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ABSTRACT 

The buffalo gourd (Cucurbita foetidissima), a xerophytic gourd 

indigenous to the southwestern United States, has been touted a poten

tial food source, particularly in arid and semi-arid regions of the 

world. Protein isolates from seeds of the gourd were prepared accord

ing to sophisticated laboratory and rudimentary village procedures. 

Prior to preparation of the isolates, levels of trypsin inhibi

tors, lectins, phytates and flatulent oligosaccharides were measured in 

defatted, hulled seed. These compounds exist, in xerophytic and domes

tic squashes, in similar or reduced amounts relative to soybean meal 

and should pose no noxious threat to the food quality of the protein 

isolates. 

The effi cacy . of protei n extracti on by a monovalent e,xtractant, 

sodium hydroxide, was compared to a divalent solvent, calcium hydroxide. 

These species of protein isolates were compared to isolate prepared, 

in a similar manner, from seeds of Hubbard squash (Cucurbita maxima), a 

domestic squash. 

Chemical analyses indicated sodium hydroxide was the most effec

tive extractant, regardless of procedure or species. Protein content 

x 



xi 

was greater in the laboratory procedure, but amino acid levels were 

comparable in both laboratory and village processes, in both cucurbit 

species. Lysine and threonine were found to be limiting amino acids in 

the isolates compared to the FAD provisional pattern. The amino acid 

patterns of cucurbit protein isolates were comparable to those of sun

flower, safflower and flax but inferior to soybean and rapeseed 

isolates. 

When the village procedure, sodium hydroxide extraction, was 

expanded to a large-scale operation, permitting the production of ample 

quantities of isolate for animal studies, the amino acid profile became 

more deficient. The large-scale extraction process was less effective 

in extracting a high quality protein, albeit the protein and fat content 

were comparable to the small-scale procedure. 

Biological evaluation, e.g., total weight gain and PER, of 

these protein isolates revealed the cucurbit protein isolates were 

minimally effective as a protein source, whether as a supplementation 

to sorghum and millet diets or as a sole source of protein. Chemical 

scores support these conclusions. 



CHAPTER 1 

INTRODUCTION 

Needs For Expanding Food and Protein Supplies 

The food crisis of the early 1970s dramatically demonstrated 

the prevalence of population-food problems and emphasized the necessity 

to expand food development and production. Almost like a portend of 

the theory proposed by T. R. Malthus (1798), the 18th century English 

economist, adverse weather in the Soviet Union, in the Sahel ian region 

of Africa, in China and in parts of India destroyed food crops at a 

staggering mag~litude and brought the balance between the food supply and 

human survival in these areas into a precarious position. 

The Soviet Union and other Eastern European countries increased 

their net grain imports frorn a typical 4 million tons to 27 million tons 

in 1972-73. The large reserves usually available in America, which had 

helped thwart similar disasters in India and the Soviet Union in the 

1960s, had been depleted. Consequently, world carry-over stocks fell 

to the lowest in two decades, grain and fertilizer prices exploded and 

meat prices soared. This, perhaps, was the first time food had become 

a global issue. 

1 
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The availability of an ample world food supply is most certainly 

a complex situation and encompasses the problems of world population 

growth and food production. With the scientific advances in medical 

practice and health care services in the last 50 years, age-old enemies 

of mankind, like smallpox, pneumonia, typhoid and malaria, have all but 

been eliminated. Hence, death rates have dropped sharply, especially 

among infants and children, while birth rates have remained high. These 

occurrences permitted an incredible explosion in the world population; 

the population currently increases at an annual rate of 2.5 - 3.5% in 

developing cou~tries (Brady 1981). These rates suggest the population 

would double every 20 - 28 years, adding 70 - 80 million to the wo\~ld 

population each year. Long term projections suggest 90% of the increase 

between 1975 and 2000 will be in developing countries. 

In response to the extraordinary increase in global population, 

technological advances in agriculture, such as expansion of cultivable 

land and increased crop yields, have supported annual increases in world 

food production of 3.1% in the 1950s, 2.9% in the 1960s and 2.0% in the 

1970s (Brady 1981). Unfortunately, the heroic efforts of the agricul

tural community have scarcely maintained pace with the population growth, 

and food production per capita actually decreased during the early 1970s. 

Brown (1963) projected changes in grain production and net trade 

to the year 2000 which suggested even though developing countries could 

be tripling grain output by the year 2000, the developed countries would 

have to quadruple their grain exports to meet the demand. 
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Along with the inequality in population growth and food produc

tion as long term factors affecting the food supply looms the disparity 

of food utilization. As people or societies become more affluent, 

their consumption of animal products increases (Mayer 1976). Diets of 

lower income families, in any nation, consist of a high proportion of 

carbohydrates, low fat, low animal proteins and low total protein of 

decreased biological quality (Pearson 1980). Thus, the basic food

stuffs (grains, legumes) of the wealthy which could feed human beings 

directly are instead fed to cattle and chickens. Pimented et al. (1975) 

estimated 91% of the cereal, legume and vegetable protein produced in 

the United States, and suitable for human consumption, is fed to live

stock. Animals are fairly inefficient in converting plant proteins into 

animal proteins; the production of milk and egg proteins exhibit 31% and 

18% efficiency, respectively (Pimentel et al. 1975). To restate the 

conversion 'inefficiency differently, on a global basis, four kg of 

vegetable protein suitable for Man is fed to livestock for every 1 kg 

animal protein produced (Pimentel ~t al. 1975). In an attempt to fur

ther emphasize the inefficiency: one acre of productive land provides, 

for a man's protein needs, only 77 days as beef, 236 days as milk, 684 

days as rice, 773 days as corn meal and as much as 2,224 days as soybean 

protein (Pearson 1980). 

As the worl d population conti'nues to expand, nati ons wi 11 depend, in 

greater degrees, on plant production as a primary source of food. The 



4 

developing countries will grow in their ability to incorporate advanced 

agronomic technologies, helping to bridle the shortfall of the world's 

food supply. But many of these nations are not utilizing all of their 

arable but uncultivated land; the highest concentration of arable land 

lies in the semiarid, subhumid and humid grasslands of the middle lati

tudes (Revelle 1976). Many of the developing countries in the conti

nents of Africa, South America, India and in the Middle East, contain 

within their borders a large proportion of arid and semi-arid land. 

These lands represent a vast, untapped plant production resource. Many 

arid regions have seasons exceptionally favorable for plant production 

and the soil of these areas are often inherently fertile or can be 

developed as such through proper management and treatment (Upchurch 

1981). Opportunities could develop for the introduction of food crops, 

either conventional or non-conventional, into these countries, the 

choice dependent on the nation, region and need. 

Xerophytic Cucurbits: The Buffalo Gourd 

Culti vated species of Clicurbita have been associ ated with civil i

zation for centuries. They were indispensible to primative people, 

particularly those residing in tropical, subtropical and mild portions 

of temperate zones: in their diets as a carbohydrate source, as des

serts, as salad ingredients, as pickles and in the household as baskets, 

pots,_jugs, cutlery and as scouring devices (Whitaker and Davis 1962). 
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The edible portions, the starch-laden pulp and the protein and oil-rich 

seeds are enjoyed throughout most of the world, consumed as a minor 

dietary component. Although essentially a tropical family, members of 

Cucurbitacae appear to be well adapted to temperate areas and are likely 

to increase in importance as the disparity between the world's food 

supply and burgeoning population becomes more apparent (Whitaker 1968). 

The pressures of evolution have also favored adaptation of cucur

bits to arid and semi-arid regions. In North America, these xerophytic 

p1 ants thrive in the southwestern IJnited States, as far north as the 

Dakotas and extending east into Illinois (Hogan and Bemis 1983). like 

their cultivated counterparts, the desert squashes have seeds rich in 

protein and oil, but the pulp is inedible due to an intensely acerbic 

material. From the dozen or so recognized xerophytic cucurbits, Cucur

bita foetidissima HBK~ the buffalo gourd, appears to be the most promis

ing and has received the most attention, with regard to the domestication 

and utilization of desert squashes as potential food crops. 

As early as the 1940s, Curtis (1946) recognized the food potential 

of the buffalo gourd, based on four observations: (1) the plants are 

perennial, (2) they grow on wastelands, in regions of low rainfall, (3) 

they can produce an abundant crop of fruits which contain edible seeds 

and (4) the fruit lends itself to mechanical harvesting. Systematic 

research on the buffalo gourd was initiated around 1950 (Bolley, 

McCormack and Curtis 1950; Shahani, Dollear and Markley 1951), but 

intensive investigations on plant hybridizations did not begin until 
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1968 (Curtis 1974). The development of Cucurbita foetidissima as a 

potential food crop has been explored seriously only since 1974, at 

which time a strong commitment to a full-scale research project on the 

domestication and utilization of this plant was initiated (Scheerens 

and Berry 1984; Hogan et ale 1983). 

The inordinately large storage root of the huffalo gourd plant 

permits a perennial character, and adventitious roots, produced at 

nodes of runners, is its primary mode of asexual reproduction. The 

vines produce entire, ovate to sagitate shaped leaves and round, base

ball-sized gourds or pepos, which carry in excess of 200 seeds in a 

single season (Bemis et al. 197R; Bemis, Berry and Weber 1979; Scheerens 

et al. 1978). 

Starch 

The food potential of the buffalo gourd is represented in the 

starch-filled root and the oil-and protein-rich seed. Roots, which have 

been found to weigh up to 72 kg, contain 50-65% starch on a dry weight 

basis (Nelson et al. 1983, Berry et al. 1976) and a moisture content of 

about 70% (Scheerens et al. 1984). Recent research on the starch sup

ports the notion of its food potential. Dreher et a1. (1983) have 

evaluated and summarized the organoleptic, physico-chemical and 

rheological qualities of the starch: 
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1. When subjected to freeze-thaw conditions, buffalo gourd starch 

gels undergo a significant degree of retrogradation, typical of pastes 

of other natural starches. 

2. Rheologic behavior is altered by changes in pH and starch con

centrations; buffalo gourd starch and standard starches react similarly. 

3. A higher initial pasting temperature and a more stable gel vis

cosity is demonstrated by buffalo gourd starch, greater than tapioca or 

potatoe starch. 

4. Buffalo gourd starch closely resembles that of maize in gela

tinization and rheological characteristics. 

5. Puddings prepared from buffalo gourd starch might gain consumer 

acceptance. 

Separation of the seed into its components yields seed coats 

and a full fat embryo. The decorticated material can be extracted with 

an appropriate solvent, e.g., hexane, to produce a crude oil and a 

defatted seed embryo. 

Seed Coats 

The seed coats comprise about 33% of the seed, significantly 

greater amounts than the 4% hulls of cottonseed and sunflower seed 

(Dreher et al. 1980). Crude fiber, measured as neutral detergent fiber, 

of C. foetidissima was ascertained to be 89%, comparable to that of the 

domesticated squashes, f. pepo and ~. maxima, 83% and 88%, respectively, 

(Dreher et al. 1980). 
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Oil 

The oil from the buffalo gourd seed has been measured by various 

investigators (Bolley et al. 1950; Shahani et al. 1951; Berry et al. 

1976; Scheerens et al. 1978, Vasconcellos et al. 1980) and considerable 

variation exists in their values, probably a reflection of phenotypic 

variation (Scheerens et al. 1978). Most recent crude oil determinations 

of whole seed show values which range between 35 - 41% (Vasconcellos and 

Berry 1982). Fatty acid determinations of the oil show a mean linoleic 

content of 60.6%, the major fatty acid· constituent. Studies employing 

UV spectrophotometry reveal an amount of conjugated dienoic fatty acids 

three times and eight times that in cottonseed and soybean oils, respec

tively, but in similar quantities to some edible oils. The infrared 

spectrum closely resembles the spectrum of soybean, cottonseed and corn 

oil and exhibits inappreciable amounts of punicic acid (Vasconcellos et 

al. 1980). To prepare a food grade oil, a series of refining, bleaching 

and deodorization has been carried out, and a light-colored oil with an 

acceptable flavor has been processed. Nutritional evaluation of the 

refined oil suggests, when fed at the 4% dietary level, it is similar to 

corn oil in terms of weight gain, feed efficiency and digestibility 

(Vasconcellos 1979). 

Protein 

Protein content of the whole seed has been reported in several 

studies and values range from 30.4 - 34.8% (Scheerens et al. 1984). 
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Values for defatted meal range 45.3 - 54.6% and those for decorticated 

flour, i.e., hulled, defatted embryo, range 69.5 - 75.0%. The different 

levels detected at various times are not likely caused by experimental 

negligence but instead, like the variation in seed oil levels, by the 

unusual genetic diversity exhibited by this plant. Investigations into 

the quality of the seed protein indicate the buffalo gourd may be a 

potential source of food protein (Bemis, Berry and Weber 1977; Thompson 

et ale 1978). 

Antinutritional Factors 

When a plant, such as the buffalo gourd, is being scrutinized 

for acceptance as a potential food source, its possible toxicity must be 

challenged. Toxic constituents of plants occur naturally and many of 

these have been extensively studied (Liener 1980). Some toxic materials 

are peculiar to a particular source, e.g., gossypol in cottonseed; 

S-N-oxalyl-L-a, S-diaminoproprionic acid, the neurotoxin in chick-pea, 

but others are more ubiquitous, such as trypsin inhibitors and food 

allergens. Perhaps four of the most common anti nutritional factors, at 

least in terms of those present in legumes and other seed crops, are: 

trypsin inhibitors, hemagglutinins, phytates and flatulent oligo

saccharides. 

Trypsin Inhibitors 

Protease inhibitors, trypsin inhibitors as well as inhibitors of 

chymotrypsin, elastase and others, are widely distributed among plants, 
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and their various plant parts, which populations of the world consume 

daily (Liener and Kakade 1980). Because of the important role soybeans 

play in animal feeding and its potential contribution to human nutri

tion, the protease inhibitors of this plant have received particular 

attention. 

Soybeans were introduced into this country, as a source of oil, 

around the turn of the century, and Osborne and Mendel (1917) recognized 

soybeans had to be heated to support growth of rats. For the last 40 

years, theories have been advanced as to the specific mechanism of the 

growth retarding effect of soybean. The beneficial effect of heating 

was generally attributed to a heat-labile trypsin inhibitor, which 

interfered with protein digestion ~ vivo. Supplementation studies with 

various amino acids showed the addition of methionine or cystine to 

unheated soybean meal improves protein utilization to essentially the 

same extent as proper heating (Kwong, Barnes and Fiala 1962; Barnes, 

Fiala and Kwong 1962), though not to the same degree as heated soybean 

supplemented with methionine (Liener, Deull and Fevold 1949). 

Investigations revealed methionine was released at a slower rate 

than other essential amino acids (Melnick, Oser and Weiss 1946). This 

observation allowed researchers to postulate the release and subsequent 
". absorption of methionine are delayed, and mutual supplementation of 

other essential amino acids is not advantageous. In vitro studies 

showed the trypsin inhibitor does not specifically retard enzyme release 
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of methionine but affects all the amino acids to the same extent 

(Liener & Fevold 1949, Clandinin and Robblee 1952). Consequently, 

Almquist and Merritt (1953) suggest the action of the inhibitor involves 

a general interference with digestion, causing substantial amounts of 

the limiting amino acid, methionine in soybean protein, to be excreted 

unabsorbed and of no value to the animal. But, convincing data indi

cate the growth retarding effect of the trypsin inhibitor cannot be 

entirely explained by its ability to inhibit protein digestion in the 

intestine (Desikachar and De 1947; Khayambashi and Lyman 1966). 

Despite the confusion about the mechanism of action, the obser

vation that soybean trypsin inhibitor caused marked hypertrophy of the 

pancreas (Booth et a 1. 1960), accompani ed by an increased rate of synthes is of 

pancreati c enzymes (Konij n and Guggenheim 1967) ,led Lyman and Lepkovsky 

(1957) to suggest an endogenous loss of essential amino acids depresses 

growth. This endogenous loss results from a hyperactive pancreas, compen

sating to overcome the depletion of trypsin caused by the inhibitor. 

Since pancreatic enzymes are rich in the sulfur-containing amino acids 

pancreatic hypertrophy drains the body tissue of these amino acids to 

meet increased need for synthesis of the enzymes. The loss of sulfur

containing amino acids accentuates an already critical situation; soy

bean protein is inherently deficient in methionine and cysteine. 

There appears to be a direct relationship between the size of 

the pancreas (percent of body weight) and the sensitivity of the res

ponse to ·raw soybeans or purified trypsin inhibitor. Those species of 

animals in which the pancreas weighs about 0.3% of the body weight, 
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e.g., mouse, rat, chick, become hypertrophic, whereas those whose 

weights are below this value are nonresponsive, e.g., dogs, pigs, 

calves and adult guinea pigs (Liener 1979). Considering the relation

ship, the human can be predicted not to become hypertrophic from the 

presence of soybean trypsin inhibitor in the intestine. 

Apparently, trypsin inhibitors cause pancreatic hypertrophy, 

but its role in growth inhibition, until recently, was still debated. 

Controversy exists because many of the previous feeding studies used 

crude or partially purified preparations of trypsin inhibitors, some 

only of 50% purity (Rackis et al. 1962). One study in which highly 

purified soybean trypsin inhibitor was. fed to rats showed trypsin 

inhibitor responsible for 100% of the pancreatic hypertrophy and 30 -

60% of the growth inhibition observed (Rackis 1965). In another study, 

soybean trypsin inhibitor, specifically removed from a water extract of 

raw soybeans by affinity chromatography, was fed to rats. Presumably, 

40% of the pancreatic hypertrophy and the growth inhibition observed 

coul d be accounted for by the trypsi n inhibitor (Kakade et al. 1973). 

Recently Chan and de Lumen (1982), using a trypsin inhibitor isolated 

by affinity chromatography from winged beans, studied pancreatic hyper

trophy and growth inhibition in rats by monitoring organ weights, PER 

and weight gain. Clearly, the results indicate isolated winged bean 

trypsin inhibitor causes pancreatic hypertrophy and growth inhibition 

and corroborates the earlier work of Rackis et al., (1962,1965) and 

Kakade et a1. (1973). 
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Kunit,z (1945) first isolated and crystallized a trypsin inhi

bitor from soybean. Since then, a flurry of investigations have 

revealed enormous quantities of information on the molecular structure 

and physical properties of soybean trypsin inhibitor and other trypsin 

inhibitors originating in many plant species. The soybean inhibitors 

are comprised of a complex mixture of proteins which can be classified 

broadly into two main groups. The members of one group, of which the 

Kunit~ trypsin inhibitor is the best known example, have a molecular 

weight in the range 20,000 - 25,0000, specifically inhibit trypsin and 

are relatively heat labile. The other group, best exemplified by the 

Bowman-Birk inhibitor, consists of a family of proteins which have a 

molecular weight of about 8,0000 and, because of their high cystine 

content, are generally considered relatively heat stable. Unlike high 

molecular weight inhibitors, the Bowman-Birk species is unique, inhi

biting chymotrypsin, as well as trypsin, at two different binding sites 

(Liener and Tomlinson 1981). 

Besides the Bowman-Birk trypsin inhibitor, several proteins 

which exhibit trypsin inhibitor activities also display enzymic' 

specificity toward other molecules. Homogenous purification of an 

unusual bifunctional protein, capable of inhibiting a-amylase, as well 

as trypsin, has been completed from finger millet. The complete amino 

acid sequence of the bifunctional inhibitor has been found to be homolo

gous with a-amylase inhibitor of wheat and the trypsin inhibitor from 

barley and maize (Campos and Richardson 1983). 
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Since the middle 1960s, researchers have attempted to disclose 

the molecular mechanism of action of the Kunit~ trypsin inhibitor on 

trypsin. The Kunitz inhibitor contains 181 amino acid residues and two 

disulfide bonds. Through a series of experiments, determination of the 

amino acid sequence and chemical modification studies designate Argi

nine 63 - Isoleucine 64 as the active site. Chemical-enzymatic mani

pulations show the nature of the amino acid located at position 63 

determines the specificity and the distance separating position 63 from 

64 is decisive in its activity (Leiner et al. 1980). 

Two main hypotheses on the significance of protein inhibitors 

in the plant kingdom have been postulated: 

1. The possible role inhibitors may play in determining the nutri

tive value of plant proteins (Kakade et a1. 1973). 

2. The synthesis of inhibitors is hormone regulated in plant leaves 

and such regulation is triggered by wounding, inferring protease inhi

bitor involvement in defense mechanisms. (Ryan 1980). 

In 1949, Kunitz (1949) described a method to evaluate the acti

vity of the Kunit.z soybean inhibitor, a spectrophotometric determination 

of breakdown products from casein generated by a given amount of the 

trypsin in the presence and absence of the inhibitor. Because the 

hydrolysis of casein did not follow zero order kinetics, problems with 

reproducibility and procedural reliability detracted from its accuracy 

and utility. Later experiments demonstrated benzoy1-DL-arginine-p

nitroani1ide (BAPA) might be effectual in detecting and quantifying 
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the activity of trypsin: it possesses a high activity and chromogenic 

properties (Erlanger, Kokowsky and Cohen 1961). Trypsin hydrolyzes 

BAPA to benzoy1arginine and p-nitroani1ine, the colored compound; BAPA 

is also stable in absence of the enzyme. Investigators reported BAPA 

could be used in systems containing as little as 1 ~g trypsin per m1 

of solution. 

Kakade, Simons and Liener (1969) confirmed the Erlanger et a1. 

hypothesis: BAPA does follow zero order kinetics and a reasonably 

linear relationship is obtained between the quantity of p-nitroana1ine 

released and the concentration of active enzyme. This study describes 

certain modifications necessary to obtain reproducible data on trypsin 

inhibitor activity. 

A further refinement of the inhibitor assay was ~roposed, modi

fying particular parameters of the above procedure, namely extraction 

of soybean samples at pH 8.4-10.0 rather than pH 7.6 and using an 

uncentrifuged extract instead of a centrifuged one (Kakade et a1. 1974). 

This method was designed for evaluating the extent of destruction of 

trypsin inhibitors in heat soya bean products. 

Recently, Smith et a1. (1980) presented a slight modification 

of the Kakade et a1. (1974) method to facilitate the determination of 

trypsin inhibitor activity for a large number of samples assayed on a 

routine basis. 
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Lectins 

Lectins, a diverse group of proteins, are distributed through

out the plant kingdom and can be isolated from seeds, leaves, stems 

and roots. Even though the agglutination ability of lectins was 

discovered in the late 1800s by Stillmark, these phytohemagglutinins 

were not described in edible legumes by Landsteiner and Raubitcheck 

until 1908 (Jaffe 1980). Subsequently, Landsteiner (1945) pointed out 

relative hemagglutinating activities of various seed extracts were quite 

different when tested with erythrocytes from different animals. 

Unlike protease inhibitors, information concerning the possible 

relationship between lectins in some foods, especially legumes, and 

their poor nutritive value has been scant. In the 1940s, compelling 

evidence showed trypsin inhibition in rats on a raw soybean diet 

(Liener et al. 1949) and subsequently in rats fed purified soybean 

trypsin inhibitor (Kakade et al. 1973). Not until purification of the 

soybean lectin could researchers demonstrate the minimal effect this 

lectin exerted on the nutritional properties of soybean proteins 

(Turner 1975). 

Lectins playa much more important role in the biological 

quality of other legumes. Numerous literature can be uncovered concern

ing the toxicity which has accompanied ingestion of raw or inadequately 

cooked beans. Donovan, Shih and Liener (1962) fed rats purified pre

parations of lectins from two varieties of P. vulgaris, black and kidney 
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beans, and observed levels as low as 0.5% caused a definite inhibition 

of growth; higher levels of these 1ectins accelerated the onset of 

death. Soaking and/or autoclaving effectively decreased the toxicity 

of many 1ectins, although specific parameters vary with different 

species. 

As stated above, phytohemagg1utinins are proteins which possess 

a specific affinity for a certain sugar molecule. The hemagglutination 

reaction occurs between a carbohydrate-containing receptor group (most 

animal tissue contains carbohydrate moieties) and the lectin; at least 

two active sites on the protein appear to be required. The receptor 

site must be exposed to facilitate this chemical interaction and lectin 

assays often utilize trypsin, papain or pronase to render these sites 

on erythrocytes accessible to the lectin (Jaffe 1980; Jaffe, BrUcher and 

Palazzo 1972). 

The last 15 years of research into the nature of 1ectins have 

yielded enormous amounts of information on the molecular structure and 

activity of these proteins. The only common characteristic between 

plant 1ectins is their protein structure. Many bear covalently bound 

sugars and are hence classified as glycoproteins, although concanavalin 

A, from the jack bean, and a few others carry no sugar residues. Many 

legume lectins consist of two to four subunits and contain bivalent 

metal iOh~. Often, several similar iso1ectins exist in the corresponding 

seeds, separabl~ by electrophoretic or chromatographic methods. 
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Their biological activity is extraordinarily diverse. Lectins 

agglutinate erythrocytes, some very specifically, and are used in typing 

human blood and studying the chemical structure of blood group sub

stances. They bind sugars specifically and precipitate polysaccharides 

and glycoproteins. Some lectins, such as ones prepared from the red 

kidney bean (i. vulgaris) and known as PHA, are mitogenic: they stimu

late the conversion of resting lymphocytes into actively growing and 

dividing blast-like cells. Because of these properties, 1ectins provide 

a useful tool for investigating specific binding sites on protein mole

cules and serve as models for study of antigen-antibody reactions. They 

ar8 used for structural studies of carbohydrate-containing polymers and 

as specific reagents for the isolation of polysaccharides and glycopro

teins. Because of their mitogenic activity, they aid in the biochemical 

events involved in the initiation of cell division. Most important is 

their current use in investigating the architecture of cell surfaces and 

in elucidating changes which cells undergo upon malignancy. In addition, 

lectins have the ability to trigger the alternate complement pathway, to 

inhibit fungal growth and to induce histamine release from basophils 

and mGst cells (Nachbar and Oppenheim 1980). In vivo experiments sug

gest oral administration of hemagglutinins can interact with mucosa of 

the gastrointestinal tract to cause acute gastro-intestinal symptoms, 

failure to thrive and even death. Also, parenteral administration has 

been shown to alter host resistence to infection or tumor challenge 

(Nachbar et al. 1980). 
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The actual mechanism of action of phytohemagglutinins has been 

extremely elusive, but certainly involves a chemical interaction be

tween the lectin and the gastrointestinal mucosa. The toxicity of the 

kidney bean has been determined to be associated with the albumin and 

globulin fraction (Pusztai, Grant and Palmer 1975). In nitrogen balance 

studies, rats ingesting pure bean lectin developed negative nitrogen 

balance. Using immunologic techniques, ingested lectins were ascer

tained to be selectively absorbed into the circulatory system, where 

they appear to exert a systemic toxic effect. Preliminary results indi

cate the lectins first bind to the surface of intestinal cells and are 

subsequently incorporated into multivesicular bodies and other compo

nents of the vascular system adjacent to cell golgi bodies (King and 

Pusztai 1982; Pusztai, Clarke and King 1979). These systemic effects 

might reflect an i~hibition of protein synthesis, local and systemic 

immune reactions, tissue damage due to different types of immune hyper

sensitivity reactions and hormonal changes. All these conditions might 

be exacerbated by bacterial overgrowth in the gut (Pusztai, King and 

Clarke 1982; Wilson et al. 1980; Pusztai et al. 1979). 

The detection of lectins in plant extracts is still performed 

typically by a serial dilution technique with visual estimation of the 

end point (Jaff~ and BrUcher 1972). As stated above, treatment of 

erythrocytes with trypsin, papain or pronase usually increases their 

sensitivity to lectin protein (Jaffe 1980; Jaffe et al. 1972) .. Micro

dilution techniques can be used, since only a small sample size is 
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required. Attempts have been made to improve the precision of visual 

assays by photometric measurement of the density of the layer of 

unsedimented cells after gravity separation of the lectin-erythrocyte 

complexes and plasma (Liener 1955), or by enlisting an electronic par

ticle counter which counts single uncomp1exed cells (Kahle and Kauss 

1980). 

Phytates 

A wide variety of po1yphosphory1ated inosito1s exist in nature, 

which can complex with minerals and protein to form numerous compounds. 

The nomenclature reflects the diversity with confusing terminology, such 

as: phytin, phytate, phytates and phytic acid, present throughout the 

literature. Currently, the compound phytic acid can be called myo

inositol hexaphosphoric acid or, more precisely, 1, 2, 3, 4, 5, 6-hexakis 

(dihydrogen phosphate) myo-inosito1 (IUPAC-IUB 1968). The term phytin 

connotes a calcium-magnesium salt of phytic acid, whereas phytate would 

designate the anion of phytic acid. The perplexity is reinforced by the 

possible formation of nine stereoisometric inosito1s f.cis-,epi-,a11o-, 

neo-,myo-,muco-,chiro (and its enantiomer) and scy11o-inosito1 ]. Only 

the myo-form has been detected in plants, while neo-, chiro- and scy11o

inositol hexaphosphates have been identified in soils {Cosgrove 1966). 

In addition, the hexaphosphate forms have not been measured in animal 

tissue, yet mono-, di- and triesters are associated with complex lipids 

in animals (Burns and Conney 1960). 
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Compelling evidence (Johnson and Tate 1969) have been generated 

through the use of 31 p nuclear magnetic resonance, which supports the 

phytic acid structure proposed by Anderson (1914), who suggested a sym

metrical hexaorthophosphate arrangement. This disputes the asymmetri

cal hydrated tripyrophosphate structure advanced by Neuberg (1908). 

Both structures may exist, though most of the evidence supports the 

Anderson form (Erdman 1979). 

Phytic acid is widespread throughout the plant kingdom, found 

in seeds/grains, roots and tubers and is typically present as a salt of 

divalent (Ca2+,Mg2+) and monovalent (K+) cations. The accumulation of 

phytic acid in monocotyledonous seeds (rice, wheat, barley) and in dico

tyledonous seeds (castor, beans, peanuts, cottonseeds) occurs within 

aleurone particles or grains in the aleurone layer and qloboids, an 

inclusion of the protein body. Monocotyledonous seeds distribute much 

of the phytic acid in the aleurone layer cells as aleurone grains (pro

tein bodies), unlike dicolyledonous seeds whose globoids are often 

located within the endosperm. 

The composition of the globoid varies with the plant species. 

Phytic acid can compose up to 60 - 80% of the dry weight of dicotyledons 

(Lui and Altschul 1967). Isolated globoids from cottonseeds contain 

small amounts of protein~ carbohydrate and lipid, 60% phytic acid and 

10% metals (K+, Mg2+, Ca2+) (Lui et ale 1967). Globoids from peanuts, 

which accounted for about 80% of the total phytic acid in the aleurone 



grains, contain 28% phytic acid and 5% minerals (K+, Mg2+, Ca 2+) 

(Sharma and Dieckert 1975). 

Phytins are the principle form of phosphorus in many seeds; 
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60 - 90% of phosphorus in seeds is present as phytic acid (Barre 1956). 

Several physiological roles have been postulated for phytic acid in 

plants: 

1. As a phosphorus store (Hall and Hodges 1966); 

2. As an energy store (Biswas and Biswas 1965); 

3. As an initiator of dormancy (Sovolev and Rodionova 1966). 

Phytase (meso-inositol hexaphosphate phosphohydrolase, EC 3.1. 

3.8) is distributed throughout plant and animal tissue and various micro

organisms. The enzyme cleaves inositol hexaphosphate to produce inosi

tol and orthophosphate; inositol mono to pentaphosphates are metabolic 

intermediates. 

Mature seeds contain phytase but it appears to have little 

influence on phytate in dry or dormant seed. Consumption of daily quan

tities of unleavened whole wheat bread have been found to contain high 

levels of phytate (Reinhold 1972; Reinhold et al. 1973), but yeast or 

sourdough fermentation of doughs lower phytate levels by one-third to 

one-half (Reinhold 1972). Fermentation time, temperature, pH and humid

ity can all significantly influence phytase activity (Mellanby 1944). 

Fermentation time and the quantity of yeast exhibit an inverse relation

ship with phytase levels: in whole wheat, white and rye breads, as the 

former increased, the latter decreased (Harland and Harland 1980). 
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One of the most active phytase-producing molds studied by Wang, 

Swain and Hesseltine (1980) was Aspergillus oxyzae NRRL 1988. Used 

in the production of oriental fermented foods (sufu, tempeh, soy sauce, 

miso), this mold produces a phytase with a pH optimum of 5.3, indicat

ing it to be an acid phosphohydrolyase, and a temperature optimum of 

50oC, disclosing its thermal stability. The thermal and chemical sta

bility (the enzyme is stable in a pH range of 3.5 - 7.8 at 250 C) of 

phytase may prove beneficial in food processing. 

Patwardhan (1937) first measured phytase activity in rat intes

tine and subsequent investigators (Peleggi 1959) indicated rat intes

tinal mucosa contained more phytase activity than did brain, liver, 

spleen or plasma. The organic form of phosphorus is poorly utilized 

by man and monogastric animals; they lack or have low phytase activity 

to catalyze the hydrolysis of phytate in the intestine (Nelson 1967; 

Bitar and Reinhold 1972). The role of phytase in phosphorus metabolism 

in man needs yet to be delineated (Rackis 1974). 

With the consumption of high phytate diets in some developing 

countries (Reinhold 1972), the elimination of phytate in grain products 

becomes important. Evidently, phytates are fairly heat stable. In 

fact, usual cooking procedures, e.g., autoclaving 30 min, 1150 C, will 

not destroy appreciable portions of phytate in natural foodstuffs 

(deBo1and, Garner and O'Dell 1975). The rate of destruction of inositol 

hexaphosphate by heat is low when associated with proteins and/or 

cations in natural products. The extent to which phytate content of 
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different seeds is affected by heat treatment, for instance soybean 

vs. sesame seeds, varies significantly (Lease 1966). Elimination or 

reduction of phytates in soybean products has been extensively studied, 

and effective in reducing phytates in soybean isolates are: 

1. Anion-exchange resins (Smith and Rackis 1957). 

2. Acid and salt disruption of the phytate-protein bond (Ford, 

Mustakis and Schmutz 1977; de Rham and Jost 1979), and 

3. Ultrafiltration (Osmosaiye and Cheryan 1979). 

In spite of all the research effort, a commercially effective means of 

removing phytates from food has still not been developed. 

Presumably, phytates from plants decrease intestinal absorption 

of minerals, such as copper, zinc, cobalt, magnesium, iron and calcium 

by forming insoluble phytate-mineral and protein-phytate-~ineral com

plexes (Oberleas 1973). The actual biological significance of these 

interactions is uncertain. The formation of these complexes appears to 

be pH dependent. The inhibitory effect of the protein-phytate complex 

on peptic digestion of some proteins might be related to its property 

of forming insoluble combinations with protein in an acid medium, in a 

pH range which corresponds precisely with the optimum for the action of 

pepsin (Lolas and Markakis 1975). Phytic acid forms a variety of com

plex phytate salts with several minerals at pH 7.4. The extent of . 

complex formation varies with the mineral species, in descending order: 

Cu2+» Zn2+ > Co2+ > Mn2+ > Fe2+ > Ca 2+ (Toma and Hi tabekhi a 1979). 
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The availability of essential minerals by phytate or phytate

protein complexes in legumes depends on several factors, as summarized 

by Rackis and Anderson (1977): 

1. The absorption of essential minerals bound to phytate, and 

other substances, by endogenous carriers located in the intestinal 

mucosa. 

2. The concentration of phytic acid in foods. 

3. The concentration of minerals in foods. 

4. Phytase activity and inhibition in the intestine. 

5. Food processing. 

Dietary fiber, oxalates, polysaccharides and polyphenolic com

pounds influence the bioavailability of minerals. Nwokola and Bragg 

(1977) demonstrated phytic acid depressed the availability of phosphorus 

calcium, magnesium and zinc, whereas crude fiber content decreased 

availability of the aforementioned minerals in addition to manganese 

and copper. 

To separate the effects of phytate from other dietary chelating 

substances is difficult, but phytate seems to have a causal relationship 

with deficiency symptoms of certain metals. Mellanby (1949) induced 

rickets in puppies raised on a low-calcium diet containing phytate, 

whereas controls raised on the same diet without phytic acid did not 

become rachitic. Previous studies had demonstrated reduction of calcium 

absorption caused by phytic acid and consequent rachitogenic properties 

of certain cereals (Bruce and Callow 1934). 
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Experiments dealing with phytic acid and iron bioavailability 

are somewhat conflicting. The addition of sodium phytate to 5 mg of 

ferrous ascorbate resulted in the reduction of iron absorption by 50% 

(Turnbull et ale 1962). On the other hand, Foy, Kondi and Austin (1959) 

demonstrated high levels of phytate had little effect on iron avail

ability and absorption. The controversy may stem from inconsistencies 

in experimental design, animals and procedures between researchers 

(Reddy, Sathe and Salunkhe 1983). 

Reports (Reinhold 1972, 1973) from Iran concerning zinc defi

ciency symptoms resulting from ingestion of unleavened breads helped 

support the notion of the role of phytate in zinc deficiency. Leavened 

Iranian breads, Bazari and Sangak varieties, contained Much less phy

tate than did unleavened bread, Tanok variety: 326, 388 and 684 mg phy

tate/100g bread, respectively. Metabolic studies (Reinhold 1973) on 

zinc, calcium and phosphorus were conducted to survey the mineral status 

of diets high in unleavened bread. Striking fecal retention of zinc, 

calcium and phosphours occurred during a period when the diet contained 

an abundance of these minerals. Nitrogen was absorbed normally. The 

severe depletion of mineral elements was attributed to the action of 

phytate in decreasing the availability. 

Quantitative determination of phytic acid is based on the 

analysis of phosphorus or iron in the ferric phytate which precipitates 

when phytate complexes with iron in dilute acid (Crean and Haisman 

1963). Alternatively, phytic acid can be indirectly determined by 
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measuring residual iron in solution after the precipitation of ferric 

phytate from a known concentration of ferric salt in acid solution 

(Young 1936). Harland and Oberleas (1977) determined phytic acid 

using an ion exchange scheme. After inorganic and organic (phytate) 

phosphorus was concentrated onto the exchange resin, using 0.05 m 

sodium chloride, contaminating inorganic phosphate was removed. The 

phytate was eluted with 0.7 m sodium chloride and the eluate digested 

and inorganic phosphate colorimetrically measured. Recently, Uppstrom 

and Svensson (1980) have developed a more rapid method designed to be 

effective in the high capacity demands of plant breeding programs. 

Phytic acid is enzymatically hydrolyzed with phytase isolated from 

wheat, followed by a spectrophotometric determination of phosphate. 

Flatulent Oligosaccharides 

Food plants, particularly legumes, are replete with protein and 

calories and serve as a staple for much of the world population. Flat

ulence often accompanies ingestion of legumes and certain vegetables 

and accounts for most of the nonspecific gastrointestinal discomfort 

observed: nausea, cramps, abdominal pain and diarrhea. A basal diet 

has been shown to produce a mean flatus production of 16 ml flatus/hour 

with 10 - 12% carbon dioxide, whereas a navy bean diet can produce an 

increase of flatus volume to ca. 190 ml/hour with 50% carbon dioxide 

(Rackis 1974). The incidence of flatus is unpredictable - dependent on 
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the psychological and physiological state of the subject and on the 

type of diet. Medical management, i.e., surgery, medication, and 

genetic anomalies, such as lactase deficiency can cause explosive 

eruption of rectal gas, but more frequently it is associated with food 

intake. In fact, Steggerda, Richards and Rackis (1966) performed ex

periments in which human subjects consumed various soybean products. 

They demonstrated gas-producing factors reside in the low molecular 

weight fraction, which includes the oligosaccharides (raffinose, 

stachyose, verbascose), in soy whey solids and aqueous ethanol extrac

tions (60 - 80%). Little or no flatus activity was measured in the 

hulls, protein or fat fractions. The water insoluble, high molecular 

weight polysaccharides (residue products, e.g., acidic polysaccharides, 

arabinogalactin and cellulosic material) are practically devoid of 

flatus potential, even if consumed at three times the level of that 

present in defatted soy flour. 

S. E. Fleming (1981, 1982) conducted several revealing experi

ments concerning the flatulent fraction of legume seeds. Production of 

hydrogen correlated highly and positively to the stachyose and the 

raffinose plus stachyose content, but also to the acid hydrolyzable 

pentosans fractionated from the seeds. Stachyose, raffinose and pento

son content was assumed to be fermented by microbes to produce gas, 

the fermentable components ranging from 2.89% in mung beans to 7.87% in 

wrinkled field pea. Hydrogen production carried a negative correlation 

with starch and lignin in seeds. 
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Fractionating seeds into water solubles and residues, Fleming 

(1982) demonstrated the flatulent activity of smooth seed field peas 

was equally due to indigestible olgosaccharides and cell wall fiber 

constituents. Oligosaccharides are reputed to be solely responsible 

for flatulence in soybeans; cell wall fiber constituents have not ~een 

well characterized. In these experiments, the water insoluble fraction 

appears to be the major contributor to flatulence in field peas. 

Soybeans contain high levels of stachyose and raffinose and 

trace amounts of verbascose, whereas most other legumes contain verbas

cose in the greatest amount (Rackis 1981). These oligosaccharides are 

related by the presence of one or more a-O-galactopyranosyl moieties in 

their structure; the a-galactose units are bound to the glucose moiety 

of sucrose (Rackis 1975). Except for the 1 + 2 linkage found between 

the fructose and glucose, all other bonds are 1 + 6 (Figure 1). 

Apparently, a-galactosidase ( a-D-galactoside galactohydrolase, 

E.C. 3.2. 1.22), the enzyme capable of catalyzing the degradation of 

these sugars, is absent from the intestinal mucosa of man (Gitzelmann 

and Auricchio 1965). As a result, intact molecules of raffinose, stach

yose and verbascose enter the large intestine, at which point normal 

intestinal microflora ferment the oligosaccharides. The flatus activity 

of stachyose has been found to be much greater than raffinose (Rackis 

1974). Although some gas can be produced in the duodenum and jejunum, 

the major gas production occurs in the ileum and colon (Richards and 

Steggerda 1966). Carbon dioxide and hydrogen comprise the greatest 
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proportion of flatus, although methane can contribute significant 

amounts. 
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The class of bacteria most responsible for the reaction is the 

gram-positive anaerobic spore-forming clostridia type (Rackis et al. 

1970). Clostridium perfringins contribute the most to the total gas 

output (Garg et al. 1980). Their data suggest the intestinal micro

flora may contain an a-galactosidase. Gas production can be inhibited 

by neomycin and sulfathalidine, supporting the notion of an interaction 

between gut microflora and food to generate flatus. (Richards et al. 

1966). 

As stated above, gas production is closely associated with oli

gosaccarides or the low molecular weight carbohydrate fraction in soy

beans. In the presence of anaerobic clostridia, glucose produces gas 

at a much faster rate than does fructose or galactose (Rackis et al. 

1970). This suggests the degradation of oligosaccharides to monosac

charides occurs before gas production can occur and, understandably, 

with those sugars, a longer delay must transpire before the onset of 

production, particularly if glucose is the preferred substrate. A 

decrease in hydrogen production with multiple exposures to legume diets 

suggests an adaptive response of the gut microflora (Fleming 1980). 

Perhaps microbes, which produce end-products other than hydrogen fol

lowing the ingestion of unabsorbed legume residue, become the dominant 

species. Thus, these microorganisms decrease the availability of sub

strate for hydrogen-producing microbes and reduce the rate of production 

and total accumulation of hydrogen. 
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To facilitate the use of legumes and other plant foods which 

contain flatus factors, methods of eliminating these factors must be 

employed. For example, hot water treatment and aqueous alcohol extrac

tion, which renders most of the proteins insoluble in soybean meal, 

can be used to prepare soya concentrates with low residual flatus 

activity and soy protein isolates devoid of flatus activity (Rackis 

1981). A concern with hot water extraction is the loss of protein 

concomitant with the leaching of the flatulent oligosaccharides. 

Experiments conducted by Ku et al. (1976) clearly show 60 minutes of 

boiling whole soybeans in tap water reduced the protein content 0.9% 

(d.b.), while 17% of the oligosaccharides were removed. When 0.5% 

sodium bicarbonate was used, 2.7% and 21% of the proteins and oligosac

charides, respectively, were lost. The boiling tap water extraction 

would be the preferred method if proteins in the diet were insufficient, 

since only a slight increase in sugar extraction was realized with 

sodium bicarbonate. The protein loss during the sodium bicarbonate 

procedure may be explained by the increase in protein solublility with 

increased alkalinity. Also, bicarbonate seems to"tenderize" and 

enhance hydration of soybeans and, in addition, causes swelling of 

cellulose and solutions of hemicellulose. Thus, these actions may 

increase permeability of the seed coat. Rackis (1981) states up to 60% 

of the oligosaccharides can be removed by boiling whole soybeans for 60 

minutes both with and without sodium bicarbonate; again, protein losses 

were small. 
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Fermentation processes and germination effectively decrease 

flatus activity. In order to remove flatus factors from dried peas, 

black gram and soybean, Jha and Verma (1980) prepared a tempeh-like 

product using Rhizopus oligosporus NRRL 2710. The pastes of the fer

mented product generated seven to ten times less gas than those 

prepared from raw pulses, on inoculation with clostridial cultures 

isolated from various sections of dog intestine. Also, when fed to 

patients prone to flatulence, dal prepared from pea tempeh caused no 

accumulation of gas within the abdominal region nor any discomfort. 

In another study (Garg et ale 1980), tempeh made from fermented 

chickpea (Cicer arietinum) and dried peas (Pisum sativum) with Rhizopus 

oligosporus reduced the amount of gas ~roduced and caused a significant 

delay in gas formation. Evolution was delayed over a nine to eleven 

hour period, then exponentially increased, reaching a maximum at 24 

hours. Gas production is diminished, caused by a decreased flatulent 

oligosaccharide content from the fermentation process (Calloway, Hickey 

and Murphy 1971), and thus, the product becomes more nonflatulent. The 

observed delay in formation could be due to the production of an anti

bacterial substance by the Rhizopus spp. which might be inhibitory to 

clostridial growth (Wang, Ruttle and Hesseltine 1969). Interestingly, 

garlic and ginger were observed to inhibit gas production by all clos

tridial species tested. 
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Reddy, Sa1unkhe and Sharma (1980) demonstrated the germination 

of black gram beans decreased both verbasco.se and stachyose levels 

from 2.8% and 1.0%, respectively, in cooked beans, to 0.3%. Raffinose 

was not detectable and sucrose increased from 1.5% to 3.4% with forma

tion of a fermented steamed product, id1i. Parallel decreases were 

observed in oligosaccharide concentration as with germination, except 

sucrose level was reduced. A reduction in oligosaccharide content dur

ing fermentation and germination was possibly due to hydrolysis of the 

sugars by an a-galactosidase enzyme. 

A bioassay for flatulence is an important tool to help evaluate 

the flatus potential of foods. Several studies (Wagner et al. 1977; 

Fleming 1980) have indicated hydrogen production of the rat corresponds 

well to the human response to flatul~nt foods. Wagner et al. (1977) 

evaluated hydrogen gas production in rats after ingestion of legume pro

ducts. Six diets were tested: (1) a bland formula diet, (2) cooked 

California small white beans, (3) the 70% ethanol extract of the beans, 

(4) the oligosaccharide fraction, (5) the non-protein nitrogen fractions 

and (6) a combination of 4 and 5. A highly significant and positive 

correlation existed between rat hydrogen production and human breath 

hydrogen measurements and flatus gas volumes. Thus, measurements of 

hydrogen production in rats has potential as a predictive bioassay for 

flatulence in man. 
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Quantitative analysis of oligosaccharides is successfully 

accomplished usually by a chromatographic procedure. Paper chromato

graphic methods quickly become tedious, especially when compared to 

those using gas-liquid chromatography (g.l.c.). After an ethanol ex

tract is dried, i.e., the solvent removed, trimethyl si1yl derivatives 

are synthesized, using hexamethy1disi1azane, trifluoroacetic acid and 

pyridine (Fleming 1980). Components are identified by comparing 

retention times with purified reference compounds, including sucrose, 

raffinose, stachyose and verbascose. The components can be quantified 

by including an internal standard, such as a-phenyl D-g1ucoside and 

by determining comparative response factors with each compound. Some 

accuracy of detection is lost with g.l.c. procedures, because formation 

of oligosaccharide si1y1 ethers is not always quantitative and because 

of the extremely high temperature at the injection part, thermal degra

dation occurs (Black and Bagley 1978). The development of high pressure 

liquid chromatography (h.p.l.c.) has improved the accuracy and speed of 

quantitation of oligosaccharides. Black and Glover (1980) described a 

rapid, simple aqueous extraction of sugars, which can be incorporated 

with detection of oligosaccharides using the h.p.l.c. Quantification 

is executed using triangulation and comparison of the sample to the 

standard response curve (Black et al. 1978). 

Protein Isolates 

As plant foods, particularly legumes and other seeds, become 

more commonly incorporated, in greater proportions, into diets as a 
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protein source, methods to improve the efficiency of their use will 

increase in importance. One method which has been developed and 

employed since the turn of the century has been that of protein isola

tion. Isolation not only allows chemical and physical characterization 

of the protein but also permits the creation of high-protein foods when 

protein isolates and concentrates are prepared from a plant source and 

incorporated into a food. These products not only contain proteins of 

a higher quantity and quality, but the proteins can endow the food with 

unique properties, useful in the production process. 

Purified Seed Proteins 

For preparation of pure seed proteins, the fat is typically 

first removed from the dehulled seeds by extraction with organic solvents 

at relatively low temperatures, a procedure essential in order to avoid 

physical and chemical changes. A number of methods exist to remove 

other substances, for example, 21% hydrochloric acid to remove starch 

and aqueous ethanol to remove water-soluble, nonprotein nitrogenous 

compounds. 

Protein Classification By Solvent Fractionation. Protein is 

extracted from defatted seeds by a dispersinq agent, which may be water, 

a salt, alkaline or acid solution or some organic solvent. The insoluble 

residue and protein dispersion are separated by mechanical means; the 

protein is percipitated by heat, dialysis, electrodialysis, salts, acids, 

bases or organic chemicals. Seed proteins can be functionally classified 



into four different fractions, determined by successive use of the 

following solvents: water, salt solutions, 70% ethanol and dilute 

alkali or acid. As such, albumins are soluble in water, globulins 
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in salt solutions (usually 2 - 10%), pralomines in 70% alcohol and 

glutelins in dilute alkali (pH 7 - 10). The actual isolation scheme 

will vary with each plant source and even though each fraction from 

every plant will be ultimately distinct in its chemical and physical 

properties, each fraction has some common characteristics. For 

instance, the nitrogen content of globulins is usually high (18 - 19%), 

from a large content of diamino acids, e.g., arginine; the glutamic 

acid content is likewise high. The product of the isolation is usually 

a crystal form and represents a collection of different proteins, a 

solid phase of a relatively simple mixture of closely allied compounds 

(Bondi 1958). 

Glutelins and prolamines compose the bulk of proteins in most 

cereal grains; oat protein and rice protein contain about 80% of the 

glutelins avenin and oryzenin, respectively. Glutelins and prolamines 

are considered storage proteins, contained in the endosperm, and 

deficient in lysine and tryplophan. Globulins and albumins are not 

storage proteins. 

On the other hand, the major protein fraction in oilseeds are 

globulins, generally comprising 80% of the total protein, e.g., legumin 

from peas, phaseolin from beans. The other three fractions are usually 
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absent or present in negligible quantities. The globulins from legumi

nous plants are often lower in glutamic acid than prolamines but contain 

a reasonable amount of arginine, leucine, isoleucine and valine. Legume 

seeds are notoriously low in sulfur-containing amino acids. 

Food-Grade Proteins 

Preparation of a food-grade protein parallels the isolation of a 

pure protein, although food manufacturing efforts are directed toward 

extracting the maximum amount of protein at an economical price, and 

are unconcerned by the boundary of fraction nomenclature. Since soy

beans have been recognized as a major food crop and utilized in ever 

increasing proportions in the food supply, commercial production of 

food from this seed has received considerable attention. The isolation 

of food-grade proteins from soybeans is a well-developed process and, 

hence, considered exemplary. 

Soybeans can be processed into edible soybean oil, defatted 

soybean flakes and defatted soybean meal (Figure 2). Hulls may be 

removed and collected to yield a product called mill run and mill feed. 

Alternately, hulls can be returned to the defatted seed meal and used 

as animal feed. The cracked beans are conditioned to 10 - 11% moisture 

at 63 - 740 C and flaked by passing them through smooth rollers. Flak

ing ruptures the cotyledon cells in the soybean, reduces the distance 

the oil must diffuse and facilitates extraction of the oil with hexane 

(Waggle and Kolar 1979). 
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Figure 2. Preparation of soybean protein concentrates 

(Horan 1974) 
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The defatted soybean flakes can be processed into three dif

ferent protein products, with a different protein content: soy flour 

and grits (protein.::. 50%); protein concentrates (protein.::. 70%); and 

protein isolates (protein> 90%). 

Flour and Grits. Soyflours are processed usually from defatted 

flakes, although full-fat cotyledons are occasionally used. The flour 

is a finely ground product, required to pass through a No. 100 mesh U.S. 

Standard Screen; most flours pass through a No. 200 screen. Grits are 

ground much coarser than flour and vary in their particle size, differ

entiating the particles into coarse, medium and fine, depending on the 

size mesh through which they pass. Proximate analysis of flours and 

grits indicates a slight increase in protein and a significant decrease 

in fat \>/hen compared to whole soybeans (Table l). 

Protein Concentrates. Protein concentrates prepared from soy

beans are defined as the major proteinaceous fraction of soybeans pre

pared from high quality, sound, cleaned, dehulled soybeans by removing 

most of the oil and water-soluble nonprotein constituents. As stated 

above, these concentrates must contain a minimum of 70% protein (%N x 

6.25, d.b.). Before 1960, concentrates were used for industrial pur

poses, e.g., adhesives and fillers in molded products, and not until 

1959 did an edible, commercially prepared product become available. 

Presently, most of the preparations employ a wet processing of 

defatted flakes. These processes are dependent on lIimmobilizing the 

major protein fraction while permitting the soluble carbohydrates, salts, 

and other soluble low molecular weight components of the flakes or flour 



Table 1. Proximate analysis of soybean and its protein products. 

Proteina,b 

Product/Process % 

Whole soybeanC 42.6 

Flours and gritsC 

defatted 59.0 
lecithinated 48.6 
full-fat 46.6 

Protein concentrates d 

alcohol leach 70.7 
acid leach 70.7 
moist heat, water 

1 each 72.2 

Protein isolated 
proteinate 97.8 
isoelectric 99.4 

a = g/l6gN 
b = moisture-free basis 
c = Circle and Smith 1978 
d = Wolf and Cowan 1975 
e = trace amounts 

Fat Crude Fiber Ash Moisture 
% % % % 

17.8 4.7 4.5 11.0 

0.9 2.4 6.0 7.0 
15.5 2. 1 5.0 5.5 
21.0 2.0 4.9 5.0 

0.3 3.5 5.6 6.7 
0.3 3.4 4.8 5.2 

1.2 4.4 3.7 3. 1 

tre 0.2 3.7 5.5 
tr 0.2 2.4 5.6 
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to diffuse or be leached from the cellular matrix comprising the defat

ted crushed cotyledon "(Circle and Smith 1978). The protein is main

tained insoluble by one of several methods (Figure 2): (1) leaching 

with an organic solvent, typically ethanol, at a concentration range 

which extracts most of the nonprotein solubles, but preserves the insol

ubility, (2) leaching with aqueous acid in an isoelectric range which 

minimizes solubility, and (3) moist heat treatment which denatures the 

proteins, forcing precipitation (Wolf and Cowan 1975; Circle et al. 

1978; Waggle et al. 1979). The three procedures differ mainly in the 

methods used to insolubilize the major proteins while the low molecular 

weight components are removed. 

The compositions of concentrates prepared by the three described 

methods are presented in Table 1. On a dry-weight basis, each method of 

preparing protein concentrates yields a product containing between 70 -

72% protein. Polysaccharide-arabinogalactan, acid pectin-like poly

saccharides, arabinan and, if the milling process is inefficient and 

does not separate the hulls, cellulose are the major nonprotein consti

tuents (Circle et al. 1978). As one would expect, the process utilizing 

moist heat and acid leaching causes irreversible changes to the basic 

protein structure, r'endering it insoluble in water, whereas proteins 

recovered by ethanol leaching retain most of their solubility. The 

degree of solubility has apparent functional importance in the commercial 

production of protein concentrates and their incorporation into various 

foods. 
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Protein Isolates. Similar to concentrates, soy products defined 

as protein isolates much be prepared from high quality, sound, cleaned, 

dehulled soybeans by removing the bulk of the nonprotein components, con

taining no less than 90% protein (%N x 6.25, d.b.). The protein isolate 

is the most refined product from soybeans: not only is the protein con

tent greater than in concentrates, water-insoluble polysaccharides, water 

soluble sugars and other minor constituents are removed (Figure 3). 

Because of their high protein dispersibility, defatted soyflakes 

or flour is the typical starting material for the production of protein 

isolates. The extraction is performed in an aqueous or mildly alkaline 

media with tight controls on pH, temperature, liquid-solid ratio and 

alkaline reagents; these vary with each manufacturer. For an edible 

isolate product, defatted flakes are preferably extracted in an aqueous 

alkaline solution of pH 9 or less. Solutions with greater alkalinity 

effect hydrolytic and rheologic changes. 

After solubilization of the protein, residue and insoluble poly

saccharides are removed by centrifugation, screening or filtering. The 

protein extract contains soluble carbohydrates and the major protein 

fractions. The major protein fractions are precipitated by adding any 

food-grade acid, e.g., acetic, hydrochloric, sulfuric, phosphoric, to 

reduce the pH to 4.5. A pH range of four to five is at the minimum for 

solubility of acid-precipitated protein from soybean (Circle et al. 1978). 

The precipitated protein, composed of globulins, is commonly referred to 

as soy protein curd, the washing of which is essential for the removal of 
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undesirable sugars, such as raffinose and stachyose, and objectionable 

taste and color components. The curd and whey are separated by centri

fuging or filtering. Direct spray drying of the curd yields the 

isoelectric protein isolate whereas neutralization with a food-grade 

alkali, followed by spray drying yields sodium proteinate: calcium and 

potassium protei nates have been produced. Protei nates are usually the 

preferred form because of increased water dispersibility which facili

tates incorporation into foods. 

The three fractions of this process, namely, the residue, whey 

and protein isolate, usually comprise one-third of the initial defatted 

flakes. Proximate analysis of typical samples of the protein isolates, 

both isoelectric and proteinate forms, are compiled in Table 1. Except 

for the slight difference in protein and ash content, the two isolate 

forms appear similar yet both exhibit distinctly different functional 

properties: emulsification, water and fat absorption, viscosity, gelatin 

formation (Waggle et al. 1979). Protein isolates contain alcohol 

extractable materials, such as glycerides, phosphatides, saponins and 

isoflavones (Nash, Eldridge and Wolf 1967). 

Protein isolates prepared from soybeans have been shown to 

increase the requirement for vitamins E, K, D and 812 , Laboratory pre

parations of protein isolates have been found to contain 0.5 - 1.1% 

phosphorus (McKinney, Sollars and Setykorn 1949), which, with dialysis, 

can be reduced to 0.2% (Nash et al. 1967). The phosphorus is utilized 
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poorly: the dialyzable phosphorus is believed to be phytate. Soy iso

lates create deficiency symptoms which are associated with depletion of 

magnesium, manganese, calcium, copper, iron and zinc. Zinc availability 

appears to be affected to the greatest extent (Rackis 1974). Heat 

treatment and vitamins and mineral supplements will correct the defi

ciencies. 'Perhaps formation of a protein-phytic acid-mineral complex 

causes a depletion of essential nutrients, even th~ugh assays indicate 

a significant amount of zinc, copper, iron and calcium are present in 

isolates (Waggle et ale 1979). Isolates tend to be lower in lysine and 

the sulfur-containing amino acids, cysteine and methionine, than concen

trates and soy flours. Protein concentrates and soy flour have a similar 

amino acid profile (Waggle et ale 1979). 

Several uncharacterized substances are present in some of the 

soybean products which may greatly influence the extent of their use. 

Meal extracts contain factors which are antirachitic, antiperotic, anti

thyrotoxic and which promote growth. On the other hand, rachitogenic 

and perotic materials are concentrated in the protein isolate and a 

goiterogenic factor has been detected in the whey fraction (Rackis 1974). 

Evaluation of Proteins As Foods 

The world food supply is projected to fail, at some point, to 

supply the nutriture required by the expanding world population. As 

novel food sources become more frequently incorporated into human diets, 

well-established, reproducible, cogent methods of evaluating these foods 
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must be developed, particularly with regard to nutritional quality. Albeit 

vitamins, minerals, oils and perhaps some unrecognized substances playa 

vital role in nutritional quality, protein and caloric quantity and 

quality have received much of the attention of the layperson, as well as 

researchers. 

For some time, nutritionists have debated the importance of pro

tein in relation to the total nutrient requirement. The general develop

ment and present outcome of this debate can be effectively followed by 

noticing the modification of the appellations of international agencies. 

The council, whose concern was protein, carried the title Protein 

Advisory Group, later modified to Protein Calorie Advisory Group and 

yet later altered to the Nutritional Advisory Committee. As indicated, 

importance placed in protein quality has diminished in its relative impor

tance to the total diet: humans consume diets, not proteins. While 

proteins have some unusual importance in certain circumstances, e.g., 

lactation, infant growth, malnutrition, researchers have overestimated 

its impact (Pellet 1979). The concept of protein quality has relatively 

minor practical importance in human nutrition; if consumed at adequate 

levels, very few diets are different in their protein value (Pellett 

1979). 

Still, relevant information on protein quality remains necessary 

to obtain, particularly when assessing the food potential of a novel 

source of protein. Protein, or biological, quality is not synonomous 
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with nutritive quality. The first concept evaluates exclusively, at a 

specific intake level of protein, the amount and balance of essential 

amino acids available to the organism to satisfy requirements for its 

particular physiological state. The second concept is concerned with 

both biological quality and quantity and their ability to secure satis

factory nutriture with other nutrients. The methods for evaluating 

protein quality can be partitioned into two major divisions: (1) in 

vitro assays and (2) in vivo assays. 

~ Vitro Assays 

Several in vitro assays are commonly used and include amino 

acid compositions and chemical scores, available lysine assays, micro

biological methods, enzyme digestion and dye binding procedures 

(Hackler 1977). 

Amino Acid Composition and Chemical Scores 

For the most part, biological quality of a food protein can be 

equated with its amino acid composition. Typically an amino acid profile 

of a protein is often compared to the FAD/WHO (.1973) or the Food and 

Nutrition Board (FNB 1974) reference pattern, in an effort to relate its 

value to humans. Computation of the chemical score provides some idea 

of the extent to which a protein supplies a limiting amino acid in com

parison with a reference portein, such as whole egg protein or lactal

bumin (Block and Mitchell 1946). The chemical scores calculated for 

several foods indicate lysine and methionine and cystine were first

limiting amino acids in many foods and threonine, tryptophan and valine 
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were second-limiting (Hackler 1977). These data suggest an estimate of 

protein quality may be obtained by considering three or four amino 

acids. Chemical indices, based on the amino acid compositions of pro

tein foods, have been shown to correlate significantly with rat bio

assays, indicating a potential use in estimating the nutritional value 

of human diets. 

The chemical score, based upon the quantity of amino acids 

recovered from acid hydrolysis of a protein, assumes the intact animal. 

can utilize each of the amino acids measured. This assumption does not 

consider factors which affect the availability of amino acids, for 

instance, the digestibility of the protein, the rate at which amino acids 

are absorbed from the gastrointestinal tract and the complex interactions 

of amino acids with other nutrients. In effect, a biological assay 

which measures the amount of essential amino acids in greatest deficit 

relative to requirements is needed. 

Other Methods. The assay to determine available lysine 

(Carpenter 1960); microbiological methods, employing Tetrahymena Blri

formis and Streptococcus zymogenes (Shorrock and Ford 1973; Boyne et ale 

1967); enzyme digestion of protein, in place of acid hydrolysis (Sheffner, 

Adacki and Spector 1956) and the binding of dyes, such as Orange G 

(.lakin 1973), are employed to a limited extent. Each has particular limi

tations and an undefined relationship to the evaluation of protein, as 

it relates to humans. 
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.!.!! Vivo Assay 

Generally, bioassays, particularly those using rats, are con

sidered a reasonable estimate of human protein requirements. But these 

assays are problematic (Steinke 1979). Animal models typically grow at 

a significantly faster rate than do humans, at any age period. Thus, 

the proportion of amino acids utilized for growth vs. maintenance is 

much greater in animal models. The use of casein as a reference protein 

is questionable; the amino acid composition of casein does not corres

pond to the amino acid requirement of humans. Casein is limiting in the 

sulfur amino acids. 

Biological Value. There have been many methods proposed in 

which animals are used to evaluate protein quality. Biological value 

(BV), the first assay developed (Thomas 1909), is a nitrogen balance 

technique: ingested protein and absorbed protein are differentiated. 

Although laborious, it is the classical method of protein evaluation. 

Net Protein Utilization. The net protein utilization (NPR) 

(Miller and Binder 1953) assesses the efficiency of nitrogen utilization 

of the test protein. Total carcass nitrogen of the control, non

protein fed group is compared to the group fed the test protein. 

Net Protein Ratio. A less complicated approach, but similar to 

the NPU, is the net protein ratio (NPR) (Bender and Doell 1957): body 

weight rather than body nitrogen is measured. Instead of body weight, 

total weight gain of the control and test groups is often used. The 

NPR and the NPU are considered two-dose assays, meaning a test protein 

and a zero protein level are assessed. 
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Slope Ratio Assay. The slope ratio assay, developed by Hegsted 

and Chang (1965), is a multidose procedure, including a nonprotein diet 

and at least three different dietary levels of proteins. Those points, 

corresponding to a change in body weight, which fallon the linear por

tion of the response curve are utilized in computing the ratio. 

Lactalbumin was chosen as a reference protein and the slope of the test 

was expressed as a percent of the slope for lactalbumin. 

Relative Protein Value. The relative protein value (RPV) is 

identical to the slope ratio assay except the data for the nonprotein 

group are omitted when calculating the slope of the response lines 

(Samonds and Hegsted 1977). 

Protein Efficiency Ratio. Begrudgingly, the protein efficiency 

ratio (PER) is the most widespread procedure for biological evaluation 

of protein quality (Osborne, Mendel and Ferry 1919). Weanling rats are 

fed a test diet for 28 days, at a protein level of 10%. A control group 

fed casein is also evaluated. The gain in weight is related to the 

amount of protein consumed. Because the calculation is based upon 

weight gain only, this assay does not consider the value of the protein 

required for maintenance. In addition, the PER does not reflect a 

linear dose response curve between protein consumed and weight gained, 

. i.e., they are not proportional. Therefore, feeding one arbitrary level 

of protein (9% or 10%) penalizes both high-quality and low-quality 

proteins: whole egg and wheat flour may have the highest PER values at 

8% and 12% protein, respectively (McLaughin 1979). 
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Nitrogen Balance. The nutritive value of protein can be eval

uated by its ability to provide amino acids for synthesis or replacement 

of body stores. By comparing the quantity of nitrogen ingested to the 

amount lost in the feces and urine, negative nitrogen balance (nitrogen 

gain < nitrogen loss) and positive nitrogen balance. (nitrogen gain> 

nitrogen loss) can be ascertained. 

Protein Digestibility. A refinement of nitrogen balance st~dies 

is the concept of protein digestibility which allows approximate differ

entiation between dietary nitrogen that is not digested or absorbed and 

the fraction which is absorbed and retained. It is defined as the per

cent of the nitrogen intake which is absorbed. Digestibi1tity measure

ments can also be estimated by in vitro methods using enzymatic digestion 

or microbial utilization. 

Purified amino acid diets, predigested and 100% available, are 

not utilized as well as intact proteins having the same amino acid pattern 

(Nasset 1957; Shortridge et al. 1961). Possibly, the amino acids are too 

quickly absorbed, inundating absorption mechanisms and diminishing 

utilization. 

Apparently, no one assay, in vitro or in vivo, can serve as the 

ultimate evaluator of protein quality. Because of cost, time restraints 

and procedural and mechanical difficulties, researchers are suggesting 

the combined use of amino acid compositions and their related chemical 

scores and apparent digestibilities to estimate the quality of food 
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proteins. The concomitant use represents a more rapid and economic assay 

procedure (Steinke 1979). 

Statement of Purpose 

The world population appears to be rapidly outgrowing the 

earth's ability to supply food in sufficient quality and quantity. To 

mitigate this quandary, the incorporation of nonconventional foods, par

ticularly of plant origin, is predicted to increase in our food supply. 

Domesticated squashes have been present in man's diet for cen

turies and currently, feral xerophytic cucurbits are considered to have 

potential as a food crop. Cucurbita foetidissima, the buffalo gourd, 

possesses the greatest potential as a food crop and its seeds, replete 

with protein and oil, have gained recognition as a possible food source. 

The purpose of this study can be divided into three phases: 

1. To determine the level of four, well-defined antinutritional 

components {trypsin inhibitors, lectins, phytates and flatulent oligosac

charides} in seeds of domestic and feral, xerophytic cucurbit species 

2. To prepare a food-grade protein isolate from seeds of feral and 

domestic cucurbits, comparing sophisticated and village approaches 

3. To evaluate the nutritional quality of the protein isolates: 

as a supplementary protein source and as a sole protein source. 



CHAPTER 2 

MATERIALS AND METHODS 

Antinutritional Factors 

Dry, clean seeds from xerophytic varieties, e.g., £. foetidis

sima (buffalo gourd), f. digitata (coyote gourd), Apodanthera undulata 

and Citrullis colocynthis (wild watermelon), grown on the Agricultural 

Experimental Station at the University of Arizona and domestic varieties, 

e.g., f. maxima (blue hubbard squash), f. moschata (Butternut squash) and 

£. ~ (pumpkin, zucchini) purchased from vendors were comminuted with a 

Wiley mill and defatted by hexane extraction in a Soxhlet apparatus. 

Separation of the defatted embryo from the seed coats with a 100-mesh 

screen produced a seed material suitable for analysis. 

Trypsin Inhibitors 

Trypsin inhibitors were detected by the enzymatic assay deve

loped by Kakade et ale (1974). One trypsin unit is expressed as an 

increase of 0.01 absorbance units per 10 ml of the reaction mixture at 

4l0nm. Trypsin inhibitor activity is defined in terms of trypsin units 

i nhi bi ted. 

Lectins 

A microtiter hemagglutination method, using bovine blood treated 

with Pronase and trypsin and rabbit and hamster bloods treated with 
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Pronase, permitted the evaluation of lectin content of cucurbit samples 

(Jaffe et ale 1972). Quantitation of lectin content was defined as the 

well in which the highest dilution step produced visible agglutination 

in one hour. Dilutions were categorized by the relative hemagglutina

tion activity (RHA) scheme presented in Table 2. 

Phytates 

Phytic acid was estimated by the chromatographic procedure of 

Harland et ale (1977). Using an anion exchange approach, inorganic phos

phorus was separated from the organic form and phytate phosphorus was 

determined colorimetrically. 

Flatulent Oligosaccharides 

Chromatographic determination of flatulent oligosaccharides was 

effected using a ~Jaters Associates ALC 200 series liquid chromatograph 

equipped with a ~1odel 6000A solvent delivery system, a Model R401 differ

ential refractometer, a Model U6K injection system, and a Waters Carbo

hydrate Analysis column (~BONDAPAK packing). 

Preparation of sugar samples followed the procedure of Black 

and Glover (1980). Using a repetitive injection technique similar to 

that described by Black and Bagley (1978), individual sugars were sepa

rated and quantitively measured; 30 ~L of sample and 5 'pL of standard 

solution were used and the sugars were el uted wi th 70: 30 acetoni tri 1 e-water 

mixture at 2.0 ml/min. Sample peak areas were ascertained by triangula

tion and compared to standard response curves. 
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Table 2. Method of designation for the relative hemagglutination 
activity (RHA) in cucurbit seeds 

Well Number Dil uti on RHA 

1 + 

2 1 : 2 + 

3 1: 4 + 

4 1 :8 2+ 
5 1:16 2+ 

6 1: 32 2+ 

7 1 :64 3+ 

8 1:128 3+ 

9 1 :256 3+ 

10 1 :512 4+ 

11 1:1024 4+ 

12 1:2048 4+ 

13 1 :4096 4+ 
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Protein content was determined by the micro Kjeldahl method 

(AOAC 1970) using a conversion factor of 6.25. Glycine ~ (soybean) 

served as the reference material in these investigations. Trypsin 

inhibitor and lectin analyses were performed on raw and heat-treated 

seed meals; phytate, oligosaccharide and protein contents were deter

mined only on raw seed meal. Heat treatment consisted of autoclaving 

the defatted, decorticated seed meal for thirty minutes at 12loC, 

15 psi. 

All data, except those from lectin assays, were statistically 

analyzed by analysis of variance and Duncan's Multiple Range tests. 

All assays were performed in duplicate. 

Preparation of Protein Isolates 

Protein isolates from cleaned, dried seeds of Cucurbita 

foetidissima, a xerophytic squash, and Cucurbita maxima, a domestic 

squash, were prepared according to an exacting laboratory scheme (Figure 

4) and a rudimentary village scheme (Figure 5). To examine possible dif

ferences between monovalent and divalent bases as extraction media, 

sodium hydroxide and calcium hydroxide solutions were used to extract 

protein from both cucurbit species during laboratory and village isola

tion schemes. 

Preparation of a Protein Isolate, Laboratory Scheme (Figure 4) 

A sample of whole, full-fat cucurbit seeds was ground in a Bauer 

mill and extracted with acetone, at 40 C, to remove lipid material. The 
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extraction process was continued until the acetone was clear, or nearly 

so; the solvent had to be changed several times. 

After thorough air-drying, 100g of defatted seed meal was 

extracted in distilled, deionized (DO) water, brought to and maintained 

at a pH of 9.00 with drop-wise addition of a solution of 4N sodium 

hydroxide. The extraction mixture had a solid:liquid ratio of 1:10, 

i.e., a 10% solution. The solution was magnetically stirred for four 

hours at room temperature, and the residue was separated from the liquid 

using Miracloth (Calbiochem) filtering material. Centrifugation (2460xg) 

at 40 C, 15 min., further clarified the supernatant fraction. The super

natant was carefully collected and acidified to pH 4.00 with drop-wise 

addition of 4N hydrochloric acid. The virgin protein isolate was collec

ted by centrifugation (2460xg), at 40 C, 15 min., and by subsequent 

separation of the whey. 

All fractions, i.e., the protein isolate, residue and whey, were 

freeze-dried and weighed. Protein content of each fraction was estimated 

by the microKjeldahl method (AOAC 1970) (%N x 6.25), and amino acid 

analyses were performed. Since the starting material had been defatted, 

no determination of fat content in the fractions was necessary. 

Preparation of a Protein Isolate, Village Scheme (Figure 5). 

Whole, full-fat cucurbit seeds were cleaned, dried and then 

ground in a Bauer mill. A sample of 100g was extracted in DO water, 

brought to and maintained at pH 9.00, with drop-wise addition of 4N 
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sodium hydroxide, for four hours at room temperature. The solid:liquid 

ratio was 1:10, i.e., a 10% solution. After four hours, the residue 

was separated from the liquid using Miracloth filtration material; 

residual liquid was hand-expressed from the solid mass. 

The supernatant was acidified to pH 4.00 with drop-wise addi

tion of 4N hydrochloric acid, and the precipitate was allowed to settle 

for four to five hours at room temperature. The golden whey was care

fully decanted and the protein isolate collected. The three fractions 

were freeze-dried and weighed. Fat and protein content of each fraction 

was estimated: crude oil by Soxhlet extraction with hexane, protein 

content by microKjeldahl (AOAC 1970). Amino acid analyses were performed 

on each fraction. 

Isolation procedures identical to the laboratory and village 

schemes above, only substituting 4N calcium hydroxide for the monovalent 

extractant, were executed, and the results from the differen~ processes 

were compared. All isolation procedures and protein and fat estimations 

were performed in triplicate; amino acid analyses were obtained in 

duplicate. 

Amino Acid Analysis 

Duplicate samples, weighing ca. 50mg, were placed into 250 ml 

round-bottom flasks, to which ca. 100 mg sodium thioglycolate, presum

ably an oxidant which protects methionine during acid hydrolysis, was 

added to one sample in each set. After a 25 ml addition of 6N 
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hydrochloric acid to each flask, they were covered with an inverted 

beaker and autoclaved ca. 18 hours at l21 oC, 15 psi. Using a vacuum 

rotary evaporator, samples were taken to dryness, then redissolved in 

sodium citrate buffer (pH 2.2) containing thioglycol. For every per

cent of estimated protein, one ml of buffer was poured into each flask. 

The samples were clarified by filtering with Whatman No.4 paper and 

allowed to sit overnight at 40C before submitting for analysis. 

A sample of one ml was placed on a 0.9 cm diameter column of 

a Beckman Model 121 Automatic Amino Acid Analyzer. The basic amino 

acids were separated on a short column, 7.5 cm, and eluted with a sodium 

citrate buffer, pH 5.25 and 0.35M sodium concentration. The acidic and 

neutral amino acids were separated on a long column, 56.5 cm, and eluted 

with sodium citrate buffers, pH 3.25 and pH 4.25, with 0.20 N sodium 

concentrations. Buffer and ninhydrin solutions had flow rates of 70 ml 

per hour and 35 ml per hour, respectively, and the analyses were 

conducted at 550C. 

Nutritional Evaluation of the Protein Isolates 

Animal Feeding Studies 

Large-Scale Preparation of Protein Isolates, Village Scheme. To 

prepare sufficient quantities of protein isolate for feeding studies, the 

village scheme previously describ~d, using 4N sodium hydroxide, was 

expanded: a 30-gallon stainless steel kettle equipped with a vertical 
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swivel, a large mechanical stirring rotor, a large capacity freeze-drier 

and several 10 gallon buckets were used. Seeds from f. foetidissima and 

£. maxima, weighing 10.Okg, were cleaned, dried and then comminuted in a 

Bauer mill. The extraction mixture had a solid:liquid ratio of 1:10; ca. 

27 gallons (lOL) of tap water were used. The remainder of the process 

was identical to the small-scale village scheme, sodium hydroxide extrac

tion, described above. 

The two protein isolates obtained from this large-scale process 

were utilized in feeding studies which examined their efficacy as food 

supplements in millet and sorghum diets and which also determined their 

protein efficiency ratios (PER). 

Total Growth Study. To evaluate the nutritional quality of 

cucurbit protein isolates as dietary supplements, growth of rats was 

assessed by total weight gained on eight diets composed of different com

binations of white proso millet (Panicum miliaceum), red sor~hum (Sorghum 

bicolor), soybean (Glycine ~), blue hubbard squash (Cucurbita maxima) 

protein isolate, buffalo gourd (Cucurbita foetidissima) protein isolate, 

and lactalbumin. Individual diets are compiled in Table 3 and were 

formulated as: 

1. millet + soybean 

2. sorghum + soybean 

3. millet + C. maxima protein isolate - . 
4. sorghum + C. maxima protein isolate 



Table 3. Total gro\'Jth study: individual diets a 

I Ingredients 2 3 4 5 6 

Millet b (12.72) c 62.89 62.89 62.89 
Sorghum b (10.08) 79.37 79.37 79.37 
Soybean d (46.82) 8.54 8.54 ·25.63 
.£.. ~ PIe (42.41) 9.43 9.36 
f. foetidissima PI (43.28) 9.24 7.58 
Lactalbumin (75.45) 
Cerelose 15.04 6.98 6.94 60.62 
Corn Oil 4.19 1.59 3.00 3.00 3.50 
Cellulose 3.00 3.00 3.00 3.00 3.00 3.00 3.00 
AIN Vitamin Mix f 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
AIN Mineral Mix g 3.50 3.50 3.50 3.50 3.50 3.50 3.50 
Choline Chloride 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
Cr203 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
Methionine 0.15 
Bentoni te 1.44 2.60 9.80 3.37 10.03 5.15 . 2.20 

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

a = all diets were formulated to contain 12% protein (8% supplied by millet/sorghum, 4% supplied 
by protein isolate/soybean) and 1330 Kcal/lb. 

b = whole seed 
c = ( ) = protein content of the test protein (g/16gN) 
d = defatted meal 
e = PI = protein isolate 

f = AIN Vitamin mix (g/Kg of mix): Thiamin HC1, 016; Riboflavin, 0.6; Pyridoxine, 0.7; Nicotinic 
acid (Nicotinamide), 3; O-Calcium pantothenate, 1.6; Folic acid, 0.2; d-Biotin, 0.02; 
Cyanocobalumin (vit. B12), 0.01; Retinyl palmitate (vit. A) pre-mix (as stabilized powder 
containing 500,000 IU/g), 0.8; dl-a-Tocopheryl acetate (vit. E) pre-mix (as stabilized 
powder containing 250 IU/g), Cholecalciferol (vit. 03), 0.025; Menaquinone (vit. K, menadione), 
0.05; sucrose, finely powdered, 972.9. 

g = AIN Mineral mix (g/Kg of mix): Calcium phosphate, dibasic (CaHP04), 500.0; Sodium chloride 
(NaCl) 74.0: Potassium citrate monohydrate (HOC COOK) (CH2COOK)2.H20). 220.0; Potassium 
sulfate (K2S04), 52.0; Magnesium oxide (MgO), 24.0; Manganous carbonate (43 - 4B~ Mn), 3.5; 
Ferric citrate (16 - 17% Fe), 6.0; Zinc carbo.nate (70~! ZnO), 1.6: Cupric carbonate (53-55~ Cu), 
0.3; Potassium iodate (KI03), 0.01; Sodium selenite (Na 2se03.5H20), 0.01; Chromomium potassium 
sulfate (CrK(S04)2.l2H20), 0.55 Sucrose, finely powdered, 118.0. 
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5. millet + f. foetidissima protein isolate 

6. sorghum + £. foetidissima protein isolate 

7. soybean + methionine 

8. lactalbumin 

The protein content of each diet totaled 12%, 8% contributed by the 

sorghum or millet, 4% contributed by the protein isolate or soybean. 

Total calories equalled 1330 Kca1/1b. 
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Weanling male rats (Hilltop, PA) were randomly assigned to 

individual cages and fed diet and water, ad libitum, for 28 days. Nine 

rats were allocated per diet treatments. Twice a week feed was separated 

from feces and weighed; rats were weighed once a week during the experi

mental period. Environmental temperature was automatically regulated at 

230C : l oC and a 12 hour schedule of alternating artificial light and 

darkness was sustained. At the termination of the experiment, the rats 

were killed by asphyxiation with carbon dioxide and the carcasses 

di sposed. 

Feed and feces were collected throughout the experiment and 

spectrophotometrica1ly analyzed for the marker, chromium oxide (Cr203). 

Diet digestibilities, total weight gains and total feed consumed were 

calculated and compared between dietary treatments. Apparent protein 

digestibility of the different diets was calculated using the equation: 

100 _ [( Cr203 in feed x % Protei n in feces ). x 100] 
Cr203 in feces % Protein in feed 

Protein co'ntent was estimated by the microKjeldahl method (AOAC 1970). 
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Protein Efficiency Ratio (PER). The protein quality of protein 

isolates prepared from seeds of a feral, xerophytic squash, £. foetidis

sima, and a domestic squash, C. maxima, were compared with that of -- -
casein. The compositions of the diets are presented in Table 4. 

Male weanling rats (Hilltop, PA) were randomly assigned to each 

dietary treatment: one rat per cage, ten rats per diet. Diets and water 

were supplied, ad libitum, for 28 days. The diets contained a protein 

level of 10%, supplied by the test protein, and a caloric level of 1330 

Kcal/lb. Rats were weighed weekly; food consumption was measured bi-· 

weekly. The experimental environment was maintained similar to that of 

the total growth study. The PER was calculated: 

Total weight gain 

Total protein consumed 

All data obtained from the total growth and PER studies were 

statistically analyzed using analysis of variance and Duncan'.s Multiple 

Range tes ts. 

Chemical Scores 

As a non-biological assessment of protein quality, chemical 

scores were calculated according to a slightly modified procedure of 

Block et al. (1946). The score is defined as the percentage deviation 

or deficit in limiting essential amino acids, with regard to a reference 

protein. The amino acid limiting the nutritive value for maintenance 



Table 4. Protein efficiency ratio (PER): 
individual dietsa 

I ngredi ents 9 10 11 

f.. ~ Pl b(42.73)c 23.40 - -
f.. foetidissima PI (52.76) - 18.95 -
Casein (89.29) - - 11.20 
Cere lose 63.44 67.96 70.22 
Corn Oil 3.00 3.00 3.00 
Cellulose 3.00 3.00 3.00 
AIN Vitamin Mixd 1.00 1.00 1.00 
AIN Mineral Mixe 3.50 3.50 3.50 
Choline Chloride 0.20 0.20 0.20 
Cr203 0.20 0.20 0.20 
Bentoni te 2.26 2.19 7.68 

Total 100.00 100.00 100.00 

a = all diets were formulated to contain 10% protein (supplied by the 
test protein) and 1330 Kcal/1b. 

b = PI = protein isolate 
c = ( ) = protein content of the test protein (g/16gN) 
d = AIN Vitamin mix (g/Kg of mix): Thiamin HC1, 0.6; Riboflavin, 0.6; 

Pyridoxine, 0.7; Nicotinic acid (Nicotinamide), 3; 0-Ca1cium pan
tothenate, 1.6. Folic acid, 0.2; d-Biotin, 0.02; Cyanocobalamin 
(vit. B12), 0.01. Retiny1 palmitate (vit. A) pre-mix (as stabilized 
powder containing 500,000 IU/g), 0.8. dl- a-Tocophery1 acetate 
(vit. E) premix (as stabilized powder containing 250 IU/g), 20; 
Cholecalciferol (vit. 03), 0.025; Menaquinone (vit. K, menadione), 
0.05; sucrose, finely powdered, 972.9. 

e = AIN Mineral mix (g/Kg of mix): Calcium phosphate, dibasic (CaHP04), 
500.0; Sodium chloride (NaC1), 74.0; Potassium citrate monohydrate 
(HOC(COOK) (CH2COOK)2.H20). 220.0; Potassium sulfate (K2S04),52.0; 
Magnesium oxide (MgO), 24.0; Manganous carbonate (43 - 48% Mn), 
3.5; Ferric Citrate (16 - 17% Fe), 6.0; Zinc carbonate (70% ZnO), 

-~.6; Cupric carbonate (53 - 55% CuI, 0.3; Potassium iodate (KI03), 
0.01; Sodium selenite (Na2Se03.5H20), 0.01; Chromium potassium 
sulfate (CrK(S04)2.12H20), 0.55 Sucrose, finely powdered, 118.0. 
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and growth of rats for any particular food protein would be that amino 

acid present in least amount with reference to the FAD (1973) provisional 

pattern of amino acids, i.e., with the greatest percent deficit. 



CHAPTER 3 

RESULTS AND DISCUSSION 

Antinutritional Factors 

As a prefatory step to preparing protein isolates, defatted, 

decorticated seeds from various members of Cucurbitacea were assayed 

for antinutritional factors: trypsin inhibitors, lectins, phytates and 

flatulent oligosaccharides. The absence or presence of these factors 

may give some initial indication regarding the potential xerophytic 

and domestic cucurbits possess as materials from which a food-grade 

protein isolate may be prepared. Because they are proteins, trypsin 

inhibitors and lectins were measured in raw and heat treated samples; 

heat treatment usually decreases their presence in foods, thus improv

ing nutritive qualities. Phytates and oligosaccharides are resistant 

to normal treatments of heat, hence raw seed samples only were 

assessed. 

Trypsin Inhibitors 

As presented in Table 5, all cucurbit species have significantly 

less (p <.05) trypsin inhibitor levels than does soybean. The domestic 

cucurbits and two xerophytic species contain ca. 4% of TIU/mg protein 

in soybean. Even though f. foetidissima displays about five times more 
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Table 5. Trypsin inhibitor activity in cucurbitsll 

Trypsin Inhibitor 
Protein Y TIU/mg sample TIU/mg protein ~ 

Species % Raw 3/ Heat Treated Raw Heat Treated 

Cucurbita foetidissima 70.3 l4.2bc :!: 0.3 + 0.9 - 0.1 20.2bc ± 0.5 + l.2 - 0.1 
Cucurbita digitata 55.9 16.0b :!: 2.5 + 0.8-0.1 28.6b ~ 4.4 + 1.5-0.1 
A~odanthera undulata 71.8 2.9c ± 0.2 + 0.9 - 0.0 4.1 c :!: 0.3 + 1.2 - 0.0 
Citrullis colocynthis 64.2 3.6c ± 0.7 + 1.1-0.0 5.6c ± 1.1 + l.8 - 0.1 
Cucurbita maxima 71.4 3.7c ± 0.0 + 0.8 - 0.1 5.1 c :!: 0.0 + l.2-0.1 
Cucurbita moschata 65.8 2.2c ± 0.1 + 0.6 - 0.1 3.4c ± 0.1 + 1.0 - 0.1 
Cucurbi ta .I!§.QQ. 69.2 4.4c :!: 0.1 + 1.1 - 0.0 6.3c ± 0.1 + 1.6 - 0.0 
Gl~cine max 49.9 59.9a :!: 15.0 + 0.8 - 0.0 120.1 a ± 30.1 + 1.6 - 0.0 

1 = defatted, decorticated seed embryo; d.b. 2 = %N x 6.25 
3 = those values designated by a different letter indicate a significant difference measured at 

the .05 level; measured in duplicate. 
4 = heat treated by autoc1aving, 30 min. at 121 oC, 15 psi. 
5 = trypsin inhibitor units (TIU) represents the measure of activity of trypsin inhibitors. 

""-J a 
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inhibitor activity than many of the other species, it still has only 

17% that of soybean. When inhibitor activity of cucurbits is compared 

with legumes (Table 6), virtually all of the squashes exhibit lower 

activities; £. digitata appears to contain slightly more activity than 

cowpeas and a similar activity to mung bean. 

Heat treatment caused a precipitous drop in trypsin inhibitor 

activity in all test samples, the final amounts ranging bet\'/een 1 - 2 

TIU/mg protein. This level may represent the greatest sensitivity of 

VJhich the assay is capable. Any statistically significant difference. 

present between samples probably denotes no practical difference. The 

beneficial effect of heat treatment on seeds of cucurbits and soybean 

is probably a consequence of denaturation of proteinaceous material, 

which not only destroys trypsin inhibitors but also makes it more diges

tible by increasing its susceptibility to enzymatic attack. 

The protein content of defatted, decorticated cucurbit seeds, 

ca. 68%, varies modestly between species but is still somewhat greater 

than that of soybean, ca. 50%. Defatted embryos of xerophytic and 

domestic squash contain comparable amounts of protein. 

Current interest in the Cucurbitacea has generated information 

on trypsin inhibitors isolated from seeds. Amino acid sequences have 

been determined for two inhibitors (ITD-l and ITD-3) from £. maxima 

(Wilusz et al. 1983). Both isoinhibitors contain 29 amino acids and 

differ only in one position: Glu 9 in ITD-l is replaced by Lys9 in 

ITD-3. Arg5-Ile6 is the reactive site peptide bond in both inhibitors. 



Table 6. Levels of certain antinutritional factors 
in seeds from edible legu~es and grain ~ 

rypsin Inhibitor 

ecti ns 

Phytates 

Flatulent 
Oligasaccharides 

a = whole seed; 

Source 
Pinto bean Q/ b 
White tepa

1
r.y bean ~ 

Chickpea .£ 
Lentil Y 
Black-eyed~ea Y 
Mung beag/ 
Cow pea ~ 

Source ~ 
Red kidnfy bean 
Soybean !J 
Red Lentil 
Green Lenti 1 
Field pea 
Yellow split pea 
Black-eyed peas 

Source 
Red kiRlJey bean CJJ 
Wheat !Y 
Navy bean gj 
White tepary bean ~/ 
Red Mexican bean ~ 
·Small Whitebbean gj 
Pinto bean J 

Smooth field pea 
Wrinkled field pea 
Red kidney bean 
Garbanzo bean 
Mung bean 
Lentil 
Navy bean 

b = Thorn et al. (1983) 
c = Al-Bakir et al. (1982) 
d = Ologhobo et a1. (1983) 
e = Reaidi et al. (1981) 
f = de Muelenaere (1964) 
g = Lolas et al. (1975) 
h = Lolas et al. (1976) 
i = Fleming (1981) 

TI iJj /mg protei n 
75.5 
61.7 
46.5 
40.0 
33.9 
28.7 
23.7 

HUk/9 sample 
44,667 
30,240 
7,760 
1,810 
5,120 
1,600 

960 

_%-
1.30 
1.02 
0.96 
0.75 
0.72 
0.65 
0.48 

Raffinose Stahyose Verbascose 
% % --~%~~ 

0.34 
1.34 
0.37 
0.67 
0.37 
0.60 
0.67 

2.91 
4.50 
4.00 
2.16 
1.67 
1.70 
3.53 

2.19 
2.70 
0.40 
0.43 
1. 73 
0.70 
0.50 

j = Trypsin inhibitor units; Kakade et al. (1974) 
k = Hemagglutination units; Liener (1955) 
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Another study (Szewczuk et al. 1983) reports isolation of inhi

bitors, with similar amino acid compositions, from the seeds of zucchini, 

summer squash and cucumber. Like f. maxima isoinhibitors, these consist 

of 29 - 32 amino acid residues which contain six half cystine residues. 

These inhibitors, in contrast to squash isoinhibitors, have lysine at 

the reactive site and contain no phenylalanine, tryptophan or threonine 

residues. 'H-NMR and CD spectra confirm structural differences between 

the isolated homogenous trypsin inhibitors from Cucurbita and Cucumis 

(Szewczuk et a1. 1983). 

Hojima, Pierce and Pisano (1982) report an isolation of a strong 

inhibitor of trypsin and activated Hageman Factor (Xlla) from pumpkin 

seed and similar to ITD-3 isolated by Wilusz et ale (1983). Unusual is 

its lack of inhibition of other serine proteinases: human plasma, human 

urinary and porcine pancreatic kallikreins; human a-thrombin; and bovine 

a-chymotrypsin. This inhibitor is composed of 29 amino acids, three of 

which are cystine, and contains an amino-terminal arginine and a car

boxyl-terminal glycine. Sulfhydryl groups and carbohydrates are unde

tectable and an arginine resides at the reactive site. With a minimum 

molecular weight of 32680, it may be the smallest trypsin inhibitor 

known. 

Lectins 

In 1972. Jaffe et al. (1972) distinguished four different pat

terns of hemagglutination activity from cultivars of E. vulgaris, 

depending on the reaction between seed lectins and erythrocytes from 
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from different animals. A similar but slightly modified scheme was used 

in this study. The most common type, called A, agglutinated all blood 

types tested: Pronase - and trypsin-treated bovine cells and Pronase

treated rabbit and hamster cells. Type B seeds were active on all 

blood types except trypsin-treated cow blood; type C seed extracts 

agglutinated Pronase-treated hamster blood; type D seed extracts exer

ted effects on Pronase-treated rabbit blood. The data from this study 

(Table 7) show no apparent pattern to the reactions of the lectins from 

different cucurbits with the different bloods. Some xerophytic cucur

buts, along with domestic squashes are type A; type B extracts are also 

represented in xerophytes and domestics. Type C is the rarest category; 

only Citrullis spp. fall here. Soybean contains a type B lectin. 

Apparently, the blood cells of different animals have particular carbo

hydrate moieties attached which react with a particular plant lectin, 

e.g., types C and D. If a plant contains isolectins or a single lectin 

with many structural conformations, they May react with more than one 

blood type, e.g., types A and B. 

The data in Table 7 also indicates much greater levels of phyto

hemagglutinins in soybean when compared to many of the cucurbits tested. 

Except for possibly f. ~, all of the domestic sp~cies contain very 

little lectin activity, whereas three xerophytic squashes, particularly 

f. dig;tata, contain higher levels. f. foetid;ssima compares with the 

domestic marrows, containing much less lectin activity than does soybean. 

Heat treatment reduces the lectin activity of almost all the cucurbit 
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Table 7. Lecti n act; vi ty in cucurbits Jj 

Blood Y (RHA) :Y 
Bovine4 Rabbit Hamster 

Heat 
Treated §j 

Heat Heat 
Species Type Raw Raw Treated Raw Treated 

Cucurbita foetidissima A + 0 + 0 + 0 
Cucurbita digitata A 3+ 2+ 3+ 3+ 3+ 0 
Apodanthera undu1ata C 0 0 0 0 3+ 0 
Citru1lis co10cynthis 0 0 0 3+ 0 0 0 
Cucurbita maxima C 0 0 0 0 + 0 
Cucurbita moschata A + 0 + 0 + 0 
Cucurbita ~ A + 0 + + 2+ 0 
Glycine ~ B 0 0 4+ 3+ 3+ 0 

1 = defatted, decorticated seed embryo; d.b.; measured in duplicate. 
2 = the highest dilution step producing visible agglutination in 1 hr. 
3 = relative hemagglutination activity; measured in duplicate. 
4 = bovine blood was treated with trypsin and Pronase: rabbit and 

hamster bloods with Pronase only. 
5 = heat treated by autoc1aving, 30 min. at 121 0C, 15 psi. 
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extracts to zero. Lectin activity of f. digitata appears particularly 

resistant to heat treatment, as does soybean lectin. 

Just as different legumes display a wide array of hemagglutina

tion activities (Table 6) and different degrees of resistance to heat 

treatment, cucurbits can also be expected to possess such diversity, 

but with few exceptions, at a much lower level of activity. 

Although little work has been directed toward 1ectins in cucur-

bit seed, some effort has been placed tq characterize lectin from marrow 

phloem or skin (Sabnis and Hart 1976, 1978; Allen 1979). The lectin 
.. 

from marrow-fruit exusdate is specifically inhibited by N, N'-diacetyl-

chitobiose and thus is similar in specificity to lectins from wheat 

germ, potato tuber and thornapp1e. The lectin isolated in these studies 

contains no hydroxyproline and little threonine; major differences 

exist between amino acid compositions of lectins from C. maxima and 

C. ~. 

Lectins of C. maxima are identified to contain a single poly

peptide of 20,000 - 22,000 0 molecular weight from IIfraction 2" of 

phloem exudate, the major component in that fraction. Since no sugar 

was found associated with marrow lectins, these molecules are not con-

sidered glycoproteins. 

Phytates 

The amount of phytate in cucurbit seeds ranged from 1.06 -

3.11%, with f. maxima the lowest and C. digitata the highest (Table 8). 
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Table 8. Phytate and flatulent oligosaccharide levels in cucurbits al 

01igosaccharides bl I 
i 

Phytate ~ Glucose Sucrose Raffinose Stachyose i 

Species % % % % % 

Cucurbita 
0.85 ± 0.54

1 

foetidissima 1.86 ± 0.02 + + 1.14 ± 0.00 0.61 - 0.04 2.26 - 0.04 

Cucurbi ta 
digi tata 3.11 ± 0.03 1.18 ± 0.07 1. 85 ± 0.07 1.18 ± 0.06 0.72 ± 0.21: 

A(!ondanthera 
undulata + 1.48 - 0.06 0.38 ± 0.14 2.43 ± 0.14 1.38 ± 0.00 1.08 ± 0.22 

Ci trull i s 
2.60 ± 0.09 0.88 ± 0.49 2.53 ± 0.00 2.34 ± 0.18 0.04 ± 0.04 coloc~nthis 

Cucurbita 
1.06 ± 0.04 1. 71 ± 0.11 maxima 2.99 ± 0.04 0.72 ± 0.22 1.66 ± 0.47 

Cucurbi ta + moschata 2.00 - 0.09 0.96 ± 0.25 2.57 ± 0.00 0.60 ± 0.29 1. 71 ± 0.04 

Cucurbita ~ 1. 97 ± 0.10 0.83 ± 0.00 2.46 ± 0.11 0.76 ± 0.06 1.07 ± 0.07 

Gl;lcine ~ 1.43 ± 0.00 3.87 ± 0.19 4.57 ± 0.18 2.88 ± 0.27 2.90 ± 0.13 

a = defatted, decorticated seed embryo; d.b. 
b, c = no significant difference at the .05 level; measured in duplicate 

'-J 
'-J 
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I. foetidissima falls in the middle of this range. Statistical analy

sis indicates no significant difference between squashes nor when they 

are compared to soybean, which contained 1.43% phytate. 

When compared to other bean and grain samples (Table 6), 

cucurbit seed appears to contain generally greater quantities of phy

tate. The cucurbit seeds used in the present study were defatted and 

hulled which would concentrate the existing phytate; phytate levels of 

whole, full-fat seeds would be reduced since most of the phytate in 

dicotyledonous seeds is located in the endosperm. 

In species of Cucurbita, and most other plant species, phytin 

reserves are concentrated into electron dense regions called qloboid 

crystals inside protein bodies. In C. maxima the seed protein bodies 

often are structurally complex and contain four regions, namely the 

protein crystalloid, the proteinaceous matrix, the soft globoid and the 

globoid crystal (Lott and Vollmer 1973). Using energy disp~rsive 

X-ray analysis, Lott (1975) determined the globoid crystal was rich in 

phosphorus, potassium and magnesium, providing further evidence squash 

cotyledon protein bodies are composed of phytin. Subsequent studies 

(Lott, Greenwood and Vollmer 1978) revealed phosphorus and magnesium 

remained at relatively constant proportions in various regions of the 

embryo, whereas potassium and calcium varied. Lott and Vollmer (1979) 

demonstrated in species with large seeds (f. mixta, f. moschata) calcium 

was mainly found in the globoidcrystals of the radicle. Globoid 



79 

crystals in species with small seeds (f. foetidissima, f. ~, and C. 

andreana) contained calcium in all embryo regions tested. 

Flatulent Oligosaccharides 

Soybeans were found to contain greater amounts of monosaccha

rides, sucrose, raffinose and stachyose than any cucurbit (Table 8). 

Although no statistical difference existed between soybean and cucur

bits regarding flatulent sugar content, some practical importance may 

be present. For instance, stachyose, reputed the most flatulent of 

oligosaccharides, was measured in 2 - 3 times greater amounts in soy

bean than in the xerophytic gourd, f. foetidissima. Generally, the 

domestic squashes contained more stachyose than xerophytic species 

whereas the reverse was true of raffinose content. 

The oligosaccharide content of leguminous seeds (Table 6) appears 

to contain more stachyose than do cucurbit species, particularly when 

compared to the xerophytes. The raffinose content of xerophytic spe

cies was measured to be generally more than legumes. Again, like 

phytate measurements, whole, full-fat seeds will contain lower amounts 

of oligosaccharides in 100g than defatted, decorticated material. 

Because of the unavailability of a verbascose standard, this sugar was 

not evaluated in this study. 

Preparati on of a Protei n Isol ate 

These experiments were designed to produce and, to some degree, 

chemically evaluate, with proximate and amino acid analyses, food-grade 
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protein isolates from seeds of £. foetidissima, a xerophytic gourd, and 

f. maxima, a domestic squash. £. foetidissima is considered a potential 

food and feed source, especially in arid and semi-arid lands, and com

parison of its protein isolate with that of a commercial squash would 

further define its possible role as a protein source. 

Commercial production of protein isolates, particularly from 

soybean, is a well-developed process, requiring stringint controls on 

solid:liquid ratios, temperature and pH. Typically, people residing 

on arid lands have no access to these technological processes or equip

ment but instead must rely on simple, to the point of crude, approaches 

if specialized products such as protein isolates are to be produced. 

Figures 4 and 5 define what may be considered a sophisticated laboratory 

process, reminiscent of an industrial approach and a rudimentary village 

process, representative of one possibly practical for rural areas of 

developing countries. Protein isolates of both cucurbits were prepared 

by these approaches and compared. 

Because of efficiency, expense and availability, the nature of 

the extraction media is an important consideration. Comparisons of the 

extraction efficacy between a monovalent extractant, sodium hydroxide 

and a divalent solvent, calcium hydroxide, were conducted. 

Commercially prepared sodium hydroxide would be an expensive 

commodity to a community with limited resources. But wood ash, when 

placed in water, forms potassium hydroxide and perhaps a process could 
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be developed to incorporate such simple measures. Calcium hydroxide is 

less expensive but may be difficult to distribute to rural areas. If lime 

slate is present in the earth,alocal supply of calcium hydroxide could be 

avai lable. Precepitation of the protein could be accomplished by any food

grade liquid (pH 4), for instance, vinegar or some fermentation product. 

Material Yields 

Starting with defatted meal, preparation of a protein isolate 

from C. foetidissima and ~. maxima produced three fractions: protein iso

late, residue and whey (Figure4). The laboratory method, representative 

of a technological approach, yields a greater amount of protein isolate 

when sodium hydroxide is used as the extractant, comparedwith calcium hy

droxide, regardless of the cucurbit (Table 9). 

Similarly, if the starting material is full-fat seed and the pro

cess represents a rudimentary village scheme (Figure 5), sodium hydroxide 

again, dissolves more protein than does calcium hydroxide (Table 9). The 

vi llage method seems to extract more protei n from both cucurbi ts, at leas t 

on a weight basis, when compared to the more sophisticated process. Also, 

greater quantities of isolate are produced from the buffalo gourd than 

the Hubbard squash using the rudimentary processing system. The greater 

weights of village-prepared isolates may possibly be due to the high fat 

content of these products. 

Careful experimental and collection procedures rendered 10-16% 

of the initial material unaccountable, a portion of which is moisture 

and other volatile compounds. The material balance of this study 



Table 9. Product yields a of the protein isolate preparation from 
cucurbits: Laboratory vs. village procedures 

Protein 
Species/Procedure isolate Residue Whey solids Total 

g/100g 

f. foetidi ssima 
Laboratory 

NaOH 10.8 74.1 5.2 90.1 
Ca(OH)2 0.8 77 .8 3.7 82.3 

Village 
NaOH 30.5 50.1 9.1 89.7 
Ca(OH)2 18.0 59.5 6.4 83.9 

Large-scale 
NaOH 30.5 

f· maxima 
Laboratory 

NaOH 14.7 64.'1 4.7 83.5 

Ca(OH)2 3.0 75.5 5.3 83.8 

Village 
NaOH 22.2 62.9 4.3 89.4 

Ca(OH)2 14.0 69.3 4.4 87.7 

Large-scale 
NaOH 29.5 

a = samples measured in triplicate; freeze-dried then allowed to 
equilibrate to a known moisture. 

82 
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Table 10. Protein and fat contentsa of products from the protein 
isolate preparations of cucurbits: Laboratory vs. village 
procedures 

Species/Procedure 

£. foetidissima 
L(!.boratory 

NaOH 
Ca(OH)2 

Vi 11 age 
NaOH 

Ca(OH)2 

Large-scale 
NaOH 

£. maxima 
Laboratory 

NaOH 

Ca(OH)2 
Vi 11 age 

NaOH 

Ca(OH)2 

Large-scale 
NaOH 

87.9 
66.9 

40.8 
53.9 

48.0 

77 .9 

71.6 

40.6 
40.5 

42.6 

Protei n (%)b 

R 

30.5 
38.4 

23.7 
26.2 

38.4 
41. 7 

26.9 
31. 7 

W 

52.2 
46.0 

36.9 
40.2 

16.9 
20.4 

14.3 
16.6 

a = samples were measured in triplicate. 

PI 

d 

49.9 
42.4 

45.4 

d 

45.9 
49.3 

48.8 

Fat (%) 

R 

25.0 
27.1 

32.3 
33.6 

W 

0.2 
0.2 

0.5 
0.1 

b = assume g/16gN; freeze-dried then allowed to equilibrate to a known 
moisture. 

c = PI: protein isolate; R: residue fraction; W: whey fraction 
d = not measured; initial defatted material contained <3% fat after 

acetone extraction. 
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correlates with that of previous work using defatted, decorticated seeds 

of f. foetidissima (Scheerens and Berry 1984). 

Protein and Fat Content 

Protein isolates were earlier defined to contain at least 90% 

protein. The isolates prepared in this study never reached a 90% con

tent, but since their preparation followed well-defined and accepted 

procedures of producing protein isolates, they are called such. 

The laboratory process dissolved a protein isolate with a higher 

protein content, from both cucurbits, with sodium hydroxide leaching 

more than the divalent calcium hydroxide (Table 10). The marrow seeds 

surrendered about 40-50% less protein using the village scheme; both 

extractants yielded similar quantities of protein, ca. 40%, except cal

cium hydroxide extracted more from the buffalo gourd full-fat seed, ca. 

54%. A protein isolate prepared from the defatted, decorticated seed 

embryo of buffa 10 gourd conta i ned 93% protei n (Scheerens and' Berry 1984). 

Even though the whey so 1 ids cons ti tute a mi nor porti on of the seed, 

its protein content is noteworthy, particularly that ofC. foetidissima. 

If a food-grade isolate was to be commercially processed from 

cucurbit seeds, technological procedures would beavai1ab1e to remove the 

oil, enhancing the protein content. On the other hand, residents of ru

ral areas on arid lands would be bereft of these industrial advantages, 

forced to prepare an isolate from full-fat seed. Fat measurements of an 

isolate prepared from such a rudimentary procedure are presented in 

Table 10. Protein isolates from both £. foetidissima and £. maxima con

tain similar amounts of lipid material, ca. 45%. The product not only 



Table 11. Essential amino acida, protein and fat content of whole seeds of selected 
cucurbits and grains and lactalbumin and defatted soybean 

Amino 
acidsb 

Ile 
Leu 
Lys 
Met + cys 
Phe + tyr 
Thr 
Val 

FAOc 

4.0 
7.0 
5.5 
3.5 
6.0 
4.0 
5.0 

Protein(%)d,e 

Fat (%) 

Lactalbumin 

5.9 
13.3 
10.3 
6.0 
7.6 
5.2 
6.0 

79.1 
0.0 

Defatted 
soybean 

4.7 
8.0 
6.6 
2.6 
8.5 
3.8 
5.0 

47.2 
2.5 

Buffalo Hubbard 
gourd squash Millet Sorghum 

3.2 4.1 3.3 4.4 
5.5 7.5 10.5 14.3 
4.3 4.5 1.3 2.4 
2.3 2.8 2.8 3.0 
7.5 8.4 7.2 8.4 
2.3 2.9 2.5 3.2 
4.0 5.1 3.6 5.1 

31.6 31.2 12.7 10.1 
32.5 35.1 4.3 3.8 

a = histidine is required as a dietary essential in infants; arginine is believed to 
be required for maximum growth. 

b = g/16gN; measured in duplicate 
c = FAO (1973) provisional pattern 
d = %N x 6.25 
e = measured in triplicate 

00 
U1 
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contains reasonable amounts of protein, but represents one of high energy 

content, which is a desirable characteristic of foods for desert regions. 

The protein and fat ~ontents of whole cucurbit seeds are consi

derably lower than those of their protein isolates (Table 11). Defatted 

soybean has a higher concentration of protein than any of the whole seeds 

and is comparable to some of the protein isolates. When compared to mil

let and sorghum seed, on the basis of fat and protein content, protein iso

lates of buffalo gourd and domestic squash appear to be favorable 

addi ti ons to foods whi ch use these grai ns . 

Amino Acid Analyses 

Whole Seeds. The essential amino acid profiles of whole seeds 

of buffalo gourd, Hubbard squash, millet and sorghum are included in 

Table 11. The amino acid pattern of these seeds in addition to defatted 

soybean and lactalbumin are compared to the FAD (1973) provisional amino 

acid pattern (Table 12). 

The amino acid profile of C. foetidissima correlates well to the 

analysis obtained in recent studies (Bemis et a1. 1977; Scheerens and 

Berry 1984). When compared to the FAD pattern, buffalo gourd displays 

the weakest amino acid pattern of all the seeds tested; except for the 

aromatic residues, all amino acids are in deficit. The first limiting 

amino acid in both cucurbits was threonine, which agrees with data 

reported by Thompson et a1. (1978), but contradicts earlier work which 

discloses the sulfur-containing amino acids as first limiting in the 

buffalo gourd (Weber, Berry and Philip 1977). This study also shows 
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Table 12. Essential amino acid deficits and chemical scores of 
whole and defatted seeds, compared with the FAO 
provisional pattern 

Percent deviation from FAOa 

Erovisional 

Source 11 e Leu .bll 

C. foetidissimab -20 - 21 - 22 

f· maximab + 3 + 7 - 18 

.E. mileaceumb -17 + 50 - 76* 

i· bicolorb +10 +104 - 66* 

Q. maxc +20 + 10 + 20 

Lactalbumin +50 + 90 + 90 

a = FAO (1973) provisional pattern 
b = whole seed 
c = defatted soybean 
* = first limiting amino acid 

Eattern 
Met Phe 

+CYS +tyr 

-34 +25 

-20 +40 

-20 +20 

-14 +40 

-26* +42 

+70 +30 

Chemical 
Thr Val Score 

-42* -20 58 

-27* +28 73 

-37 -28 24 

-20 + 2 34 

- 5 0 74 

+30 +20 100 

+ = denotes an excess or deficiency when compared to the provisional 
pattern. 
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cucurbits demonstrate a very large deficit in methionine and cysteine. 

£. maxima tends to contain greater quantities of all amino acids than 

C. foetidissima, although a deficiency still is present for lysine, 

threonine and the sulfur-containing residues. As expected, the grains, 

millet and sorghum, were lowest in lysine and soybean lacked adequate 

amounts of methionine and cysteine. Lactalbumin contained sufficient 

amounts of all essential amino acids. 

The profile of essential amino acids generated fr~m selected 

grains and legumes are presented in Table 13 and compared to the FAD 

pattern in Table 14. When £. foetidissima seed is compared to grain 

and legumes, its amino acid profile is clearly inferior except for 

containing more lysine than corn and rice and more methionine and 

cysteine than cowpea. £. maxima parallels this pattern but, in addi

tion, contains more sulfur-containing residues than winged bean. 

Protein Isolates. The protein isolates from f. foetidissima 

and f. maxima, using laboratory and village approaches, were analyzed 

for amino acid content and are presented in Table 15. Comparison of 

the amino acid residues of the protein isolate from buffalo gourd with 

the FAD pattern discloses an increased ability of sodium hydroxide to 

extract a higher quality isolate than calcium hydroxide (Table 16). 

This phenomenon occurs whether the sophisticated laboratory procedure 

or the rudimentary village approach is used. In fact, laboratory and 

village schemes, with--respect to each solvent, display similar amino 

acid patterns. 
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Tabl e 13. Essential amino acid content of corn, rice, cowpea and 
winged bean: whole seed 

Aminoa Acid FAOb Cornc Riced Cowpeae Wingedf bean 

11 e 4.0 4.2 4.5 5.0 4.0 

Leu 7.0 14.6 8.9 8.5 8.1 

Lys 5.5 3.0 3.9 7.4 7.5 

Met + cys 3.5 3.0 4.8 1.3 2.7 

Phe + try 6.0 11.0 5.5g 9.6 9.5 

Thr 4.0 4.1 3.8 3.0 4.9 

Trp 1.0 0.7 0.9 1.8 

Val 5.0 5.7 6.4 6.0 4.7 

a = g/16gN; histidine is required as a dietary essential in infants; 
arginine is believed to be required for maximum growth. 

b = FAD (1973) provisional pattern. 

c = Mertz (1972) 

d = Sarwar et ale (1977) 

e = Elias et ale (1976) 

f = Higuchi et ale (1983) 

9 = phenylalinine alone 
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Table 14. Essential amino acid deficits and chemical scores of whole 
legumes and grains, compared to the FAO provisional 
pattern 

Percent deviation from FAOa 

provisional pattern 
Met Phe 

Sourceb Ile Leu Lys +cys +tyr 

Corn + 5 +109 -40* -14 

Rice +13 + 27 -29* +37 

Cowpea +25 + 21 +35 -63* 

Winged 
bean 0 + 16 +36 -23* 

a = FAO (1973) provisional pattern 

b = whole seed 

c = phenylalanine alone 

c = no data available 

* = first limiting amino acid. 

+83 

_ 8c 

+60 

+58 

thr 

+ 3 

- 5 

-25 

+23 

Chemical 
trp Va 1 Score 

-30 +14 60 

-10 +28 71 
d +20 37 

+80 - 6 77 

+,-= denotes an excess or deficiency when compared to the provisional 
pattern. 
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Table 15. Essential amino acid content of protein isolates prepared 
from seeds of f. foetidissima and £. maxima: Laboratory 
vs. village procedures 

Met Phe 
Species/Procedure 11 e Leu Lys +cys +tyr Thr Val 

£. foeti di ssima 
Laboratory 

NaOH 4.3 7.1 3.1 3.2 8.0 2.7 4.9 

Ca(OH)2 3.3 6.0 2.9 2.0 5.6 2.0 3.5 

Village 
NaOH 4.1 7.2 3.3 3.2 7.8 2.7 5.0 
Ca(OH)2 3.5 6.1 2.7 1.9 6.4 2.2 4.1 

Large-scale 
NaOH 3.1 5.4 2.7 2.3 5.9 2.0 3.8 

£. maxima 
Laboratory 

NaOH 3.9 6.6 3.5 3.7 7.5 2.5 4.4 

Ca(OH)2 1.6 3.3 2.6 1.1 5.0 1.1 1.9 

Village 
NaOH 4.4 7.7 3.9 3.0 8.6 2.9 5.3 
Ca(OH)2 3.6 6.6 3.2 2.1 7.0 2.4 4.4 

Large-scale 
NaOH 3.6 6.0 3.3 2.3 6.9 2.6 4.3 

a = measured in duplicate 
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Table 16. Essential amino acid deficits and chemical scores of pro-
tein isolates prepared from cucurbits, compared with the 
FAO provisional pattern 

Percent deviation from FAOa 

Qrovisional Qattern Chem-
Met Phe i cal 

Source Ile Leu ill +cys +tyr Thr Val Score 

£. foetidissima PI b 

Laboratory 
NaOH + 8 + 1 -44* - 9 +33 -32 - 2 56 

Ca(OH)2 -17 -14 -42 -57* - 7 -50 -30 43 
Village 

NaOH + 3 + 3 -40* - 9 +30 -32 0 60 

Ca(OH)2 -'2 -13 -51 -65* + 7 -45 -22 35 
Large-scale 

NaOH -32 -23 -51 -34 - 2 -50* -24 50 

C. maxima Pl b 

Laboratory 
NaOH - 2 - 6 -36 + 6 +25 -37* .-12 63 

Ca(OH)2 -60 -53 -53 -69 -17 -72* -62 26 
Village 

NaOH +10 +10 -29* -14 +43 -27 + 6 71 

Ca(OH)2 -10 - 6 -42* -40 -17 -40 -12 58 
Large-scale 

NaOH -10 -14 -40* -34 +15 -35 -14 60 

a = FAO (1973) prOVisional pattern 
b = PI: protei n isolate 
* = first limiting amino acid 
+, .... denotes an excess or deficiency when compared to the provisional 

pattern. 
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Comparable results were found with preparation of f. maxima pro

tei n isolates, i.e., sodi urn hydroxi de consi stently extracted a hi gher grade 

protein than did calcium hydroxide. Interestingly, the village scheme 

sodium hydroxide extraction appears to be more efficient than the labo

ratory process, except for reduced amounts of methionine and cysteine. 

Protein isolates prepared from both cucurbits, using the labora

tory scheme, sodium hydroxide extraction, display similar amino acid pro

files; large differences exist between lysine, aromatic and sulfur

containing amino acid content. The first limiting amino acids in these 

isolates are lysine and threonine; but both cucurbit isolates 

are profoundly deficient in these residues, similar to whole seed. 

When protein isolates prepared by the laboratory scheme, sodium 

hydroxide extraction, are further compared to their whole seeds, the pro

file of C. foetidissima appears to be generally improved, particularly 

the sulfur-containing amino acids wh'ich increased dramatically. Although 

an overall enhancement was not seen in the f. maxima isolate when com

pared to whole seed, a SUbstantial augmentation of the methionine and 

cysteine content was observed. Isolates from both marrows forfeited more. 

lysine during the production process, when compared to whole seed. 

Amino acid profiles of protein isolates from various oilseeds are 

presented in Table 17. Whereas all of the other profiles include tyrosine 

with measurements of phenylalanine, these data report phenylalanine only. 

The actual contribution by the aromatic amino acids remains equivocal. 

Generally, rapeseed and soybean isolates contain the most 

balanced amino acid pattern (Table l8). The protein isolate of rapeseed 
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Table 17. Essential amino acid content of protein isolates prepared 
from various oi1seedsa 

Amino Source of protein isolate 

Acidb FAOc Soybean Rapeseed Sunflower Safflower Flax 

I1e 4.0 4.6 4.1 3.9 4.2 4.3 

Leu 7.0 7.9 7.6 6.0 6.9 8.4 

Lys 5.5 6.0 5.4 3.1 2.4 3.1 

r~et + cys 3.5 3.1 4.0 3.6 3.3 4.0 

Phe 6.0 5.3 3.8 4.3 4.9 4.7 

Thr 4.0 3.5 4.4 3.2 3.1 3.4 

Trp 1.0 1.5 1.6 1.3 1.2 1.4 

Val 5.0 6.7 5.2 4.8 5.3 5.5 

a = Sarwar et a1. (1977) 

b = g/16gN; histidine is required as a dietary essential i'n infants; 
arginine is believed to be required for maximum growth. 

c = FAD (1973) provisional pattern. 
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Table 18. Essential amino acid deficits and chemical scores of protein 
isolates prepared from various oi1seeds, compared to the 
FAD provisional pattern. 

Percent deviation from FAOa 

~rovisiona1 

Source I1e. Leu Lys Met 
+cvs 

Soybean +15 +13 + 9 -11 

Rapeseed + 3 + 9 - 2* +14 

Sunflower - 2 -14 -44* + 3 

Safflower + 5 - 1 -56* - 6 

Flax + 8 +20 -44* +14 

a = FAO (1973) provisional pattern 

b = tyrosine not included 

~attern 

Pheb Thr 

-12 -12* 

-37 +10 

-28 -20 

-18 -22 

-22 -15 

Chemical 
Trp Val Scoresc 

+50 +34 88 

+60 + 4 98 

+30 - 4 56 

+20 + 6 44 

+40 +10 56 

c = since the FAO pattern includes both aromatic amino acids, pheny
lalanine and tyrosine, and the amino acid profiles for the 
oi1seeds include only phenyalanine, the aromatic amino acids 
were not considered in calculations of chemical scores nor 
first limiting amino acids. 

* = first limiting amino acid. 

+,-= denotes on excess or deficiency when compared to the provisional 
pattern. 
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is slightly deficient in lysine and aromatic residues; when tyrosine is 

considered with phenylalanine, the aromatic amino acid deficit should be 

greatly reduced. The soybean isolate contains equally reduced levels of 

sulfur-containing residues and. threonine, but contain an excess of ly

sine, uncharacteristic of all other protein isolates considered. Again, 

the aromatic residue deficit would probably be nonexistent if tyrosine 

had been included. Sunflower and safflower protein isolates are inade

quate in all amino acids, except two or three; the flax isolate is 

seriously lacking in only two amino acids, lysine and threonine. 

Comparison of the amino acid patterns of protein isolates pre

pared from oi1seeds (Tables 17 and 18) with those p:epared from cucur

bits, laboratory and village procedures, sodium hydroxide extraction, 

(Tables 15 and 16) reveals some interesting similarities and differ

ences. Large differences exist between lysine, threonine and valine 

contents of soybean and cucurbit isolates; cucurbits contain sUbstan

tially lower amounts of these residues, although valine levels are not 

grossly deficient, compared to the FAO pattern. Levels of methionine 

and cysteine are similar between the two sources. Compared to rape

seed protein isolates, cucurbits are again inferior, particularly in 

levels of lysine, threonine and sulfur-containing amino acids. 

On the other hand, protein isolates prepared from f. foeti dis

sima and f. maxima are comparable to those prepared from sunflower and 

safflower seeds. Although deficient compared to the FAO pattern, 



leucine and lysine content of the marrow isolates are substantially 

increased over the levels present in the commercial oilseeds. The low 

level of threonine ranks the squash isolates well below that of sun

flower and safflower isolates. The lysine content of flax isolate is 

reduced in comparison to cucurbits, but contains greater amounts of 

threonine. 
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Residues and Wheys. Generally, the amino acid profiles of 

residue and whey products are substantially inferior to the isolates 

(Tables 19 and 20). A notable exception is the lysine content of these 

fractions. The residue contains ca. 20 - 80% greater levels of lysine, 

compared with either cucurbit isolate, laboratory or village scheme, 

sodium hydroxide extraction. The whey solids concentrate lysine ca. 

35 - 170% compared to isolates, the largest occurring in isolates of 

c. maxima. 

The experiments conducted in this study suggest the protein 

isolates from C. foetidissima are generally similar, whether prepared 

by a sophisticated laboratory or a rudimentary village process. Sodium 

hydroxide extracts a higher quality protein isolate than does calcium 

hydroxide. Lysine is the first limiting amino acid in the monovalent 

base extraction, although threonine is remarkably reduced also. 

The village procedure appears slightly more efficient in pre

paring·a protein isolate from £. maxima than the laboratory procedure. 

Again, sodium hydroxide is the better solvent. Similar to buffalo 

gourd, Hubbard squash isolates have major deficiencies in lysine and 

threonine. 
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Table 19. Essenti al amino acid content of residue fractions prepared 
from seeds of f. foetidissima and I. maxima: Laboratory 
vs. village procedures 

Amino acid {g/16gN}a 
Met Phe 

Species/Procedure Ile Leu ill +CYS +tyr Thr Val 

I. foeti di ssima 
Laboratory 

NaOH 2.2 3.6 5.5 1.9 8.1 1.4 2.6 
Ca(OH}2 2.5 4.2 4.7 2.1 7.1 1.6 3.0 

Village 
NaOH 2.5 4.3 5.3 2.0 8.3 1.7 3.1 
Ca(OH}2 3.3 6.2 5.4 2.0 9.4 2.4 4.0 

f. maxima 
Laboratory 

NaOH 2.6 4.4 4.3 2.1 8.4 1.7 3.1 
Ca(OH}2 5.4 10.0 5.2 6.1 10.8 3.5 . 6.6 

Village 
NaOH 3.4 6.3 5.3 4.6 9.6 2.3 4.3 
Ca(OH}2 3.2 5.9 4.7 2.3 9.0 2.3 3.5 

a = measured in duplicate. 



Table 20. Essential amino acid content of whey fractions prepared 
from seeds of f. foetidissima and £. maxima: Laboratory 
vs. village procedures. 

Species/ Amino acid {g/16gN)a 
Met Phe 

Procedure Ile Leu Lys +cys +tyr Thr Val 

f. foetidissima 
Laboratory 

NaOH 2.5 5.1 4.2 5.4 4.5 2.0 2.9 
Ca(OH)2 2.5 3.7 4.8 3.4 3.4 2.5 2.9 

Vi 11 age 
NaOH 2.9 4.7 5.5 1.6 5.1 2.5 3.4 
Ca(OH)2 2.6 4.5 5.5 1.9 4.7 2.4 3.2 

f. maxima 
Laboratory 

NaOH 1.2 1.8 8.9 1.1 2.4 1.7 1.8 
Ca(OH)2 1.2 1.9 7.7 1.9 3.1 1.6· 1.9 

Village 
NaOH 1.2 2.0 10.4 0.8 2.6 1.7 1.8 
Ca(OH)2 1.4 2.5 9.5 1.0 3.0 1.9 2.2 

a = measured in duplicate. 
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Some improvement is seen in amino acid patterns of marrow pro

tein isolates when compared to their whole seeds, especially su1fur

containing amino acids. Protein isolates of cucurbits appear comparable 

if not superior, to those of sunflower and safflower, but are unsatis

factory compared to soybean, rapeseed and flax isolates. 

The entire amino acid profile of residue and whey fractions are 

inferior to the corresponding protein isolates, except for the notable 

increase in the content of lysine. 

Nutritional Evaluation of the Protein Isolates 

Animal Feeding Studies 

These experiments examined the nutritional efficacy of protein 

isolates prepared from xerophytic and domestic cucurbits present in 

representative diets of developing countries where sorghum and millet 

are staples. People requiring improved nutriture often res~de in rural 

areas of semi-arid regions and have little industrial capabilities 

available to aid them. In this study, large quantities of protein iso

lates prepared from~. foetidissima and f. maxima, following the village 

procedure, sodium hydroxide extraction, were fed to rats. 

On a large-scale basis, the village procedure yielded quantities 

of protein isolate similar to the small-scale process, i.e., ca. 31% 

f. foetidissima protein isolate and ca. 30% f. maxima isolate (Table 9). 
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The protein content of buffalo gourd and Hubbard squash, 48% and 43%, 

respectively, closely resembled values obtained from the small-scale 

process (Table 10). Fat contents also parallel those of the small-scale 

procedure. The amino acid profile of isolates prepared on a large

scale system portrayed a disappointing reduction in all residues. 

Certainly, prod~ction parameters, such as solid:liquid ratios, tempera

ture, pH, can change with expansion of an ext~action process. 

The newly prepared isolates supplemented diets containing mil

let and sorghum in which growth, in terms of weight gain, was monitored. 

These products also served as the sole protein source in diets which 

were compared to a casein diet, and from which PERs were calculated 

(Table 21). 

Experimental rats showed the most weight gain on a soybean diet 

supplemented with methionine, significantly better than the lactalbumin 

diet. Protein isolates prepared from each cucurbit sustained poor 

growth compared to lactalbumin or any diet containing soybean. Rats 

did respond better on sorghum diets supplemented with marrow isolates 

than on supplemented millet diets. In fact, sorghum diets consistently 

promoted better growth than millet diets, regardless of the supple

menting protein source. The amount of growth in rats is reflected in 

the levels of food consumed. 

The digestibilities of the diets do not correlate with weight 

gain of the rats. For example, the sorghum diet supplemented with 

f. foetidissima protein isolate displayed a 74.3% digestibility 



Table 21. Biological evaluation of protein isolates prepared from cucurbits: As a supple
mentary and sole source of protein. 

Feed Total 
Di ges ti bi 1 i tyb consumed weight gaina,f 

Diet ( gm/rat/day)a,f ( g) % 

Mi 11 et/soybeand 12.7 ± 1. 8c 75.6 ± 19.0c + 77.2- 0.8 
Sorghum/soybean 16.7 ± 1 .8d 121.0 ± 20.0d + 75.3 - 1.2 
Millet/~. maxima PIe 9.8 ± 1.0ab 32.3 ± 5.l a + 68.0 - 0.2 
Sorghum/f. maxima PI 10.6 ± 2.l b 50.l±18.7b + 77.2- 1.5 
Millet/f. foetidissima PI 8.9 ± 1.4ab 24.9 ± 7.5a + 65.9 - 1.5 
Sorghum/f. foetidissima PI 9.8 ± 1.4ab 36.3 ± 9.3ab + 74.3 - 0.5 
Soybean/methionine 17.4 ± 2.l d 174 • 3 ± 26. 7e + 83.2 - 0.1 
Lactalbumin 13.4 ± 2.0c 11 0.0 ± 17. 7d + 85.8 - 0.5 

f. foetidissima PI + 9.8-1.7 + 52.5 - 17.6 
C. maxima PI + 10.5 - 1.1 + 52.0- 15.2 

Casei n + 13.2 - l.7 + 110.0 - 18.0 

a = collected over 28 days. 
b = 12% protein in diet, 8% supplied by millet/sorghum, 4% by protein isolate. 
c = 10% protein in diet, supplied exclusively by the test protein. 
d = defatted meal. . 
e = PI: protein isolate 

PERc,f 

l. 91 ± 0.28a 

1.72 ± 0.32a 

2.95 ± 0.13b 

f = those values designated by a different letter indicate a significant difference measured 
at the 0.5 level. 

--' 
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and a total weight gain of 36.3g. In contrast, a sorghum diet supple

mented with soybean, at the same protein level as the buffalo gourd 

isolate, revealed a digestibility of 75.3% and a l2l.0g total weight 

gain. 

The soybean diet supplemented with methionine and the lactal

bumin diet displayed the greatest digestibility values. Diets of f. 

maxima and f .. foetidissima isolates which supplemented millet demon

strated the poorest values. 

Reasonable explanations for the differences in growth exist in 

the relationship between the diets and their essential amino acid pro

file. The nutritive value of millet and sorghum, notoriously low in 

lysine, threonine and sulfur-containing amino acids (Tables 11 and 12), 

are visibly improved by supplementation of defatted soybean, which 

although extremely deficient in methionine and cysteine, is only mar

ginally low in threonine. Obviously, methionine supplementation of 

defatted soybean meal could be projected to promote growth to the 

greatest extent. 

Because cucurbit protein isolates are remarkably deficient in 

lysine and threonine, similar to the amino acid pattern of grain, their 

addition to a sorghum or millet diet would be of marginal benefit. 

Noteworthy is the slightly higher sulfur-containing amino acid content 

of the isolates prepared on a small-scale basis, compared with whole 

seed of the grains tested. 



As stated above, sorghum diets encourage an increased growth 

compared to millet diets. Sorghum, essentially deficient in the same 

amino acids as millet, except valine, has an amino acid pattern of an 

overall higher quality and growth parameters reflect this advantage. 
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When cucurbit protein isolates served as the sole protein 

source, rats gained 50% less weight than those fed a casein diet. 

Calculation of the PER revealed no significant difference between the 

cucurbits, but rats fed a casein diet gained significantly more weight 

than those on the squash isolate diets. 

Thompson et al. (1977) reported whole seeds of buffalo gourd, 

supplemented with valine, threonine lysine and methionine promoted 

growth equivalent to whole egg; the PER of whole egg was significantly 

greater than that of supplemented whole seeds. The PERs of the present 

study, relative to those reported by Thompson and her colleagues, indi

cate the f. foetidissima protein isolate is a more balanced.protein 

source than whole seed supplemented with methionine and threonine or 

methionine and lysine, but not as balanced as the whole seed supple

mented with ail four amino acids. Since the protein isolate of C. 

maxima is not significantly different from buffalo gourd isolate, 

similar observations would be expected with the commercial squash. 

Chemical Scores 

Chemical scores, used in conjunction with biological and chemi

cal information, can help evaluate the protein quality of a food. 
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Table 12 contains scores obtained for the whole seeds used in this study 

and are compared to ~actalbumin. f. maxima and defatted soybean have 

similar values, with f. foetidissima falling to a lower position than 

its commercial counterpart, yet greater than sorghum and millet. 

Hubbard squash has a similar chemical index to rice and winged bean; 

buffalo gourd is more ana19gous to corn (Table 14). 

When the protein isolates prepared for this study are compared, 

regardless of species, the village scheme, using sodium hydroxide as 

the extractant, has the superior chemical score (Table 16). The index 

of f. maxima protein isolate is substantially greater than that of 

£. foetidissima isolate. The chemical index of the large-scale process 

dropped 10 points for both species, relative to the small-scale pre

paration. The cucurbit protein isolates rate favorably and may be 

superior to isolates of flax, safflower and sunflower (Table 18). 

Soybean and rapeseed isolates have impressive chemical scores, which 

are considerably larger than those for cucurbits. 



CHAPTER 4 

CONCLUSIONS 

The food potential of £. foetidissima, the buffalo gourd, has 

been well documented, particularly with regard to its oil and starch 

products. Limited work has been directed toward its potential as a 

protein source. The primary disposition of this study has been to 

prepare a food-grade protein isolate from seeds of £. foetidissima 

and compare it to one from C. maxima, using chemical and biological 

methods of evaluation. In this way, the domestic squash would serve 

as a reference material for comparison, since it is a commercially 

available and accepted crop of close taxonomic relation to the xerophy

tic gourd. 

Toxicity of plants is often a matter of concern; many plants 

contain compounds which, if not treated properly, can cause severe 

physical discomfort, even death. Before the cucurbit protein isolates 

were prepared, four well-defined anti nutritional factors, i.e., trypsin 

inhibitors, lectins, phytates and flatulent oligosaccharides, were 

measured. Defatted, decorticated seed of selected xerophytic and 

domestic squashes were assessed and compared to soybean, another 

reference material in this study. Xerophytic cucurbits are generally 
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similar to commercial squashes with regard to levels of these factors, 

and clearly contain comparable, and often less, amounts than does soy

bean. The levels of antinutritional factors in the desert and commer

cial squashes, buffalo gourd and Hubbard squash, respectively, should 

pose no toxicological threat to the food quality of whole seed or their 

protein isolates. 

Using sophisticated laboratory and rudimentary village proce- . 

dures, food-grade protein isolates were prepared from f. foetidissima 

and C. maxima. Differences in the chemical quality of these isolates 

when using monovalent (sodium hydroxide) and divalent (calcium hydroxide) 

base extraction media were examined. Inspection of the data, i.e., 

product yields, protein and fat content and amino acid profiles, 

revealed protein isolates prepared from both cucurbits were most effec

tively produced from sodium hydroxide extraction. Protein content was 

greater in laboratory procedures but amino acid analyses indicate 

village methods produced an isolate with quality comparable to 

laboratory forms. 

Isolates prepared from f. foetidissima and I. maxima have lysine 

and threonine as limiting amino acids. Similar observations are seen in 

isolates of various oilseeds. Soybean is an exception, since lysine is 

present in ample amounts and threonine occurs at levels much greater 

than the other isolates. 
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When the small-scale process, the initial seed material weighing 

100g, was expanded to a large-scale process, using 10 kg of ground seed, 

the amino acid content of the isolates diminished considerably. The 

protein and fat contents were similar to small-scale productions. Future 

work would be needed to delineate the optimum conditions for producing 

cucurbit protein isolates on a large scale basis. 

Amino acid analyses indicate the protein isolates, whether pre

pared from~. foetidissima or ~. maxima are chemically comparable, or 

superior, to isolates from sunflower, safflower and flax but inferior 

to soybean and rapeseed isolates. 

Using total weight gain and protein efficiency ratios (PER) as 

biological p"arameters to evaluate the quality of the protein isolates, 

feeding studies revealed diets of millet and sorghum supplemented with 

cucurbit isolates do not promote growth as well as soybean supplementa

tion. These studies strongly suggest cucurbit protein isolates, whether 

prepared from the feral, xerophytic gourd, f. foetidissima or from the 

co"mmercial squash, £. maxima, would be minimally effective as a supple

ment to grain diets indigenous to developing countries. The problem 

appears to originate with the low lysine and threonine contents of these 

isolates. If the production process, or some other means, could enhance 

the presence of these amino acids, the protein isolates from buffalo 

gourd could fulfill the need as a non-conventional source of protein. 
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