.n are planned. Dr. Richard Jansen is preparing two samples of
 

sorghum, one high protein-high lysine and one low protein-low lysine.
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The samples will be studied in comparative short-term balance studies 

with a casein control diet. We are in contact with Dr. John D. Axtell
 

concerning the optimal way of preparing the sorghum to be used in these 

studies. Recently completed studies in their laboratory using porcine
 

pepsin in vitro 3howed that the digestibility of uncooked sorghum 

(78-100%) was substantially higher than that of cooked sorghum (45-55%) 

(2). Fermented products gave values of 65-86% compared with unfermented 

cooked gruels from the same flours (44-56%). Either fermentation or
 

boiling in alkalai may be tried, adapting a traditional recipe to the
 

requirements of diet preparation for the studies. 
The group at Purdue 

is continuing to look at other native-processed sorghum foods. As 

the in vitro and animal studies identify promising foods, these 

should be considered for tests in the Nutrition Research Institute. 

B. Cereal-Legume Combinations 

Cereal-legume combinations are widely consumed throughout the 

world. Although legumes represent an important source of protein, 

many are not easily digested and produce flatulence. In most countries 

one or more varieties are fed preferentially to children because they 

appear to be more readily digested. In Peru, "white" beans (Phaseolus 

vulgaris) and broad beans (Vicia faba) are the types most frequently 

used. 

Studies are underway to determine how well combinations of
 

pasta and beans are able to meet the protein requirements of small 

children. Because previous studies in our unit demonstrated that a 

mixture of pasta and casein in which each provided 50% of protein 
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supported nitrogen balance equal to that found when casein alone 

provided all protein, a control diet of casein and pasta has been used 

for comparison with pasta-broad bean and pasta-white bean diets in 

alternating nine-day dietary sequences. Each pasta-bean diet is 

preceded aid followed by a control period. The order of the pasta-bean 

diets is reversed in half the children. These sequences are shown 

below. 

Period 1 2 3 4 5 

Control Pasta PastaWhite Bean Control a Bean 

Control Pasta Pasta
Broad Bean Control ste an 

In all diets pasta provides 50% of protein. Either casein or beans 

completes the protein to provide 6.4% of total calories. In the case
 

of beans the amount of protein provided in the diet has been increased 

to offset decreased digestibility so that the expected net absorbed 

protein will equal 50% of total protein intake.
 

To date six children have completed the study sequence.
 

Nitrogen absorption from pasta-white beans has been 76±4%, from pasta

broad beans 78±6%, from control 82±3%. Corresponding apparent nitrogen
 

retentions have been 31±6%, 28±7 and 30±9%, respectively. Energy losses
 

in stool have been surprisingly low with the pasta bean diets, about
 

9±4% of intake (control about 7±2%). There have been no significant
 

decreases of serum albumin concentration with any diet. Rates of 

weight gain have been greater during pasta-bean dietary periods than 

during control periods although the differences are not significant. 

,7e are reluctant to attach great significance to changes of body 
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weight occurring over such short periods of time. In the past, however, 

we have demonstrated marked decrements in rates of weight gain when
 

dietary protein intake is inadequate, even during these relatively
 

short periods of time. The excellent rates of weight gain seen with
 

pasta-bean diets are reassuring in that sense. 

Three additional children will enter the study to bring the
 

total n to 9. Our preliminary impression is that pasta-bean combinations 

adequately support short-term nitrogen balance. If this conclusion is
 

borne out when the short-term studies are completed, more prolonged
 

(three month) consumption studies should be undertaken to confirm that 

these diets are adequate to support growth. 

III. ADDITIONAL RESEARCH FACILITATED BY CONTRACT ta-C-1286
 
A. Nutritional Value of the White Potato for Infants and Small
 

Children 

The white potato is the fourth leading world food crop after
 

wheat, rice and maize. In terms of energy produced per unit area of
 

land, the potato exceeds all the cereals and stands only behind sugar
 

cane. Protein yield per unit area is superior to the cereal grains and 

second only to soybeans. Despite this fact, the potato is popularly
 

thought of only as a source of starch in the diet. In the United
 

States, the potato contributes more than 2% of total dietary protein,
 

compared with the 3% provided by fish and 6% supplied by eggs.
 

In the Andean reg.on of South America, where the potato 

originated, approximately 50% of children under five years of age have
 

moderate to severe forms of malnutrition. This prevalence owes
 

primarily to early weaning and the lack of suitable weaning foods,
 

J14.
 



both of which combine to initiate the vicious cycle of diarrhea, 

malabsorption and malnutrition. 

1. Short-Term Balance Studies. To determine the potential
 

of the pctato as a food for weaned infants, studies were carried out 

in conjunction with the International Potato Center to evaluate
 

clinical tolerance, overall digestibility and protein quality of
 

increasing amounts of potatoes in the diet of human infants. 

The digestibility and protein quality of the white potato
 

were studied in 11 infants, ages 8-35 months, recovering from malnu

trition. Seven nine-day dietary periods comprised the study.
 

Digestibility was assessed by metabolic balance during the last six
 

days of dietary periods in which potato provided 25%, 50% or 75% of
 

dietary energy. Casein-based control dietary periods preceded and/or
 

followed each potato dietary period. Fecal wet and dry weights, fecal
 

energy, computed fecal carbohydrate and fecal fat during consumption
 

of the 25% potato diet did not differ from control. Analysis of
 

variance showed that consumption of increasing amounts of potatoes 

produced a significant linear increase in all parameters of digestibility
 

except fecal fat. Fecal wet weight and energy content during the 75%
 

potato period were more than double control values. Regression analysis
 

of data from potato dietary periods showed fecal wet weight to be an
 

excellent predictor of fecal dry weight (r=0.904), energy content
 

(r=0.785) and computed fecal carbohydrate (r0.770). Protein quality 

of potato was assessed with N balance studies during the dietary 

periods in which potato provided all dietar, protein (5% protein Kcal). 

Apparent N retention was 78% of that from an isonitrogenous casein 
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control diet. Decreased apparent N absorption was primarily responsible 

for the difference; the "biologic value" (percent of absorbed N that 

was retained) was similar for both diets. 

A complete report of these studies was submitted to AID 

on February 29, 1980 and is found as Appendix 3. These studies were 

published in the Journal of Nutrition 110:1849-1857, 1980. 

2. Prolonged Feeding Studies. Although short-term studies 

demonstrated that infants and children could consume diets in which 75% 

of energy and all protein was provided by the white potato, nitrogen 

balance was inferior to casein control at this level of protein intake. 

Potato intake was limited by the bulk of the diets and the poor 

digestibility of carbohydrates. In these more prolonged studies ten 

children were offered diets containing 50%, 75% and 84.2% of total
 

energy as potato during a period of three months. Casein was added to 

the 50% and 75% diets to complete 8% of energy as protein (N x 6.25). 

Acceptability, tolerance, digestibility and growth of the children 

were analyzed. The 84.2% potato studies were aborted shortly after 

the beginning because of the excessively large volume. Acceptability
 

and tolerance to the 50% potato diets were excellent but with the 75%
 

potato diets were noted to decrease during *Lhe last days of the studies.
 

Six of the eight children who completed the studies showed satisfactory
 

weight gain and catch-up growth while maintaining normal serum albumin
 

concentrations. In one other, weight gain was adequate but catch-up
 

growth was not achieved; in the youngest child weight gain and linear
 

growth were inadequate. Metabolic balances did not show improvement or
 

deterioration of digestibility throughout the study. These studies
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suggested that infants can consume up to 50 to 75% of energy and as 

much as 80% of their nitrogen requirements as potato if the remaining 

energy and nitrogen is provided by a non-bulky, easily digestible food. 

A complete report of these studies was submitted to AID 

on December 30, 1980 and is found as Appendix 4 and has been submitted 

to the Journal of Nutrition for publication. 

B. 	 Quinua: Comparative Studies of Digestibility and Protein 
Quality of Quinua Grain and Flour 

Quinua (Chenopodium quinoa) is a food native to the Andean 

region of South America that traditionally, with potatoes and corn, has 

been an important part of the diets for this population. 

It is grown in cold weather and in altitudes that vary from
 

8,700 to 13,000 feet and for this reason competes little for land area 

with other food crops. The edible portion is the seed or grain, whose
 

approximate composition is 58% starch, 5% sugar, 12 to 19% protein
 

and 	4-5% fat.
 

Most of the research done on this grain has been oriented to
 

the analysis of its protein quality, leading to the conclusion that
 

quinua could be a source of protein superior to most of the true
 

cereals. Nevertheless there is little information in the human being
 

about its digestibility, a factor that, based on studies wi.th other
 

staple foods, could be limiting in the utilization of nutrients.
 

In a previous study done with a quinua-oats diet we noticed 

that the germ of the quinua seed was recovered intact from the stools 

of the children that consumed the diet. Protein and fat digestibility 

was 	also found to be poor with this diet. 
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The present study was designed to analyze in human beings
 

the digestibility and protein quality of the quinua grain, -ieform
 

in which it is usually consumed, in comparison to quinua flour.
 

Six male infants consumed diets in which quinua grain or
 

flour provided 6.4% protein energy. An isonitrogenous casein diet was 

used as a control. Apparent nitrogen retention from whole grains 

(28.9±9.9%) was inferior to that from flour (35.4±7.6%) but the 

difference was not statistically significant. Stool wet weight and 

energy loss, especially as carbohydrate, were greater during grain 

consumption. In general the results suggested that digestibility of 

the quinua seed was the factor limiting protein and energy utilization; 

milling improved digestibility significantly. Even properly milled 

quinua was somewhat inferior in digestibility to potato, wheat or rice. 

A complete report of this work was submitted to AID on 

September 15, 1980 and is found as Appendix 5, These studies are in 

press in the Archivos Latinoamericanos de Nutricion. 

C. 	Prolonged Consumption by Infants of Wheat-Based Diets With
 
and Without Casein or Lysine Supplementation
 

Earlier short-term studies had demonstrated that recovering
 

malnourished infants and small children could consume 75% of calorie
 

rEquirements as 82% extraction wheat flour without deterioration in
 

high digestibility of protein and energy of wheat. Nitrogen balances
 

indicated that at this level protein needs of the children, represented 

by nitrogen retentions from an isonitrogenous casein diet, probably
 

were rot. satisfied. Additional long-term (3+ months) studies in four 

similar infants and children have shown that a diet with 50% calories 
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anid 80% protein from wheat (casein added so that protein calories = 8%)
 

was consumed and digested efficiently and supported weight gain and 

linear growth in excess of that expected for age or "height age".
 

Prolonged feeding of 75% of calories and 100% of protein from wheat was
 

attempted in three infants and small children. In the oldest (age 15.5,
 

height age 12.3 mos.) digestibility and growth were satisfactory. In 

one infant, despite good digestibility, weight gain and linear growth 

were inadequate and serum albumin fell to deficiency levels until 0.2% 

lysine was added to wheat flour. In titc third infant weight gain was 

satisfactory but serum albumin fell to borderline (3.25 g/dl) levels 

and linear growth was inadequate. In six additional infants and
 

children, the addition of lysine during the second of three months was
 

associated with a significant increase in nitrogen retention and weight 

gain and stabilization of falling serum albumin levels. Withdrawal 

of lysine resulted in a significant decrease in the rate of weight gain,
 

but had no effe,t on nitrogen retention or serum albumin levels. 

Linear growth was barely adequate during the three-month studies. The
 

fall in serum cholesterol previously noted with wheat diets was seen 

only when dietary prctein was inadequate. It is practically impossible
 

for unsupplemented wheat to satisfy protein needs of infants and most
 

small children.
 

A complete report of these studies was submitted to AID on
 

November 30, 1980 and is found as Appendix 6. The paper has been 

submitted to the Journal of Nutrition for publication. 
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D. 	Plasma Free Amino Acid Levels of Infants and Children Consuming
 
Wheat-Based Diets With and Without Supplemental Casein or
 
Lysine
 

Plasma amino acid levels during previous short-term studies
 

and from the studies outlined above have been determined and analyzed. 

Fasting and postprandial plasma free amino acids were measured 

in infants and small children consuming five energy-sufficient wheat

based diets: (a) 44 to 50% of calories and all of 6.6% protein calories
 

from wheat, (b) the same plus enough casein to make 8.0%protein 

calories, (c) 75% calories and all of 9.8% protein calories from 

wheat, (d) the same with 0.2% lysine added to the wheat, and (e) 

identical to diet c, but following diets c and d.
 

On the 9th day of diet a, which was clearly inadequate in
 

available protein because of its severe lysine deficiency, 16 subjects
 

demonstrated low fasting TEAA/TAA (total essential amino acid/total
 

amino acid molar concentrations) ratios, with significant declines at 

3 (P<0.05) and 4 hours (P<0.01) postprandially. Fasting molar fractions 

of each essential amino acid (EAA/TEAA) were not different from those
 

of subjects consuming isonitrogenous milkprotein diets, with the
 

exception of slightly lower Lys/TEAA and higher Thr/TEAA. Postprandially
 

there were significant (P<0.001) declines in Lys/TEAA and increases
 

in Ile/TEAA, Tyr/TEAA and Phe/TEAA, as well as a modest (P<0.05) decline
 

in Thr/TEAA. After 3+ months of diet b, four subjects had higher
 

(P<0.05) fasting Lys/TEAA with marked (P<0.01) postprandial declines,
 

much lower (P<0.001) fasting Thr/TEAA, and still significant (P<0.05
 

or <0.01) postprandial increases in Ile/TEAA, Thr/TEAA and Phe/TEAA.
 

After 28 to 89 days of diet c in ten subjects there was a
 

significant (P<0.001) postprandial increase in TEAA/TAA; fasting Lys/TEAA
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was lower than after diet a and its significant (P<0.01 and <0.001)
 

postprandial decline reached lower levels; fasting Thr/TEAA was again
 

elevated, with a modest (P<0.05) decline at three hours. There were 

significant (P<0.01 or <0.001) postprandial increases in Ile/TEAA, 

Tyr/TEAA and Phe/TEAA. When lysine was added in 7 of the 10 subjects 

(diet d), after 8 to 50 days fasting Lys/TEAA was significantly 

(P<0.05) higher, with no postprandial decline; fasting Thr/TEAA was
 

lower (P<0.02). The only significant postprandial change was an
 

increase (P<0.01) in Phe/TEAA. After 15 to 29 days of withdrawing
 

the added lysine in 5 of the 7 subjects (diet e), the plasma amino
 

acid changes were very similar to those after the identical diet c; 

fasting Lys/TEAA was lower, however, suggesting a greater depletion
 

of body lysine pools. 

Fasting plasma free amino acids tend to reflect the diet 

TEAA/TAA ratio, protein/calorie ratio, protein "status", and the 

first-limiting essential amino acid in the diet (after prolonged 

consumption). The second-limiting essential amino acid may actually
 

be elevated. Postprandial declines of EAA/TEAA clearly identify
 

the first-limiting essential amino acid; increases may be due to 

relative diet excess or delays in clearing from plasma.
 

A complete report of these studies is found as Appendix 

7. The complete paper is currently under review by the Journal of
 

Nutrition for consideration for publication. 
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show~.~l.ed th~at consumption of increasing amounts ofpotatoes produued asigni c-Lnt ~~ ~ linear increase in all par-metrs fd~~~~ecpt fecal fat, F cal wet w..eigtzi~----~F~- ~ nd1 energ cotnt'during the 75% p1 opeidre oean ouI, e cntrol~
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