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ABSTRACT 

In this study, four varieties of legumes native to semi-arid 

regions of the Southwestern United States were analyzed and compared 

to legumes grown and consumed in other semi-arid countries of the world, 

such as Africa and the Mid-East. These arid-land legumes were blue 

palo verde (Cercidium floridum), foothill palo verde (Cercidium micro-

phylurn), green palo verde (Parkinsonia aculeata), mesquite (Pros pis 

juliflora), tepary (Phaseolus acutifolius), faba (Vicia fava), garbanzo 

(Cicer arictinum), pinto (Phaseolus vulgaris) soybean (Glycine max) and 

cowpea (Vigna sinesis). Proximate analyses and amino acid profiles were 

determined for both raw and cooked samples. Protein content range was 

11.94 - 39.57, fat 0.39 - 17.03, fiber 7.45 - 35.17 and ash 2.91 - 5.34. 

There was significant difference between cooked and raw samples. The 

sulfur containing amino acids were the limiting amino acids in all the 

legumes studied. 

The tepary especially shows potential for alleviating hunger 

in underdeveloped arid-land countries. 

vi i  



CHAPTER 1 

INTRODUCTION 

World food supply is an increasingly urgent problem meriting 

attention. Even though many technological advances have been achieved, 

much of mankind continues to be undernourished. Studies published in 

recent years have indicated chronic nutritional deficiency, especially 

calorie and protein deficiencies, to be the most common underlying 

cause of high mortality rates in children and adults in underdeveloped 

countri es. 

The Sahel region of Africa is a prime example where problems of 

malnutrition and hunger due to lack of food supply are evident. Agri

cultural productivity has declined in this region due to intermittent 

drought. There is a need for foods that are drought-resistant and high 

in both protein and calorie yield. 

Foodstuff rich in carbohydrate, such as starchy roots, tubers 

and cereals, provide about 70 - 85% of the calories of the people of 

the Sahel. Surveys made in this region reveal that the consumption of 

pulse in Africa is less than that of roots, tubers and cereals although 

legumes contain higher amounts of protein and, as such, are nutrition

ally superior to many of the plant foods used as staples in these 

regions. 

1  
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Introducing a new food crop that is superior in nutritional 

profile and lower in water requirement to areas suitable to its culture 

would help improve the food supply in the Sahel. Several of the arid 

land beans of the Sonoran Desert region may meet these criteria. These 

drought-resistant low water consumption and heat-resistant species may 

offer a viable food alternative for certain regions in Africa where the 

climate, vegetation, and growing conditions are similar. A project was 

initiated to evaluate the use of teparies, and other legumes indigenous 

to the Sonoran Desert, as potential food sources for people of the Afri

can Sahel region. Nutritional profiles of legumes native to both regions 

were determined, including proximate composition, antinutritional factors 

and selected minerals in both raw and cooked samples. From these deter

minations, the nutritional impact of substituting Sonoran legumes for 

native African varieties was assessed. 

This study reports one component of this project. The purpose 

of this study was to compare the proximate composition and amino acids of 

selected arid land beans native to the Sonoran Desert with those commonly 

consumed in the African Sahel region. The beans studied were tepary 

(Phaseolus acutifolius), pinto (Phaseolus vulgaris), black-eye pea 

(Vigna senesis), garbanzo (Cicer arietinum), fava (Vicia fava), soybean 

(Glycine max), turtle black (Phaseolus vulgaris), foothill palo verde 

(Cercidium microphylum), green palo verde (Parkinsonia aculeata), 

blue palo verde (Cercidium floridum) and mesquite (Prospis juliflora). 
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In addition, beans were analyzed in both their raw and cooked 

forms to study the effects of cooking on the nutritional value of these 

food sources. Comparisons of nutritional quality among legume samples 

were made with an emphasis placed on protein quality. 



CHAPTER 2 

LITERATURE REVIEW 

The Sahel region has been described as an area of rather unpro

ductive land bordering the Sahara Desert and stretching from Mauritania 

in the west through Mali, Niger and Chad to Western Sudan in the east. 

Crabbe & Lawson (1981) reported that during the past few years this zone 

has spread further to the west and south to include countries such as 

Senegal, Upper Volta, Northern Nigeria, and others, and has brought 

about desert-like conditions. 

Pay!ore and Greenwell (1980) stated that desertification, 

declining agriculture productivity, hunger and malnutrition are among 

the major problems in Sahelian Africa. Crabbe and Lawson (1981) men

tioned that intermittent droughts partially account for the desertifi

cation of this region and that overcropping and overgrazing have a 

significant impact on the changes that occurred in this zone. 

This region has a high mortality rate, partially due to protein 

and calorie deficiencies. Table 1 shows the total mortality rate of the 

population and mortality of children in particular. The per capita of 

these regions ranges from $120 to $320 per year which makes i t rather 

difficult for them to obtain animal foods. Foods consumed in this region 

are rich in carbohydrates and low in protein, such as cassava, and do not 

provide the population with adequate amounts of protein. 

4  
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Table 1. Population Data For Selected Arid Countries 

Birth Rate Death Rate Infant Mortality 
Per Annual Per Annual Rate (Per Annual Per Capita 

Country 1,000 Pop. 1,000 Pop. 1,000 Live Birth) (U.S. $) 

Chad 44 21 165 140 

Ethiopia 50 25 162 120 

Kenya 53 14 56 320 

Mali 49 22 190 120 

Mauritania 50 22 187 270 

Niger 51 22 200 220 

Somalia 48 20 177 130 

Sudan 48 18 141 320 

Upper Volta 48 22 182 160 

Adapted from Paylore and Greenwell, 1980. 
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Earle and Jones (1962) stated that any food product which is 

nutritionally comparable or superior to native foods and is from a plant 

which is less rain- or water-dependent would increase agricultural pro

ductivity and decrease the famine that drought imposes. Darwish (1976) 

reported that increasing supplies of legumes would offer a partial solu

tion to the problem of increasing world protein requirements. 

Aykroyd and Doughty (1964) stated that the family leguminosae 

includes more than 12,000 species and they are widely distributed from 

tropic to arctic regions. History shows that man cultivated some of the 

legumes since remote antiquity. Duke (1981) reported the economic import

ance of nearly 150 species of legumes not only as food and feed for humans 

and livestock but also for medicine, i  ndustrial , and agricultural purposes. 

Bressani and Elias (1978) reported that the leguminosae show 

great promise for increasing the world supply of protein and certain 

minerals, such as phosphorus and iron, and soluble vitamins. Earle and 

Jones (1962) mentioned that legumes contain 15-40% protein. Dutra de 

Oliveira (1973) reported that food legumes have, on the average, twice 

as much protein as cereal grains. Aykroyd and Doughty (1964) mentioned 

that legumes also contain about 60% carbohydrate which includes starch, 

fiber, pectin, and sugar, of which starch is the most significant nutri

tionally. Akyroud and Doughty (1964) stated that although the majority 

of legumes have low fat content (1-2%), in general that which is present 

is rich in essential fatty acids. However, the oil seed legumes contain 

an ample quantity of fat which has great nutritional value and is a 

major commodity of industry. 
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Food legumes are an important source of nutrients and an inex

pensive source of protein, carbohydrate, fat, minerals and vitamins for 

the majority of the human population. This in addition to increasing 

cost of meat in the last decade, has focused attention on the need for 

the development of alternative plant protein sources. 

Griffiths (1981) and Koehler and Burke (1981) stated that i t has 

been increasingly recognized in recent years that pulses offer perhaps 

the single most practical means of solving the world protein malnutrition 

problem. Scheerens,et al. (1983) mentioned that members of the plant 

family leguminasae are known to survive and flourish in various climates 

and conditions, but that their consumption and production differ among 

nationalities and cultures. 

Legume Consumption 

Scheerens, et al. (1983) stated that legumes are second in im

portance to cereal as a plant food source; nevertheless, their monetary 

value is small compared to major commodities. Dutra de Oliveira (1973) 

indicated that in spite of the fact that pulses are a good source of pro

tein, they only contribute 8 to 10 percent of the total protein in human 

diets. Table 2 shows cereal and legume consumption world-wide. 

Siege! and Fawcett (1976) stated that legumes are considered 

"the meat of the poor" in developed societies and are consumed in smaller 

quantities than in underdeveloped societies where they are usually a 

staple food. Beans are generally prepared according to traditional 

recipes after they are obtained from local stores, gathered wild, or 

planted privately. 
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Table 2. Cereal and Legume Consumption World-Wide 

1,000 metric tons, 1981 
Pulse/Cereal 

Cereal Pulse % 

World 1,663,828 42,403 2.54 

Afri ca 16,329 5,076 31.09 

North America 414,473 4,109 0.99 

South America 74,725 3,294 4.41 

Asia 661,439 22,241 3.36 

Europe 245,356 2,401 0.98 

Oceania 24,201 255 1.05 

Adapted from FAO 1981 Production Yearbook, 1982 
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Smartt (1976) stated the legume production and consumption is 

more evident in areas where there is, or once was, an animal protein 

shortage. Smartt (1976) also indicated the diversity of legumes uti

lized depends on the culture. The consumption of indigenous pulses may 

be the result of religious belief, such as in India where consumption 

of animal meat is forbidden by the Hindu religion. 

Protein Quality of Legumes 

As has been stated earlier, the problem of malnutrition is both 

quantitative and qualitative. In addition to the quantity of protein, 

the nutritional quality of the protein is important in judging the pro

tein value of a diet. Proteins, present in various foods, differ in 

their nutritive value as a result of differences in amino acid composi

tion. There are 20 amino acids commonly found in dietary protein. Some 

amino acids can be synthesized in the body, but essential amino acids 

which cannot be synthesized by the body have to be obtained from the 

diet. Sufficient dietary protein for synthesis of non-essential amino 

acids is also necessary. 

Pellett (1978) defined the protein quality of any food source as 

its ability to meet the amino acid and nitrogen requirements of an 

organism. This is not only dependent on its amino acid composition but 

also on its digestibility. Scheerens, et al (1983) indicated that pro

tein quality can be assayed biologically by means of measuring growth 

(weight gain of the test animal consuming a diet with the protein 

source). Therefore, the quality of any food protein is assessed by how 

much of these essential amino acids is present in adequate amounts. 
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The essential amino acids in legume protein are not as well 

balanced as in animal food products such as meat, fish or milk. Bressani 

(1975) stated, nevertheless, that legume protein usually contains more 

than adequate levels of nutritionally important amino acids, such as 

lysine, which is usually deficient in most cereal and some of the other 

edible plant groups. Combining legumes and cereals in the diet can pro

vide the complete protein needed by protein complementation. 

Pi gestibi 1 ity 

Bressani (1975) indicated that beans are hard to digest and as 

such result in low protein digestibility and protein util ization. 

Aykroyd and Doughty (1964) stated that the value of nutrients a food 

item contains and its calorie yield are influenced by its digestibility. 

Protein digestibility, as shown in Table 3, has been estimated from 52 -

92% by Akyroyd and Doughty (1964) and from 34 - 92% by Patwardhan (1962). 

Bressani (1975) stated that nutritionists are aware of the low 

digestibility of legumes but i t is not known if this is due to a rapid 

discharge from the intestine or that the legumes are resistant to pro

tein hydrolysis by the gastrointestinal enzymes. Rockland and Radke 

(1981) reported that legumes' digestibility is consistently lower (15 -

20% lower) than that of casein. Jaffe (1950) demonstrated that there 

is an optimum cooking time above and below which digestibility is 

reduced. Jaffe also suggested that there may be a relationship between 

protein digestibility and seed-coat color in Phaseolus vulgaris, impli

cating the influences of tannins and other polyphenals. 
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Rockland (1978) stated that hemaglutinins and enzyme inhibitors 

and other natural plant constituents may form complexes that could inter

fere with protein util ization. Scheerens et al (1983) reported that low 

digestibility level also may be caused by the presence of antinutritional 

factors, incomplete carbohydrate digestion, and/or the methods of pre

paring and cooking of the beans. 

Antinutritional Factors 

Nature endowed plants with the capacity to synthesize a wide 

variety of chemical substances, some having deleterious effects when 

consumed. Dutra de Oliveira (1973) reported that all legumes contain 

undesirable factors, known as antinutritional factors, that decrease 

their nutritive value. Leiner and Kakade (1980) l isted some of the 

antinutritional factors, including tripsin inhibitor, hemagglutinins, 

lathyrogen, phytic acid and cyanogenic glucosides, which restrict the 

util ization of the protein. 

Ambe and Sohonie (1956) stated that these compounds which inhi

bit the proteolytic activity of certain enzymes are found predominantly 

in the seeds but they can also be found in other parts of the plant. 

These toxic substances are classified as trypsin inhibitors. Gupta 

(1981) stated trypsin inhibitors possessing growth inhibitory property 

have been identified in all pulses in varying degrees. Leiner and 

Kakade (1980) indicated two common protein inhibitors, the Kunitz inhi

bitors, which restrict the action of trypsin, and the Bowman-Birk 

inhibitor which suppresses the function of both trypsin and chynmo-

trypsin. 
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Table 3. Nutritive Value of Common Grain Legume —^ 

Species Digestibility Coefficient 

Cajanus cajan 59 - 90 

Cicer arietinum 76 - 92 

Lablab Niger 56 - 76 

Lathyrus salivum 90 - 91 

Lens esculenta 78 - 92 

Phaseolus aureus 75 - 91 

Phaseolus cunalus 34 

Phaseolus vulgaris 56 - 64 

Pi sum sativum 61 - 91 

Vigna sines is 58 - 83 

Adapted data combined from Aykroyd and Doughty (1964) 

and Patwardhan (1962) 
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Jaffe (1980) defined hemagglutinins or lectins as compounds 

which are capable of agglutinating red blood cells in human and animal 

blood. Scheerens, et al. (1983) mentioned that lectins do not inhibit 

digestive enzymes, but they seem to affect protein digestibility by 

restricting intestinal absorption. Smartt (1976), on the other hand, 

indicated that phytic acid decreases the absorption and availability of 

minerals. Scheerens, et al. (1983) mentioned an additional factor found 

in most beans known as flatulent sugars which have l ittle nutritional 

value. Leiner and Kakade (1980) stated that when the flatulent sugars 

(raffinose, stachyose and verbascose) are eaten, they are indigestible 

and can cause discomfort such as abdominal cramps, nausea, and diarrhea. 

Gupta (1981) mentioned a lathyrogen substance causing human lathyrism 

which is a paralytic disease associated with consumption of some pulses. 

The level of these compounds and their properties vary among legumes. 

Food Preparation 

Food preparation in many regions of Africa and the Middle East 

is primative. Few utensils are available and water and fuel are limited. 

Energy consumption required for food preparation is critical. Bressani 

(1975), Dutra de Oliveira (1973), Jaffe (1975, 1980), Leiner and Kakade 

(1980), and Smartt (1976) all commented on the fact that cooking, or any 

heat treatment, enhances the nutritive value of beans. 

Litzenberger (1973) reported that some of the anti-nutritional 

factors in beans are not completely heat sensitive; however, the toxic 

factors are destroyed by normal cooking procedures in most legumes. 
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Many native beans have a relatively poor nutritional profile because of 

their poor protein digestibility and high antinutritional factors but 

are stil l consumed in relatively large quantities by both adults and 

children. Certain beans of Africa and the Middle East, such as Fava, 

actually pose a serious threat to human health. 

There are numerous methods of cooking including boiling, stew

ing and steaming, all of which involve the use of water; frying, which 

is carried out in hot fat; and baking, roasting or gril l ing. Cooking by 

any of the above methods may involve loss of some nutrients. Nutrients 

may decompose upon application of heat, or in the case of boiling, 

become dissolved in the water which is subsequently discardeid. Special 

care, therefore, is required when preparing legumes. Water may also be 

responsible for leaching out useful minerals. Although protein is affec

ted by heat structure-wise, the nutritional value changes l ittle. How

ever, some of the protein may be rendered less digestible when exposed to 

high cooking temperature and some essential amino acids, such as lysine 

which is especially heat-sensitive, may be destroyed. Cooking on the 

other hand can involve gain in nutrient bioavailability, as mentioned 

earlier. 

Cooking Procedure 

The fact that cooking or any heat treatment, enhances the nutri

tive value of legumes has been well reviewed by Bressani (1975), Dutra de 

Oliveira (1973), Jaffe (1975, 1980), Leiner and Kakade (1980), and Smartt 

(1976), Aykroyd and Doughty (1964). 
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Aykroyd and Doughty (1964) noted that soaking beans in water is 

the first step in most cooking procedures. Rockland and Eugene (1967) 

pressure-cooked beans at 10 lb. pressure with 1% of sodium chloride 

after beans were treated by prior soaking in distil led water for 16 

hours. Ekpenyohg and Borchers (1980) soaked beans in deionized water 

for five minutes, then cooked them for different lengths of time. 

Jaffe (1975) stated that cooking beans with bicarbonate of soda 

induced rapid softening of the beans. Aykroyd and Doughty (1964) stated 

that beans can be softened if they are put in boiling water for a few 

minutes. Morris (1950) used a procedure where the beans were washed in 

cold water, then quickly put in boiling water with 0.5% salt solution 

and cooked for 17 hours. The amount of water used barely covered the 

beans. Haytowitz and Matthews (1983) cooked legumes by boiling them for 

two minutes, allowing them to stand for one hour and cooking them again 

with excess water until tender. 

Hoff and Nelson (1966) reported that pre-soaking has been recom

mended to facilitate the cooking step. Rockland and Metzler (1967) 

stated the efficacy of soaking was enhanced by the use of special soak

ing solutions. Ankra and Dovlo (1978) mentioned that where such chemi

cals are not available, simpler, natural soaking solutions have merit. 

Although the research reviewed varied, the optimum bean cooking 

condition was described as that which destroyed the toxic factors while 

not diminishing the nutritive value. 
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Protein Complementation 

Siegal and Faucett (1976) stated that practically all cereal 

proteins are deficient in the essential amino acid, lysine, while legumes 

in comparison are rich in lysine. Thus, the combination of cereal protein 

and legume protein comes close to providing an ideal source of dietary pro

tein. Bressani ( 1972) reported that up to now it has been shown that small 

amounts of legume protein added to cereal improves the amount of protein 

util ized. Moreover,the nutritive value of the 1egume/cereal combination 

enhanced cereal grains have inadequate methonine which is a l imiting 

amino acid in most legumes. Nutritional complementation of cereals and 

legumes is of extreme importance, particularl.y in less developed countries 

and low-income populations where animal protein consumptionis low. The 

value of legume/cereal grain combinations is shown in Table 4. Bressani 

(1975) demonstrated optimization of apparent PER values by evaluating mix

tures of cereal and legumes in various proportions. A maximum PER was 

observed with mixture containing about 60% of bean and 40%of cereal. 

Sirinet, et al. (1965) and Achaya (1974) have also demonstrated significant 

increase in PER values by appropriate supplementation of legumes with 

rice, corn, sorghum, sesame and milk. Rockland and Radke(1981) employed 

the same procedure and developed some products containing beans and small 

proportions of animal protein which resulted in an improvement in PER and 

digestibility. Leiner (1980) has observed similar concurrent improvement 

of PER and digestibi1ity in mixed legumes-based products. Hopkins (1980) 

has summarized the literature on digestibility of variety of food pro

ducts and reported that mixed diets are more highly util ized. 
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Table 4. Protein Value of Optimum Combination Between Cereals And 

Leguminous Seeds 

Distribution in Diet, % 
From Cereal From Beans PER Increase % 

100 rice 0 beans 2.25 
16.4 

80 ri ce 20 beans 2.65 

100 maize 0 beans 0.90 
122.2 

50 maize 50 beans 2.00 

100 maize 0 cowpea 1.22 
50.R 

50 maize 50 cowpea 1 .84 

100 maize 0 soybean 1 .50 
90.0 

40 maize 60 soybean 2.85 

Adapted from Bressani 1975. 
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Legumes Studied 

This study included grain legumes and mesquite bean pods. A 

descriptive review follows. Duke (1981) described the tepary (Phaseolus 

acutifolius) as an annual bush herb that stems to 30 cm. Nabhan and 

Felger (1978) stated that the tepary is a day-neutral or short-day plant 

that withstands heat and dry conditions. The tepary is native to the 

southwestern United States and Mexico. 

Scheerens, et al. (1983) reported that the early settlers of the 

American Southwest were known to util ize legumes, particularly the tepary 

bean, in their daily meals. Nabhan, et al. (1979) mentioned that this 

legume was able to provide nutrients that maintained the well being of 

both Indians and Spanish people and the legume remains an important food 

source for them to this day. 

Freeman (1912) and Hendry (1918) reported the teparies (Phaseolus 

acutifolius) to be drought-adapted, disease-resistant and suitable for 

arid land cultivation. Freeman (1912) isolated 47 varieties of teparies 

according to color, size and shape. The widely used varieties in the 

Southwest are the white and the brown teparies. Freeman (1912) also 

indicated that Mexican and Indian people preferred dishes prepared with 

teparies to those with pinto (Phaseolus vulgaris). Tinsley, et al. 

(1984) stated that even though the consumption of teparies decreased 

among the Indians in recent years, this legume stil l remains very impor

tant in traditional ceremonies. 
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Nabhan et al. (1978, 1979, 1980) reported that the decline of 

tepary consumption could be attributed to the wide variety of legumes 

available at lower prices, changing l i fe styles of the Southwestern 

Indians, and the availabil ity of more water which decreased the amount 

of land which could only have been dry farmed. Nabhan (1979) noted that 

the nutrit ive value of tepary (Phaseolus acutifolius) is comparable, i f  

not superior to, many of the common legumes. Protein is one of the major 

components of any foodstuff that is analyzed in order to assess its 

nutrit ional quality. The protein content of tepary has been extensively 

reviewed by Scheerens et al. (1983) and is reported to average 23% with 

a range of 13 - 32%. 

Aykroyd and Doughty (1964) reported that food legumes are defi

cient in either sulfur amino acids or tryptophan; therefore, their pro

tein composition is unbalanced. The value of essential amino acids 

displayed by the tepary is above the FAO provisional pattern except for 

methionine, cysteine (sulfur containing) and threonine. Teparies con

tain about 1 - 2% crude fat. The bulk of bean content is that of 

carbohydrates, starch, f iber, pectin and sugar. Tinsley, et al. (1984) 

mentions that the starch content of legumes is more than 50%. 

Duke (1981) described the soybean (Glycine max) as a short-day 

annual herb that stems to 1.8 meters. This pulse is adaptable to severe 

weather conditions, grows best on well-drained soils but tolerates a 

wide range of soil conditions. The soybean is a subtropical legume that 

is widely cultivated in China, Japan, Korea, Taiwan and Russia. Smartt 

(1976) mentioned that soybeans are the world's most important source of 
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plant protein and oil. This legume has a protein content ranging from 

29.6 - 50.3% with a fat content ranging from 13.5 to 24.2%. Caldwell 

et al. ( 1973) reported that the immature beans are eaten as vegetables, 

processed as soy milk and roasted as a coffee substitute. Furthermore, 

i ts oil is used in the manufacture of paints, printing inks, and insec

ticides, as well as in food products and as a food grade oil. 

Duke (1981) described the chick-pea (Cicer arietinum), also 

known as the garbanzo bean, as an annual herb that stands erect and 

reaches a height of one meter. Chick-pea grows very well in poor soil 

and in dry, cold climates. It is a long-day plant that flowers in 

every photoperiod (Duke, 1981). 

History shows that the chick-pea was f irst domesticated in the 

Middle East and later in India, Ethiopia, Mexico and several countries 

in South America. Maesen (1972) indicates that the chick-pea is the 

world's third most consumed pulse and is valued for its high protein 

content which ranges from 14 - 30%. 

Duke (1981) described the pinto bean as an annual herb that 

reaches a height of 60 cm. The pinto, known as the common bean, toler

ates most environmental conditions in tropical and temperate zones but 

fares poorly in the wet tropics. Pinto beans are native to Central 

America and Guatemala, but are now well distributed throughout the 

world. Moreover, they are among the leading legume of the world con

sumed as a foodstuff. Pintos are considered nutrit ious as they are good 

sources of protein, carbohydrates and minerals. 



Lyman (1954) described the mesquite (Prosopis aculeata) as a 

shrub-like tree that reaches a height of 15 - 20 feet. Mesquite is 

widely distributed in Northern Mexico, the low deserts of California, 

arid parts of Texas, Utah, western Oklahoma and many other regions of 

the United States and South America. Peattie (1980) noted that this 

thorny small tree has seeds that contain about 30% sugar. This plant 

has had a tremendous effect on many Southwestern Indian tribes who 

uti l ize its seeds and pods as a foodstuff or fermented its meal to make 

an alcoholic beverage. In addition, its wood is used for charcoal,fuel, 

building blocks and furniture. 

The palo verde grows to heights of 15 - 36 feet depending on the 

species. The palo verde is well known in the Southwestern United States. 

Vine (1980) stated that palo verdes are usually grown for ornament or 

hedges and, as such, are cultivated extensively in these regions. Vine 

(1980) reported that Indians consumed the pods and the seeds of this 

tree while Lyman (1954) stated that the Indians used its wood for fuel. 

Three palo verde species were analyzed in this study for the 

nutrit ive value of their seeds. These were the blue palo verde (Cerci-

dium floridium), green palo verde (Parkinsonia aculeata), and the foot

hil l palo verde (Cercidium microphylum). The use of these seeds as a 

food source has been l imited and its potentiality as a foodstuff has not 

been studied to any great extent. 



CHAPTER 3 

MATERIALS AND METHODS 

The legumes chosen for this study include tepary (Phaseolus 

acutifolius), pinto (Phaseolus vulgaris), black-eyed pea (Vigna sinesis), 

garbanzo (Cicer arietinum), fava (Vicia faba), soybean (Glycine max), 

turtle or black bean (Phaseolus vulgaris), blue palo verde (Cercidiurn 

floridum), foothil l palo verde (Cercidium microphylurn), green palo verde 

(Parkinsonia spp.) and mesquite (Prosopis jul if lora). Only the seed por

tion of the fruit was analyzed from all species except mesquite, in 

which the edible portion is that of the pod. 

The black-eyed pea and the garbanzo bean were purchased from the 

Food Conspiracy Co-operative and marketed by Westland Co., California. 

Soybeans were also obtained from the Food Conspiracy Co-op and grown by 

Phoenix Farms, Inc., Bloomington, 111. Two samples of turtle (black) 

beans were obtained, one from the Hermosillo open market, Hermosillo, 

Sonora, Mexico and the Food Conspiracy Co-op in Tucson, Arizona. Pinto 

beans were obtained as a USDA commodity item and from the open market in 

Hermosillo, Sonora, Mexico. The fava beans were purchased from a local 

Tucson import store. Tepary beans were obtained from four sources 

including Hermosillo, Sonora, Mexico, Santa Cruz Farm, Pi si nemo, Arizona, 

Tucson Warehouse Co-op and Hoods Farms, Coolidge, Arizona. Palo verde 

and mesquite beans were collected from trees in several locations in 

22 
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Pima County, Arizona, and as such might be considered representative of 

this area. A total of 21 samples were used for this study. 

The beans used in this study, other than the immature palo verde, 

were ground through a Wiley mill using #10 mesh screen and stored in8oz. 

glass jars, then spread thinly on 6 x 8 baking pans, wrapped in plastic 

bags and frozen to be freeze-dried over two to three days. All samples 

were weighed before and after freeze-drying. The immature beans of the 

palo verde, since they had a high moisture content, were freeze-dried 

before they were ground. 

Cooked Samples 

All cooked samples were prepared by pre-soaking one cup (appro

ximately 100 grams) in water that contained 1.2 grams of NaHCOg for 12 

hours (Dawson, et al, 1952) in a 3104 model Rival crockpot at 85° - 90°C. 

Amounts of water used varied as all beans were cooked to a doneness test 

(easily mashed). Water amounts depended on the cooking time and evapor

ation, being added as needed to prevent scorching or sticking. The 

beans with their broth were lyopholized and then ground through a Wiley 

mill with #30 mesh screen. 

Proximate Analysis Of The Beans 

Cooked and uncooked beans were analyzed in duplicate for proxi

mate composition and amino acid profile. Average values are reported on 

a dry weight basis. Proximate analysis was done using standard A0AC 

(1975) procedures. Crude protein was determined by the microKjeldahl 

technique, crude fat by extraction with hexane on a Goldfisch apparatus, 



crude fiber by the acid detergent method, and ash by gravimetric deter

mination after combustion at 450°C. Total carbohydrate contents were 

calculated by difference, while calories were calculated using factors 

of 4, 4 and 9 calories per gram of carbohydrate, protein and fat, 

respectively. 

Amino acid composition of the bean samples was determined by ion 

exchange chromatography on a Beckman automatic amino acid analyzer 

following acid hydrolysis of protein in vacuo. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Laboratory Analysis of Nutrit ional Quality 

Protein (Raw) 

Data obtained through proximate analysis of the raw samples are 

presented in Table 5. The major nutrit ional value of the legume is gen

erally attributed to its protein content. Crude protein content of the 

samples tested ranged from 12.22 - 39.57. These values are similar to 

values exhibited among common legume value as indicated by Earle and 

Jones (1962). 

The palo verde samples displayed protein levels that range from 

22.94 - 30.89. These results indicate that the palo verde protein con

tent is comparable, i f  not superior, to values exhibited by common 

legumes. Earl'e and Jones (1962) reported a value of 24.3% for the green 

palo verde which is similar to the 23.36 value found in this study. 

Both the mature and immature palo verde were examined. In the 

three varieties studied, the immature green palo verde and the immature 

foothil l palo verde exhibited slightly higher protein content than the 

mature samples. On the other hand, the mature blue palo verde displayed 

a protein content slightly higher than the immature variety. 

Tepary samples exhibited average protein levels of 24.9 and 

21.2% for white and brown races respectively. Some of the published 
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Table 5. The Proximate Composit ion Of The Raw Legume, Dry Weight Basis. 

Protein Fat Fiber Ash Carbohydrate 
Legume {%) (%) ( % )  ( % )  (%) Calories 

Blue palo verde (immature) 28.00 3.14 21 .60 4.4 42.86 312 

Blue palo verde (mature) 30.89 4.48 35.17 4.24 25.22 265 

Foothil l palo verde (immature) 30.35 3.85 18.60 3.71 43.49 330 

Foothil l palo verde (mature) 25.52 10.47 32.54 3.40 49.66 309 

Green palo verde (immature) 23.76 1 .53 22.81 3.72 48.78 302 

Green palo verde (mature) 22.94 1 .89 28.29 3.61 43.27 282 

Fava 31 .29 1 .78 14.28 3.46 49.19 338 

Mesquite 12.22 1.49 16.71 4.31 65.27 323 

Turtle (black) 24.53 1 .05 17.11 3.46 53.85 323 

Tepary (white) 28.24 1 .16 20.90 3.00 46.76 310 

Tepary (white) 22.79 0.53 16.05 4.80 55.83 319 

Tepary (white) 24.16 0.87 18.53 4.42 313 

Tepary (white) 24.41 0.94 10.01 4.14 60.50 348 



Table 5. The Proximate Composit ion Of The Raw Legume, Dry Weight Basis — Continued 

Legume Protein Fat Fiber Ash Carbohydrate 
U) {%) {%) {%) {%) Calories 

Tepary (brown) 22.19 0.39 14.65 4.29 58.48 326 

Tepary (brown) 20.25 0.51 14.82 4.78 59.54 324 

Tepary (brown) 21.25 1.56 20.52 5.24 51.43 305 

Black-eyed (cowpea) 26.83 0.84 13.05 4.30 54.97 335 

Garbanzo (chickpea) 22.02 5.74 7.45 2.91 61.88 387 

Pinto (Hermosillo) 25.48 1.52 20.11 4.25 48.64 310 

Pinto (commodity) 21.76 1.51 12.97 3.83 59.93 340 

Soybean 39.57 16.73 28.10 5.32 10.28 355 
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protein values of tepary are reported in Table 6; however, these values 

are not separated according to brown and white tepary. 

Protein levels found in this study for fava, cowpea and chick

pea were higher than those previously reported by Aykroyd and Doughty 

(1964), Smartt (1976) and Earle and Jones (1962), but were lower than 

those reported by Duke (1981). Of the two varieties of pintos, the Her-

mosillo pinto exhibited a protein content of 25.48%; whereas the commo

dity pinto had 21.75%. The values reported in this study for the Hermo-

sil lo variety were found to be higher than the values previously 

reported by Earle and Jones (1962) Aykroyd and Doughty (1964), Smartt 

(1976), and Duke (1981). The value displayed by the commodity pinto, 

however, was slightly lower than that previously reported. 

The turtle black beans revealed a protein content of 24.5%, 

which was slightly higher than the Phaseolus vulgaris. The protein con

tent of soybean was 39.57% similar to values reported by Aykroyd and 

Doughty (1962) and NAS (1979), Earle and Jones (1962) and Duke (1981). 

Additionally, the protein content of the mesquite pods was studied and 

shown to be 12.2%. 

Fat (Raw) 

The crude fat contents of the raw legumes are l isted in Table 5. 

The values l isted exhibit low values which are typical to the legumi-

nasae family. Scheerens, et al. (1983) stated that fat found in the 

legumes is rich in polyunsaturated components and a carrier of fat 

soluble vitamins. Crude fat content is low in most cases consisting of 

1.2% of the whole seed, but contributes to the nutrit ional value. 



Table 6. Published Values Of Tepary Composition Shown 

In Comparison To This Study 

Protein Fat Ash References 

24.0 1.0 - Aykroyd and Doughty * 

22.2 1.4 4.2 Smartt * 

24.5 1.5 4.6 National Academy of Science * 

22.18 1 .3 4.21 Freeman * 

32.2 1.1 4.2 Earle and Jones * 

24.5 1 .5 4.6 Duke * 

24.9 0.9 4.1 White tepary this study 

21.2 0.8 4.8 Brown tepary this study 

* These values are not separated into brown and 

white as was performed in this study. 
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The crude fat content of the palo verde samples has a range of 

1.5 - 10.5%. The mature and immature green palo verde displayed a 1 .5 -

1.9% which is a range quite common to grain legumes. However, the 

mature and immature blue and foothil l palo verde were shown to have a 

higher level of fat, ranging from 2.1 to 10.5%. The mature foothil l 

palo verde exhibited a value which was much higher than the other varie

ties. The two varieties of teparies, the brown and the white, displayed 

values that ranged from 0.39 to 1.56%. The values that the tepary exhi

bited in this study are lower than those reported previously. As l isted 

in Table 7, the values ranged from 1.0 to 1.5%. 

Crude fat exhibited by the fava was 1.78 and fell within the 

range of crude fat analysis as reported by Aykroyd and Doughty (1962), 

Smartt (1976), Earle and Jones (1962), and Duke (1980). However, the 

cowpea displayed a value slightly lower than what Duke (1980), Smartt 

(1976), Earle and Jones (1962) and Phill ips (1982) reported. The chick

pea revealed a value of 5.74 which was a value close to that reported by 

Duke (1980), Smartt (1976) and Earle and Jones (1962). 

Both varieties of the pinto, the Hermosillo and the commodity, 

revealed a value of 1.52, close to that reported for the pinto by 

Ekenyong and Borchers (1980), Smartt (1976) and Duke (1980). 

The soybean is known for its high content of fat in comparison 

to many of the other legumes, and as such exhibited a value of 16.73 

crude fat. This value was close to values reported by Ekenyong and 

Borchers (1980), Aykroyd and Doughty (1964), Duke (1980), and Smartt 

(1976). The mesquite pods revealed a fat content of 1.49. 



Fiber (Raw) 

The values displayed by the legumes tested in this study was 

higher than that found in the l iterature since the method used was 

different from other major studies. 

The crude fiber of the raw legumes ranged from 7.45 to 35.17 

as shown in Table 5. The crude fiber of the palo verde ranged from 

18.60 - 35.17%. In all three varieties of the palo verde, the mature 

palo verde had a higher fiber content than the immature. The mature 

palo verde had the highest value of 35.17%. These values were compar

able to those of Weber (1983). 

The white tepary displayed a range of 10.01 - 20.90%, while the 

brown tepary displayed a range of 14.65 - 20.52 for their fiber content. 

The values exhibited by the fava, cowpea and chickpea were 14.28, 13.05 

and 7.45 respectively. The chickpea showed the lowest f iber content of 

all the legumes examined in this study. 

The soybean displayed crude fiber values close to those of the palo 

verde, while the turtle (black) and the pinto containedl7.lland20.il res

pectively. Chen, et al. (1982) performed a study on the fiber content of 

some beans and pods using Soest's method and l isted a value for Phaseolus 

vulgaris of 15.14. The mesquite pods contained 16.17%, a value comparable 

to the values l isted by Chen, et al. (1982) for legume pods. 

Ash (Raw) 

Ash content varied l i tt le among bean sample studies as shown in 

Table 5. The values ranged from 5.31 - 2.91%. The values l isted in 

Table 5 ar.e very close to those l isted in the l iterature. 



Earle and Jones (1962) l isted a value of 3.8% for the green palo 

verde, comparable to the 3.72% value found in this study. Earle and 

Jones' values for tepary (Phaseolus acutifolius) ranged from 4.2 - 4.6%. 

These values are similar to those of the brown variety in this study and 

slightly lower than those found for the white tepary. The values dis

played by the fava, cowpea and chick-pea were similar to the findings of 

Aykroyd and Doughty (1964), Smartt (1976), Duke (19B0) and Earle and 

Jones (1962). 

The Hermosillo pinto revealed an ash content similar to the 

findings of Earle and Jones (1962), whereas the commodity pinto dis

played a value that was close to the findings of Aykroyd and Doughty 

(1964) and Duke (1930). 

Amino Acids (Raw) 

The amino acid profiles and protein scores of raw fava, white 

and brown tepary, chick-pea and cowpea are l isted in Table 7. The most 

l imiting amino acid was identified. The data show that of the bean 

samples studied, the sulfur amino acids were most l imiting, with a 

secondary deficiency in threonine. Tryptophan analysis was not per

formed in this study and the protein score was calculated without the 

benefit of tryptophan. The protein score ranged from (65 - 84). All 

raw samples tested showed a high content of lysine, leucine and aromatic 

amino acids. Moreover, the essential amino acids were similar among all 

samples tested. The brown tepary and the chick-pea showed a higher 

level of methionine and cystine and as such displayed higher protein 

scores. 



Table 7. Average Essential Acid Profiles and Protein Scores of Tepary and 

African/Middle Eastern Legumes —^ 

Amino Acid in Protein as g Per 16 g N p rQt  

Raw Legume ILE LEU LYS MET + CYS -1 PHE + TYR THR VAL Score 

White tepary 4.4 9.1 6.8 2.8 8.7 4.3 5.5 65 

Brown tepary 4.4 9.5 6.7 3.5 8.7 4.6 5.4 81 

Fava 4.3 9.2 7.0 2.8 7.7 4.1 4.7 65 

Cowpea 4.5 9.1 7.0 2.9 8.7 4.2 5.2 67 

Chickpea 4.3 9.0 7.1 3.6 8.5 4.1 5.1 84 

FAO Pattern 4.2 4.8 4.2 4.3 5.6 4.8 4.2 100 

Protein Score = * most l imiting amino acid In test protein Example 2.8 l nn  „ 
% amino acid in reference protein K x 100 = 65 

1/ Protein scores calculated without benefit of tryptophan 

2/ Most l imiting amino acids were identified as the sulfur amino acids. 
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All samples studied had more lysine, leucine and total aromatic 

amino acids than the FAO/WHO (1982) pattern; whereas the total sulfur-

containing amino acids were less in all the samples. Khan et al. (1979), 

Young (1980), and Antunes and Sgarbieri (1980), reported similar results 

for grain legume species studied. 

Protein (Cooked) 

Data obtained through proximate analysis of the cooked legume 

samples are presented in Table 8. The protein content of the cooked 

samples ranged 11.94% to 31.08%. The values of the cooked samples were 

slightly different from the raw samples. 

The crude protein value exhibited by the blue palo verde (imma

ture) was 26.26 which was slightly less than the raw; whereas the mature 

blue palo verde showed values similar to the raw. The foothil l palo 

verde, both immature and mature, exhibited a slight increase when cooked. 

The value of the cooked (immature) green palo verde was comparable to 

the raw (immature) green palo verde; however, the mature exhibited 

slightly higher values. 

The four samples of the cooked white tepary showed a slight 

increase in crude protein value over the raw; on the other hand, the 

three samples of cooked brown teparies showed a slight decrease in crude 

protein value over the uncooked samples. 

The fava and the chick-pea showed l i tt le decrease in their pro

tein content after cooking; whereas the cowpea exhibited a slight 

increase in the crude protein content after cooking. Ekpenyong and 



Borchers (1980) examined the effect of quick cooking and long cooking 

on winged bean and they found an increase of the protein content. 

The cooked turtle revealed a slight decline in its protein con

tent. However, both varieties of the cooked pinto showed a slight 

increase. Both the soybean and the mesquite pods showed a slight de

crease in crude protein content. 

Fat (Cooked) 

Crude fat content of the cooked samples are l isted in Table 8. 

The values reported range from 1.10 - 17.03. 

All the samples tested showed an increase in fat content, ex

cept for the fava which showed a very slight decrease. The increase in 

crude fat content agrees with Ekpenyoung and Borchers1 (1980) findings. 

Fiber (Cooked) 

Fiber content of the cooked samples are l isted in Table 8. The 

value reported ranged from 8.51 - 32.37. 

The three varieties of the immature palo verde showed an increase 

in their fiber content after they were cooked, whereas the mature varie

ties of the blue and the foothil l palo verde exhibited a decrease and 

the green palo verde revealed an increase of fiber. 

Three of the white tepary samples l isted showed a decrease after 

they were cooked and the fourth sample revealed a slight increase. Two 

of the brown teparies showed a decrease while the third sample showed 

an increase of its fiber content. 
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The fava, chick-pea, cowpea and turtle samples showed an in

crease in fiber content after they were cooked. The Hermosillo pinto 

exhibited an increase while the commodity variety showed a slight de

crease after cooking. The mesquite pods and the soybean showed a 

decrease in their fiber content upon cooking. 

Ash (Cooked) 

The ash content of the cooked samples ranged from 2.95 - 5.06. 

The general trend was a decrease in the ash content when the samples 

were cooked. The ash values of the studied cooked samples are l isted 

i  n Table 8. 

The palo verde samples revealed a decrease in their ash content 

after they were cooked except for the immature blue palo verde and the 

mature foothil l palo verde which showed a slight increase in ash content. 

One of the four samples of white tepary and one of the three 

brown tepary samples showed a slight increase while the rest revealed 

a decline in ash content after they were cooked. Additionally, the 

cowpea, chick-pea and the soybean exhibited a slight increase, whereas 

the mesquite pods, the pinto and the fava exhibited a decrease of ash 

content. 

Amino Acids (Cooked) 

The essential amino acid for the cooked white tepary, brown 

tepary, fava, cowpea and the chick-pea are l isted in Table 9. The l imit

ing essential amino acids again are the sulfur-containing amino acids 

and threonine as was the case for the raw samples. 



Table 8. Proximate Composit ion Of The Cooked Legumes, Dry Weight Basis. 

Protein Fat Fi ber Ash Carbohydrates 
Legume (%) (*) (%) (%) (%=) Calories 

Blue palo verde (immature) 26.26 3.84 21 .92 4.41 43.57 314 

Blue palo verde (mature) 30.13 5.69 32.37 4.11 27.70 283 

Foothil l palo verde (immature) 31 .37 4.93 27.17 3.67 32.86 302 

Foothil l palo verde (mature) 27.23 11 .13 27.93 3.47 30.24 330 

Green palo verde (immature) 23.10 1 .84 23.40 3.58 48.08 302 

Green palo verde (mature) 25.94 1.99 29.10 3.60 39.37 279 

Fava 

C
O
 o
 

rn 1.76 22.60 3.42 41 .14 305 

Mesquite 11.94 1 .73 15.82 4.26 66.24 328 

Turtle (black) 24.23 1.97 19.12 3.39 51 .29 320 

Tepary (white) 28.45 1.49 17.22 3.07 49.77 326 

Tepary (white) 25.35 1.24 12.32 4.70 56.39 338 

Tepary (white) 25.40 1.78 17.72 4.41 29.82 321 

Tepary (white 25.04 1 .21 11.32 4.10 58.33 344 



Table 8. Proximate Composit ion Of The Cooked Legumes, Dry Weight Basis—Continued 

. Protein Fat Fiber Ash Carbohydrates 
Legumes (%) (%) (%) (%) (%) Calories 

Tepary (brown) 21.89 1.10 15.82 4.25 56.94 325 

Tepary (brown) 19.62 1.31 11.93 4.82 62.32 340 

Tepary (brown) 21.04 1.61 19.99 5.06 52.30 308 

Black-eyed (cowpea) 27.68 1.13 14.21 4.31 52.49 331 

Garbanzo (chick-pea) 21.25 6.12 8.51 2.95 61.17 385 

Pinto (Hermosillo) 25.87 1.80 21.07 4.22 47.04 307 

Pinto (commodity) 22.01 1.82 12.90 3.80 59.47 342 

Soybean 38.08 17.03 28.10 5.34 11.45 351 



Table 9. Cooked Average Essential Amino Acid in Protein as g Per 16 g N. 

Cooked ILE LEU LYS MET + CYS PHE + TYR THR VAL 
Prot. 
Score 

White tepary 4.5 8.8 6.6 1.9 8.9 4.4 5.5 44.00 

Brown tepary 4.6 8.7 6.6 2.7 8.8 4.7 5.7 62.79 

Fava 4.2 8.8 6.9 2.6 7.9 3.9 4.8 60.46 

Cowpea 4.2 8.9 7.2 2.7 8.8 4.0 4.8 62.79 

Chi ckpea 4.2 8.6 6.5 2.4 8.8 3.7 4.2 55.80 

FAO 4.2 4.8 4.2 4.3 5.6 4.8 4.2 100.00 

CO 10 
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The composite white and brown tepary showed a decline in leu

cine, lysine and the methionine plus cystine after the beans were cooked. 

At the same time they showed an increase in the phenylanine plus tyra-

sine and threonine. However, the brown tepary revealed an increase of 

valine. 

The fava and the cowpea showed a decrease in the leucine, methi-

onene and cystine and threonine. The cowpea showed an increase in lysine 

whereas the fava and chick-pea showed a decrease. In addition to that, 

the fava revealed an increase in its valine content, but the cowpea and 

chick-pea showed a decrease in valine after they were cooked. 

The protein score of the cooked beans decreased from a range of 

65 - 84 for the raw (Table 8) to a range of 44 - 62 for the cooked 

samples. 

There was only a slight difference between some of the raw sam

ples and the cooked samples; nevertheless, the general trend was a slight 

increase after the beans were cooked. This was consistent with Hayto-

witz and Matthews (1983) data, they reported that i t is easier to extract 

nutrient from cooked samples than raw. They suggested that this may have 

resulted from the breakdown of various enzymes and proteins in cooking 

which in turn binds the nutrients in the raw bean. 

The slight decrease in protein that a few of the samples showed 

could have resulted from the leaching of small amounts of protein into the 

cooking water. On the other hand the slight increase in relative pro

tein that most of them displayed could also be due to the loss of 

soluble solids during soaking and cooking. 
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Most of the legumes showed an increase in fat content. This 

could have resulted from the l iberation of l ipids previously bound in 

the cellular structure of the raw beans. 

There was a slight decrease in minerals in cooked beans which 

may have resulted from the diffusion of some of the minerals into the 

cooking l iquid during soaking and cooking. 

Statistical analysis of the data using a t-test is shown in 

Table 10. The results indicated that there was no statistical differ

ence between the protein, fat, fiber and ash content of the cooked and 

the raw beans. Other studies reviewed did not analyze statistically be

tween cooked and raw legumes samples. 
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Table 10. Component Differences Between Raw And Cooked Samples 

Components 
Number of 

Samples Mean 
Standard 
Deviation 

Standard 
Error T 

Protein Raw 21 25.16 5.37 1 .17 0.13 

Cooked 21 25.37 5.25 1.15 

Fat Raw 21 2.95 3.93 0.86 0.41 

Cooked 21 3.45 3.95 0.86 

Fiber Raw 21 19.27 7.12 1 .55 0.13 

Cooked 21 19.55 6.70 1 .46 

Ash Raw 21 4.OP 0.61 0.14 0.16 

Cooked 21 4.05 0.64 0.14 



CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

In this study four varieties of legumes native to the semi-arid 

region of the Southwestern United States were analyzed and compared to 

legumes grown and consumed in other semi-arid areas of the world, 

including Africa and the Mid-East. These arid land beans included 

blue palo verde (Cercidium floridum), foothil l palo verde (Cercidium 

microphylum), green palo verde (Parkinsonia aculeata) and tepary 

(Phaseolus acutifolius), as well as fava, chick-pea and soybean from 

other countries. Proximate analyses and protein scores were determined. 

Arid land beans compared favorably to others in protein and fat 

content. These legumes, in particular the white and brown teparies, 

show great promise for the underdeveloped semi-arid countries where 

protein calorie malnutrit ion is rampant. They offer a good source of 

protein which is comparable to most legumes but somewhat less than that 

of fava (Vicia faba) and soybean (Glycine max). The tepary bean, l ike 

other legumes, is deficient in sulfur-containing amino acies. Although 

these beans are devicient in several of the essential amino acies, they 

can be combined in the diet with cereal or with animal protein to pro

duce a more satisfactory amino acid balance. Some scientists even sug

gest the infusion method should be applied to enrich common legumes with 

sulfur-containing amino acid, particularly methionine, to compensate for 

the deficiency of these amino acids. 
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Teparies contain antinutrit ional factors l ike other legumes but 

none which have been associated with serious health problems. Fava 

beans, on the other hand, contain a substance which may have deleteri

ous effects on human health. Therefore, introducing these arid land 

beans in regions where fava beans are traditionally consumed may lessen 

health risks. 

The presence of antinutrit ional factors in foods has been 

receiving the world-wide attention of nutrit ionists, food scientists, 

and plant breeders. The challenge is to decrease or eliminate these 

toxic constituents, particularly in legume food products, with the world 

population facing l imited selection of protein foods. Further work 

needs to be done along these l ines. Additional investigation is needed 

with regard to processing methods and cooking methods designed to reduce 

or inactivate anti-nutrit ional factors, decrease cooking time and fuel 

expenditure. The tepary's value appears sufficient to warrant such 

further study. 
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