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ABSTRACT 

This research study was designed to develop new food product 

formulations from whole cowpeas (Vigna sinensis) with high protein con

tent and specific nutritional characteristics adequate to meet the re

quirements of both malnourished and well-nourished children. 

Highly acceptable food products were developed from either 

spray-dried or dry-roasted flours. These included a chocolate-flavored 

pudding, cowpea "butter," cookies, frozen desserts and all-purpose, 

whole wheat/cowpea breads. 

A rat feeding experiment to evaluate the nutritional qualities 

of the flours was carried out using Protein Efficiency Ratio (PER) as 

the evaluated parameter. Weanling male rats were fed diets with 10% 

protein (unsupplemented and supplemented) from cowpeas or casein (con

trol). Methionine (0.36%), threonine (0.06%) and lysine (0.1%) were the 

supplementing amino acids used. Unsupplemented diets had very low PERs. 

The spray-dried flour diet supplemented with methionine had a PER about 

15% greater than that of the control. The dry-roasted diet supplemented 

with methionine, threonine and lysine had a PER approximately equal to 

the control. 

It is concluded that it is possible to avoid or alleviate child 

protein malnutrition with either industrially- or home-produced food 

products formulated from whole cowpeas. 

x 



CHAPTER 1 

INTRODUCTION 

Legumes are produced throughout the world and are among the ear

liest food crops to be cultivated by man. They are believed to have 

been cultivated as early as the Neolite era, when man was passing from 

hunting and food gathering into the food-producing stage of human devel

opment. The word legume is derived from the Latin "legumen," which 

means any leguminous plant. The use of the term "pulse" is from the 

Latin "puis," meaning pottage. In modern literature, the term "grain 

legumes" is often found to indicate that the product is concerned with 

the seeds or the edible part of the leguminous plant. 

Legumes also appear early in the development of agriculture in 

the New World. Remains of gourds, squashes, peppers and kidney beans or 

common beans (Phaseolus vulgaris) have been found in caves in Ocanyso in 

Mexico, dated by radiocarbon at 4,000 B.C. or perhaps earlier (Aykroyd 

and Doughty, 1964). In these deposits, the kidney bean precedes by 

about 1,000 years, the staple cereal of the Americas, maize, which has 

no known wild ancestor. 

Three common legumes, of different genera, bear the English 

name "peas," such as: chick-pea (Cicer arientum) but known in India 

as Bengal gram and elsewhere as the garbanzo, the pigeon pea (Ca.janus 

cajan or indicus) also called red gram and the cowpea (Vigna sinensis or 

Vigna ungulata). The chick-pea was cultivated in the early times in 

lands bordering the Eastern Mediterranean and Mesopotamia, and from there 
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spread to India and other parts of Asia (Aykroyd and Doughty, 1964). 

The pigeon pea, which appears to be native to southeast Asia, is an im

portant legume in India. It has spread to tropical Africa, West Indies 

and tropical America. The cowpea is probably a native of West Africa, 

but is also grown today in the tropics and is used extensively in Italy 

and Spain. 

Legumes such as beans and peas are important dietary sources of 

protein, calories, vitamins and minerals. They are consumed worldwide, 

and the consumption demand is increasing (Oliveira, 1973). In develop

ing countries, where there is a deficiency in animal products, they rep

resent a principal source of protein. As a protein source, they are 

particularly important in the diet of middle and low income groups in 

many tropical countries. Legumes have about 22% protein (Bressani, 

Elias and Navarete, 1961), generally considered to be of low biological 

value, as it is deficient in sulphur amino acids. 

Research and development in field beans has not been emphasized 

in the tropics to the same extent as has commercial export crops (cof

fee, sugar cane, etc.) or even cereal grains (maize, wheat, rice, etc.). 

The Centro de Agricultura Tropical (C.I.A.T. Annual Report, 1971) has 

developed a research program in beans to increase their productivity, 

total production and consumption. One of the specific objectives of 

CIAT's effort is to improve or maintain the protein quality and nutri

tive value of the beans for their use in direct human consumption. 

Traditionally, the consumption of beans and peas in the tropical 

countries is by older children and adults. Children of five years of 
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age or younger generally consume only the cooking water or broth, which 

has very low nutritive value. In most cases, the only source of protein 

for post-weaning children is bean broth. This is thought to be one of 

the major causes of the widespread child malnutrition seen in many 

tropical areas. 

In Brazil, for example, a tropical country of South America, 

beans and peas are consumed daily throughout the country. This is es

pecially true in the northeast, where the population has a generally 

lower per capita income compared to the other regions of the country. 

When chemical scores of dietary patterns in Brazil were calculated for 

region and by income level, the data strongly suggested that, for all 

income levels and for all regions, methionine is clearly the first li

miting amino acid (Jansen, 1975). Increasing dietary methionine, there

fore, can be of great benefit in improving protein availability in 

Brazil. The national average individual daily bean consumption is 59.2 

grams. In some areas of the country this figure ranges as high as 109 

grams in rural areas and 82 grams in urban areas (ETENE/BNB, 1969). 

The purpose of the present investigation was to develop pro

cessed foods in several generic classes from the whole cowpea legume. 

The use of simple, comparatively inexpensive processing techniques was 

a major consideration. The foods were formulated to contain a high pro

tein level as determined by biochemical and standard animal nutrition 

tests. Certain physical and sensory properties of the foods were evalu

ated. The potential use of the foods to meet the needs of malnourished 
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as well as adequately nourished humans in both young and mature age 

groups was an essential criterion. 



CHAPTER 2 

LITERATURE REVIEW 

Leguminous plants belong to the family Leguminosae and are cul

tivated throughout the world in both tropical and temperate zones. 

Their edible seeds provide a considerable contribution to the world sup

ply of animal feed and human food. 

Animal Feeding 

Rats fed a 10% protein diet from garbanzos had significantly in

creased weight gain when fortified with methionine (Russel, Taylor and 

Mehrhofand, 1946). Broad bean (Vicia faba) seeds may be used as a source 

of protein for chicks up to four weeks, of age with good results 

(Bletner, Chalhoub and Groft, 1963) when supplemented with other sources 

of protein. Autoclaved field peas (Pisum sativum) greatly increased the 

nutritional value of diets for young chicks (Kienholz, Jensen and 

McGinnis, 1950). Cuca (1975) studied the effect of autoclaving some 

legumes, such as lentils, broad beans, N-66 bean and flor de mayo on 

chick growth and mortality. He found that autoclaved legumes had a 

definite effect of the weight gain of the birds and that raw N-66 beans 

accounted for the highest mortality rate for the chicken; namely, 41.65%. 

Cull legumes are commonly used in swine feeding as a protein and 

energy source. The cull legumes used in swine feeding are split, small 

and damaged seeds (Morrison, 1951). Performance of pigs fed on cull 

peas as the source of protein in a wheat-barley ration resulted in 

5 



significantly better feed utilization/weight gain than diets based on 

meat and soybean meal (Cunha et al., 1948). Cull blackeye peas (cow-

peas) can be included at a level of 50% in pig rations as a protein 

source without detrimental effects on growth (Heitman and Howart, 1960). 

However, cowpeas alone, as a source of protein, decrease daily gain con

siderably. If cowpeas are heat treated, there is an improvement in the 

pigs' gain and apparent protein digestibility (Sevilla-Eusebio et al., 

1968). Germination appears to depress performance. The addition of 

methionine to germinated beans in swine rations is beneficial (C.I.A.T. 

Annual Report, 1971). Common beans are a good source of protein for 

swine when they are cooked and combined with animal protein materials 

(Morrison, 1951; Cunha, 1957). 

Formulation of milk replacers for calves using proteins of vege

table origin has been investigated in an attempt to increase the net 

supply of milk for human consumption. Colvin and Ramsey (1968, 1969) 

obtained encouraging results by feeding young calves acid- or alkali-

treated soy flour. Gorril and Nicholson (1969) and Gorril and Thomas 

(1967), using a protein concentrate (71% crude protein) to supply 60% 

of the total dietary protein, found the material to be well-digested and 

capable of promoting satisfactory growth rates in young calves. Bell 

(1975b) evaluated a field pea protein concentrate to replace milk pro

tein for calves. He found that pea protein and pea starch were too in

digestible when used as the only protein source in milk replacers for 

calves under 10-14 days of age. 
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Human Nutrition 

Leguminous seeds are an important source of nutrients in human 

nutrition (Stanton et al., 1966). They are good sources of protein and 

carbohydrates. They have a small amount of fat, provide a fair amount 

of minerals, such as calcium and iron, and have variable quantities of 

most water-soluble vitamins depending on their stage of maturity and 

dryness. The protein quality and digestibility of most cooked, mature 

beans are similar (Pak, Araya and Cafati, 1977; Sgarbieri, Antunes and 

Almeida, 1979). Sucrose, stachyose, raffinose and verbacose accumulate 

in the developing soybean. Maltose is present in the immature soybean. 

It increases to a maximum during early development, decreases during 

maturation and disappears at ripening (Amuti and Pollard, 1977). 

Legume seeds vary in chemical composition. Typical analysis of 

soybean shows 41.5% protein while, in other legumes, it ranges between 

20.6 to 27.9% (Elias, Cristales and Bressani, 1976). The nutrient con

tent of legumes tends to vary depending on such factors as the use of 

fertilizers, variety and processing treatment (Oliveira, 1973; McGinnis 

and Capella, 1975). Proximate analyses of 13 mature, dry American cow-

pea seeds indicated the following composition: moisture, 9.6%; crude 

protein, 22.9%; crude fat, 1.6%; crude fiber, 4.1%; ash, 0.3%; and non-

fiber carbohydrate by difference, 57.7%. Sucrose, raffinose, stachyose 

and verbacose at levels of 2.2, 1.2, 3.4, and 0.9%, respectively, are 

reported (Akpapunam and Markakis, 1979). Protein concentrate from field 

peas and fava beans (Vicia faba) contain 60 and 75% protein, respective

ly, but both are very low in methionine, as are most legumes (Bell, 
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1975a). Rice beans (Phaseolus calcaratus), cowpeas and red beans grown 

in Guatemala were found to be very similar in chemical composition. 

When they are compared with the amino acid pattern of FAO Reference Pro

tein, methionine plus cystine were the most limiting amino acids fol

lowed by leucine and tryptophane. They have a high lysine content 

(Bressani, Elias and Navarete, 1961). It has been shown, mainly in 

cereals, that nitrogen fertilization often increases protein concentra

tion of the grain but not necessarily the relative amounts of the limit

ing amino acids in the grain protein (Kenney, 1970). Raising soil 

phosphorus levels appears to increase the amount of protein in the 

ground nut and cowpea, but there is no report on the nutritive value of 

the resultant proteins (Omueti and Oyenuga, 1970). The yield and nutri

tive value of common beans are also influenced by fertilization with N, 

K and P (Sousa et al., 1973). Nitrogen fertilization of soybeans re

sulted in similar chemical changes in composition of the beans, but the 

nutritive value of the protein was shown to be higher than without fer

tilization (Farh and Oliveira, 1968). 

Storage 

Dry beans are commonly regarded as non-perishable food stuffs. 

It should be noted, however, that storage stability is not absolute. 

Bean preparation requires hydration (Morris, Olson and Bean, 1950) and 

cooking (Gloyer, 1928). When beans are not properly stored, these op

erations may be hampered. Morris et al. (1950) tested 12 varieties 

and strains of common beans by soaking samples for 24 hours at room 

temperature and found that the percentage of "hards" (units that do not 
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absorb water) ranged from 1 to 45%. Gloyer (1928) showed that the lower 

the humidity during storage, the higher the percentage of hardshell 

beans. Hardshell beans tend to be smaller than normal ones (Bourne, 

1967). Increased cooking time is a function of storage time, tempera

ture and moisture content (Burr, 1973). Beans stored with 13% or more 

moisture require a longer cooking time than the ones stored at lower 

moisture contents (Morris and Wood, 1956; Muneta, 1964; Morris, 1964; 

Burr, Kon and Morris, 1968). Soybeans stored at 25.5°C for up to 34 

months at about 6.2% moisture lost 28% of the protein nutritive value 

(Mitchel and Beadles, 1949). Crude protein concentrate from defatted 

soybean flakes stored at a 9.1% moisture level for 12 weeks underwent an 

18% available lysine decline (Ben-Gera and Zimmermann, 1964). Dawson 

et al. (1952) stored pea beans in a relatively low moisture atmosphere 

for a year and observed a 20% thiamine loss. Chitre, Dessai and Rant 

(1955) stored pulses in amber-colored, sealed bottles and found no sig

nificant loss of thiamine or niacin. They found, rather, an increase in 

riboflavin. Insect infestation during storage brought about a marked 

reduction in thiamine content (Rajan et al., 1976). 

Legume Genetics 

Methionine levels in mature seeds of common beans is determined 

genetically (Kelly, 1971). Lam-Sanchez (1978) showed that soybean ge

netic improvement designed to increase protein content of the grains 

result in a concurrent reduction of oil content. 
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Legumes in Human Diet 

Processing Methods 

Although beans constitute an important source of calories and 

protein in many human diets, they must be cooked prior to consumption in 

order to enhance digestibility and to destroy various toxic or antinu-

tritional factors (Hintz, Hogue and Krook, 1967; Pak and Barja, 1973; 

Jaffe, 1968; Liener, 1962). Temperature, time and moisture conditions 

are important factors involved in the destruction of these factors. 

Overcooking may, in fact, reduce the nutritive value of the protein 

(Gomez et al., 1975). Presoaking is not necessary to eliminate the 

toxicity of dry beans, but it does contribute to softening of the seeds 

and reduction of total required cooking time (Pak, Mateluna and Araya, 

1978). Losses of total solids, N compounds, total sugars, oliogosac-

charides, calcium, magnesium, thiamine, riboflavin and niacin were found 

to be very small when California white beans were soaked at temperatures 

up to 50°C (Kon, 1979). Black beans (Phaseolus vulgaris) cooked for 

2 o 10-30 minutes at 0.7 kg/cm 10 psi (121 C) retained maximum nutritive 

value. Open kettle cooking for 4 hours was found to be as good as pres

sure cooking within a 10-30 minute time period (Bressani, Elias and 

Valient, 1963). Proximate analyses of home-boiled, cooked beans showed 

similar nutritional composition as compared to other methods, except for 

field beans in which the lysine content was lower (Brenes et al., 1975). 

Pak et al. (1978) studied cooking methods required to inactivate bean 

flour toxicity and found that boiling for 10 minutes inactivated hemag

glutinins. Boiling for 30 minutes destroyed other toxic factors. 
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The presence of hemagglutinins in prepared beans (Phaseolus vulgaris) 

indicates inadequate cooking. 

Effect of Processing on Chemical 
and Nutritional Projects 

The effect of processing on the nutritive value of certain com

mon beans and cowpeas combinations (100/0, 50/50, 25/75 and 0/100) was 

studied (Bressani et al., 1961). Processing of the raw material in

volved soaking the grains, cooking by autoclave, dehydration and grind

ing using three different methods. The products were analyzed for 

trypsin inhibitor and for protein quality by protein efficiency ratio 

(PER) assays. The trypsin inhibitor activity decreased as cowpeas re

placed common beans. Better weight gain and PER were obtained when the 

dryer drums rotated at 4 rpm. Cowpea flour produced from beans after 

soaking for 36 hours followed by seed coat removal and air drying de

creased the weight/daily gain and PER of growing rats (Onayemi, Pond and 

Krook, 1976). When soaked, dehulled and ground cowpea flours were sup

plemented with various levels of DL-methionine (0.2, 0.4 and 0.6% of 

solids). PER values increased with the level of added methionine up to 

0.6%. Both the 0.4 and 0.6% levels gave PER values comparable to that 

of casein (Onayemi and Potter, 1976). Cowpeas have been used to re

place part of wheat flour in bread-making (Okaka and Potter, 1977). 

They found that an 80/20 wheat/cowpea blend produced an acceptable bread 

volume. Full-fat soy and navy beans have been used to make instant bean 

powder in a roasting salt bed (Harper and Lorenz, 1974; Carvalho and 

Jansen, 1977; Jansen and Harper, 1978). They suggest several potential 
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The nutritive value and the safety of the product may be affect

ed when the protein is treated with strong alkali (Bodwell, 1977). The 

most marked effects appear to be the lowered protein digestibility and 

utilization as well as decreased levels of cystine and lysine. Little 

or no change in the protein was found with soy protein treated at room 

temperature with alkali solutions at pH below 10. 

Toxic Components 

In addition to hemagglutinins (substances which agglutinate red 

blood cells (RBC)), legumes are known to have other antinutritional fac

tors such as trypsin and amylase inhibitors, goiterogenic factor, cyano-

genic glucosides, a toxic principle-$-(N-J-L-glutamyl)-aminopropionitrite, 

a diuretic principle, and a toxic histone-like protein (Liener, 1962). 

Most of these antinutritional factors can be partially or completely 

eliminated by proper cooking methods (Liener, 1962; Jaffe, 1968). Two 

of five raw kidney bean samples were active in agglutinating rabbit RBC 

and were toxic when fed to growing rats. Diets prepared with these 

beans caused weight loss and death in rats even though supplemented with 

methionine (Jaffe, 1968). Trypsin inhibitors in crude, extracted soy

bean flour accounted for 40% of the growth-depressing action in rats as 

well as 40% of their pancreatic hypertrophy effect (Kakade, Hoffa and 

Liener, 1973). Rats fed diets containing trypsin inhibitors isolated 

from navy beans and from synthetic sources caused growth inhibition, re

duced the PER and resulted in pancreatic enlargement as compared to the 

control group (Kakade, Simons and Liener, 1970). Cystine in navy beans 

is not readily available for chick growth unless modified by heat 
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applications of such a process in legume-cereal food industry. Kon, 

Wagner and Booth (1974) obtained legume powder by acidifying the slurry 

during the cooking process. They supplemented the material with 0.6% 

methionine and when it was fed to rats observed a higher PER but still 

22% below that of casein. 

A beverage produced from soybeans with a very high protein re

covery, based on the raw material, was reported by Nelson, Steinberg 

and Wei (1976). Kon et al. (1970) prepared a legume milk from dry 

California small white beans (Phaseolus vulgaris) treated under acid 

conditions to inhibit seed lipoxidase. This technique produced a slurry 

which was evaluated by sensory methods and gas chromatography. The 

treatment was found to have suppressed the off flavor developed at pH 

3.85 and below. Maximum protein extraction was obtained at pH 2.0. The 

final pH was adjusted to 6.5 for optimum beverage acceptability. 

Effect of Processing on Chemical 
and Nutritional Properties 

Bacigalupo, Reynoso and Davila (1975) used cooked beans (Phase

olus lunatis and Phaseolus vulgaris) to enrich noodles and sweet bread, 

"canote pan." They added the beans either as sweetened bean paste or as 

protein pellets. When the protein pellets, containing no sugar, were 

incorporated into the dough, the PER was raised from 0.84 to 1.26. The 

authors attributed this to the detrimental effect of the Maillard reac

tion on the nutritive value of the sweet bread. A reduction in PER has 

also been demonstrated for pea beans coated with dextrose and cooked in 

steam at 121°C (LaBelle and Hackler, 1975). 
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treatment (Kakade et al., 1969). Pancreatic amylase inhibitors are 

present in all legume seeds studied so far, but it appears to be highest 

in some kidney bean cultivars (Jaffe, Moreno and Wallis, 1973). 

Digestibility 

It is well known that the protein of legumes used for human food 

has low digestibility and biological value (BV). Some legumes have bet

ter protein characteristics than others. Bressani et al. (1977) suggest 

that white beans are superior to black or red beans. Except for soy

beans, digestibility of the dry matter and energy decreases as intake 

increases. Extraction of tannins from sorghum seeds by alkali treatment 

improved in vitro digestibility (Chavan, Kadan Chonsikan and Salunkhe, 

1979). A 60% protein concentrate from field peas was less digestible 

than that from egg, fish or casein (Bell and Youngs, 1970). Seed germi

nation did not improve the BV, digestibility coefficient (DC) or net 

protein utilization (NPU) of green gram (Phaseolus aureus), cowpea and 

chick-pea (Venkataraman, Jaya and Krishnamurthy, 1976). The in vitro 

trypsin digestibility of soybean protein can be significantly improved 

by heat treatment, particularly at pH 1, by amylase treatment and by di-

sulphate bond cleavage (Boonvisut and Whitaker, 1976). The in vitro 

digestibility of isolated raw starches of chick-pea, cowpea and green 

gram increases with germination but, if cooked, the digestibility of 

those grains improves markedly (Kumar and Venkataraman, 1976). 

Flatulence 

The ingestion of common beans and soybeans (Glycine max) may 

cause flatulence in humans. The basic cause of this phenomenon is not 
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well established, but most agree that microbial fermentation is involved 

(Steggerda, 1967; Richards and Steggerda, 1966). Carbon dioxide is not 

the only component of flatus (Murphy and Calloway, 1972; Steggerda and 

Dimmick, 1966). Carbon dioxide and hydrogen are always present; methone 

may be completely absent (Murphy, 1964). Cooking Bengal gram and green 

gram (Phaseolus radiatus) as well as germination of the two legumes did 

not greatly alter their flatus-inducing capacity (Shurpalekar, Sundara-

valli and Desai, 1973). Calloway, Burrougs and Stone (1971) experiment

ed with food-processing methods to reduce intestinal gas-forming 

properties of legumes. Antiobiotic drugs such as iodochlorhydroxyquin 

and neomycin can reduce the flatus activity of hydrogen-producing micro

organisms on bean meal (Murphy and Calloway, 1972). 

Experimental Diets 

Previous studies have concluded that methionine and cystine are 

the first limiting amino acids of beans. These are followed by leucine 

and tryptophane (Bressani et al., 1961). Cereals are high in methio

nine and low in lysine. Legume-cereal diets for rats (Maffia, Clark and 

Mertz, 1976; Humerez and Oliveira, 1977; Calloway et al., 1965) and hu

mans (Sousa, Santos and Oliveira, 1973; Pak and Araya, 1977; Humerez and 

Oliveira, 1977) have shown a reasonably good protein value. A 70:30 

rice-mung bean diet blend was evaluated using rat growth and nitrogen 

balance, and the results indicated that this combination is incapable of 

maintaining suitable rat growth (Bunce et al., 1970). A cooked rice-

temph diet had a PER value higher than that of a casein diet (Kardjati, 

1976). Diets prepared with bean broth solids caused low feed intake and 
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weight loss (Mondragon and Gonzalez, 1978). The most significant losses 

in cooked bean broth are in cystine, thyamine and niacin (Mondragon and 

Gonzalez, 1978). 

Supplementation 

A bean-manioc flour diet fortified with 0.2 to 0.4% methionine 

improved the bean protein quality and did not interfere with the physi

cal aspects or taste of the flour (Oliveira, Salata and Campos, 1973). 

Addition of methionine to common legumes, including lima beans, hya

cinth beans, peas, cowpeas, chick-peas and pigeon peas, resulted in a 

protein quality adequate to support good growth of weanling rats in all 

cases. Pigeon peas required addition of tryptophan. Methionine supple

mentation of soybean protein for feeding very young and older children 

confirmed the beneficial effect on nutritive balance (Jansen, 1975). 

Nutrification of beans by methionine infusion was described by Antunes, 

Sgarbieri and Garruti (1979) in which bean methionine was raised from 

1.2 to 24 g/100 g of protein and the absorbed water was only 40% of the 

bean weight. 

Nutritional Improvements 

Approaches to nutritional improvement programs must capitalize 

on the dietary habits of the population (Lachance, 1975). Malnutrition 

among vulnerable groups is minimized by the traditional use of beans 

eaten with starchy foods, especially cereals (Mosha, 1973). Infant 

weaning food mixtures containing maize, beans, fish meals and sugar have 

been accepted in Tanzania, and the production is feasible at village 



level. A high protein weaning food prepared by 1:1 soybean-banana mix 

ture (wet basis), containing 25% protein, 8.8% vegetable oil and 50% 

carbohydrate was prepared. Rats appeared to have normal growth rates 

when fed such a preparation (Kelly, 1975). 



CHAPTER 3 

EXPERIMENTAL PROCEDURE 

Chemical Analyses 

Protein Determination 

The micro-Kjeldahl method (Hawk, Oser and Summerson, 1954; 

AOAC, 1970; Church and Pond, 1974) was used for the analysis of all raw 

materials, flours and diets. A sample size of 300 mg was selected to 

insure accurate results, and the determinations were performed in dupli

cate on a Kjeldahl digestion distillation battery designed for 12 sam

ples at a time. 

Reagents. Two percent boric acid solution (20 g/1), 40% NaOH 

(40 g/100 ml), 0.01 N HC1 (1 ml conc. HC1/1) normally used 3-14 ml/16 1. 

Catalyst solution. Mix in the following proportions: 0.05 g 

Henger's selenium, 0.15 g CuSO^ (anhydrous), 0.05 g Na2S0^ (anhydrous). 

Digestion solution. Modified methyl red: 0.125 g methyl red, 

0.0825 g methylene blue, 100 ml ethyl alcohol. 

Standardization of HC1 for titration. 

1. Weigh 140 mg of dried NH^Cl into 100 ml volumetric flask and 

bring to volume with distilled water. (Dry NH^Cl in oven at 

o 
100-110 C to constant weight and store in dessicator.) 

18 
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2. Pipette 5 ml of solution (7 mg) and proceed with the Kjeldahl 

titration. 

3. Calculation of normality: 

0.007g NH4C1 _ Q.130866g. eq. wt. _ N 
HC1 x 0.05349g HC1 ~ 2 ml HC1 

g. eq. wt. 

4. Factor for conversion to milligrams of protein: 

ml of titration N HC1 x 0.014gN x 6.25g protein x 1000 mg 
mg of sample 1 meq. wt. x Ig N 

ml of titration x protein conversion factor x 100 _ ^ protein 
mg of sample 

Kjeldahl Method 

1. Weigh a piece of cigarette weighing paper and record the weight. 

Weigh the sample and the paper together. Subtract the weight of 

the paper and record the net sample weight to four decimal 

places. 

2. Add about 0.2 g of catalyst (about one-half of small scoop 

spatula). 

3. Place the weighed sample into a Kjeldahl digestion flask. Use 

30 ml flask for a 300 mg sample. 

4. Add 30 ml l^SO^-H^PO^ mixture to the Kjeldahl flask (using 

goggles). 

5. Add a boiling stone if necessary to prevent frothing. This is 

especially necessary if oils and fats are present in the sample. 
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Place the flasks on the digester under a hood. Turn on the fan 

and aspirator and lower the hood. The digester must be set at 

low temperature until the danger of frothing is over. Turn heat 

up until the sample is digested as seen by a change in appear

ance. When completely digested, the sample is completely trans

parent, water clear or light blue in color (goggles and gloves 

are necessary to protect the eyes and hands when shaking flasks). 

Run a blank using cigarette paper only and with all other steps 

being the same as for the sample. Subtract this blank titration 

from the sample titration. When the samples are digested, re

move them from the digester and place them in a wire basked un

til cooled to room temperature. The flasks should be capped to 

prevent absorption of nitrogen from the room atmosphere. 

Distillation and Titration 

1. After thoroughly flushing the distillation equipment, fill outer 

jacket with water to a level adequate to just cover the heating 

coil. Wear goggles when transferring sample and 40% NaOH. Add 

10 ml 2% boric solution from a buret to a 50 ml Erlenmeyer flask. 

To this add three drops of indicator solution and attach to ap

paratus with condenser tip immersed in liquid. 

2. Transfer of the sample to the Kjeldahl apparatus is made on the 

basis of sample size; namely, for a 30 ml flask: 

a. Transfer solution to 25 ml volumetric flask and make up to 

volume when cooled to room temperature. 

6. 

7. 



3. Take a clean, 2 ml volumetric pipette and draw sample past the 

mark. Withdraw and wipe the pipette tip clean. Drain the pi

pette to the mark and then empty it into the Kjeldahl apparatus. 

Fill the pipette to the mark with distilled water and rinse by 

emptying into the apparatus. 

4. Fill a graduated cylinder with 10 ml 40% NaOH. While pouring a 

small stream of distilled water from a wash bottle, empty the 

NaOH into the Kjeldahl apparatus. Clamp off the apparatus and 

attach the flask with boric acid to the apparatus. Make certain 

there is water in the outside jacket of the apparatus. 

5. Turn on the heating element, which should be set at 55 on the 

scale for the Kjeldahl run. Let the sample boil until the sam

ple begins to condense on the cold finger of the apparatus. 

When the first drop of condensate falls off the cold finger into 

the boric solution, start the stopwatch and let the apparatus 

run for 2h minutes. Then lower the flask so that it clears the 

apparatus of the liquid and let it run for another 30 seconds. 

Turn off the apparatus. Rinse out the Kjeldahl apparatus with 

distilled water and repeat the sequence. 

6. Titrate the boric acid solution, which is now a green color, 

with .01 NHC1 until there is a distinct color change to blue or 

purple. Record the titration to two decimal places. 

Calculation of Percent Protein 

For 0.3 g samples (30 ml flask), multiply the weight by 80 be

cause the sample was 2/25 ml. This gives sample weight in milligrams. 
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titration (ml) x standard factor (mg/ml) x 100 = nrotein 
sample weight (mg) 

Ether Extraction 

This method is suitable for determination of substances which 

are soluble in ethyl ether, such as fats, waxes, phospholipids, fatty 

acids, chlorophyl^, chlorophy^, non-lip id aromatic esters, aldehydes, 

esters and carotenes. Under no circumstances should the extraction be 

carried on overnight. 

1. Weigh a dry, aluminum thimble and add approximately 0.5 g sam

ple. Obtain a total weight and determine net sample weight by 

difference. 

2. Dry the aluminum thimble with the sample in a vacuum oven at 

95-100°C overnight. Cool in desiccator for 30 minutes, weigh 

and determine the dry weight of the sample (this is the dry 

sample). 

3. Put the aluminum thimble with the dry sample in the extractor. 

Add 50 ml ethyl ether to the solvent beaker. 

4. Make certain that the condenser water is running. Turn on the 

hot plate to medium at first and then to high as the extraction 

progresses. If the flow of ether returning through the thimble 

is too great and it starts building up, turn the heater back to 

medium. 

5. Stay with the extractor until all units are functioning and it 

is determined whether or not there is an ether leak. 
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6. Turn the release valves on top of the condenser several turns to 

make certain there is a good seal. If there is loss of ether at 

this point, turn off the individual unit and check the cork 

gasket. 

7. Continue the extraction for a minimum of six hours. Check the 

extractor frequently during this time, making certain that there 

is no ether leakage. 

8. Turn off all the hot plates and lower them. Wait until the ether 

stops refluxing in the beaker and thimble. Put the cover in 

position over the hot plate. Then remove the beaker and thimble 

from the unit. 

9. Place the thimbles in a wooden rack and put the rack in the hood 

to allow for dissipation of residual ether before putting the 

rack in the oven. 

10. Place the rack in the vacuum oven, start the aspirator and allow 

the vacuum to reach division No. 10 on the gauge before turning 

on the oven heat. 

11. Dry overnight at 95-100°C. Cool in the desiccator and weigh. 

Calculations. 

(wt. of thimblefdried sample)-(wt. of thimble and extracted dried sample) 
dry sample weight 

x 100 = percent ether extract 
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Acid-detergent Fiber 

The acid-detergent fiber procedure provides a rapid method for 

lignocellulose determination in feedstuffs. It is used as a preparatory 

step for lignin determination (Adams, 1975). 

1. Weigh 1 g air-dried sample ground to pass 20-30 mesh (1 mm) 

screen or the approximate equivalent of wet material into a 

beaker suitable for refluxing. 

2. Add 100 ml cold (room temperature) acid-detergent solution and 

2 ml decahydronaphthalene. Heat to boiling in 5-10 minutes. 

Reduce heat as boiling begins in order to avoid foaming. Adjust 

boiling to a slow, even rate and reflux 60 minutes from onset of 

boiling. 

3. Filter on a previously-tared Gooch crucible which is set on the 

filter manifold by applying light suction. Break up the filter 

mat with a glass rod and wash twice with hot water (90-100°C). 

Rinse the sides of the crucible in the same manner. 

4. Repeat the washing with acetone until it removes no more color; 

break up all lumps so that the solvent comes into contact with 

all particles of fiber. 

5. An optional wash with hexane may be needed at this point. Hex-

ane should be added while the crucible still contains some ace

tone (hexane washing can be omitted if lumping is not a problem 

in the analysis). Aspirate the acid-detergent fiber free of 

hexane and dry at 100°C for 8 hr or overnight and weigh. 

6. Calculate the acid-detergent fiber (ADF) 

(WQ - Wt)(100)/S = ADF 
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where: WQ = weight of oven-dried crucible including fiber 

W£ = tared weight of oven-dried crucible 

S = oven-dried sample weight 

Acid-detergent Lignin 

1. Prepare the acid-detergent fiber as previously described. 

2. Add an amount of asbestos to the crucible containing the acid-

detergent fiber about equal to the volume of fiber. Cover the 

contents of the crucible with cooled (15°C), 72% H2SO4 and stir 

with a glass rod to a smooth paste, breaking all lumps. Fill 

crucible about half full with acid and stir. Let glass rod re

main in crucible; refill with 75% H2SO4 and stir at hourly in

tervals as acid drains out. Crucibles do not need to be kept 

full at ail times. Three additions are adequate. Maintain 

crucible at 20-23°C. After three hours, filter off as much acid 

as possible with vacuum. Wash contents with hot water until 

free from acid. Remove and rinse stirring rod. 

3. Dry crucible at 100°C to constant weight. 

4. Ignite crucible in a muffle furnace at 500-550°C for three hours, 

cool to room temperature and weigh. 

5. Calculate acid-detergent lignin by: 

(L x 10)/S = ADL 

where: L = loss upon ignition after 72% H2SO4 treatment 

S = oven-dried sample weight 



Amino Acid Analysis 

Amino acids for all samples of the whole cowpea flours were de

termined with a Beckman amino acid analyzer (Model 120B) (Beckman Model 

121 Automatic Amino Acid Analyzer Instruction Manual, 1970). 

Protein hydrolysis was as follows: 

1. Weigh out an exact amount of sample (sample size should be such 

that the concentration is 0.7%/ml when dissolved in 25 ml 2.2 

buffer (6NHC1)). In this case, the size of each sample was 

0.060 mg. Transfer the sample to a glass ampule and carefully 

add 12 ml HC1 (6N). 

2. Connect the evacuation connector to the ampule with a pinch 

clamp. The stopcock on the connector must be wired on to pre

vent the possibility of vacuum loss in the oven. 

3. Prepare a dry-ice/acetone bath and submerge each ampule in the 

bath until the contents are frozen. Evacuate each tube via the 

connector with a high vacuum pump. Allow the ampules to thaw 

while remaining under vacuum. The oxygen which is trapped in 

solution will escape and enter the gaseous phase. Freeze the 

tubes again and re-evacuate. Flush the tubes with dry nitrogen 

and evacuate three additional times. This can be accomplished 

quite easily by using a three-way stopcock with one outlet at

tached to the pump, another to a nitrogen tank and the third to 

the vacuum connector on the tube. 

4. Hydrolyze the samples at 145°C for four hours. The ideal time 

of hydrolysis varies with the type of the sample. Usually it 

will be from 2 to 8 hours. 
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5. Break the ampule seal and transfer the contents to a round-

bottomed flask and evacuate to dryness. Add deionized water 

(from the rinsed ampule) to the flask and evacuate again up to 

three times. The residue is then transferred with pH 2.2 buffer 

to a 25 ml beaker and the sample filtered through Whatman paper 

No. 42. It is then ready to be injected into the amino acid 

analyzer. 

Chromium Oxide Determination 

Sample treatment is as follows: 

1. Weigh triplicate samples into 125 ml Erlenmeyer flasks as 

follows: dried material, approximately 2.5 g; rat feces, ap

proximately 1.0 g. In this experiment the sample weights were: 

feed a-2.0 g, feces M..0 g. 

2. Add 10 ml conc. HNO-j to each sample and allow the samples to 

stand overnight at room temperature in a hood. 

3. Digest the samples on a hot plate until 2-3 ml of liquid remains. 

Gently swirl the flasks several times during this step. 

4. Remove the flasks from the hot plate and carefully add 15 ml 

concentrate HCIO^ to each sample before it cools. Allow the 

acid to run down the sides of the flask in order to wash down 

any sample adhering to the sides. 

5. Return the flasks to the hot plate immediately and continue the 

digestion for 15 minutes past the appearance of the orange color. 

Gently swirl the flasks several times during this step. After 

dense white fumes appear in all samples, a higher hot plate 



setting may be used. Prior to the appearance of dense, white 

fumes, samples that develop black flecks or begin to boil rapid

ly should be promptly removed from the hot plate and a few mil

liliters of concentrated HNO^ added immediately. These samples 

may then be returned to the hot plate. Samples are not com

pletely digested until all the green color has changed to orange. 

Samples that have green particles adhering to the sides of the 

flasks should be allowed to digest for longer periods of time. 

If this does not work, it is necessary to scrape the green par

ticles off the sides of the flask using a glass rod and a mini

mum amount of deionized 1^0. These samples must then be returned 

to the hot plate and allowed to digest for 15 minutes after the 

^0 boils off. 

6. Remove the digested samples from the hot plate, allow them to 

cool for a few minutes and then add a few milliliters of de-

ionized 1^0. Swirl the flasks until the orange color turns 

yellow. 

7. Quantitatively transfer the samples to 100 ml volumetric flasks 

using deionized 1^0. 

8. When the samples are completely cooled, dilute the flasks to 

mark with deionized 1^0, shake and allow the samples to stand 

overnight. 

9. With a minimum amount of disturbance to the sediment in the bot

tom of the flask, decant 5-10 ml of each sample into a Coleman 

tube. 
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10. Using a Coleman Junior 11 Spectrophotometer and deionized 1^0 as 

a reference, read and record the absorbance (A) of each sample 

at 444 nm. 

Calculations• 

1. ppm Cr,0_ = K x A samPle x 100 
J sample (wt) 

K = .250 ppm 

(It was then transformed to percent C^O-j by moving the decimal 

point four places to the left.) 

2 .  

f fcr2°3 feed 
N fecesil 

% digestibility = 100 - (100 x 

Food Product Formulations 

The cowpea legume used in this experiment was obtained from the 

California Bean and Grain Coop, Pixley, California. The variety was 

blackeye pea, California No. 5, U.S. Grade No. 1. This legume is also 

known as "bean" in Africa or "feijao de corda" or "macassa" in Northeast 

Brazil. Foods in several generic classes were formulated from the pro

cessed whole cowpea material as a possible means of improving dietary 

protein intake by individuals such as young children. The starting ma

terial was in three forms: a spray-dried flour, an aqueous slurry of 

about 12% solids, and flour from pulverized dry-roasted material (Figure 

1). All sensory evaluations were made by an informal group of at least 

three trained, experienced observers. 
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Figure 1. Processing Flow Sheet for Foods from Whole Cowpeas. 
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Chocolate-flavored Pudding 

The cowpea pudding was prepared by closely following the Illinois 

procedure for soy milk (Figure 2) (Nelson, Steinberg and Wei, 1976). 

The first step involved cleaning and sorting to remove non-cowpea ma

terials, followed by soaking the cowpeas in 0.5% aqueous NaHCO^ (1:3:: 

dry peas:solution) for 16 hours at room temperature (Tonella, 1978). 

After soaking and draining, the product was rinsed with tap water and 

then blanched at 100°C in a freshly-prepared 0.5% NaHCO^ solution (1:3:: 

original dry peas:solution). After blanching and draining, the peas 

were rinsed again in tap water. Sufficient tap water was then added to 

make approximately 12% cowpea solids. The mixture was blended at high 

speed for one minute in a Waring blender (Model 31BL79, CB-6). The slur

ry was then heated to 92°C in a water bath, stirring continuously, 

cooled to 60°C and then homogenized in a Manton-Gaulin, two-stage ho-

mogenizer at a capacity of 757 1/hr (Model E) with a first-stage pres

sure of 3500 psi (245 kg/cm^) and 500 psi (35 kg/cm^) on the second 

stage. The slurry was then neutralized with 6N HC1 to a pH between 6.8 

and 7.2. Sucrose, NaCl, cocoa, stabilizer/emulsifier, diacetyl and va

nilla were added (Figure 3, step 10) and the mixture heated to 82°C. 

After cooling to 60°C, the product was homogenized as previously de

scribed. The pudding was packaged in clear glass, 170 ml baby food con

tainers and stored at 4°C. The product had a pudding consistency, very 

mild odor, chocolate brown color and pleasant flavor. It was stored for 

three months without significant change from the original characteristics 

but with slight syneresis. 
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1. Soybeans Dry whole soybeans (Wayne variety) 

2. Soak Soak overnight in tap water (84 ppm CaCO-
hardness) solution of 0.5% NaHCO^ (1:3:: 
bean:solution) 

3. Drain Drain 

4. Blanch Blanch in fresh tap water solution of 0.5% 
NaHCO^ for 30 minutes (1:3::original dry 
beans:solution) 

5. Drain Drain and tap water rinse 

6. Add water Grind through hammermill (Fitzpatrick, 
Model D with sufficient tap water to make 
12% bean solids 

7. Grind first through 0.25 inch opening screen 
then through 0.028 inch opening screen 

8. Heat Heat slurry to 200°F in a steam jacketed 
kettle 

9. Homogenize Homogenize at 3500 psi (first stage pres
sure) 500 psi (second stage pressure with a 
Gaulin Model 15 M8TA) 

10. Add water Mix slurry with tap water to adjust protein 
content to desired level 

11. Neutralize Nuetralize with 6 N HC1 to pH 6.8 to 7.2 

12. Formulate Add sugar, salt and flavoring (5.0% sucrose, 
0.2% NaCl, 0.02% vanillin, 0.007% starter 
distillate) 

13. Heat Heat to 180°F 

14. Homogenize Homogenize as above 

15. Bottle Bottle 

16. Cool Cool and store at 34°F 

Figure 2. Preparation of Beverage from Whole Soybeans. — Source: 
Nelson et al. (1976). 
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1. Blackeyed peas Clean to remove non-legume extraneous 
material 

2. Soak Overnight in tap water solution of 0.5% 
NaHCOg (1:3::pea:solution) at room 
temperature 

3. Drain, rinse Drain and rinse in room temperature tap 
water 

4. Blanch In fresh tap water solution of 0.5% NaHCO^ 
for 30 minutes (1:3::original dry peas: 
solution) 

5. Drain, rinse Drain and rinse in room temperature tap 
water 

6. Slurry blending Blend in a Waring blender at high speed, 
adding tap water to make about 12% solids 
(room temperature) 

7. Heat Heat the slurry to 92°C in a water bath, 
stirring constantly 

8. Homogenize At 175 kg/cm (first stage pressure) and 
35 kg/cm2 (second stage pressure) 

9. Neutralize With 6 N HC1 to a pH 6.8 to 7.2. 

10. Formulate 12% cowpea solids, 10% sucrose, 3.5% coconut 
fat, 1.5% cocoa, 0.3% emulsifier/stabilizer 
diacetyl and vanilla flavoring (according to 
manufacturer's recommendations) 

11. Heat 82°C 

12. Cool 60 °C 

13. Homogenize As in step 8 

14. Pack Clean glass 170 ml container 

15. Cool and store 4°C 

Figure 3. Sununary of- Formulation and Processing Procedure for 
Chocolate-flavored Pudding from Whole Cowpeas. 
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Spray-dried Flour 

This material was produced following the basic procedure for 

pudding processing (Figure 3) through step 6 and then spray-dried. The 

spray drier used was a horizontal, countercurrent-type drier. The in

side dimensions of the V-shaped drying chamber were: height 3.5 m, 

length 5.6 m, and the maximum width 2.3 m. The inlet fan delivered 

100 mJ of air per minute at the prevailing static pressure; the capa-

3 city of the exhaust fan under those conditions was 400 m of air per 

minute. 

A positive-feed pump fed the slurry into a high-pressure pump of 

the spray drier. A positive-feed pump was required in order to prevent 

air from entering the high-pressure pump. The positive pump did not af

fect the bean-slurry capacity of the drier. Spray nozzle pressures be-

r\ 2 

tween 20 kg/cm and 245 kg/cm were tested. The inlet and outlet air 

temperatures varied between 177 and 138°C and 104 and 71°C, respectively. 

The atomization of the bean slurry was accomplished with a pressure-

type nozzle of a grooved-core inert design. The nozzle produced a hol

low core spray pattern. All but one of the test series were performed 

with high-pressure spray nozzles. Flat top cores (No. 20) having two 

grooves of nominal width and depth of 0.020 in and 0.031 in were em

ployed in the high-pressure nozzle. High-pressure nozzles with orifice 

diameters of 0.0200, 0.0250, 0.0292, 0.0380 and 0.0465 in were used. 

The powder had a light greyish color and a mild-bean odor. 
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Dry-roasted Flour 

Flour was produced by grinding dry-roasted, whole cowpeas. This 

comparatively simple, inexpensive procedure consisted of the following 

steps. 

1. Sort and clean cowpeas. 

2. Roast in a pre-heated (home standard) oven at 160°C for 50 

minutes. 

3. Grind peas to a 100 wire mesh. The product is a very fine pow

der with a very light beige color and a mild flavor and odor. 

This flour was found to be suitable for several food product 

formulations, including bread having excellent loaf qualities. 

By comparison, bread made with the spray-dried flour gave a 

rather heavy loaf property and a deep greyish color. 

Bread from All-purpose 
Wheat/Cowpea Flour Combinations 

All bread products were produced in standard household equip

ment using only cysteine and KBrO^ as dough additives other than normal 

break-making ingredients. The utensils and oven were standard household 

types with the measures being the so-called "common measures" in Agri

culture Handbook No. 456 (U.S.D.A. Agricultural Research Service, 1975). 

A standard procedure was used for all break preparation (Table 1), as 

follows. 

1. Sift together flour(s), salt, whey. 

2. Measure H^O and heat to 45°C. 
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Table 1. Summary of Formulation and 
Cowpea-wheat Flours. 

Procedure for Bread Made with 

Formulation 

All-purpose 
Flour 
(%) 

Parts 
(Units) 

Whole Wheat 
Flour 
(%) 100 Parts 

Flour 54.0 100.0a 57.0 100.0a 

Water 35.0 65.0 35.0 62.0 

Shortening 4.9 9.0 1.7 3.0 

Sucrose 1.6 3.0 2.0b 3.5 

Whey protein 1.6 3.0 1.1 2.0 

Yeast 1.6 3.0 1.7 3.0 

NaCl 1.2 2.25 1.1 2.0 

Malt syrup — — 0.3C 0.5 

Cysteine solution 100ym(100 ppm) 100ym(100 ppm) 

Potassium bromate 50ym(50 ppm) 50um (50 ppm) 

aWheat-cowpeas making a total of 100 parts (75/25 or 65/35). 
^Light brown sugar. 
cAdded only to whole wheat/cowpea breads. 
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3. Dissolve sugar in part of water and the yeast in the remainder. 

4. Put sugar, yeast solution and melted shortening in a mixer bowl. 

5. Add the cysteine and potassium bromate solutions. 

6. Add h of the flour and mix well. Add the remaining flour. 

7. Beat the dough at low speed for a full development (about 6 

minutes). 

8. Place the dough in a greased bowl and allow it to double in size 

(about one hour). 

9. Depress the dough, turning the edges toward the center. 

10. Allow the dough to sit undisturbed for ten minutes. 

11. Open the dough and give rectangular shape. Place the product on 

a greased 9 x 9 x 6 in pan (this was for one loaf experimental 

bread). Allow to rise for an hour. 

12. Bake in a preheated oven at 190.5°C for 35-45 minutes. 

13. Remove from the pan(s) and place on a rack to cool. 

Note: The same procedure was used to make all breads. Dry in

gredients were sifted three times to incorporate air. 

The only difference was that malt syrup was used in whole wheat/cowpea 

bread but not in the other products (Table 1). The two most descriptive 

O 
properties of bread are loaf volume (cm /g) and appearance/flavor (Table 

2). In the case of the all-purpose wheat/cowpea flour combination, the 

O 
loaf volume of the 75/25 and 65/35 products were 3.75 and 3.04 cm /g, 

respectively. The control volume was 3.75 cm /g. As for the whole 

wheat/cowpea combination, the volumes for the 75/25 and 65/35 were 3.06 

and 3.07 cm /g, respectively, compared to 3.95 cm for the control. 



Table 2. Characteristics of Cowpea/Wheat Breads Using Cysteine/Potassium Bromate. 

Formula CHARACTERISTICS 
Weight LOAF VOLUME 
(gx) Total(cm^)a 

O 
cm /g % Control Color Flavor 

100% All-purpose wheat 
flour (control) 841 3157.5 3.75 100 normal normal 

75/25% All-purpose wheat 
flour/cowpea flour 807 3033.5 3.75 100 

slightly 
darker 

almost the same 
as control 

65/35% All-purpose wheat 
flour/cowpea flour 830 2526.0 3.04 81 

much 
darker 

stronger beany 
odor 

100% Stone-ground whole 
wheat flour (control) 798 3157.5 3.95 100 normal normal 

75/25% Stone-ground whole 
wheat flour/cowpea 
flour 

65/35% Stone-ground whole 
wheat flour/cowpea 
flour 

823 

821 

2526.0 

2526.0 

3.06 

3.07 

77 

78 

same as 
control 

same as 
control 

same as control 

slightly 
different 

Bread volumes were measured some weeks after they had been baked, only. 

10 
00 



Cinnamon Sweet Rolls from All-purpose 
Wheat Flour/Cowpea Combinations 

A high-protein, cinnamon-flavored sweet dough was developed 

(Table 3). The procedure for making the dough is as follows. 

1. Measure the required amounts of cysteine and potassium bromate 

solutions into the warm water (45°C). 

2. Dissolve yeast in the water, add sugar and let it stand for 5 

minutes. 

3. Add melted margarine and eggs to yeast mixture and beat at slow 

speed. 

4. Add one cup of flour, whey, salt to the mixture and turn the 

mixer to medium speed. 

5. Return to low speed and add remaining flour. Total mixing time 

should be 6-8 minutes. 

6. Remove dough from mixing bowl, form into a ball and roll in 

greased bowl until the dough ball is well greased. Cover and 

let stand at room temperature. 

7. Allow the dough to rise in a warm and draft free area for lh 

hours. 

8. Press it down and then let it rise again for 40 minutes. Press 

down again, remove from bowl and let stand on a floured board 

for 10 minutes. 

9. Shape the dough into small balls or muffin-type form or vary as 

desired. 

10. Place on greased cookie sheet, cover and let rise 20-30 min. 

11. Bake at 177°C 15-20 minutes until golden brown. 
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Table 3. Summary of Formulation and Procedure for Making Cinnamon-
flavored Sweet Dough with 40% Cowpea Flour. 

Percent of Weight Common 
Parts Total Weight (g) Units 

All-purpose flour 100.0 39.0 310.0 c 

Cowpea flour 67.0 26.0 205.0 lh c 

Melted margarine 37.0 14.3 114.0 h c 

Water 31.0 12.2 97.0 h c 

Granulated sugar 16.0 6.3 50.0 h c 

Whey protein 3.0 1.2 10.0 2 tsp 

Cinnamon 1.5 .6 5.0 1 tsp 

Salt .7 .3 2.5 h tsp 

Cysteine 100 ppm 

K bromate 50 ppm 

Total 256.2 99.9 793.5 



Approximately 60% all-purpose wheat flour was combined with 40% dry-

roasted cowpea flour. The rolls had highly acceptable volume, appear

ance and flavor characteristics. 

Cowpea "Butter" 

A cowpea "butter" (similar to peanut butter) was produced by 

adding certain combinations of partially saturated coconut fat, dextrose 

and salt to pulverized dry-roasted cowpeas (Table 4), as follows: 

1. Melt the coconut fat at 40°C. 

2. Add the Wesson oil, flour, sodium chloride and dextrose to the 

melted coconut fat. 

3. Blend all, first at medium speed and then at high speed, for 

3 minutes. 

4. Package. 

Various combinations of Wesson oil:coconut fat such as from 10:90 to 

90:10 were prepared in an attempt to reach a desirable, spreadable con

sistency. The same approach was used for dextrose (e.g., 3, 5 and 7%) 

and for salt (e.g., 1, 1.5 and 2.0%) combinations in order to arrive at 

the most suitable combination. The product with 61% cowpeas, 23.1% 

Wesson oil, 9.9% coconut fat, 5% dextrose and 1.00% salt had very ac

ceptable appearance, spreadability and flavor. 

Cowpea "Butter" Scotch Bars 

The cowpea "butter" was used to formulate scotch bars (Table 5), 

as follows: 
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Table 4. Summary of Formulation and Procedure for Cowpea 
"Butter." 

Ingredient Percent 
Pulverized, dry-roasted, whole 
cowpeas 61.0 

Wesson vegetable oil 23.1 

Coconut fat 9.9 

Dextrose 5.0 

NaCl 1.0 

Total 100.0 

Table 5. Summary of Formulation and Procedure for Cowpea "Butter" 
Scotch Bars. 

Parts 
% of 
Total 

Weight 
(S) 

Common 
Units 

Cowpea butter 100.0 24.5 284.0 1 1/8 c 

All-purpose flour 94.0 23.0 270.0 1 1/8 c 

Light brown sugar 82.0 20.0 227.0 1 1/8 c 

Chocolate morsels (semi-sweet) 69.0 17.0 199.0 lh c 

Soft margarine 61.0 15.0 170.5 3/4 c 

Baking powder 1.0 .3 3.5 h tsp 

NaCl 0.4 0.1 1.75 k tsp 

Vanilla extract 0.4 0.1 1.75 5 drops 

Total 100.0 1157.0 
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1. Blend margarine and cowpea "butter" at medium speed for 5 min. 

2. Add brown sugar gradually and blend for an additional 10-15 

minutes, scraping down the sides and bottom of bowl every 5 

minutes. 

3. Add vanilla and mix. Add flour, baking powder, and salt and mix 

completely. 

4. Add chocolate morsels and mix again at low speed until evenly 

mixed. 

5. Place into a 9 x 9" pan and evenly distribute over the bottom of 

the pan. Bake in a 190°C oven for 25 minutes. While still 

warm, cut into 5 x 4 cm squares. 

The resulting pastry was a highly acceptable product. 

Cowpea-based Frozen Dessert 

The frozen dessert formulation was based on cowpea flour, coco

nut fat, sugar, whey protein isolate, stabilizer/emulsifier and flours 

(Table 6). The procedure for making the dessert is as follows: 

1. Follow the procedure for cowpea pudding up to blending (Figure 

3, step 6). 

2. Add cocoa and mix well. 

3. Heat the slurry to 74°C for 30 minutes. 

4. Cool to 60°C and homogenize the mixture as in chocolate pudding. 

Add cinnamon before homogenization. 

5. Cool to 4°C. 

6. Freeze with continuous freezer. 

7. Package and harden. 
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Table 6. Summary of Formulation and Procedure of 
Chocolate Cinnamon-flavored Cowpea Frozen 
Desserts. 

Weight 
(g) Total (%) 

Water 23,000 58.0 

Sucrose 6,000 15.0 

Cowpea solids 4,400 11.0 

Coconut fat 4,000 10.0 

Cocoa 1,600 4.0 

Whey protein 400 1.0 

Cinnamon powder 200 .5 

Emulsifier 160 .4 

Stabilizer 40 .1 

Total 40,000 100.0 
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Heating the slurry to 74°C is critical to avoid further gelatinization, 

which is undesirable for the next steps. It was important to add cinna

mon just before homogenization to partially prevent the volatinization 

of its aroma. The product had acceptable flavor and good appearance. 

Some formulation refinements are necessary to obtain optimum overum, 

body and texture properties. 

Rat Feeding Experiment 

Animals 

Nine groups of 28-day old male weanling rats of the Sprague 

Dawley strain were used in this experiment. Each group consisted of six 

males having an average initial body weight of 105 g between and within 

the group. Rats were housed in individual, standard, stainless wire 

mesh cages. The feeding experiment was conducted in a quiet, clean, 

temperature-controlled (Bodwell, 1977), locked room. Only authorized 

research personnel were allowed access as needed for feeding, cleaning 

and other observations twice a week. 

Diets 

Eight diets with 10% cowpea protein were compared to a control 

diet (No. 1) having the same protein level provided by casein (Tables 

7, 8 and 9). 

Cowpea-based diets utilized flour processed by one of two meth

ods. Diet Nos. 2, 3, 4 and 5 were prepared from spray-dried cowpea ma

terial (p. 34). Diet Nos. 6, 7, 8 and 9 were prepared from dry-roasted 

flour material (p. 35). The dry-roasted flour was ground to a 20 mesh 



Table 7. Composition of the Individual Diets. 
kcal/g, kcal/g = 3.52. 

— Ten percent protein per diet, assumed 3.43 

Protein DIET COMPOSITION (%) 
Ingredients (%) 1 2 3 4 5 6 1 8 9 

Casein 89. 90 11. .12 
Spray-dried flour 
from water soaked and 
blanched cowpeas 23. 72 42. .20 
Spray-dried flour 
from NallCOj soaked and 
blanched cowpeas 23. 79 42. ,20 42. ,20 42. .20 
Flour from pulverized 
dry-roasted cowpeas 22. 30 42. .20 42. .20 42. 20 42. ,20 
Cerelose 71, .60 41, .70 41. ,70 41. .34 41. .28 41. .70 41. .34 41. 28 41. ,18 
Corn oil 9. .38 8. ,20 8. ,20 8. ,20 8. ,20 8. ,20 8, .20 8. 20 8. ,20 
Cellulose - 3. .00 3. ,00 3. ,00 3. .00 3. ,00 3. ,00 3. .00 3. 00 3. ,00 
AIN vitamin mix 1. .00 1. ,00 1. .00 1. ,00 1. ,00 1. ,00 1, .00 1. 00 1. ,00 
AIN mineral mix - 3, .50 3. ,50 3. .50 3. , 50 3. .50 3. .50 3. ,50 3. 50 3. ,50 
Cr 2O3 - 0. .20 0. ,20 0. ,20 0. ,20 0. ,20 0, ,20 0. ,20 0. 20 0. ,20 
Choline chloride - 0. ,20 0. ,20 0. ,20 0. ,20 0. .20 0. ,20 0. .20 0. 20 0. ,20 
DL-methionine 0. ,36 0. ,36 0. ,36 0. 36 0. ,36 
L-lysine HCl - 0. .10 
L threonine 0. .06 0. 06 0. ,06 

To tal 100. .0 100. ,0 100. .0 100. ,0 100. .0 100. ,0 100. .0 100. 0 100. .0 



Table 8. Percentage Mineral Composition in the Mix and Diets. 

Mix^" Diet 
Calcium phosphate (CaHPO^) 50.0 1.750 

Sodium chloride (NaCl) 7.4 0.259 

Potassium citrate 22.0 0.770 

Potassium sulfate 5.2 0.182 

Magnesium oxide 2.4 0.084 

Manganese carbonate (43.48% Mn) 0.35 0.012 

Ferric citrate (16-17% Fe) 0.60 0.021 

Zinc carbonate (70% ZnO) 0.16 0.006 

Cupric carbonate (53-55% Cu) 0.03 0.001 

Potassium iodate 0.001 (0.4 ppm) 

Sodium selenate 0.001 (0.4 ppm) 

Chromium potassium sulfate 0.055 0.002 

Sucrose, powdered 11.80 0.413 

Total 100.0 3.5 

^•10664 AIN mineral mixture 76-American 
Biochemicals. 

Institute of Nutrition. U. S. 



Table 9. Composition in Mix Vitamin and Diets. 

Mix1 Diet 

Retinyl palmitate 
(mg/kg)-

800.0 0.2 

Pyridoxine HCl 700.0 7.0 

Thiamin HCl 600.0 6.0 

Riboflavin 600.0 6.0 

Folic acid 200.0 2.0 

D biotin 20.0 2.0 

Menaquionine 5.0 0.05 

Cholecolciferol 2.5 0.03 

Cyanocobalamin 1.0 0.01 

(g/kg) 
Sucrose powdered 972.9 9.73 

dl-a-Tocophenyl acetate 20.0 0.2 

Nicotinic acid 3.0 0.03 

D-calcium pantotenate 1.6 0.02 

^10663 AIN Vitamin Mixture 76-American Institute of 
Nutrition. U. S. Biochemicals. 
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sieve. These diets were designed to test the biological quality of cow-

pea protein when used either alone or supplemented with the limiting 

amino acids, methionine and threonine. Lysine was included in diet No. 

9, since the work of Burr (1973) indicated that certain heat treatments 

may destroy part of that amino acid. The amino acid supplementing 

levels were: methionine, 0.36% (diet Nos. 4, 5, 7 and 9); threonine, 

0.06% (diet Nos. 5, 8 and 9), and lysine, 0.10% (diet No. 9). Supple

mentation of the diets is shown in Table 10. Each diet was supplemented 

with 1% vitamin mix (Table 9), 3.5% mineral mix (Table 8), 0.2% chlorine 

chloride, 3% cellulose and 0.2% chromium oxide (C^O^). The latter was 

used as an external marker as recommended for the determination of di

gestibility (Church, 1969), plus varying levels of cerelose and corn oil 

to provide an isocaloric property. All diets were calculated to have an 

energy level of 3.52Kcal/g of dry matter. The diet components were well 

mixed for uniform blending and analyzed for protein both before and af

ter the feeding trials. 

Experimental Work 

The initial weight of each rat was recorded, and the average 

initial weight for each group was calculated. Rats were weighed once a 

week and fed (ad libitum) twice a week. Feed was weighed before and af

ter being taken down from the stainless steel cages. In order to com

pute the net feed intake, feces and hair were screened from the material 

scattered in the bottom of the cages. Deionized water was provided (ad 

libitum) through a bottle mounted on the outside of the cage. Water was 

changed once a week. Feces were collected, screened to remove residual 
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Table 10. Codification for Control and Experimental Cowpea Diets. 

Diet No. 

Determined 
Protein 

Concentration (%) 
1 (C) Casein (control) 10. 03 

2 (SD/W)1 16-hour soaking followed 
by blanching in tap water 
(W) only 

10. 05 

3 (SD/Na) 16-hour soaking followed 
by blanching. All in 0.5% 
NaHCOg(Na) solution 

9. 86 

4 (SD/Na/M) Same as No. 3 + 0.36% 
methionine (M) 

10. 24 

5 (SD/Na/M/T) Same as No. 4 + 0.06% 
threonine (T) 

10. 38 

6 (DR)2 Dry-roasted cowpea flour only 10. 38 

7 (DR/M) Same as No. 6 + 0.36% 
methionine (M) 

9. 97 

8 (DR/M/T) Same as No. 7 + 0.06% 
threonine (T) 

9. 96 

9 (DR/M/T/L) Same as No. 8 + 0.10% 
lysine (L) 

10. 23 

Spray-dried (SD) flour prepared from soaked, blanched cowpeas. 
"Dry-roasted (DR) cowpea flour. 
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feed and hair, oven-dried, weighed, well-mixed and an aliquot kept for 

chemical analysis. The feeding period lasted for 28 days after which 

the animals were sacrificed. 

Nitrogen and Crude 
Protein Determination 

Nitrogen and crude protein determinations were done on all ma

terials by the standard micro Kjeldahl method, and crude protein was 

calculated as N x 6.25. 

Chromium Oxide Determination 

The spectrophotometry method using Colleman Junior II Spectro

photometer was used to determine the percent of chromic oxide in the 

experimental diet and in the feces collected in order to calculate the 

digestibility of protein (Schurch, Loyd and Crompton, 1950). The fol

lowing equation was used: 

<•/ r-r n = P.P. x k (standard) 
2 3 sample weight (g) x 100 

Protein Efficiency Ratio 

PER was determined as described by Osborne, Mendel and Ferry 

(1919). Casein was used as the standard. The equation for calculation 

was as follows: 

PER = weight gained 
protein consumed 
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Protein Digestibility 

The following equation was used for the determination of protein 

digestibility using chromium oxide (C^Og) as an external indicator. 

The equation of Edwards and Gillis (1959) was applied: 

% Cr2C>3 in feed % protein in feces] . nn 
% in feces X % protein in feed J x 

S 

% protein digest. = 100 -



CHAPTER 4 

RESULTS AND DISCUSSION 

Chemical Analyses 

The proximate analyses were made on all whole cowpea flours 

(raw, spray-dried soaked in tap water, spray-dried soaked in NaHCO^, 

dry-roasted at 135°C for 80 minutes and dry-roasted at 160°C for 50 min

utes) (Table 11). The results indicated that dry-roasted flours lose 

about 4% of their protein when compared to the original protein analy

sis. Spray-dried flours retain their protein value. Ether extract re

mained constant for all flours; however, total carbohydrates in the 

dry-roasted flours increased by about 13% over the raw cowpeas. While 

total fiber increased 88% in the spray-dried flour, it decreased 31% in 

the dry-roasted material heated flour at 135°C. It remained the same in 

the cowpea flour dry-roasted at 160°C for 50 minutes. 

Amino Acid Analyses 

It is known that moderate heat treatment applied to legumes 

brings about improvements in protein quality and digestibility and de

stroys growth inhibitors and other toxic factors (Tannenbaum, 1979). It 

is also known that overheating may affect moist vegetable protein nutri

tional value by causing a decrease in the most labile amino acid, cys

teine, and a partial unavailability of the most reactive amino acid, 

lysine (Tannenbaum, 1979). 
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Table 11. Typical Proximate Analyses of Cowpea Flours. 

Raw 

Spray-dried 
Soaked in 
Tap Water 

Spray-dried 
Soaked in 
0.5% NaHC03 

Dry-roasted at 
135°C for 
80 Minutes 

Dry-roasted at 
160°C for 
50 Minutes 

Dry matter 

Carbohydrates 

Protein 

Fiber 

Ether extract 

Lignin 

91.75 

58.73 

23.24 

5.09 

3.34 

1.35 

97.13 

57.63 

23.72 

9.57 

2 .26  

3.96 

g/lOOg-

95.78 

55.20 

23.79 

9.56 

3.04 

4.19 

97.02 

66.25 

22.25 

3.53 

3.34 

1.65 

97.45 

65.24 

22.30 

5.06 

3.43 

1.42 

Ln 4S 
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These relationships supported the need to make amino acid analy

ses of the whole cowpea flours in this experiment (Table 12). Results 

showed that the sulphur-containing amino acids (methionine and cysteine) 

were the first limiting factors of the protein followed by threonine. 

Lysine concentration was reasonably high. Since whole cowpea flours 

have a rather high carbohydrate content, it is possible that the E-

amino functional group of lysine residues would tend to bind carbonyl 

compounds of any reducing sugar present. The limiting amino acid con

tent in the flour remains fairly constant with the exception of cys

teine, which is nonexistent in the processed flours. 

Chromium Oxide Determination 

Digestibility based on the chromium oxide method indicates that 

cowpeas generally have low digestibility. The results are compatible 

with those found in the literature (Jaffe, 1975). When cowpea digesti

bility is compared to that of other legumes, it is ranked as one of the 

lowest in either the raw or cooked form (Table 13). 

The poor digestibility of the spray-dried whole cowpea flour 

(81%) as compared to cooked cowpeas (86.7%) may be due to the fact that 

the heat treatment (blanched for 30 minutes and pasteurization to 82°C) 

was insufficient to destroy trypsin inhibitors or other factors. It 

also could be due to the formation of lysinoalanine crosslinks known to 

occur in alkali-treated protein during heat treatment. Finally, it is 

also known that some lysinoalanine crosslinks have been found in a va

riety of foods which have been exposed to pH's above neutral in either 



Table 12. Protein and Limiting Amino Acid Content of Whole Cowpea Flours. 
SPRAY-DRIED FLOUR 

Whole Soaked 
Raw Soaked in Tap 

Cowpeas in Tap H?0 H?0 -f NaHCOi 
DRY-ROASTED FLOUR 

135°C/80 min 160uC/50 min 
(%)-

Protein 

Lysine 

Threonine 

Methionine 

Cysteine 

Total limiting 
amino acids 

Limiting amino 
acids/100 g protein 

23.24 

6.31 

3.11 

1.19 

0.07 

10.68 

46.0 

23.72 

7.27 

3.59 

1.41 

0.00 

12.25 

52.0 

23.79 

7.36 

3.69 

1.40 

0.00 

12.46 

52.0 

22.25 

6.73 

3.36 

1.12 

0.00 

11.21 

50.0 

22.3 

6.42 

3.29 

1.27 

0.00 

10.98 

49.0 
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Table 13. Percent Digestibility of Casein and Whole Cowpea 
Flours as Compared to Other Legumes. 

Material 
Casein 93.1 

Current Experiment 

Flours: blanched in tap water 80.6 

blanched in 0.5% NaHCOg 
solution 81.6 

roasted at 160°C for 50 
minutes 75.9 

Other Reports^" 
Raw Cooked 

Cowpeas 80.0 86.7 

Lentils 89.7 87.2 

Chick-peas 90.7 88.8 

Congo peas 78.7 84.1 

""•Jaffe (1975). 
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home cooking or in industrial processing (Sternberg, Kim and Schwend, 

1975). 

Soaking and Blanching 
Water Analyses 

The soaking water analyses indicate that alkali-treated water 

leaches significant solids from cowpea material (Table 14). While 16 hr 

soaking in either tap water or in 0.5% NaHCO^ gave identical solids in 

the water (0.7% in each case by considering 0.5% NaHC0.j), the amount of 

solids after blanching in NaHCO^ was about four times greater than that 

in the case of tap water blanching (15.5% vs 3.6%). 

Similar relationships are seen in the case of protein leaching. 

Following 16 hr soaking, the amounts of protein in either case were al

most identical (0.2% vs 0.3%) while, after blanching, the mild alkali 

water had 3.1% protein as compared to 1.0% in the plain tap water. 

Most reports have shown that alkali-treated proteins undergo a 

decrease in nutritional value. The loss or substitution of cysteine, 

lysine or other amino acids may account for this decrease, depending on 

the limiting amino acid in the diet. It seems that it is inevitable to 

lose some nutritional value of the vegetable protein during processing; 

however, severe alkali-treatment (above pH 10.0) should be avoided 

(Tannenbaum, 1979). 

Bread Volume 

Bread volume was calculated by immersing the loaf in a cylinder 

with sesame seeds, and after withdrawing the loaf, the empty space vol-

2 ume was determined by using the formula n x r x h (Table 2). 



Table 14. Solids, Protein and pH of Soaking Water Used in Cowpea Treatment. 

TOTAL SOLIDS PROTEIN pH of NaHCO-^-treated Cowpeas 
Tap H2O + Tap H2O + Before After 

Treatment Tap H2O NaHCO^ Tap H2O NaHC03 Soaking Soaking 
i : (%) 

Soaking H20 0.7 1.2 0.2 0.3 8.8 6.6 

Blanching H20 3.6 15.5 1.0 3.1 8.4 7.1 

U1 
vD 
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Bulk Density 

To measure the bulk density of the 100-mesh flours, 100 g were 

transferred to a 200 ml graduated cylinder and then the loose volume was 

determined using the relationship (Table 15): 

bulk density = wlr 
volume (ml) 

Food Product Formulation 

The main objective of this research was to develop processed 

foods from the cowpea legume (Vigna sinensis) having a high protein con

tent with specific nutritional characteristics adequate to meet the re

quirements of both malnourished and well-nourished children. 

The research involved an initial development of flour-type so

lids or aqueous slurries from whole cowpeas such as material based on 

being: 1) soaked and blanched in tap water, 2) soaked and blanched in 

0.5% NaHCOg solution, 3) dry-roasted at 135°C for 80 minutes, and 4) 

dry-roasted at 160°C for 50 minutes. These materials were used in the 

formulation of a chocolate-flavored pudding, bread with all-purpose and 

whole wheat flours in combination with cowpea flours (75/25 and 65/35), 

cowpea "butter," cinnamon sweet rolls, cowpea scotch bars and a frozen 

dessert. Each product is envisioned as potentially meeting a specific 

dietary purpose or appeal. 

Chocolate-flavored Pudding 

This food was developed as a potential means of providing a 

high-protein food for weanling infants at a point when mother's milk is 



Table 15. Bulk Density of Cowpea and Wheat Flours. 

Bulk Density 
Material ([%) 

Raw cowpeas1.54 

Spray-dried water soaked .43 

Spray-dried soaked in NaHCOg .52 

Dry-roasted (135°C for 80 minutes) .48 

Dry-roasted (160°C for 50 minutes) .47 

o 
All-purpose wheat flour .49 

Stone-ground whole wheat flour*- .46 

^California blackeye pea 
Standard wheat flour 
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depressed or nonexistent. It is known that most legume foods are mark

edly deficient in methionine and tryptophane (Harris and Karmas, 1975) 

and, as a result, do not adequately support animal growth. In this con

text, a rat feeding experiment was conducted in order to determine 

whether a cowpea diet supplemented with 0.36% methionine would maintain 

weanling rat development. The results indicated that such a diet raised 

cowpea PER from 1.3 to 3.3. This represented an increase of 61% over 

the unsupplemented cowpea diet and 15% above casein's PER (control 

group). According to Stahl (1973), the methionine detection threshold 

is 300 mg/1 in an aqueous media. It is assumed that 0.36% (30 mg/1) 

methionine addition to chocolate-flavored cowpea pudding would not cre

ate a flavor problem. Oliveira (1973), for example, found that addi

tion of 0.2 to 0.4% methionine to manioc flour used in feeding Wistar 

strain female rats was advantageous economically and did not interfere 

with the physical aspects or taste of the flour. Digestibility of the 

methionine-supplemented diet was 80% as compared to 80.2% reportedly 

obtained from soaked (2 hrs) and autoclaved (20 min at 1 kg/cm pres

sure) cowpeas (Bressani et al., 1977). 

Cowpea "Butter" 

Cowpea "butter" was conceived as a means of providing snacks and 

sandwiches for older children in situations such as school lunch pro

grams. Methionine-supplemented cowpea "butter" would be a simple, con

venient and comparatively inexpensive way to provide good quality 

protein for such school-age children. 
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Breads and Cinnamon Sweet Rolls 

These formulations are based on the principle that combinations 

of protein from cereals and legumes tend to complement each others' 

amino acid deficiencies. The actual protein value of foods is related 

to a provisional pattern of essential amino acids, which is dependent on 

the amino acid balance of the various proteins in foods commonly eaten 

together (FAO/WHO, 1973). Cereal products are relatively deficient in 

lysine which, in turn, is present in relatively high amounts in legumes. 

Legumes are known to be poor sources of the sulphur-containing amino 

acids, methionine and cysteine (Tables 16 and 17) which are generally 

adequate in cereals. Therefore, cereals and legumes supplement each 

other. In these formulations, legume/cereal combinations ranged from 

25/75 to 35/65. Cameron and Hofvander (1971) calculated that 10 g of 

average legume in 100 g of wheat gives a NDpCal 7-8% (Net Dietary Pro

tein/calories %),^ and they advise that this protein-rich food is cap

able of maintaining adequate infant growth. For example, a combination 

of 80 g rice (8% protein) and 20 g mung bean (Phaseolus aureus) (Bunce 

et al., 1970) had a PER of 2.72 compared to that of 3.04 for casein. 

According to FAO/WHO (1973) recommendations, 100 g of cowpea/wheat flour 

bread will supply more than the needed daily methionine, threonine and 

lysine. However, it is not known whether all amino acids provided in 

100 g of such a product would be completely biologically available due 

to several factors such as digestibility and possible chemical changes 

1. NDpCal% = protein intake 4- calorie intake x 100 x net pro
tein utilization (operative). 



Table 16. Percentage of Protein and Limiting Amino Acids of Cowpea Flours as Compared to Wheat 
and Whey Protein. 

COWPEA1 

Roasted Roasted 
WHEAT2 

WHEY 
Soaked in Soaked in at 135°C/ at 160°C/ WHEAT2 W. Protein 

Raw Tap H2O NaHC03 80 min 50 min All-purpose Whole Wheat (Sweet) 

-  \/o) — —  

Protein 23.24 23.72 23.79 22.25 22.30 10.0 12.0 13.0 

Lysine 6.31 7.27 7.36 6.73 6.42 0.21 0.35 8.8 

Threonine 3.11 3.57 3.69 3.36 3.29 0.29 0.36 6.8 

Cysteine 0.07 0.00 0.00 0.00 0.00 0.29 0.33 2.3 

Methionine 1.19 1.41 1.40 1.12 1.27 1.18 0.20 1.8 

Total amino 
acid 10.68 12.25 12.45 11.21 10.98 0.97 1.24 19.70 

Limiting amino 
acid/100 g 
protein 46.0 52.0 52.0 50.0 49.0 10.0 21.0 151.5 

Blackeye pea (Vigna sinensis) from California 
^Sullivan (1967) 
Friedman (1975) 

CTv 
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Table 17. Limiting Amino Acid Composition of 100 G Cowpea/Wheat Flour Bread (Dry Basis) as Compared 
to FAQ/WHO (1973) Estimated Amino Acid Requirements. 

Breads 

Amino Acids 
(G/100 G) 

CPJ W' Wh- CP W Wh 
25/75 TOTAL 35/65 TOTAL 

Food 
Estimated Amino Acid^ Composition 

Requirements (Mg/G Protein) 
(Mg/G Protein) Human Cow' s 

C Milk Milk B 
Sulphur-
containing 
amino acids 0.3 0.4 0.1 0.8 0.4 0.3 0.1 0.8 29.0 34.0 24.0 42.0 33.0 

Threonine 0.8 0.2 0.1 1.1 1.1 0.2 0.1 1.4 44.0 41.0 13.0 43.0 44.0 

Lysine 1.6 0.1 0.1 1.8 2.2 0.1 0.1 2.4 52.0 75.0 22.0 66.0 78.0 

Total limiting 
amino acids 2.7 0.7 0.3 3.7 3.7 0.6 0.3 4.6 125.0 150.0 59.0 151.0 155.0 

1-CP = cowpea flour 
2, 
3, 

O 

W = wheat flour 
Wh = whey protein 
Body weight of 6, 37 and 70 kg were used in computing the values for infants 3-6 months (A), children 
10-12 years (B) and adults 23-50 years (C), respectively; and total protein intakes of 2.2, 1.08 and 
0.8 g/kg of body weight for infants, children and adults, respectively (Nat. Acad. Sci.-Nat. Res. 
Council, 1974). 

& 
Ul 



66 

in food proteins during processing and preparation. Heat treatment is 

known to improve PERs in black, green and red gram beans (Devadas, Leela 

and Chandrasekaran, 1964) and Vijayalakshmi et al., 1972) by destroying 

protease inhibitors. Methionine in soy concentrate is affected by heat 

(Longenecker and Loo, 1974). Erbersdoble, Weber and Gunsser (1972) 

showed that "available" lysine was reduced up to 60% in soy flour by ex

posure to 160°C. In the current experiment, amino acid analysis for to

tal lysine showed no significant difference between raw material and 

flour prepared from cowpeas roasted at 160°C for 50 minutes. It is not 

known how much of this lysine is "available" for digestion. It is gen

erally believed that the effect of heat treatment depends on the type of 

product heated together with the intensity, length and kind of heat ap

plied. Moist heat is generally less damaging than dry heat (Bodwell, 

1977). Microwave treatment appears to destroy inhibitors with less se

vere effect on amino acid availability (Gustafson, Flegal and Schaible, 

1971). 

Rat-feeding Experiment 

A rat-feeding experiment was used as a standard evaluation of 

various whole cowpea diets' Protein Efficiency Ratio (PER). This meas

urement is based on a diet's ability to maintain growth of weanling rats. 

In this experimental design, diets were selected to compare a reference 

material (casein) to various cowpea materials with and without supple

mentation by using main limiting amino acids: methionine, threonine and 

lysine. PER calculations were made at weekly intervals and at the end 

of the four-week experiment. 



Growth 

High-quality protein, in adequate amounts, is known to be re

quired for maintenance of normal animal growth. Conversely, low-

quality protein (protein not complete in all essential amino acids) 

reduces growth rate. Legumes are generally considered to provide low-

quality protein, as they are deficient in sulphur-containing amino 

acids (methionine and cysteine) (FAO/WHO, 1973). When amino acid-

supplemented legume diets are fed to rats, however, feed intake is in

creased and a normal growth pattern results. 

Feed Consumption and Weight Gain 

In this experiment, rats were fed whole cowpea diets with and 

without supplementation involving limiting amino acids (methionine, 

threonine and lysine). Animals receiving spray-dried, unsupplemented 

diets (Nos. 2 and 3) had lower average daily feed intake than those fed 

supplemented diets (Nos. 4 and 5) (Table 18). This is in agreement with 

the report of Cossack (1980). The average daily feed intake was 11.8 

and 14.4 g for unsupplemented diets treated with NaHCO^ and diets treat

ed with ̂ 0 (Nos. 2 and 3), respectively. When 0.36% methionine was 

added to the NaHCO^-treated, spray-dried diet (No. 4), the daily intake 

increased to 31.3 g which was the highest daily consumption of all 

groups. Addition of threonine to the spray-dried diet (No. 4) brought 

the daily food intake to 28.7 g. By comparison, animals on diets based 

on dry-roasted, whole cowpea flour had a different behavior. In this 

group (Nos. 6, 7, 8 and 9), the highest daily food intake (20.4 g) 

was observed in rats fed unsupplemented whole cowpeas (diet No. 6). 



Table 18. Feed Consumption and Weight Gain by Rats on Control and Cowpea Diets by Day, Week and 
Total Experiment. 

FEED CONSUMPTION (g) WEIGHT GAIN (g) 
Ave. Week Total Ave. Week Total 

Diet No. Daily 1 2 3 4 Consump. Daily 1 2 3 4 Gain 
1 17.5 584 827 796 743 2949 4.0 12.5 27.0 37.3 35.2 120.0 

2 14.4 418 708 723 571 2421 2.3 8.2 13.2 19.3 23.0 63.7 

3 11.8 443 578 549 518 1988 1.7 1.8 13.0 19.8 15.5 46.5 

4 31.3 584 827 796 3062 5269 5.9 26.0 47.5 45.5 46.0 165.0 

5 28.7 554 708 723 2839 4825 5.4 27.3 34.0 42.2 47.3 150.8 

6 20.4 443 479 548 1967 3437 1.5 0.5 6.5 13.5 17.3 40.8 

7 14.2 531 574 634 653 2392 3.6 14.5 24.8 28.3 32.2 99.8 

8 13.9 530 600 555 651 2336 4.8 26.0 32.0 34.5 42.0 137.7 

9 16.9 584 763 694 809 2849 5.0 27.5 30.0 37.0 46.7 140.2 

CT» 
00 
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Interestingly, addition of methionine dropped feed consumption to 14.2 

g/day (diet No. 7). Addition of threonine (diet No. 8) and lysine (di

et No. 9) resulted in daily feed consumption of 13.9 and 16.9 g/day, 

respectively. 

The highest daily weight gain was found in the case of the 

spray-dried flour supplemented with methionine (diet No. 4) (5.9 g/day) 

(Table 18). In the dry-roasted series, the highest weight gain oc

curred when the three amino acids, methionine, threonine and lysine, 

were added to the diet (diet No. 9) (5.0 g/day) (Table 18). By compari

son, the lowest daily gain was noted when the dry-roasted material con

tained only methionine (diet No. 7) (3.6 g/day) (Table 18). The daily 

gain for the methionine-threonine-supplemented, dry-roasted cowpea diet 

was 4.8 g, just 0.2 g below the highest value (Table 18). The reasons 

for weight gain on the spray-dried diets supplemented with methionine 

being the highest while it was the lowest in the dry-roasted diets are 

not well understood. Amino acid analysis of dry-roasted cowpeas (Table 

12) indicated that the methionine content in that material was less than 

that in the spray-dried method (1.27% vs 1.40%). This may be one expla

nation and, consequently, methionine supplementation level may need to 

be increased in the case of dry-roasted cowpeas. 

Protein Efficiency Ratio (PER) 

Growth rates are expressed by computing body weight gain related 

to foot intake (net protein intake). Dividing the total weight gain by 

total protein consumption gives an expression of PER. The result 



expressed nitrogen retention in the body to form new tissues. In this 

case, PERs fluctuated throughout the experiment. Three PER tendencies 

were observed: one in which weekly PERs increased continuously such as 

in diet Nos. 2, 6 and 7 (Table 19, Figures 4 and 5); another in which 

there was a tendency for the PERs to decline in the second week and then 

increase in the third and fourth weeks as in diet Nos. 8 and 9 (Table 

19, Figure 5); and finally, the third trend involved an increase in 

PERs during the first three weeks and then a decline in the last week 

(diet Nos. 1, 3 and 4) (Table 19, Figure 4). Diet No. 5 had the highest 

PER at the fourth week and it showed only little variation between weeks 

two and three (2.9 to 3.5). 

For the whole experiment, diet No. 4 had the highest PER (3.3) 

(Table 19). Diet Nos. 4, 5 and 9 had higher PERs than the control diet 

(2.8) (Table 19). Diet Nos. 7 and 8 had only slightly lower PERs than 

the control (2.5 and 2.6, respectively) (Table 19). It should be noted 

that the drastic decline in the PER value for diet No. 8 in the second 

week was very likely due to an eye irritation noted in two of the six 

animals. Feed consumption for that week in the case of the two animals 

was significantly lower. As soon as the rats recovered from the eye con

dition (in the third week), daily feed intake returned to normal and 

PERs increased again to 2.6. Analysis of variances of PERs for the four 

weeks indicates levels of variances per week interval and for the whole 

experiment (Table 20, Figure 6). 

Based on Duncan's Multiple Range (DMR) test (Duncan, 1955), diet 

Nos. 4, 5 and 9 were not significantly different at the end of the 
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Table 19. Weekly PERs of Diets. 

WEEKLY"'" Cumulative 
Diet No. 1 2 3 4 Four-week Value 

1 1.5* 3.0 3.4 2.8 2.8 

2 .9 1.6 1.8 2.4 1 -8  

3 -.3 1.7 1.9 1.6 1.3 

4 2.7 3.5 3.5 3.3 3.3 

5 2.9 2.9 3.5 3.5 3.2 

6 .5 .8 1.5 2.1 1.3 

7 1.6 2.5 2.7 3.0 2.5 

8 2.9 .9 2.6 3.4 2.6 

9 2.9 2.4 3.3 3.5 3.0 

^-Measurements 
^Numbers were 

taken at 
rounded 

the end of 1, 2, 3 
to the nearest 0.1. 

and 4 weeks. 
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Figure 4. PERs of the Control and Spray-dried Whole Cowpea Diets at 1, 
2, 3 and 4 Weeks. 
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Figure 5. PERs of the Control and Dry-roasted Whole Cowpea Diets at 1, 
2, 3 and 4 Weeks. 



Table 20. Analysis of Variance of Diet's PER Using 
Duncan Multiple Range (DMR) Test. 

WEEKS 
Diet No. 1 2 3 4 

1 1.5cl 3.0cd 3.4C 2.8bccl 

2 • 9bc 1.6ab 1.8ab 2.4abc 

3 -,3a 1.7ab 1.9ab 1.6a 

4 2.7d 3.5d 3.5C 3.3cd 

5 2.9d 2.9cd 3.5 3.5d 

6 . 5ab • 8a 1.5a 2.2ab 

7 1.6C 2.5bc 2.7bc 3.obcd 

8 2.9d .9a 2.6bc 3.4d 

9 2.9d 2.4bc 3.3C 3.5d 

^Means sharing common letters in each week were not sig
nificantly different (P<0.05). 
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Figure 6. PERs of the Diets at the End of the Four-week Experiment. 



feeding experiment and had the highest PERs (Figures 6 and 7). Slightly 

lower PERs are seen in diet Nos. 1 and 9 (Figure 7) followed, in turn, 

by diet Nos. 7 and 8 (Figure 7). Diet Nos. 2, 3 and 6, although in two 

different levels of significance, had the lowest PERs (Figure 7). Un-

supplemented diet Nos. 2 and 3 had PERs of 1.8 and 1.3, respectively 

(Figure 7). The mild alkali treatment involved in diet No. 3 may ex

plain the lower PER, since it is known that an alkaline pH may damage 

protein structure making it unavailable for animal nutrition (Tannenbaum, 

1979). PERs oscillated in levels of significancy during the four weeks 

(Figures 8, 9, 10 and 11). 

Digestibility 

The digestibilities of the diets containing spray-dried cowpea 

flour were higher than those of the diets formulated with dry-roasted 

material (Table 20). This could be due to incomplete heat inactivation 

of certain factors in the cowpea materials in the latter case. Bressani 

et al. (1977) suggested that diets containing legume protein generally 

have lower digestibility as the consumption increases. This is not in 

agreement with the current study, at least for the spray-dried material. 

Animals on diet No. 6 had the highest daily feed consumption, 20.4 g/day 

(Table 18), and yet had the lowest digestibility (75.61%) (Table 20), 

being 81.27% of the control group. Diets containing spray-dried cowpeas 

had higher digestibilities than those formulated with dry-roasted flour. 

The highest digestibility was for diet No. 5, a spray-dried flour supple

mented with methionine and threonine (84.4% of the control diet). Of 

the dry-roasted material, the highest digestibility was seen in diet 
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Figure 7. Mean Iso-PERs of All Diets at the End of the Entire Feeding 
Experiment Based on the DMR Test (P<0.05). 
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Figure 8. Mean Iso-PERs of Diets at the End of the First Week Based on 
the DMR Test (P<0.05). 
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80 

4.0 

3.5 

3.0 

2.5 

PER 2.0 

1.5 

1.0 

0.5 

0 

O </> 
o 

l/> 
o 
s 
z 
a 

8 
o 
23 
s 
S 
N 

o 
3 
S 

o 
a 

DIET NO. 

i 
o CO 

s 
z 
o 

</) 
o 
s 
z 
o 
s 

Figure 10. Mean Iso-PERs of Diets at the End of the Third Week Based on 
the DMR Test (P<0.05). 
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Figure 11. Mean Iso-PERs of Diets at the End of the Fourth Week Based 
on DMR Test (P<0.05). 



Table 21. Digestibility of Casein and Whole Cowpea Diets. 

Diet No. 
Digestibility 

(%) 
% Cowpea Diets 
of Control 

1 93.0 100.0 

2 80.6 86.6 

3 79.5 85.5 

4 80.4 86.4 

5 84.8 91.1 

6 75.6 81.3 

7 76.1 81.8 

8 75.7 81.4 

9 76.1 81.8 
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No. 9 which was supplemented with methionine, threonine and lysine 76.1% 

of the control group). 

General Discussion 

Observations from food product formulations and the rat feeding 

experiment indicate that the cowpea has great potential as a protein 

source for large population segments in developing or third world coun

tries. It is highly apparent that additional, comprehensive research is 

needed in order to fully develop the dietary potential of this important 

legume. A comprehensive, multidisciplinary approach needs to be formu

lated to exploit the full potential of the concepts and findings from 

the current work, including areas such as those involving biochemical, 

nutritional, food technology, social, economical, and anthropological 

expertise. For example, it was shown that a dry-roasted whole cowpea 

flour with 0.36% methionine supplementation raised the PER value from 

1.3 to 2.6. Additional research is needed to determine whether this is 

the optimum methionine level as well as the economical and/or taste 

threshold aspects of such a practice. In addition, the precise effects 

of various heat treatments need to be elucidated vis a vis time, tem

perature, moisture content, conventional vs microwave, etc. Storage ef

fects on protein quality, adjustment of food taste to specific target 

population, and others are no less important to study than an in-depth, 

basic approach for ways to protect the protein molecule from antinutri-

tional changes during food processing. 
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In addition to the formulations reported in this research, many 

others are readily apparent especially for infant and children diets 

such as gruels, snack foods, prepared breakfast foods, etc. (Table 1). 

While spray-dried flour may not be cost-effective for widespread 

use in most developing countries, pulverized, dry-roasted material ap

pears to be practical and simple. This material can be prepared with a 

comparatively minimum input of resources for equipment and energy in 

either commercial or small-scale home applications. 



CHAPTER 5 

SUMMARY 

This study was designed to develop new food product formulations 

from whole cowpeas (Vigna sinensis). The resultant foods had high pro

tein content as well as specific compositional characteristics adequate 

to meet nutritional requirements of both malnourished and well-nourished 

children. These new products were proposed for use in developing coun

tries where this legume is commonly available to and accepted by consid

erable proportions of the low income population. 

Three types of whole cowpea flours or solids were produced. One 

was based on spray dyring a cowpea slurry which had been previously 

soaked and blanched in tap water only. A second material was spray-

dried following soaking and blanching in 0.5% NaHCO^. A third type of 

flour was produced by dry-roasting the peas at 160°C for 50 minutes and 

then grinding to 100 mesh. 

The slurry prepared from previously NaHCO^ soaked and blanched 

cowpeas was pasteurized, homogenized and formulated into highly accept

able, chocolate-flavored pudding. 

The flours were used alone or in combination with all-purpose or 

whole wheat flours to make several formulations such as breads, rolls, 

cookies, cowpea "butter" and frozen desserts. Bread made with spray-

dried and wheat flour had a dark-brown color and a slightly compact tex

ture. However, breads from a 35/65 cowpea/all-purpose or whole wheat 

85  
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flour ratio had very acceptable loaf volume, texture, color and flavor. 

Cysteine (100 ppm) and potassium bromate (50 ppm) were used to speed up 

the needed oxidation-reduction in dough formation. The dry-roasted 

flour was a convenient starting material for preparation of cowpea "but

ter," cookies and/or a frozen dessert. 

In order to test the nutritional value of the flours, a rat 

feeding experiment was conducted to evaluate the protein efficiency ra

tio (PER) as a standard measurement. Ten percent cowpea protein was 

used in eight diets (both with and without amino acid supplementation) 

for feeding weanling rats. The experimental diets were compared to a 

control with 10% protein supplied by casein. 

In addition to variable amino acid supplementation, several cow

pea treatments were included in the diet materials; namely, spray drying 

either with or without prior mild alkali treatment or dry-roasting prior 

to pulverization. All unsupplemented diets had PERs less than that of 

the control (casein). Methionine supplementation raised all PERs to 

values about equal to or greater than that of the control. Threonine 

and lysine supplementation gave minimal PER response. Mild alkali 

treatment lowered the PER values as compared to those seen in untreated 

or spray-dried, tap water-soaked cowpeas. 

These results indicate that highly nutritious, acceptable foods 

in several generic classes can be formulated from whole cowpeas using 

comparatively simple, inexpensive technology. Additional detailed bio

chemical, nutritional and food technology studies need to be performed 

in several aspects of whole cowpea utilization. 
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Table A-l. Typical Protein and Essential Amino Acid Composition of Wheat and Cowpea Flours and Dried 
Sweet Wltey. — Reference: Milner (1969). 

COWPEA FLOUR 
WHEAT FLOUR Soaked in Soaked in Roasted at Roasted at Sweet 
White Whole Raw Tap 1120 0.5% NaHC03 135°C/80 min 160°C/50 min Whey 

Total Protein'"1 10. ,00b 12. 

.a o
 
o
 23. , 24c 23. . 72d 23. . 79e 22. .25* 22. ,308 13. .0 

Lysine 0. .21 0. .35 0. .31 7. .27 7. .36 6. .73 6. .42 8. .8 

Threomine 0. ,29 0. .36 3. .11 3. .57 3. .69 3. ,36 3. ,29 6. .8 

Tryptophane 0. .14 0. ,15 2. .4 

Isoleucine 0. ,36 0. .48 4. ,06 4. .79 4. .83 4. .42 4. .45 5. ,9 

Leucine 1. .00 0. .86 6, .95 8. .20 8. ,29 7. .61 7. .64 10. .3 

Methionine 0. 18 0. .20 1. .19 1. .41 1. .40 1. .12 1. .27 1. .8 

0. ,29 0. .33 0. .07 0. .00 0. .00 0. .00 0. .00 2. ,3 

Phenylalanine 0. 47 0. .60 5. .07 6. ,05 6. ,12 5. .51 5. .40 3. .5 

Valine 0. ,43 0. .59 4. .97 5. .90 5. ,89 5. .57 5. .41 5. ,9 
aGrams per 100 grams. 

x 5.7, 14% moisture basis, 
x 6.5, 8.25% moisture basis. 

N x 6.25, 2.87% moisture basis. 
x 6.25, 4.22% moisture basis. 

N x 6.25, 2.98% moisture basis. 
eN x 6.25, 2.55% moisture basis. 

00 
00 



Table A-2. Experimental Bread Formulations with All-purpose Flour. — Reference: Matz (1972). 
75/25% 65/35% 

1007. ALL-PURPOSE FLOUR WHEAT/COWPEA FLOUR WHEAT/COWPEA FLOUR 

Parts (%) (P> 
Common 
Units Parts (%) (8) 

Common 
Units Parts (%) (R) 

Common 
Units 

Wheat flour 
(all-purpose) 

100.0 54.0 480 3.5 c 75.0 40.5 360 2.5 c 65.0 35.0 312 2.25 c 

Cowpea flour 0 0 0 25.0 13.5 120 1.0 c 35.0 19.0 168 1.25 c 

H2° 65.0 35.0 311 1.3 c 65.0 35.0 311 1.3 c 65.0 35.0 311 1.3 c 

NaCl 2.25 1.2 11 2.0 t1 2.25 1.2 11 2.0 t 2.25 1.2 11 2.0 t 

Sugar 3.0 1.6 14 1.2 T2 3.0 1.6 14 1.2 T 3.0 1.6 14 1.2 T 

Whey protein 3.0 1.6 14 1.2 T 3.0 1.6 14 1.2 T 3.0 1.6 14 1.2 T 

Shortening 9.0 4.9 44 3.4T 9.0 5.0 44 3.4 T 9.0 5.0 44 3.4 T 

Yeast 
(compressed) 

3.0 1.6 14 1.2 T 3.0 1.6 14 1.2 T 3.0 1.6 14 1.2 T 

Cysteine 100 ppm 100 ppm 100 ppm 

Potassium 
brornate 

50 ppm 50 ppm 50 ppm 

Total 185.25 888 185.25 100 888 185.25 

^t = teaspoon 
T = tablespoon 



Table A-3. Experimental Bread Formulations with Whole Wheat Flour. 
100% WHOLE WHEAT FLOUR 75/25% WW/COWPEA FLOUR 65/35% WW/COWPEA FLOUR 

Parts (%) (&> 
Common 
Units Parts (%) (g) 

Common 
Units Parts (%) (8) 

Common 
Units 

Wheat flour 100.0 57.0 420.0 3.5 c 75.0 43 315.0 2.75 c 65.0 37 294.0 2.5 c 

Cowpea flour 0 0 0 0 25.0 14 105.0 .75 c 35.0 20 126.0 1.0 c 

H2O 62.0 35.0 263.0 1.1 c 62.0 35 263.0 1.1 c 62.0 35 263.0 1.1 c 

NaCl 2.0 1.0 8.0 1.5 t1 2.0 1 8.0 1.5 t 2.0 1 8.0 1.5 t 

Brown sugar 3.5 2.0 15.0 1.25 T2 3.5 2 15.0 1.25 T 3.5 2 15.0 1.25 T 

Whey protein 2.0 1.0 8.0 1.0 t 2.0 1 8.0 1.0 t 2.0 1 8.0 1.0 t 

Shortening 3.0 2.0 13.0 1.3 T 3.0 2 13.0 1.3 T 3.0 2 13.0 1.3 T 

Yeast 
(compressed 3.0 2.0 13.0 1.3 T 3.0 2 13.0 1.3 T 3.0 2 13.0 1.3 T 

Malt syrup 0.5 0.8 2.2 0.3 t 0.5 2.2 .3 t 0.5 2.2 .3 t 

Cysteine 100 ppm 100 ppm 100 ppm 

Potassium 
brornate 50 ppm 50 ppm 50 ppm 

Total 176.0 : LOO.O 742.2 176.0 : LOO 742.2 176.0 742.2 

T = tablespoon 

vO 
o 

1  



Table A-4. Amino Acid Composition (Partial) and Nutritive Value of Heat Processed Legumes. — 

Reference: Bodwell (1977). 
MG/GM N 

Sulfur Chemical Biological 
Legume Lysi ne Amino Acids Threonine Tryptophan Score Value Digestibility NPU 

Arachis 
hypogaea 221 150 163 65 41 55 87 43 
Cajanus 
ca jan 481 93 182 35 26 57 78 52 
Cicer 
arietinum 428 139 235 54 38 68 86 — 

Glycine 
max 399 162 241 80 45 73 90 61 
Lens 
esculenta 449 107 248 60 30 45 85 30 
Phaseolus 
aureus 504 77 209 50 21 70 81 — 

Phaseolus 
lunatus 465 141 261 50 39 67 78 52 
Phaseolus 
vulgaris 450 119 248 63 33 58 73 38 
Pisum 
sativum 470 127 254 56 35 64 88 47 
Vigna 
sinensis 427 141 225 66 39 57 79 45 
Reference ! Standard 
Wliole Egg 436 362 320 93 100 94 97 94 
Source: Data obtained from FAO (1970). 

^Methionine + cystine. 

_ limiting amino acid (mg/gm N) in sample 
Concentration of same amino acid (mg/gm N) in egg 



Table A-5. Comparison of Amino Acid Patterns (Mg per Gm Protein) Based on Estimates of Amino Acid 
Requirements, Suggested Reference Patterns for Evaluating Proteins, and Amino Acid 
Compositions of Egg and Milk Proteins. — Reference: Bodwell (1977). 

PATTERNS ACCORDING TO 
ESTIMATED AMINO ACID REQUIREMENTS 
Infant Children Adult 

(3-6 months) (10-12 yr) (23-50 yr) 

RECOMMENDED 
REFERENCE PATTERNS 

NAS-
FAO FAO NRC 

(1957) (1973) (1974) 

COMPOSITION 
Human Cow's Whole 
Milk Milk" Egfi: 

Histidine 14.0 15.0 17 26 27 22 

Isoleucine 35.0 36.4 37.0 25.9 18.0 15.0 42 40 42 46 47 54 

Leucine 80.0 58.2 56.0 38.9 25.0 20.0 48 70 70 93 95 86 

Lys ine 52.0 44.1 75.0 40.7 22.0 15.0 42 55 50 66 78 70 

Methionine 
+ cystine 29.0 20.5 34.0 20.4 24.0 12.5 42 35 26 42 33 57 

Phenylalanine 
+ tyrosine 63.0 60.0 34.0 20.4 25.0 20.0 56 60 73 72 102 93 

Threonine 44.0 28.6 44.0 25.9 13.0 10.0 28 40 35 43 44 47 

Tryptophan 8.5 8.6 4.6 3.7 6.5 3.8 14 10 11 17 14 17 

Valine 47.0 40.5 41.0 23.1 18.0 17.5 42 50 48 55 64 66 

Values in "a" columns are from FAO (1973); those in "b" columns adapted from Natl. Acad. Sci.-Natl. 
Res. Council (1974); Body weights of 6, 37, and 70 kg were used in computing the values for infants, 
children, and adults, respectively; and protein intakes of 2.2, 1.08, and 0.8 gm/kg of body weight 
for infants, children, and adults, respectively, in the "b" columns. 
^Composition from FAO (1970); Lindner et al. (1965); and Soupart et al. (1954); also see FAO (1973). 
FAO (1970), tryptophan determined microbiologically. 
*Lunven et al. (1972). 



Table A-6. Double Mixes. — Protein value of each mix is Net Dietary Protein/Calories % (NDp Cal %) 
7-8%. (To 100 g of staple food, add the weight (g) of the supplementary food (Cameron 
and Hofvander, 1971)). 

STAPLE FOODS 

Supplementing 
Foods O
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P
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P
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Eggs 10 25 25 25 25 30 5 15 10 10 15 20 55 

Dried skim milk 5 5 15 10 10 15 5 10 5 10 10 15 30 

Dried whole milk 5 10 25 15 20 30 5 15 10 15 20 25 55 

Fresh fish 5 10 20 15 20 25 5 15 10 10 15 20 45 

Chicken or lean 
meat 5 10 25 15 20 25 5 15 10 10 15 20 50 

Soybean or 
equivalent 5 10 20 15 20 25 5 15 10 15 15 20 45 

not 
"Average" legume 10 10 25 25 25 25 25 25 25 25 25 25 possible 
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