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ABSTRACT 

Buffalo gourd (BG) , Cucurbita foetidissima, vine 

contains a material that was toxic to mice. Extracting the 

vine with either water or ethanol greatly improves the 

performance of the mice. However, water treatment of the vine 

had removed the bitter substances and gave a better response 

than ethanol extraction which partially reduced these 

materials. 

Chicks received up to 10% of BG seeds in a soybean 

meal diet had no significant change in their growth as 

compared to those fed control diet. However, as the 

concentration of the seeds increased to 20% or above, a 

significant reduction in chicks performance were found in 

comparison to the soybean meal • Signs of toxicities which 

caused high mortality rate were also observed in those chicks. 

Cleaning and washing of BG seeds did not improve chicks 

performance as compared to those on uncleaned-unwashed seeds. 

Birds fed BG hulls were not significantly different than the 

control diet and showed no signs of neuromuscular 

abnormalities or death. Feeding defatted seeds and defatted 

embryo diets depressed the growth. The addition of 24% of BG 

seeds to the regular soybean meal diet showed no difference in 

growth as compared to the control birds. The neuromuscular 

abnormalities were observed only in birds fed defatted seeds, 
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defatted embryo and whole seed diets but not hulls or whole 

seed uncleaned diets. This raises a serious issue of just what 

is causing these neuromuscular problems in some diets and not 

all of them. These abnormalities disappeared after the chicks 

were shifted back to the regular starter diet. 

Incorporation of 10% of the whole BG roots in 

practical chick ration significantly depressed growth. 

Toxicity problems were also observed in these chicks. water 

extraction of the roots improved performance and appeared to 

reduce the bitter material in the diet and the incidence of 

mortality when compared to those fed the dried roots. 

A preliminary study using silage as prepared from BG 

forage has shown no palatability problems when fed to young 

heifers. Incorporation of milo with BG forage did not improve 

the palatability of the silage. This was a great improvement 

in feed intake values when compared to the feeding of fresh 

cut forage to calves or cows. 
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CHAPTER 1 

INTRODUCTION 

vast increase in the world population has been 

observed since the middle of this century. A reduction of the 

death rates as well as an increase in birth rates through an 

effective public health measures are considered the primary 

reasons for this rapid growth rate in human beings (Freedman 

and Berelson, 1974). The world population has been estimated 

to reach 7 billions in the year 2000. Obviously the demand 

for food will be directly related to the growth of the human 

population (National Academy of Science, 1971). Thus, the 

availability of a spacious world food supply becomes a very 

critical problem especially when other factors are involved 

such as the scarcity of the agricultural land, the increase in 

the inflation rate, and the drought that covers many nations 

especially in Africa in the past few decades which caused 

starvation in several countries. 

Unfortunately, the advances in the medical researches 

allow controlling diseases much easier than augmenting food 

resources (National Academy of Sciences, 1971). Diseases such 

as malaria, pneumonia, and typhoid which were considered fatal 

at the first half of this century, have all but been 

eliminated. All these factors may also magnify the problems 
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associated with the human growth rate and food production. 

Brady (1981) stated that the advancement in agricultural 

technology in the last 3 decades have improved the crop 

production and the expansion of the cultivated land. 

Unfortunately, these advancement could not bring about a 

balance between the extra ordinary explosion in global 

population and food supply. Obviously, the concern about the 

limited land resources and energy that are available to 

increase crop yield has been expressed internationally. 

Pearson (1980) noted that the average food intake of 

low income families, in any country, consisted of less fat 

content, less animal protein, low total protein of decreased 

biological value and high proportion of carbohydrates. 

currently, people in all nations obtain around 70 percent of 

their dietary protein from cereals, vegetables, and legumes. 

Whereas, in the United states, over 90 percent of the legume 

and vegetable protein, which are suitable for human use, is 

fed to farm animals (Pimental et al. 1975). Livestock consume 

vegetable protein to produce high-quality animal protein. 

However, the cost of the protein fed to livestock selected for 

food production is fairly high. In addition, the ratio of 

converting vegetable proteins into animal proteins is fairly 

inefficient for all the livestock systems, milk production is 

considered the most efficient ratio. In the united states 

around 31 percent of the vegetable protein is converted into 
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milk protein (Pimental et ale 1975). 

Man kind in the near future has been challenged to feed 

a rapid growing world population relative to the constraints 

of water, agricultural land, and energy. Thus, it is necessary 

to utilize all of the arable, but uncultivated land, which is 

mainly located in the semi-arid, sub-humid and humid areas of 

the middle latitudes (Revelle, 1976). 

Agriculturalists have increased their interest in the 

development of new crops from feral plants as well as under 

used crops. Plant materials, particularly protein rich and oil 

rich seeds, should be exploited as a components in food stuffs 

(Altschul, 1962). 

Buffalo Gourd (BG) is a plant that tolerates drought 

and heat which make it adaptable for cUltivation elsewhere on 

the two thirds of the world with arid and semi-arid climates 

(Bemis et ale 1978b). Dr. Lawerence C. curtis in 1946 was the 

first to describe the possibility of the Buffalo gourd as a 

potential crop. He observed that the BG is a perennial plant, 

grows in waste land regions of low rainfall, produces fruits 

which contain seeds rich in oil and protein, and the fruit 

lends itself to mechanical harvesting (Curtis, 1946). Hence, 

steps toward the domestication of this species started around 

the end of the first half of this century (Gathman and Bemis, 

1985). 

Buffalo gourd, Cucurbita foetidissima, is a wild 
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xerophilous gourd that belongs to the cucurbitaceae family. It 

grows wild as a weed in the southwest region of the united 

states and Northern Mexico where it is native to both arid 

and semi-arid regions (Bemis et al., 1978a). Bemis et al. 

(1967, 1975) have reviewed the buffalo gourd as a potential 

crop for production of forage, protein, oil and starch under 

arid condition. curtis (1946), Bolley et al. (1950), and 

Shahani et al. (1951) described the BG as a possible new oil 

seed and protein crop. 

Cucurbitacins (tetracyclic terpenes and their 

glycosides) are botanical specific compounds responsible for 

bitterness in many species of cucurbitaceae family, including 

Cucurbita feotidissma H.B.K. These principles are water 

soluble, penetrate the roots, the foliage, and the fruits and 

make the plant unpalatable (Berry et al.,1976), with the 

exception of the seeds, the blossoms, and the young fruits 

which were palatable (Cutler and Whitaker, 1961). Nabhan 

(1980) stated that treatment with calcium carbonate is a very 

effective way in removing the bitter taste of the pulp. 

The purpose of this study is to determine the 

nutritional value of all the parts of the buffalo gourd plant 

(vine, seeds, and roots) as a dry forage (leaves and stems), 

extraction of the vine material using either water or ethanol, 

root pulp, and fermentation of the vine material (silage). In 

addition, to evaluate the potential toxic properties of the 
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whole plant its bitterness, and its effect on growing chicks, 

mice, calves, and sheep. 



CHAPTER 2 

LITERATURE REVIEW 

Historical Aspect 

19 

The historical background of the buffalo gourd has 

been described in several publications (Bemis et al. 1978a & 

1978JJ~ Culter and Whitaker, 1961; Niethammer, 1974; 

Vasconcellos et al. 1981; Ritchie, 1979). According to Bailey 

(1943), the buffalo gourd was first reported in 1817 and was 

given the name cucumis perennis by James in 1820 and remained 

with the same name until 1881 when cogniaux brought up the 

name Cucurbita foetidissima. The vine has a distinct pungent 

odor, hence the name foetidissima. However, the most common 

name used is Buffalo Gourd. 

For as far as 9000 years, the native Americans have 

been associated with buffalo gourd as a camp followers. 

Buffalo gourd seeds 7000 years old have been discovered in 

ancient caves belong to the American Indians (Cutler and 

Whitaker, 1961). Native Americans had used the various parts 

of the plant for different purposes. The seeds were roasted, 

boiled or ground and cooked to make an edible mush 

(Niethammer, 1974). Ritchie (1979) reported that the seeds 

were used as food source, the oil of those seeds used as a 

cosmetic, the mature fruits were used as hand and laundry 
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soap, and the roots were used mainly as detergent, shampoo, 

stain remover, and in different medical purposes (Hogan and 

Bemis, 1983). The extracted juice of the root, after being 

pounded and boiled, was used as a disinfectant as well as a 

toothache treatment (Niethammer, 1974). Buffalo gourd plant 

have been implicated as emetics, narcotics, vermifuges, and 

antimalarials and have been used in sporadic farm animals 

poisoning in Africa (The Merck Index, 1989). 

Morphological Aspect 

Buffalo gourd is a perennial plant that propagates 

itself asexually by adventitious large fleshy roots produced 

at the nodes of the runners. The flesh roots, which may weigh 

up to 50 kilograms after three or four seasons of growth, 

capable of storing moisture and energy in the form of starch 

which enables the plant to tolerate drought season as well as 

below zero temperatures in the presence of a snow cover 

(Scheeren and Berry, 1986). Dittmer and Talley (1964) 

described that a single root may weigh as much as 70 kg. for 

the tap root and an additional of 9 kg. for the most-lateral 

root. They also reported that a single plant, commonly 

produces as much as 20 vines, has been known to reach a total 
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linear runner length of 220 m (720 ft.) and can support more 

than 15,000 leaves in a 5 month growing season. Bemis et al. 

(1978a) described the buffalo gourd leaves as typically being 

entire heart shaped with a 10-13 cm base and 20-25 cm length. 

Bemis et al. (1978b) noted that the flowers of this plant are 

borne singly at the nodes of the runner and are unisexual with 

the early flowers being male as well as the most abundant 

flowers being male. curtis (1974) had isolated a genetic 

mutant that aborts the flowers and produces more female 

flowers than the monocious plants. Cross pollination between 

flowers is necessary for the development of fruits and seeds 

which is performed mainly by the squash and gourd bees (Hurd, 

Linsley and Whitaker, 1971). 

The fruit (pepos), commonly called gourd, are usually 

round with an average diameter of 5-7 cm and contain from 200-

300 seeds per fruit with an average weight of 4 g per 100 

seeds. A single plant is capable of producing about 200 fruits 

in one season (Bemis et al. 1978b). Shahani et al. (1951) 

estimated that 37,400 gourds per acre were produced from a 

small planting in one year, and the production of seeds was 

832 pounds per acre. 

Colonies of buffalo gourd in given regions have been 

stated to exist for about 40 years; however, life expectancy 

of an individual plant has never been reported (Scheerens and 

Berry, 1986). Several researchers reported that mature buffalo 
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gourd can resist insects such as the squash bug or squash 

vine borer that attack other cucurbits (Howe and Rhodes, 1973 

& 1976). However, beetles may attack buffalo gourd seedling 

and young leaves (Sharma and Hall, 1971; Howe and 

Rhodes, 1976). Therefore, cotyledons are susceptible during the 

annual production in spring where seedling would be present. 

In more recent study, Rosemeyer et al. (1982) have found that 

in cUltivated lands the gourd is susceptible to a several of 

the common plant pathogens. 

Bemis et al. (1978b) reported that buffalo gourd 

production consists of two cultural systems an annual mode and 

perennial mode. They described the annual mode as it optimizes 

the root yield with a little seed production while the 

perennial mode optimizes the production of seeds with a 

limited root yield. Some of the features of the first mode: 1) 

yield smaller roots which are easier to harvest and process. 

2) short growing season increases crop rotation and reduces 

insect infestations. 3) increases cropping flexibility with 

less land commitments (Scheeren et al. 1983). On the other 

hand, the annual mode may cause field disturbance which 

resulted in lost soil moisture and increased water erosion 

problems, which can be prevented by irrigating the soil 

mechanically (DeVeaux and Schultz, Jr., 1985). 



23 

Buffalo Gourd Seeds 

The potential utilization of the different components 

of the buffalo gourd is varied. Berry et ale (1976) reported 

that pepos contain 44% seeds and the remaining are pulps which 

are the residues remaining after the removal of the whole 

seeds. Al though the crude protein content of the pulp was 

30.1%, the higher acid detergent fiber content (27.7%) and the 

ash content (14.2%), would limit the usage of this material to 

ruminant consumption. The seeds account for about 33% of the 

pepo ~leight and consisted of one-third seed coat and two-third 

embryo. 

In calculating cell wall digestibility, the 

xerophytic cucurrubit seed coats had values that make them 

comparable to ruminant roughage (Dreher et al., 1980). They 

contain 20.5% crude protein which is considered relatively 

high and would supply an adequate dietary nitrogen source for 

protein in the diet, showed a net loss of weight and a 

negative protein efficiency ratio (PER), indicating that the 

seed coat protein was mainly not available for digestion by 

the monogastric animals (Bemis et al., 1977). On the other 

hand, it was noted that all of the protein was associated with 

two hemicellulose fractions. One which contains 13% protein, 

was dissoloved by 10% base, while the other was dissolved by 

the same sol vent after delignification that destroys the 

protein present. These results suggest that only ruminant 
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microorganisms can make the protein available for digestion 

(Dreher et al., 1976). The acid detergent fiber and lignin 

content were found to be around 67% and 29%, respectively. The 

digestibility of the cell wall was found to be 23% (Dreher et 

al., 1980) which is comparable to the data obtained by Hale et 

al. (1969) and Sabir et al. (1975) of 26% for cottonseed hulls 

and 20% for sunflower seed coats which are currently used as 

ruminant roughage. 

The possibility of using Cucurbita foetidissma for 

edible oil purposes has been the subject of several studies. 

Wood and Jones (1943) studied the physical and the chemical 

characteristics of the crude oil. They observed its bland 

flavor, its color (variable dark reddish-brown to light 

yellow-green color), and it contains highly unsaturated fatty 

acids, which make it similar to pumpkin oil. Bolley et al. 

(1950) described the oil as a somewhat "softer" drying oil 

with similarities to soybean oil. Shahani et al. (1951) 

reported that the crude oil was exceedingly resistant to 

bleaching; however, refining, bleaching and deodorization 

steps gave the oil good stability, no tendency to revert to 

poor flavor, and had acceptable properties. They concluded 

that the oil was inferior to the other edible oils due to the 

level of the color after every step of processing. On the 

other hand, Vasconcellos and Berry (1982) studied the 

characteristics of laboratory-processed buffalo gourd seed 
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oil. They noted that 65 0 C for 15 minutes is the most 

effective condition proven for the triple-refining process. 

The resulted deodorized oil was equivalent to the common 

edible oils. 

Weber et ale (1969 and 1977), Berry et ale (1976), and 

Khoury et ale (1982) noted that buffalo gourd is capable of 

producing yield of seeds rich in oil (28-33%) and protein of 

high quality (30-35%) which hold considerable promises as a 

possible source of edible oil and protein for arid and semi

arid regions. Berry et ale (1976) determined the value of the 

gross energy of these seeds as 6.173 kcal per gram. with an 

assumption of 30% loss in digestion, a metabolizable energy of 

4.321 kcal per gm is available, making buffalo gourd seeds 

comparable to other oil seed crops in this respect. 

Shahani et ale (1951) determined the oil composition 

from spectrophotometric absorption and methyl ester 

distillation data found that linoleic and oleic were the main 

glycerides. Vasconcellos et ale (1981) reported that the oil 

content of seeds of the 7 recently developed hybrids at the 

University of Arizona was 38-41% wt. with an average of 39% 

wt. In studies of the fatty acid compositions, Vasconcellos 

and co-workers (1980) showed that linoleic acid averaged 61% 

of the total acids, oleic 22%, palmitic 12%, and stearic 3.5% 

which concurred with the results of Shahani et ale (1950), 

curtis (1964), and Bemis et ale (1967) who also showed a ratio 
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of 4.45 between unsaturated and saturated fatty acids. 

Scheerens et ale (1978) reported a range of 49.5-68.8% for 

linoleate found in 15 random accessions. Gathman and Bemis 

(1983) stated that both oleic and linoleic acids were shown to 

be highly heritable and considered essential for human and 

animal diets in given amounts varying with species. 

The total phospholipid content of the crude oil was 

determined to be 2.9% which is quite similar to the fractions 

found in the soybean oil. Phosphatidylcholine was the major 

component which ranging from about 56% to 75% of the total 

phospholipidiphosphatidylinsitolandphosphatidylethanolamine 

were second and third (Goodman and Berry, 1986). Table 1. 

shows the characteristics of the buffalo gourd crude oil in 

comparison with some of the most common edible oils which 

emphasizes the similarities to those edible oils (Vasconcellos 

et al., 1980). The level of the conjugated dienoic fatty acid 

in buffalo gourd oil was 2.3% compared with that in cotton oil 

(0.8%) and that in soybean oil (0.3%). This amounti however, 

is similar to the levels reported in some crude edible oils. 

They also found that the infrared spectrum of buffalo gourd 

oil resembled colsely those of cottonseed, corn, and soybean 

oils. They concluded that this plant could become an important 

oilseed crop for arid region agriculture. 
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Table 1. Characteristics of Various Crude Vegetable oils. 

Soybean Cottonseed Corn Safflower Buffalo 

Gourd 

------------------------------------------------------------
Seed oil % 21.0 22.9 4.5 30.0 36.0 
FFA % 0.5 0.7 1.5 0.4 0.5 
Acid val 1.0 1.4 3.0 0.8 1.1 
Iodine value 126.0 105.0 128.0 145.0 129.9 
Sapone value 193.0 195.0 190.6 191.0 191.5 
Phosphatides % 2.0 1.0 2.0 0.8 
Carotenoid 
(mg/kg oil) 40.0 167.0 109.7 
CFA 

Dienoic % 0.3 0.8 2.3 
Trienoic % 0.1 0.3 

RI (25C) 1.473 1.470 1.472 1.475 1.472 
SG ( 25/25C) 0.919 0.917 0.9175 0.921 0.9172 

Vasconcellos et ale 1980. 

FFA = Free Fatty Acid. 
CFA = Conjugated Fatty Acids. 
RI = Refractive Gravity. 
SG = Specific Gravity. 
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Several cucurbi t seed oils are currently used in 

countries other than the united states (Curtis, 1946; Girgis 

and Said, 1968). Khoury et ale (1982) fed chicks 10% of the 

buffalo gourd oil in isonitrogenous-isocaloric diets. The oil 

was nontoxic and did not cause any death or interfere with the 

growth rate and feed conversion. A similar study conducted on 

weanling mice fed buffalo gourd oil up to 11% of the diet, 

showed normal growth rate (Bemis et al., 1977). 

Table 2. shows the proximate analysis of the different 

components of the buffalo gourd plant (Berry et ale 1976). The 

whole buffalo gourd seed contains about 33% crude protein, of 

which approximately four fifths is in the embryo, which is 

higher than that of the other oil seeds with the exceptional 

of the soybeans (Bemis et al., 1978a). Berry et ale (1976) and 

Weber et ale (1977) separated the buffalo gourd seed hulls 

from the embryo and found that the seed hulls possessed a 

20.5% protein and 82.5% acid detergent fiber, of which 38.2% 

is lignin. The level of lignin may restrict the usage of the 

seed hulls in ruminant diets. The embryo contains 37.5% 

protein and 48.0% oil which are desirable characteristics for 

any oilseed source. When seed meals are decorticated and 

defatted, the protein level has ranged from 60.8% to 71.9% 

(Bemis et al., 1978a). In another study, the protein level was 

found to be 75%, fiber content 9.5%, and ash 7.6% which are 

considered the range of other oilseed meals and suggested a 
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Table 2. Chemical analysis of the buffalo gourd plant. 

------------------------------------------------------------
Material water CP CF ADF Lignin Ash CHO GE 
analysis % % % % % % % Kcal/g 
------------------------------------------------------------
Vine 

Whole 3.74 12.9 1.14 28.0 3.53 22.9 35.0 2.9488 
Leaves 4.74 17.0 5.60 22.5 3.23 28.5 26.4 3.0258 
stems 3.96 11.2 1.28 43.5 5.52 17.8 26.3 3.3534 

Gourd 
Pulp 1.16 30.1 1.19 27.7 4.33 14.2 26.9 3.8196 
Seed 4.94 32.9 33.00 35.1 20.00 3.1 0.0 6.1727 
Hull 7.04 20.5 1.34 82.5 38.20 1.0 0.0 4.0988 
Embryo 4.49 37.5 48.00 6.8 0.72 4.2 3.4 7.0284 
Embryo 4.13 75.5 0.98 11.8 2.31 7.6 4.6 4.7038 

(fat ext. ) 

Root 
Whole 5.40 15.1 0.69 15.8 3.30 3.8 64.6 4.0903 
Starch 6.18 0.9 0.07 0.1 0.00 0.1 98.9 4.0104 

------------------------------------------------------------
Berry et ale (1976) • 

CP = Crude Protein. 
CF = Crude Fat. 
ADF = Acid Detergent Fiber. 
CHO = Carbohydrate. 
GE = Gross Energy. 
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a great potential for the meal as either a food or feed source 

(Berry et al., 1976). Jacks et ale (1972) stated that cucurbit 

seed protein contains 80% to 95% globulins which contain about 

18% nitrogen. 

Hensarling et ale (1973) isolated the storage globulin 

of the decorticated oil free seed meal and found that it had 

a protein efficiency ratio (PER) of 1.66 compared to casein 

control with glutamic acid being the most abundant amino 

acids. Lysine, cysteine, and tryptophan were low and 

methionine and isoleucine were borderline. Weber et ale (1969, 

1977), in similar studies, showed that threonine and 

methionine were the deficient amino acids and the PER value 

was 1.5 compared to the whole egg (2.5) which concurred with 

the results obtained by Thompson et ale (1978) and Daghir and 

zaatari (1983). The protein quality of the seed meals was 

evaluated using whole egg as a standard. Obviously, as a 

typical plant source, buffalo gourd seed protein is inferior 

to the whole egg. However, when lysine, methionine and valine 

were supplemented to the diet, the body weight gain was 

equivalent to that obtained with the control diet. The PER and 

net protein ratio (NPR) values had significantly increased but 

remained lower than the whole egg control (Thompson et al., 

1978), which suggesting that other amino acids such as 

isoleucine and tryptophan may be needed to achieve equality 

with whole egg. In another study with mice, Thompson et ale 
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(1978) evaluated the defatted embryo as a protein source. Body 

weight gain was similar to that obtained with soybean; 

however, both were below the gain recorded with methionine 

supplemented soybean meal. The defatted embryo had PER value 

close to soybean and cotton seed meal, both of which are used 

extensively as feeds. 

Tu et ale (1978) studied the nutritive value of the 

buffalo gourd flour (70% protein) by rat growth and PER value. 

They noted that differences between soybean seed protein and 

gourd seed protein were not significant (P <0.05). They 

concluded that supplementing of lysine and threonine gave 

highly significant growth response and value similar to that 

of casein. Weber et ale (1969) autoclaved fat free seeds for 

half hour at 120' C (15 lb. pressure), fed to weanling mice 

and compared with whole egg. The protein quality of those 

seeds had improved but was still lower quality than the whole 

egg. 

Nutritional antagonists exist commonly in plant 

protein sources and reduce digestibility and contribute to 

other adverse nutritional effect. Work is being conducted on 

the existence of antinutritional components such as 

hemagglutenins and proteolytic enzyme inhibitors, that would 

restrict the use of buffalo gourd seeds as a feed source for 

monogastric animals. Henderson et ale (1986) studied the 

presence of trypsin inhibitor, lectin, phytate, and flatulent 
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oligosaccharide in buffalo gourd diets. The concentration of 

trypsin inhibitor and flatulent sugar level in buffalo gourd 

embryo was about one tenth and one hal f that in soybean, 

respectively. The phytate level in buffalo gourd embryo was 

higher than that in soybean, lectin activity was negligible 

after heat treatment in both materials. Douglas and Daghir 

(1987) showed that trypsin inhibitor was not a major 

antinutritional factor in buffalo gourd seeds since no 

hypertrophy of the pancreas was noticed. Feeding trails in 

which protein isolated from seeds and seed fractions have not 

shown evidence of the presence of proteinase inhibitors or 

hemagglutinin (Ritchie, 1979). 

Lancaster et ale (1983) studied the mineral content 

of the seeds and whole gourds, found that the element 

nutrients in the gourd were very comparable to a dry cow 

rations except for the high magnesium and sulfur 

concentrations. The low sulfur content was associated with the 

generally low levels of the sulfur-containing amino acids 

reported above. 

Bemis et ale (1975) reported that feeding up to 15% 

buffalo gourd seeds in the diet which account for 23.5% of the 

total dietary protein, had no significant effect on body 

weight or feed conversion of three weeks old chicks. Douglas 

and Daghir (1987), on the other hand, incorporated buffalo 

gourd seeds in amounts of 5%, 10%, 15% and 20% of the total 
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chick diet. They observed a reduction in both body wight gain 

and feed consumption when levels exceeded 5% of the diet. 

Baghdadi (1975) fed Buffalo gourd seeds at 10% and 20% of a 

practical ration for chicks. Body weight and feed conversion 

were drastically reduced when chicks were fed the 20% level 

but not the 10%. 

Daghir et ale (1980) observed a neuromuscular condition 

in chicks when fed defatted buffalo gourd seeds at a level 

sufficient to contribute 8% protein to the diet. This 

condition was characterized by an abnormal position of the 

neck and inability to keep their head upward. In another 

study, Daghir and Sell (1980) concluded that the factor(s) 

associated with this condition was mainly located in the 

embryo since feeding the seed coat produced no incidence of 

abnormality. Several studies have been performed to detoxify 

the seed meal, soaking the seeds with water at either room 

temperature or at 37' C, which had increased its nutritional 

value, and alcohol treatment of seed meal were conducted by 

different workers (Daghir et al., 1980; Daghir and zaatari, 

1983; Flaifel, 1983). 
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Buffalo Gourd Roots 

until recently, the interest in the buffalo gourd as an 

economic crop centered on the production of seed oil and 

protein. Most of the agronomic and industrial interest in this 

plant has now focused to include production of starchy roots 

for food, fuel ethanol by fermentation and other industrial 

uses. Berry et al. (1975) have conducted laboratory studies on 

the BG roots and reported that they contain an abundant 

quantity of starch.They also found that the starch comprised 

55% of the root dry weight. Berry et al. (1978) monitored the 

changes in the starch content of the whole root throughout the 

1976 season. They observed that the starch content declined 

slightly during the shoot emergence in March (35.6%) and 

sharply at the initial fruit set in May (18.5%) and then 

quickly replenished and reached a peak in August (52%). As the 

plant sensed, the starch content of the roots declined which 

was attributed to the onset of root dormancy, while the sugar 

levels in the developing roots remained constant which seemed 

to be the breakdown of starch to sugar (Scheerens et al., 

1983). Nelson et ale (1983) reported that roots harvesting in 

August resulted in higher starch content than when harvested 

after the vines have sensed. However, about 56% of the root 

growth of the gourd planted in May occurred after mid-August. 

The proximate analysis and the chemical composition of 

the root starch of BG has been investigated and found to 
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similar to that of other starches. Gourd starches from 

different genetic backgrounds showed rather narrow ranges in 

fat (0.92% - 1.14%), ash (0.10% - 0.13%), and phosphorus 

(0.01% - 0.06%). The levels of the fat and protein were 

slightly higher in gourd starches than in other roots and 

tuber starches (maize, potato, and tapioca) but ash and 

phosphorus values were about the same or lower (Dreher and 

Berry, 1983). The granule diameters of the buffalo gourd 

starch were somewhat smaller than the other tuber and root 

starches and showed considerable irregularity in shape, with 

round, oval, and truncated individuals visible. The mean 

diameters appeared to increase with increasing plant age. In 

the same study, they reported that the gourd starch had 

physio-chemical and rheological properties similar to those of 

the corn starch, and its amylose content was about 23% which 

was similar to the value for the standard starches (Dreher and 

Berry, 1983). 

Mouse feeding study was conducted to determine the 

suitability of the gourd starch for food use as compared with 

that of potato, tapioca and corn starches. The average weight 

gain and the apparent starch digestibility were significantly 

lower for mice fed raw gourd or potato starch. The 

digestibility of raw starches were 26.5%, 41.1%, 96.5% and 

97.6% for potato, gourd, corn and tapioca, respectively. 

However, moist heat treatment increased the digestibility of 
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the gourd starch dramatically from 41.1% to 95.6% and showed 

similar performance with the respect to the protein efficiency 

ratio, net protein ratio, and apparent protein digestibility 

(Dreher et al., 1981). Bemis et ale (1978a) stated that the 

whole roots of the buffalo gourd were inedible in a raw or 

cooked state due to the presence of cucurbi tacins (bitter 

tetracyclic triterpenes). However, the isolated starch from 

those roots was found to be free of bitterness (Berry et al., 

1975). 

The fermentation of the starchy roots for fuel ethanol 

and the utilization of the seed oil for diesel fuel extender 

are considered to be the main potential of the buffalo gourd 

plant as an energy crop. Schmidt et ale (1982) reported that 

crushed seeds can be used as fuel in the simple cookstoves to 

reduce the use of the searcy fuel wood in some third World 

countries. Gathman and co-workers (1979) conducted a 

laboratory study on the fermentation of the buffalo gourd root 

starch and found that 52.5% of the starch was converted to 

alcohol. They estimated from another assumption that an 

average of 3,040 liters/ha of alcohol can be obtained from 

buffalo gourd. In addition, vines might also be used as fuel 

source either as a cellulosic substrate for ethanol 

fermentation or for direct burning (DeVeaus and Schultz, 

1985). Scheerens et ale (1987) explored the use of the 

annually grown, carrot-sized buffalo gourd roots as a 
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feedstock for alcoholic fermentation. They concluded that the 

gourd roots appeared to be suitable materials for the 

production of ethanol which may satisfy a part of the demand 

for these materials commercially. Although a substantial 

research and development efforts are most likely to be 

preceded to reach a commercial level. 

Buffalo Gourd Foliage 

One of the striking characteristics of the buffalo 

gourd plant is its ability to produce abundant amounts of 

foliage which suggests that the residues of the leaves and 

stems could be a potential source of feed for ruminant 

(Ritchie, 1979). Berry et ale (1976) reported that the 

presence of acid detergent fiber in the vine at high level may 

limit its usage as ruminant ration, although, the gourd vine 

contains 10%-13% crude protein (dry weight basis). Ritchie 

(1979), Gathman and Bemis (1985) noted that the fresh vines 

are unacceptable to grazing cattle and sheep, presumably due 

to the high level of cucurbitacins. Cossack et ale (1979) 

performed feeding trail on buffalo gourd vines using sheep and 

observed palatability problems when ewes were first exposed to 

a vine diet. However, the addition of 7.5% molasses to dried 

vine improved significantly its palatability and daily 

consumption. There were no toxicity symptoms observed in the 
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trials, although, it has been reported that the gourd vines 

contain materials (cucurbitacins) which were toxic to small 

mammals (Weber et al., 1979). 

The proximate analysis of the vine on dry matter basis 

was 94.12% dry matter, 11.24% protein, 3.28 kcal/g gross 

energy, 2.6% calcium and 0.175% phosphorus, and the apparent 

digestion coefficient were 60% fat dry matter, 58% for 

protein, 46.8% for acid detergent fiber, 18.9% for acid 

detergent lignin, and 59% for gross energy (Cossack et al., 

1979) • 

Buffalo Gourd Silage 

Silage which is the material produced by fermentation 

of a crop of high moisture content, can be made from a large 

variety of crops. Crops such as cereal (maize, barley), legume 

and grasses are the most popular which are consumed as silage 

and large areas are grown for this purpose in many parts of 

the world. 

The importance of silage in the united states is shown by 

the fact that over 6,000,000.00 acres of corn and 1,000,000.00 

acres of sorghum are grown annually for silage (Morrison, 

1956). When silage is properly conserved, the losses of dry 

matter and the digestible nutrients are minimum, it destroys 

the toxic substances, and renders the fibrous and coarse 
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stalks amenable to easy consumption (Morrison, 1956). 

Silage is becoming increasingly important in Africa 

owing to the difficulty in finding forage to feed ruminants 

during the dry season, the utilization of all available 

materials is a necessity. waste material such as pineapple 

pulp from the canning industries in Nigeria was the subject of 

study by Olubajo (1981). Pineapple pulp was ensiled with 

elephant grass and guinea grass and fed to white Fulani (Zebu) 

steers. Unfortunately, the silage obtained had no advantage 

because of very low dry matter content of both pulp and grass. 

Conversion of the gourd vines to silage has never been done 

and could be another method of utilizing this material 

especially in arid and semi-arid areas since fermentation 

known to reduce toxicity. One of the objectives of this 

research is to explore this method and to study buffalo gourd 

vine silage palatability to ruminant. 
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Cucurbitacins 

Watt and Breyer-Beranduiijk (1962) studied the family 

Cucurbitaceae, including Cucurbit foetidissima and had 

isolated several specific compounds responsible for bitterness 

taste. The Merck Index (1989) stated that seventeen 

cucurbitacins which commonly ascribed to be as "bitter 

principles of cucurbits" have been isolated mostly from 

cucurbitacaea family. 

chemically identified 

Several of these substances have been 

as triterpenoid glycosides. These 

secondary plant materials play an important role in food 

specificity of insects. Cucurbitacins act as attractants and 

repellents to the spotted cucumber beetles. Analysis of these 

compounds and their glycosides in fruits revealed a positive 

correlation between their concentration and the number of 

spotted cucumber beetles attracted by the various plant 

species. 

Rehm and co-workers (1957) studied twelve know 

cucurbitacins in 45 species and concluded that of all the 

plants studied, only Cucumis angolensis and Cucurbita 

foetidissima had very bitter leaves which produced 0.03% of 

the fresh weight of the bitter principles in both cases. 

Metcalf et ale (1982) showed that Cucurbita foetidissima 

contain about 0.3% cucurbitacin E and I types in fruits and 

roots with about 25% as glycosides. Where as, Sharama and Hall 

(1973) reported that 0.1% cucurbitacins found in fruit with 
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about 46% as glycosides, and Berry et al. (1978) recorded 0.2% 

cucurbi tacin content in defatted root powder with 50% as 

glycosides. Fortunately, during the starch isolation 

procedures most of the cucurbitacins appear to be readily 

extracted into water (Berry et al., 1976). 

Cucurbitacins are found in all parts of the buffalo 

gourd except the seed; however, the percentages are highest in 

the root and fruits. They are perhaps the bitterest natural 

products reported and highly toxic to mammals. Their presence 

in trace quantities make vines and fruits of the wild 

cucurbitaceae unpalatable to herbivores (Metcalf et al., 

1982). Several reports have shown that domesticated cucurbita 

fruits will attract and arrest Diabroticite beetles much less 

than the wild bitter cucurbita (Contardi, 1939; Sharma and 

Hall, 1973; Howe et al., 1976). Cucurbita foetidissima is 

considered one of the most attractive species, were high in 

cucurbitacin concentration (Sharma and Hall, 1973). These 

substances may have the characteristics of antihelminthics, 

laxative, and antitumor drugs, although, their use may be 

limited by their toxicity to mammals (Gathman and Bemis, 

1985) • 
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Research Purpose 

The world demand for food rapidly outgrowing the 

earth's ability to supply it in sufficient quantity and 

quality. The incorporation of desert-adapted plant has become 

increasingly valuable for low rainfall regions where 

conventional crop is limited. 

The drought and heat resistant of the perennial 

buffalo gourd that make it adaptable for cUltivation elsewhere 

on arid and semi-arid climates, which constitute much of the 

world's land mass, land now marginal for crop production. The 

buffalo gourd possesses the greatest potential of becoming a 

cultivated food and feed crop. It is one of the few xerophtic 

plants which is actively undergoing selection and improvement 

(Felger and Nabhan, 1976). 

The objective of this research is to evaluate the 

nutritional value of the Cucurbita foetidissima plant as 

follows: 

1- To determine the nutritional availability of the vine and 

the toxic properties of the bitter material present on the 

growth of weaned mice. 

2- To study the effect of feeding buffalo gourd seeds at 

different concentrations to growing chicks. 

3- To learn more about the effect of feeding buffalo gourd 

seeds and seed components and their toxic properties to 



growing chicks. 

4- To test the nutritional quality of buffalo gourd whole 

roots, the extracted water soluble material, and the 

residue material after starch isolation on growth of 

chicks. 

43 

5- Preliminary study on ensiling of buffalo gourd vine and 

testing the palatability of gourd silage fed ruminant. 



CHAPTER THREE 

The Nutritional Availability and Toxic Affect of 

the Buffalo Gourd vine on Mouse 

Introduction 
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Buffalo gourd as a feral species of squash family, is 

capable of producing an extensive vine growth with a potential 

quality. Harvesting the vine prior to frost exposure provides 

a material with about 12% crude protein (dry weight basis) 

which is nearly 60% digestible and an estimate of 2 Kcal per 

gm of digestible energy (Bemis et al., 1978b). A single plant 

of Cucurbita foetidissima is able to produce large amount of 

foliage (7, 000 ft. in length in a single season) with a 

relatively high ratio of leaves (61%) to stems (39%). Both 

leaves and stems contain relatively high crude protein content 

(17.0% and 11.2%, resp.) which suggests that the vine residues 

could be a potential feed source for herbivorous animals. 

However, the presence of high acid detergent fiber may limit 

the use of the vine for ruminant consumption (Berry et al., 

1976). Gathman and Bemis (1985) noted that fresh vines were 

unacceptable to grazing ruminant, presumably due to high 

cucurbitacin content. Cossack et al.(1979, 1981) conducted 

feeding study on sheep and found a palatability problems when 

ewes were first exposed to diet which improved significantly 
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when molasses and phosphorus were supplemented. Al though 

cucurbitacins were toxic to mammals (David and Vallance, 1955) , 

there were no toxicity symptoms observed when the vine was 

introduced to sheep (Cossack et al., 1979). 

The bitter principles (Cucurbitacins) are present in 

an appreciable amount of 0.03% of the fresh weight of the 

leaves (Rehm et al., 1957), of which, cucurbitacins Band E 

are the major types occurring (Berry et al., 1976, The Merck 

Index, 1989). Berry, Scheerens, and Bemis (1978) reported that 

about half of the total bitter principle content was soluble 

in chloroform and the other half was extracted by 80% ethanol. 

Cucurbitacin B is soluble in ethanol and E is soluble in 

chloroform (The Merck Index, 1989). Berry et al. (1976) 

reported that these bitter substances are very water soluble 

and can be easily removed during the processing of roots for 

recovery of starch. Daghir and Sell (1980) conducted a study 

to detoxify the defatted buffalo gourd seeds by treatment with 

a solution of 8 M urea or by acetone extraction. Neither 

treatment had any effect on growth or feed intake of chicks. 

The authors concluded that the acetone treatment must have 

decreased the concentration of the toxin(s) since no incidence 

of abnormality was observed. Extraction of the vine with 

either water or alcohol has yet to be tested in animal trail. 

The purpose of this study was to determine the 

nutritional quality of the buffalo gourd vine as a dietary 
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supplement and to evaluate whether the bitter vine material 

could be detoxified or reduced by treatment with water or 

ethanol extractions on the growth rate of mice. 
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MATERIALS AND METHODS 

Vine (stems and leaves) were harvested in fresh green 

state from plants grown at the University of Arizona Marana 

Agricul tural Center. Quickly brought to the laboratory; washed 

twice to remove the residual soil, chopped into small 

particles and divided into three different batches which were 

prepared according to an exacting ,laboratory scheme (Figure 

1). First batch was extracted with water using an electrical 

food blender. The slurry was filtered by using a cloth bag in

order to separate the supernatant from the residues. The water 

soluble material was condensed to get rid of the water using 

Roto-vac instrument. Both the soluble and the non-soluble 

products were collected separately and lyophilized in freeze 

drier and stored in a cool dry place. Second batch was 

extracted with ethanol following the same procedure used with 

the first batch. The third batch was lyophilized as it is 

(without extraction). All ground materials from the three 

treatments along with alfalfa, purchased locally, were ground 

by means of a Bauer mill and stored in a dry cool place. These 

materials were then completely homogenized prior to evaluation 

for protein content by microkjeldal method (AOAC, 1970). Each 

treatment was then assayed in duplicate and each duplicate was 

distilled twice to produce average protein values as shown in 

Appendix A. 
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CHOPPED 

BUFFALO GOURD VINE 

CHOPPED CHOPPED CHOPPED 

WATER EXTRACTION ETHANOL EXTRACTION VINE 

SUPERNATANT RESIDUE SUPERNATANT RESIDUE DRIED VINE 

I I 
GROUND TO GROUND TO GROUND TO 

POWDER POWDER POWDER 

Figure 1. Preparation of the vine batches, laboratory scheme. 
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Diet Preparation 

Individual diets are compiled in Table 3(a & b) and were 

formulated as follows:-

1- Whole egg as a control diet. 

2- BG vine residue, 10%, 

3- BG vine residue, 25%, 

4- BG water residue, 10%, 

5- BG water residue, 25%, 

6- BG ethanol residue, 10%, 

7- BG ethanol residue, 25%, 

8- BG water extract, 0.2%, 

9- BG water extract, 0.4%, 

10- BG water extract, 2.0%, 

11- BG water extract, 4.0%, 

12- BG ethanol extract, 0.2%, 

13- BG ethanol extract, 0.4%, 

14- BG ethanol extract, 4.0%, 

15- Alfalfa, 10%, 

16- Alfalfa, 25%. 

The actual diet content may have differed slightly from 

treatment to treatment. The basal formulation used in mixing 

all treatment diets is shown in Appendix B. Chromic oxide 

being added to diets as a marker to determine digestibility. 

Treatment diets were formulated to provide adequate levels of 
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Table 3a. The ingredients of the ration formulation as a 

percentage of the total diet. 

TREATMENT 

INGREDIENTS 1 2 3 4 5 6 7 8 

Whole egg 32.61 32.61 32.61 32.61 32.61 32.61 32.61 32.61 

Dry vine 10.00 25.00 

Water R. 10.00 25.00 

Ethanol R. 10.00 25.00 

Water Ext. 0.20 

Cerelose 38.01 38.01 33.44 38.01 33.44 38.01 33.44 38.01 

Cellulose 3.00 3.00 

Corn oil 3.00 3.00 4.00 3.00 4.00 3.00 4.00 3.00 

AIN VIT MIX 1. 00 1.00 1.00 1.00 1.00 1. 00 1. 00 1.00 

AIN MIN MIX 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.50 

Cr203 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

Chol Chlor 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

DL Meth 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Bentonite 18.43 11.43 11.43 11.43 18.23 

Total 100 100 100 100 100 100 100 100 
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Table 3b. The ingredients of the ration formulation as a 

percentage of the total diet. 

--------~---------------------------------------------------
INGREDIENTS TREATMENTS 

9 10 11 12 13 14 15 16 

Whole eg 32.61 32.61 32.61 32.61 32.61 32.61 32.61 32.61 

Water Ext. 0.40 2.00 4.00 

Ethanol Ext. 0.20 0.40 4.00 

Alfalfa 10.00 25.00 

Cerelose 38.01 38.01 38.01 38.01 38.01 38.01 38.01 33.44 

Cellulose 3.00 3.00 3.00 3.00 3.00 3.00 

Corn oil 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

AIN VIT MIX 1. 00 1.00 1. 00 1. 00 1. 00 1.00 1.00 1.00 

AIN MIN MIX 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.50 

C203 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

Chol Chlo 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

01 Meth. 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Bentonite 18.43 16.43 14.43 18.23 18.03 14.43 11.43 

Total 100 100 100 100 100 100 100 100 
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all macro-micro-nutrients for mice as outlined by the National 

Academy of Sciences (NRC, 1980). Post-mixing diets were 

undertaken for analysis including duplicate micro-kjeldahl and 

acid detergent fiber to insure uniformity of total protein and 

fiber among treatments as shown in Appendix C. Finished diets 

were stored under refrigeration (5°C) in the dark. 

Animal Experiment 

Charles River CD-1 weanling mice from 8-10 grams at the 

start of the experiment were used in this study. The mice were 

randomly distributed to yield equal average weights per 

dietary treatment. These weights were recorded and evaluated 

by ANOVA with protected Least Significant Difference (LSD) 

(0.05) means separation to ensure that no significant 

differences existed between starting weights of animals on 

different treatments. Twenty mice were used per dietary 

treatment and were housed in stainless steel cages with raised 

wire floor. Two mice of different sex were randomly assigned 

to individual cages and fed diet plus distilled, deionized 

water, ad libitum, for 28 days. The room temperature was 

automatically controlled at 25°C + 1 C. Feed was collected 

twice a week, separated from feces and weighed to determine 

the amount of feed consumed. Feces were collected continuously 

after the second feeding for the duration of the study. Mice 

were weighed once a week during the experimental period. At 
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the end of the 4th week, the mice were weighed and sacrificed 

by asphyxiation with carbon dioxide and the carcasses were 

disposed. 

The feed and the feces, which were collected throughout 

the experiment, were analyzed for a) chromium oxide determined 

calorimetrically at 440 rom after being digested with nitric 

and perchloric acids (Schurch et al., 1950); b) crude protein 

determined by the kjeldahl method; c) fiber determined by acid 

detergent fiber method (Van Soest, 1963). Animals of the study 

were then evaluated for total body weight, total feed 

consumed, feed efficiency, protein efficiency ratio (PER), and 

apparent protein digestibility (APO) and statistically 

analyzed to determine differences between dietary treatments. 

Feed efficiency was determined as the amount of feed consumed 

per unit body weight gain. PER and APO of each diet were 

determined using the following formulas:-

PER = weight gain,g 
protein intake, g 

APO = 100 - 100 (l..:::::c=r---=:o_=i7=n,--=f..=e=e=d:..,L)_ 
L(cr ° in feces) 

x (% protein in feces) ] 
(% protein in feed) 
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Experimental Design 

Treatments effect upon growth rate and feeding intake 

were analyzed statistically as suggested for a completely 

randomized design with sub-sampling (Steel and Torrie, 1960). 

statistical evaluation of the mice body weight, amount of feed 

consumed, feed efficiency, PER and APD were determined by 

using analysis of variance and tests for differences among 

means (Least Significant Difference test, 0.05). Eighteen 

treatments with 10 replications each and 2 animals (1 male and 

1 female) on each replica (sub-sampling) were randomly 

assigned to each diet as shown in Table 4. 

Regression analysis using orthognal polynomial was 

applied to determine the relationship of the concentrations of 

the BG vine materials fed to the experimental mice to their 

4th week body weights. 
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Table 4: The model procedure and the dependent variables of 

this study. 

CLASS 

Rep. 

Diet 

Sex 

GENERAL LINEAR MODELS PROCEDURE 

CLASS LEVEL INFORMATION 

LEVEL 

10 

18 

2 

VALUES 

1,2,3,4, •••••• 10 

1,2,3,4, •••••• 18 

1,2 

Number of observation in data set = 360 

Groups # of observations Dependent Variables 

1 360 Initial Weight 

2 317 Body Weight 

3 174 Feed Intake 

4 174 Feed Efficiency 

5 174 Protein Efficiency Ratio 

Variables in each group are consistent with respect to the 

presence or absence of missing values. 
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RESULTS AND DISCUSSION 

The data in Table 5 shows the means of body weight, 

feed consumption, feed efficiency, PER, APD and incidence of 

mortality for each group of mice fed for four consecutive 

weeks on test diets. The analysis of variance and the test of 

means (LSD) of those diets revealed significant differences 

between treatments but not between sexes. 

The performance of the mice on 10% or 25% buffalo 

gourd dried vine meals was found to be significantly poorer 

than that of mice on whole egg control diet, as measured by 

average body weight, feed consumption and PER. Although the 

value of feed efficiency of mice fed 25% dried vine meal was 

significantly lower than that of the control mice, the 10% 

dried vine group, the water and the 10% ethanol residues 

diets were not significantly different from the egg control 

diet. This led to speculate that the considerable reduction in 

feed consumption and body weight observed when mice were fed 

dried vine was due to the presence of the bitter cucurbitacins 

which caused a palatability problems. Similar observation were 

noted when buffalo gourd vine was fed to other animals 

(Cossack et al.,1979 & 1981). 

The dramatic reduction in body weight and lower feed 

intake observed in mice fed dried vine were associated with 
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Table 5. Means of mice performance on BG vine, vine treatments 
and alfalfa diets as compared to whole egg standard 
for four weeks. 

TREATMENT 

Whole egg 

4th wk 
Body 
Weight 
gm 

Total 
Feed 
Intake 
gm 

2S.S2a 106.3c 

Feed 
Eff. 

PER APD 

% 

4.9Sa 0.96a Sl.7 

Mort
ality 
Rate 

0/20 

DRY VINE 10% 24.4Sc SS.ge 5.35ab 0.S6bc 66.7 2/20 

DRY VINE 25% 13.99d 36.7g 6.S5c 0.63e 62.4 12/20 

WATER R 10% 2S.47ab 110.Sbc 5.17a 0.S2c 70.4 0/20 

WATER R 25% 27.68ab 105.2c 5.1Sa 0.S4bc 66.S 0/20 

ETHANOL R 10% 2S.43ab 105.7c 5.16a 0.97a 73.1 0/20 

ETHANOL R 25% 23.66c 76.9f 5.10a 0.93ab 46.4 0/20 

WATER EX. 0.2% 2S.S1ab 119.3a 

WATER EX. 0.4% 27.55b 114.0b 

WATER EX. 2% 2S.09ab 9S.4d 

WATER EX. 4% 27.07b 100.7d 

ETHANOL E 0.2% 2S.62ab 112.9b 

ETHANOL E 0.4% 27.44b 112.9b 

ETHANOL E 4% 23.57c S7.ge 

ALFALFA 10% 2S.96a 113.5b 

ALFALFA 25% 26. 37b 102. cd 

Data analyzed on dry matter basis. 

4.97a 0.92ab 65.7 0/20 

5.93b 0.S6bc 71.6 0/20 

4.S1a 0.S9b Sl.6 0/20 

5.07a 0.9Sa 66.59 0/20 

5.3Sab 1.01a 75.13 0/20 

5.4Sab 0.97a 71.70 0/20 

5.51a 0.S3c 50.11 0/20 

5.21a 0.S9b 63.S7 0/20 

5.61b 0.75d SO.26 0/20 

Mean~ within columns with different superscripts are 
significantly different (P<O.Ol) 
Water R = BG water residue extraction. 
Ethanol R = BG ethanol residue extraction. 
Water EX. = BG water soluble extract. 
Ethanol E. = BG ethanol soluble extract. 
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higher mortality rate. As shown in Table 5, the incidence of 

mortality was found to be 2/20 for mice on 10% level and 

increased to 12/20 as the vine concentration wa increased to 

25% of the diet. the toxic properties of cucurbitacins are 

thought to be the cause of this incidence. similarly, Weber et 

ale (1979) stated these substances were toxic to rabbit. 

As reported earlier, The cucurbitacins are water 

soluble and about half of them can be extracted in ethanol 

(Berry et al., 1976 and 1978). Treatment of the vine with 

water or ethanol was, therefore, conducted to determine 

whether the concentration of the bitter principle could be 

detoxified or reduced. Mice fed water extracted residue at 

either 10% or 25% of the total diet showed a significant 

improvement over the performance of mice on the dried vine and 

no significant differences were observed when compared to the 

whole egg diet group (Figure 2 & 3). Apparently all of the 

bitter substances were removed by water extraction of the vine 

and improved its palatability. Daghir et ale (1980) observed 

similar results when fed water soaked BG meals to chicks and 

obtained a significantly higher feed consumption. Figure 2 and 

3 shows that the mean values of mice body weights of all those 

diets were consistent with the mean value of mice feed 

consumption for the same diet. Further, taste testing of the 

water extracted material versus the dried vine showed that the 
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Figure 2. Mouse body weight related to the 
treatment diets of buffalo gourd vines. 

1- Soybean meal. 9- Water extraction 0.4%. 
2- Dried vine 10%. 10- Water extraction 2.0%. 
3- Dried vine 25%. 11- Water extraction 4.0%. 
4- Water residue 10%. 12- Ethanol extraction 0.2%. 
5- water residue 25%. 13- Ethanol extraction 0.4%. 
6- Ethanol residue 10%. 14- Ethanol extraction 4.0%. 
7- Ethanol residue 25%. 15- Alfalfa diet 10%. 
a- Water extraction 0.2%. 16- Alfalfa diet 25%. 
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Figure 3. Mouse feed intake related to the 

1- Soybean meal 
2- Dried vine 
3- Dried vine 
4- water residue 
5- water residue 
6- Ethanol residue 
7- Ethanol residue 
8- water extraction 

treatment diets of buffalo gourd vines. 

10%. 
25%. 
10%. 
25%. 
10%. 
25%. 

0.2%. 

9- Water extraction 0.4%. 
10- Water extraction 2.0%. 
11- Water extraction 4.0%. 
12- Ethanol extraction 0.2%. 
13- Ethanol extraction 0.4%. 
14- Ethanol extraction 4.0%. 
15- Alfalfa diet 10%. 
16- Alfalfa diet 25%. 
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first had no bitter taste relative to the dried vine. This 

indicates that the factor(s) associated with the bitterness 

has been removed or drastically reduced by water extraction. 

Berry et al. (1976) reported that the bitter principles in 

buffalo gourd roots are water soluble and can be easily 

removed during the recovery of starch from roots. 

Similarly, the values of body weight and feed 

consumption of mice on 10% ethanol extracted residue meal 

(28.4 g and 105.7 g, resp.) were not significantly lower than 

that of the control diet (28.8 g and 106.0 g, resp.); however, 

as the percentage increases to 25% a significant reduction of 

those values were observed (23.7g and 76.G, resp.) as shown in 

Table 5 and Figure 2 and 3. The 95% ethanol would not 

extract another type of substance, probably a protein, which 

is a protease inhibitor or has some other nutritional 

antagonistic effect (Berry, 1990). Thus, the inclusion of 25% 

of the residue in the diet becomes a significant effect 

whereas 10% was insignificant. 

The data of this experiment were subjected to 

regression analysis to study the effect of feeding different 

levels of BG diets on body weights of the experimental mice, 

as shown in Figure 4. The zero level of the BG concentration 

in the diets represents the control diet. A significant 

negative linear regression was found to best fit the body 
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weights of mice on dried vine diets, which shows the growth 

response of the mice to the dried vine diets. The slopes of 

the regression lines showed that increasing the ethanol 

residues in the diets above 10% had a significant negative 

effect on body weight but was still better than the dried vine 

diets. The alfalfa diets showed a similar response as that of 

the 10% ethanol residues diets. There were no significant 

differences in body weights among mice fed different levels of 

the water residue diets. 

The materials that were dissolved in water or ethanol 

were also studied to determine its nutritional availability. 

Feeding up to 2% of the water soluble extract meals to mice 

enhanced significantly their performance over those of the 

dried vine and showed no significant differences in body 

weight and feed efficiency when compared to the standard meal. 

The values of body weight and feed consumption declined 

significantly when mice were fed 4% as compared to mice on the 

control diet. However, the mouse performance was still 

significantly better than that of the dried vine group. The 

group of mice on 0.4% water soluble extract meal showed 

unexpectedly a considerable higher feed intake, lower body 

weight, lower feed efficiency and lower PER then the control 

animals. Unexpectedly, the bitter material that was supposedly 

dissolved in the water extract did not reduce the growth. The 

water extraction provides a product in water solution which 
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would contain the bitter substances. It is also an excellent 

medium in which those substances could be hydrolyzed. This is 

most likely to occur as a result of the action of glycosidases 

present in the chopped vine which would also extracted along 

with the cucurbitacins by water (Berry, 1990). Moreover, by 

taste testing of the dried water extract material it was found 

that the bitter principles had been removed by extraction. 

One would have expected an extremely bitter material in such 

a concentrated form. 

The ethanol soluble meals fed to mice showed 

significantly different growth when compared to mice fed the 

whole egg meal. The higher the concentration of the ethanol 

soluble material in the diet the less the performance of the 

mice. The 4% level of the ethanol extraction depressed growth 

to a greater level than the 4% of the water material which 

most likely indicates that only part of the bitter material 

was removed by ethanol extraction. Berry et ale (1978) stated 

that only half of these bitter materials were dissolved in 

ethanol. Moreover, tasting the dried ethanol extract material 

had stronger bitterness then the water extracted material but 

still less then the extremely bitter dried vine. Thus, the 

ethanol treatment of the vine must have decreased the 

concentration of the bitter fraction(s) and improved its 

palatability as compared to the dried vine. The regression 

analysis of the BG extractions demonstrated a significant 
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negative linear effect of the ethanol extraction on body 

weights as shown in Figure 5. The water extraction did not 

have a significant effect on the body weights of mice fed on 

these diets; however, the ethanol extraction diets did gave a 

negative response on mice growth. The higher feed consumption 

observed in mice fed 0.2% and 0.4% of both water and ethanol 

soluble diets were probably caused by the mice needs to 

consume more feed in order to meet their energy requirement. 

This was due to a lower digestibility of these diets; however, 

they did not have palatability problem. 

Extraction of the vine with ethanol in these 

experiments resulted in some dilution of the solvent with 

water present in the chopped vine. This is a good solvent for 

cucurbitacins but a less effective one for the glycosidases. 

Thus, while some hydrolysis of cucurbitacins could occur, it 

is not likely to have been completed. This would result in the 

observed differences in bitterness, body weight and feed 

intake shown by data between 10% and 25% ethanol residues and 

between the different level of ethanol extractions. It also 

would account for the differences shown by products of water 

residues (10% and 25%) and water extractions compared to the 

products of the ethanol extractions. 

since the presence of bitter materials found in the 

vine was stated to be toxic and unacceptable to some animals, 

alfalfa which has no bitter materials was; therefore, added to 
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determine a fibrous material effect. 

Alfalfa was used, at concentrations corresponding to 

the ones used for the dried vine, to study its nutritional 

quality and compared it to the vine. Mice on 10% alfalfa meal 

showed no significant differences in values of body weight and 

feed efficiency as mice of the corresponding level of water, 

ethanol residue diets, as well as the control diet. However, 

as the amount of alfalfa increased to 25%, a significant drop 

in mice body weight and feed efficiency relative to the whole 

egg meal were observed, but still were significantly better 

than mice on dried vine. Both levels of alfalfa meals were 

palatable to mice since feed consumption was not significantly 

different than that of the control diet. This drop in mice 

body weight could be caused by the presence of saponin 

materials (triterpenoids) which have been shown to cause 

growth inhibition to some animals or by the inability of the 

mice to consume enough protein and calories to meet the growth 

requirement. 
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CONCLUSION 

This study has shown that dried buffalo gourd vine is 

toxic and can not be eaten by the mice due to the presence of 

the bitter cucurbitacins. The higher the concentration of the 

vine in the diet the lower the performance and the higher the 

incidence of mortality. The addition of alfalfa to mouse diets 

showed a similar results as to mice fed BG water residue diet. 

Extracting the vine with either water or ethanol greatly 

improves the performance of the mice. However, treatment with 

water gave a better results for both the water soluble and 

non-soluble material diets compared to the ethanol diets. It 

is likely that water extraction of the vine removes the 

bitter substances which are present and the ethanol extraction 

seems to reduce them. Thus, the vine will have to be fed as a 

processed feed since no toxicity symptoms were observed 

throughout the experiment in any of the mice fed treated vine. 

Further studies are necessary to evaluate the water treatment 

of vine on ruminant animals. 



CHAPTER FOUR 

THE NUTRITIONAL VALUE AND THE TOXIC EFFECT 

OF BUFFALO GOURD SEEDS FED TO CHICKS 

Introduction 
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The buffalo gourd as a wild perennial gourd has 

asexual mode of reproduction and produces components, fruits 

(seeds) for protein and oil, roots for starch and vine for 

animal ration, which make it unique as a crop plant 

(Vasconcellos et aI, 1981). The seed holds considerable 

promise as a possible new source of edible oil and protein. It 

contains values which could be considered as a component of 

ruminant feed and to a limited amounts could be incorporated 

into poultry and swine diets (Ritchie, 1979). 

The whole buffalo gourd seed contains about 31-33% 

crude protein with an amino acids distribution close to those 

commonly used oilseeds except soybean, which contains a high 

lysine content (Scheerens et al., 1978). Therefore, would be 

desirable to use either an amino acid supplementation or 

blending with complementing protein sources when using buffalo 

gourd seed meal in animal feed. Weber et ale (1969) used 

weanling mice and found that BG protein was significantly 

lower than whole egg protein as measured by body weight, 

apparent protein digestibili ty, protein efficiency ratio, 
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gross energy, and digestible energy. The addition of 10% of BG 

oil to regular diet did not show a toxic effect in chicks 

(Daghir et al., 1982). Tu et ale (1978) studied the BG seed 

flour on rats. They reported that the animals had a similar 

growth when compared to those fed a soybean flour diet. Bemis 

et al. (1975) showed no toxic effect in three weeks old chicks 

fed up to 15% BG seed which concurred with the results of 

feeding studies obtained by Weber et al. (1969 and 1977); 

Hensarling et al. (1973); and Thompson et al. (1978) on mice 

and rats. On the other hand, Baghdadi (1975) fed whole seeds 

at 10% to chicks with no significant changes occurred when 

compared to birds on soybean meal control diet, however, a 

reduction in performance was observed when chicks received 20% 

BG seeds. In a more recent study, Douglas and Daghir (1987) 

stated that body weight and feed consumption were drastically 

depressed when BG seeds were incorporated at levels exceeding 

5% of the chick diet. Daghir et al. (1980), in similar study, 

noticed signs of toxicity and neuromuscular abnormalities 

started to show on birds fed at 30% BG seed diet but not 20%. 

Further, Daghir and Sell (1980) reported that the factor(s) 

causing these abnormalities is located mainly in the embryo. 

This experiment was designed to supply more accurate 

information about the effect of feeding BG seeds on chicks 

performance, to learn more about the abnormal conditions 

caused by the presence of the bitter principle in the BG 
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seeds, and to determine the optimum incorporation level of the 

seeds in practical rations. 

MATERIAL AND METHODS 

Diet preparation 

Mature BG fruits were obtained from the university of 

Arizona Agricultural station in Marana • The fruits (pepos) 

were harvested and allowed to air dry in the sun, and crushed 

to separate the seeds from the shells and the pulp which was 

done manually using sieves. This methods frustrated the 

difficulties encountered when trying to remove the seeds from 

the tough, fibrous pericarp of the fresh fruits. 

The whole seeds were cleaned and then pulverized by 

means of a Beuer Mill. The harvested vines collected in the 

previous study were extracted with water using the same 

procedure described earlier, lyophilized in a freeze drier and 

then ground with Beuer mill grinder. Both materials were 

stored in a walk-in cooler until used. 

All collected materials were completely homogenized. 

Dupl icate samples were taken from the prepared treatments 

namely the whole seed and the water soluble vine material for 

chemical analysis using the same procedures reported 

previously and recommended by AOAC (1970). All samples were 

calculated on a dry matter basis. 
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Semi-purified experimental diets were formulated to 

supply adequate level of all macro- micronutrient in 

compliance with the NCR requirements (1984). Soybean meal was 

incorporated into the experimental diets at different amounts 

in association with the amount of protein in the BG seeds 

used, in order to have isonitrogenous diets of 21% protein 

(Appendix D). The soybean meal basal diet was formulated to 

supply the same level of soybean as in the control diet but 

with different level of fiber in-order to the study the 

performance of the chicks under different energy level. The 

quantities of cellulose used were also adjusted to equalize 

the level of the fiber in all of the diets as determined by 

neutral detergent fiber method. Animal fat was used in all 

diets at different levels to equalize for the metabolizable 

energy differences. The mixed semi-purified diets used in this 

study are shown in Table 6 and were formulated as follows:-

1- Soybean meal control. 

2- BG whole seed, 5%, 

3- BG whole seed, 10%, 

4- BG whole seed, 20%, 

5- BG whole seed, 30%, 

6- Soybean meal basal. 

7- Soybean meal plus bitter material from BG vine. 

The exact basal formulation used in mixing all 

treatment diets, is shown in Appendix E. 
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Table 6. composi tion of experimental diets as a percentage of 

the total diet. 

Ingredients SBM 

Soybean Meal 47.84 
BG Seed, 5% 
BG Seed, 10% 
BG Seed, 20% 
BG Seed, 30% 
Bitter mater. 
Cerelose 23.94 
Cellulose 10.50 
Animal Fat 11.00 
Ca2 P04 2.12 
Cal. Car. 1.00 
Salt 0.50 
Tr Min mix 0.20 
Pr-9 vit mix 2.50 
Cr203 0.20 
DL Meth. 0.20 
Bentonite 

Total 

% protein 
ME kcal/lb 
% fiber G.G. 
BG. kcal/lb 

100 

23.00 
1300 
10.50 
1770 

BG 
5% 

44.40 
5.00 

26.13 
8.75 
9.00 
2.12 
1.00 
0.50 
0.20 
2.50 
0.20 
0.20 

100 

BG 
10% 

40.99 

10.00 

28.79 
7.00 
6.50 
2.12 
1.00 
0.50 
0.20 
2.50 
0.20 
0.20 

100 

BG 
20% 

37.56 

20.00 

29.72 
3.50 
2.50 
2.12 
1. 00 
0.50 
0.20 
2.50 
0.20 
0.20 

100 

BG 
30% 

34.13 

30.00 

15.98 

4.50 
2.12 
1.00 
0.50 
0.20 
2.50 
0.20 
0.20 
8.67 

100 

Soy 
base 

47.84 

36.44 
3.00 
6.00 
2.12 
1.00 
0.50 
0.20 
2.50 
0.20 
0.20 

100 

SBM+ 
BG 

47.84 

5gm 
23.94 
10.50 
11.00 

2.12 
1.00 
0.50 
0.20 
2.50 
0.20 
0.20 

100 
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Animal Experiment 

One hundred and twenty six, straight run, day old 

broiler chicks were used. They were initially placed on chick 

starter for 3 days before placement on experimental diets. 

Three groups of six chicks each were randomly assigned to each 

dietary treatment. The experimental chicks were selected from 

a two-fold larger population in order to obtain uniform 

weights. Their starting weights were recorded and evaluated by 

ANOVA with protected LSD (0.05) means of separation to ensure 

that no significant differences occurred between initial 

weights of birds in different treatments. The chicks were 

reared in a thermostatically controlled, six deck battery 

brooder with suspended wire floor. The feed and water supplied 

twice a week ad-libitum. The feces together with the feed were 

collected at the termination of the experiment and duplicate 

samples were taken for chromium oxide, crude protein and 

crude fiber analysis follow the same procedure described 

earlier. The body weight and the feed consumed were recorded 

weekly and also at the end of the experiment. Total body 

weight, total feed intake, feed efficiency, PER, and APD were 

compared between the different dietary treatments. Mortality 

and any abnormal symptoms were observed and recorded daily. 
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Experimental Design 

A completely randomized design was employed in this 

experiment. Seven treatments with 3 replications each and six 

birds (3 males and 3 females) were randomly assigned to each 

treatment as shown in Table 7. Body weight gain, amount of 

feed consumed, feed efficiency and PER were analyzed for 

variance and subjected to LSD (0.05) test of means. Regression 

analysis was used to determine the effect of feeding the 

different levels of buffalo gourd seeds on the growth of the 

experimental chicks. 



Table 7. The Model of the Experimental Design. 

GENERAL LINEAR MODELS PROCEDURE 

CLASS LEVEL INFORMATION 

LEVELS 

3 

VALUES 

123 

76 

CLASS 

REP 

DIET 7 1 2 3 4 567 

SEX 2 1 2 

NUMBER OF OBSERVATIONS IN DATA SET = 42 

GROUP 

1 

2 

3 

4 

5 

OBSERVATION DEPENDENT VARIABLES 

126 INITIAL WEIGHT 

102 WEIGHT GAIN 

21 FEED INTAKE 

21 FEED EFFICIENCY 

21 PER 

Note: variables in each group are consistent with respect to 

the presence or absence of missing values. 
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RESULTS AND DISCUSSION 

Experimental chicks showed the greatest weight gain 

on a soybean meal diet supplemented with methionine. The 4th 

week weight gain, amount of feed consumed, feed efficiency, 

PER, mortality rate, and incidence of abnormality values for 

all dietary treatments are shown in Table 8. Chicks ate 

adequately on all diets with the exception of those on the 30% 

BG seed diet. 

The addition of 5% and 10% BG seeds to the soybean 

meal diet caused a slight depress in the performance of the 

chicks, however, no significant changes were observed relative 

to the control animals. Similar results were obtained by Bemis 

et ale (1975) when they fed up to 15% BG seeds to chicks. 

Birds fed a level of 20% BG seeds showed statistical 

significant reduction in body weight gain (Figure 6) and feed 

utilization but not in feed intake values in comparison to 

those fed soybean meal, 5% or 10% BG seeds. This data 

concurred with the results obtained by Baghdadi (1975) and 

Douglas and Daghir (1987). The significant lower feed 

consumption on the 30% BG seed diet, as compared to soybean 

meal, 5% and 10% BG seed diets, was consistent with the lower 

body weight gains for birds fed that diet as shown in figure 

6 and 7. The drastically drop in growth was due to lower feed 

intake rather than lower feed utilization, as there were no 
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Table 8. Body weight gain, feed consumption, feed efficiency, 

PER and mortality rate for buffalo gourd diets. 

4th wk Total 

Diets Weight Feed Feed 

Gain Intake Effie. 

SBM 385.7a 782.9a 2.02ab 

BGS 5% 320.9a 754.7a 2.35ab 

BGS 10% 314.1a 690.8a 2.20b 

BGS 20% 206.9b 650.9a 3.33a 

BGS 30% 237.2a 460.6b 2.03b 

Soy basal 305.8a 698.6a 2.28ab 

SBM + BGB 341.7a 792.9a 2.33ab 

Mort-

PER ality Abnor

Rate mality. 

1.69abd 0/18 

2.05bd 0/18 

2.16bcd 1/18 

1.49a 11/18 

2.20cd 9/18 

2.63c 

1. 66ab 

0/18 

0/18 

11/18 

13/18 

8/18 

9/18 

9/18 

8/18 

12/18 

Means within columns with different superscripts are 
significantly different (P<O.Ol). 
SBM = Soybean Meal control. 
BGS = Buffalo Gourd Seeds. 
BGB = Buffalo Gourd Bitter material. 
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Figure 6. Effect of feeding buffalo gourd seeds 

on chicks body weight gains. 
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no statistically significant differences among any of the 

diets in feed efficiency with the exception on the 20% level. 

The regression analysis using orthognal polynomials of 

the data from this experiment, showing the relationship of the 

dietary BG seed concentrations (Table 6) versus the feed 

consumption and body weight gains, has been plotted (Figure 

8). Both multiple and simple regressions were applied to 

determine the best fit of the concentration pattern. 

A negative linear relationship was found to best fit 

the concentration of BG seeds in the diets. The amount of feed 

consumed and the body weight gain of the experimental chicks 

have been plotted from the pooled data and is shown in figure 

6. The slope of the regression lines indicates that the 

greater the level of the BG seeds in diets the lower the feed 

intake and body weight. This growth depression lead to 

speculate that an amino acid imbalance was caused by the 

replacement of the soybean meal with BG protein in the other 

diets. Therefore, the dietary levels of the essential amino 

acids of all diets were determined (Appendix F). None of the 

experimental diets had an amino acid imbalance. This data 

further supports the theory that buffalo gourd seeds contain 

a toxic substance of either the cucurbitacins or some other 

unidentified compound. 

The addition of the bitter material, obtained from the 

vine extraction, to the soybean diet did not reduce 



800 

/!). ••••• 

700 

600 

500 

(J') 

~ 400 
~ 

o 

300 

200 

lOO 

'. '. '. '. ' . • D. •••••• 

Feed Intake 

Body Weight 

'. ' . .......... 
' . 

.................. 
". ". ". 

----- c. 

- a 

". '. 
'. 

'. 
" 

82 

" 
" '. 

O~~------~------~--------~------~------~--
5 lO l5 20 25 30 

Percentage of BG seeds in diets 

Figure 8. Relationship between concentration of 

BG seeds in diet and feed intake and 

body weight of chicks. 



83 

performance when compared to the control, 5% or 10% BG seed 

diets. These data are similar to what was found in the mouse 

experiment (chapter 3) in that the water extract solute had no 

effect on growth, intake values or feed efficiency. The dried 

bitter material fed to the chicks was from the same source as 

used in the mouse experiments and therefore, the results are 

not surprising. It is most likely that most of the 

cucurbi tacins material was hydrolyzed as a result of the 

action of glycosidase present in the chopped vine (see chapter 

3 for greater details). One of the conclusions is that the 

amount of cucurbitacins found in the dried material does not 

reduce feed intake because of bitter taste problems or cause 

pathological changes in the chicks. 

A soybean basal diet was added as a dietary treatment 

to study its effect on growth using the same protein level as 

in the control diet but a different fiber and carbohydrate 

content. A slight reduction in performance was observed which 

was not significantly different than the regular soybean meal 

diet. 

High mortality rate was observed in chicks fed 20% and 

30% BG seeds as shown in Table 8. One bird died in the 10% 

level which occurred in the first week of the study. The toxic 

effect of feeding seeds occurred when chicks were fed diets 

contain 20% of BG seeds. Baghdadi (1975) observed growth 

depression only when 20% of buffalo gourd seeds were fed to 



84 

chicks. 

Incidence of abnormalities were found to occur in all 

of the diets including the control diet. These problems 

consisted of leg disorders such as twisted toes, enlarged 

hocks, birds that could not stand or walk. However, the 

control chicks fed just soybean meal and no buffalo gourd 

seeds had the same symptoms as the chicks fed various levels 

of BG seeds. There appeared to be no relationship between the 

leg problems and the BG seeds fed. Most of these abnormalities 

disappeared in one week after the termination of the 

experiment and chicks were fed a regular starter diet. 

However, very few of the surviving birds on 20% and 30% levels 

ever recovered. 

No direct relation could be established between death 

of the animals and the incidence of abnormalities since some 

the death birds were physically normal. In a similar study, 

Douglas and Daghir (1987) autopsied dead chicks fed BG seeds 

and found no obvious causes of death. 
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CONCLUSION 

This experiment was conducted with growing broiler 

chicks to evaluate the effect of feeding buffalo gourd seeds 

on their performance. Feeding up to 10% of the BG seeds in a 

soybean meal diet did not significantly depress the growth 

and no signs of toxicity were observed. However, as the 

concentration of the buffalo gourd seeds increased to 20% or 

above, a significant reduction in body weight gain and feed 

utilization were found in comparison to the soybean meal 

control, 5%, and 10% diets. Regression analysis of the data 

showed a significant negative linear effect on body weight and 

feed consumption as the buffalo gourd seeds concentration 

increased in the diet. Signs of toxicities which caused a high 

mortality rate were observed on chicks fed 20% and 30% of 

buffalo gourd seeds. 



CHAPTER FIVE 

The Effect of Buffalo Gourd Seeds and 

Seed components on Growth and its 

Toxic properties in Chicks 

Introduction 
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The buffalo gourd is a wild perennial gourd that has a 

combination of features that make it particularly suitable for 

oil-seed production, as a protein supplement or as a feed 

crop. The seed contains approximately 33% crude protein which 

is considered next to soybeans in the commonly used oil seeds 

(Bemis et al., 1978a). However, when fed to weanling rats as 

a source of protein in the diet, it showed significantly lower 

body weight and PER than those given casein diet (Hensarling 

et al., 1973). Thompson et al.(1978) determined the PER for 

the whole seed, the hulls, and the defatted embryo. The PER 

and the body weight of the mice fed the defatted embryo had a 

value close to soybean meal and cottonseed meal. The seed 

hulls possessed a 20.5% protein and 82.5% acid detergent 

fiber, of which 38.2% is lignin. The high lignin content may 

restrict the usage of the seed hulls in ruminant diets. The 

seed coat had values that make them comparable to ruminant 

roughage (Dreher et al., 1980). However, when hulls were fed 

to mice as the sole source of protein in the diet showed a net 
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loss of weight and a negative PER which indicates that the 

seed coat protein was not available for digestion by the 

monogastric animals (Bemis et al., 1977). This would suggest 

that only ruminant microorganisms can make the protein 

available for digestion (Dreher et al., 1976). 

The suspicion of the existence of toxic principles in 

the buffalo gourd seeds may limit their use in animal or human 

diets. Daghir et ale (1980) fed buffalo gourd seed and seed 

components to chicks and observed signs of neuromuscular 

abnormality characterized by the inability of the chicks to 

control its neck and an abnormal position of the head. Daghir 

and Sell (1980) conducted an additional experiment designed to 

determine the location of the toxin in the seeds, its effect 

on the chicks, and ways of its removal. They concluded that 

the factor(s) was located primarily in the embryo. On the 

other hand, Weber et ale (1969, 1977), Hensarling et ale 

(1973), Bemis et ale (1975), Thompson et ale (1978), and Tu et 

ale (1978) have fed BG seed and seed components to mice, rats, 

and chicks and showed no evidence of neuromuscular 

abnormalities stated above. contamination of the seed diets 

with fruit pulp which contains the bitter cucurbitacins 

appeared to be the reason for Daghir's observation (Gathman 

and Bemis, 1985). Therefore, further investigations were 

necessary to learn more about the effect of feeding BG seeds 

(cleaned vs uncleaned) and seed fractions for their toxic 
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properties and their effect on growth of chicks. The procedure 

of Daghir et ale (1980) will be followed in all chick 

experiments in an attempt to produce the neuromuscular 

abnormalities he observed. Daghir source of BG seeds were from 

the University of Arizona. Using the same source of seeds for 

the present studies should eliminate all variation due to 

geographical and genetics factors. 
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Material and Methods 

Diet preparation 

Buffalo gourd seeds used in this study were obtained 

from plants grown at the University of Arizona Agricultural 

station in Marana. Seeds were separated from shells and pulps 

using the same procedure described in the previous experiment. 

Part of the whole seeds were cleaned, washed, and air 

dried then ground by means of a Beuer Mill. The uncleaned 

seeds were also ground the same way and kept separate. The oil 

was extracted from either whole seeds or dehulled seeds using 

normal hexane as solvent in a large soxhlet extractor. The 

material was dried to remove the hexane residue in a vacuum 

oven at 4SoC. Separation of the defatted embryo from the seed 

coat was obtained by screening through a 100-mesh sieve. All 

materials were stored in a walk-in cooler until used. 

All collected materials were completely homogenized 

and ground to pass through a 40 mesh screen. Duplicate samples 

were taken from all of the prepared fractions namely the 

unwashed/uncleaned seeds (BGU) , (pepo fractions were present) , 

the cleaned and washed seeds (BGS) , the hulls (BGH) , the 

defatted whole seeds (BGD) , and the defatted embryos (BGE) for 

chemical analysis using the same procedures reported 

previously. All samples were calculated on a dry matter basis. 

Semi-purified experimental diets were formulated to 

supply adequate levels of all macro-micronutrient in 
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compliance with NRC requirements for chicks. Soybean meal was 

incorporated into the experimental diets at different amounts 

in association with the amounts of protein in BGU, BGS, BGH, 

BGD, and BGE in-order to maintain isonitrogenous diets of 23% 

protein. The exception was diet number 7 which furnished 29% 

protein in which the soybean meal was incorporated into the 

diet at the same amount as in the control diet. Buffalo gourd 

supplied about 8% of the total protein in the diet. The 

quantities of cellulose used were also adjusted to equalize 

the level of the fiber in all of the diets. BG hulls supplied 

approximately 6% of the fiber to the diet. Animal fat was used 

in all diets at different levels to equalize for the 

metabolizable energy differences. The percentage of the exact 

diet compositions, which differed slightly from treatment to 

treatment, are shown in Table 9 and were formulated as 

follows:-

1- Soybean meal control. 

2- BG whole seed uncleaned and unwashed. 

3- BG whole seed cleaned and washed. 

4- BG hulls. 

5- BG defatted seed. 

6- BG defatted embryo. 

7- BG whole seed cleaned and washed plus soybean meal. 

The mixed semi-purified diets used in this study are 

shown in appendix G. 
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Table 9. composition of the experimental treatments as a 

percentage of the total diets. 

Ingredient SBM Clean Uncln Hulls Defat Defat Uncl+ 

cntr seeds seeds seeds embryo SBM 

1 2 3 4 5 6 7 

SBM 45.00 28.36 28.36 35.28 28.36 28.30 45.00 
Clean seeds 23.74 
Uncln seed 24.28 
24.28 Hulls 13.50 
Defat seeds 16.56 
Defat embryo 15.50 
Cerelose 34.05 30.05 30.05 39.40 43.54 41. 68 20.07 
Cellulose 6.05 2.29 2.33 1.72 2.64 2.33 
Animal fat 7.72 1.50 1.50 5.00 3.00 5.00 1.50 
Dical phosph 2.12 2.12 2.12 2.12 2.12 2.12 2.12 
Calcium carb 1. 00 1.00 1.00 1.00 1.00 1.00 1.00 
Salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Tr. Min mix 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
PR 9 vit mix 2.50 2.50 2.50 2.50 2.50 2.50 2.50 
Chromic oxide 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
DL Methionine 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
Bentonite 6.94 6.66 

Total 100 100 100 100 100 100 100 

SBM cntr = Soybean meal control contains 48.08% protein. 
Clean seeds = Cleaned and washed seeds contain 33.70% protein. 
Unlcn seeds = Uncleaned seeds contain 32.95% protein. 
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Experimental Design 

A completely randomized design was employed in this 

experiment. Seven treatments with 3 replications each and six 

birds (3 males and 3 females) were randomly assigned to each 

treatment as shown in Table 10. Body weight, amount of feed 

consumed, feed efficiency and PER were analyzed for variance 

and subjected to Least Significant Difference test (P<0.05). 

Animal Experiment 

One hundred and twenty six, straight run, day old 

broiler chicks were used. They were initially placed on chick 

starter for 3 days before placement on experimental diets. 

Three groups of six chicks were randomly assigned to each 

treatmental diet. Their starting weights were recorded and 

evaluated by ANOVA with protect LSD (0.05) means separation to 

ensure that no significant differences occurred between 

initial weights of birds in different treatments with an 

average mean body weight 44.4 g. The chicks were reared in a 

thermostatically controlled, six deck battery brooder with 

suspended wire floor. The feed and water were supplied twice 

a week ad-libitum. The feces were collected at the termination 

of experiment. The body weight and the feed consumed were 

recorded weekly and also at the end of the experiment. The 



Table 10. The Model of the Experimental Design. 

GENERAL LINEAR MODELS PROCEDURE 

CLASS LEVEL INFORMATION 

CLASS 

REP 

DIET 

LEVEL 

3 

7 

VALUES 

123 

1 2 3 4 5 6 7 

SEX 2 1 2 

NUMBER OF OBSERVATIONS IN DATA SET = 42 

93 

GROUP 

1 

2 

OBSERVATION 

126 

102 

DEPENDENT VARIABLE 

INITIAL WEIGHT 

BODY WEIGHT 

3 

4 

21 

21 

FEED CONSUMED 

FEED EFFICIENCY 

Note: variables in each group are consistent with respect to 

the presence or absence of missing values. 
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feed efficiency was determined as the amount of feed consumed 

per unit body weight gain. Mortality and any abnormal symptoms 

of a neuromuscular condition were observed and recorded daily. 

The collected feces were dried and duplicate samples were 

taken from moisture content, chromic oxide, protein and fiber 

analysis together with feed samples. 
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Results and Discussion 

The analysis of variance and the Least Significant 

Difference (LSD, P<0.05%) of the means of all diets showed no 

significant differences between sexes. The values of the 4th 

week mean body weights, feed consumed, and feed utilization 

are shown in Table 11. The birds grew and consumed an adequate 

quantity of BG hulls and uncleaned whole seeds + soybean meal 

(7) when compared with the soybean meal control diet had no 

significant differences. Daghir and Sell (1980) added BG hulls 

to a soybean meal diet and obtained similar results from which 

they concluded that the hulls were free of any growth 

depressing factors that appear to be present in the embryo. In 

fact, the addition of the BG hulls to the soybean meal diet 

produced a higher but not significant body weight gain, total 

feed consumed, and utilization of the feed. In diet 7, the 

addition of 24% of uncleaned/unwashed BG seeds plus the 

regular soybean meal level was not significantly different 

than the soybean control diet. On the other hand, when chicks 

were fed the cleaned BG seed and uncleaned BG seed diets, the 

growth was depressed and showed significant differences in 

mean body weights, feed consumption, and feed efficiency in 

comparison to the soybean control diets. Diets 2 and 3 of BG 

seeds were added in to the diet at the expense of soybean meal 

in-order to keep the diets isonitrogenous, while in diet no. 
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Table 11. Effect of BG seeds and seed components as compared 

with soybean meal on the mean body weight, mean feed 

intake, and feed efficiency. 

4th wk Total Feed Neck Toe Mort-
Diet Body Feed effi- pro- pro- ality 

wt. intake ciency blem blem rate 

_g/bird __ gIg 

Soybean meal 677.6a 1222a 1.93cd 0 1 0 

BGS Clean 423.3b 860de 2.25ab 1 3 1 

BGS Unclean 397.5b 763c 2.29a 0 8 12 

BG Hulls 704.2a 1162ab 1.76cd 0 3 0 

BGD 517.9c 960cd 2.03bc 2 3 0 

BGE 554.8c 940cd 1.87cd 1 4 1 

SBM+BGS 650.9a 1058bc 1. 74d 0 2 1 

a,b,c Values with different letters within columns are 
significantly different (P<O.05). 
SBM = Soybean meal control. 
BGD = BG defatted seeds. 
BGE = BG defatted embryo. 
SBM+BGS = soybean meal plus BG seeds (uncleaned). 
Feed eff = Feed efficiency. 
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7 the BG seed was added in addition to the level of soybean 

meal used in the control diet no. 1. This growth depression 

could be an amino acid imbalance since all BG seed sources 

were added to the diet at a constant level of 8%. Feeding 

defatted BG seeds and defatted BG embryo diets to chicks, also 

depressed the body weight and feed intake but not feed 

efficiency relative to the control diet. The response of 

chicks mean body weights to the amount of feed consumed were 

consistent in all diets as shown in Figure 9 and 10. 

Signs of the neuromuscular abnormality of the neck as 

described by Daghir et ale (1980) and Daghir and Sell (1980), 

were observed in one bird fed a cleaned seed diet, two birds 

fed a defatted seed diet, and one bird on a defatted embryo 

diet (Table 11). Strangely, diets of BG seeds fed to chicks 

in diets 3 and 7 had no incidence of neck abnormalities. At 

this time it is difficult to speculate why some dietary 

treatments fed BG seed sources did or did not produce these 

neck abnormalities. In addition, one can not state 

categorically that BG seeds causes neck abnormalities based 

upon the data given in Table 11. Chicks receiving BG hulls 

diet did not show this abnormality which was in congruent with 

the results reported by Daghir and Sell (1982) which found 

that hulls were relatively free of factor(s) causing this 

syndrome. Several workers have studied the nutritional value 

of the BG seeds and seed fractions in mice, rats and chicks, 
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Figure 9. Effect of feeding either buffalo gourd seeds 

or seed components on body wight of chicks. 

1. Soybean meal control. 
2. BG seeds (cleaned and washed). 
3. BG seeds (uncleaned and unwashed). 
4. BG Hulls. 
5. BG defatted seeds. 
6. BG defatted embryo. 
7. Soybean meal plus BG seeds. 
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Figure 10. Effect of feeding either buffalo gourd 

seeds or seed components on feed intake of chicks. 

1. Soybean meal control. 
2. BG seeds (cleaned). 
3. BG seeds (uncleaned). 
4. BG Hulls. 
5. BG defatted seeds. 
6. BG defatted embryo. 
7. Soybean meal plus BG seeds. 
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but did not observe the occurrence of this neuromuscular 

condition (Weber et al., 1969, 1977; Bemis et al., 1975 and 

Thompson et al., (1978). Bell and Freeman (1971) stated that 

"the blood-brain barrier" in chicks is not fully developed 

until after about 4 weeks from hatching, which made Daghir and 

Sell (1980) to speculate that the cause of this condition in 

chicks may reach the site of action in the brain at this early 

age but are not approachable in mice and rats. The chicks, in 

their study, recovered completely when kept on the 

experimental diets longer then two weeks of their age. 

However, those symptoms, observed in this study, started 

showing up during the third week of the experiment and did not 

recover until the birds were shifted to a regular diet after 

the termination of the experiment. This would indicate that 

this condition was possibly caused by the bitter principle in 

some diets but was not permanent. 

On the other hand, another signs of abnormalities 

started showing up at one week after being fed the 

experimental diets, which were characterized by spreaded legs, 

twisted toes, perosis and uncontrolled wings with the 

inability of the bird to stand and walk in some of the worst 

cases. This condition was presented in all of the experimental 

diets including the soybean control diet (1/18 birds). This 

indicates that a genetic factor may be the cause rather than 

a nutritional one. However, those symptoms were observed in 



101 

greater number in birds fed uncleaned seeds (8/18 birds) which 

had consistently lower feed intake, lower body weight and a 

high mortality rate, as given in Table 11. contamination of 

the uncleaned seeds with fractions of the fruit pulps that 

contain cucurbitacin would seem to be a possible explanation 

of this condition, especially in the uncleaned seeds. Daghir 

et al. (1980) observed similar abnormalities in several birds 

which may support the explanation for the Daghir anomaly 

speculated by Gathman and Bemis (1985). Furthermore, birds fed 

cleaned seeds showed less symptoms (3/18) and less mortality 

than those fed uncleaned seeds. More important, the high 

incidence of mortality (12/18) which occured when uncleaned BG 

seed diets fed, would indicate that some factors were present 

in the uncleaned seeds. These factors are unidentified, but a 

good possibility are the cucurbitacins. 

Chicks which received the defatted embryo diet had 

the second highest in the incidence of abnormality, Daghir and 

Sell (1980) stated that the location of the toxic factor for 

abnormalities was in the embryo. However, the uncleaned seeds 

had the highest incidence of mortality. The possibility exist 

that the neck abnormalities and the mortality are two 

different factors. Future experiments are needed to determine 

if they are different. 

The addition of 24% BG seeds (uncleaned) to the 

regular SBM diets did not cause a growth depression and was 



102 

not significantly different than the control. This may lead to 

speculate that an amino acid imbalance was caused by the 

replacement of the soybean meal with BG protein in the other 

diets. Therefore, the dietary levels of the essential amino 

acids for the BG seeds plus soybean meal in the diets 2 

through 6 versus the soybean control or the soybean and the 

additional 24% BG seeds (diet 7) were determined and are shown 

in Appendix G. None of the experimental diets had an amino 

acid imbalance and all diets met the amino acid requirements 

for broiler in this age group. This rules out an amino acid 

imbalance problem and raises the question of an additional 

unknown toxin being present in BG seeds. 

The results obtained in the previous chick experiment 

showed that feeding 20% of BG seeds to chicks caused growth 

depression, was confirmed in this study when chicks fed 24% 

uncleaned and 23% cleaned seeds. However, in diet 7 of this 

experiment, in which 24% of the uncleaned seeds were 

incorporated into the regular soybean meal diet showed no 

significant effect in chicks performance when compared to 

those birds on the regular control diet (no. 1). with no signs 

of abnormalities. An additional consideration is that two 

diets of BG seeds (nos. 5 & 6) were fed at levels of 17 and 

16%, with one having mortality and the other did not. Daghir 

stated that a dietary level of 20% or greater had to be fed in 

order to show abnormalities. It is obvious that additional 
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experiments are necessary to try to answer these questions. 

CONCLUSION 

The results of this experiment further confirm that BG 

seeds were toxic to chicks when incorporated into regular diet 

at 15% or greater level. Cleaning and washing the seeds did 

improve the chicks performance relative to the uncleaned seed 

diet group, but both groups were significantly lower than the 

control diet. Birds fed BG hulls ·were not significantly 

different than the control and showed no signs of 

neuromuscular abnormalities. This was in agreement with the 

results of Daghir and Sell (1980) that the hulls contain no 

growth depressing factor(s). Feeding defatted seeds and 

defatted embryo diets depressed the growth when compared to 

the control diet group, but grew a significantly better than 

chicks on whole BG seed diets. The addition of 24% of BG seeds 

to the regular soybean meal diet (no. 7) showed no differences 

in growth as compared to the control birds. 
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The neuromuscular abnormalities were observed only on 

birds fed defatted seeds, defatted embryo, and whole seed 

diets. Chicks on dietary treatments of BG hulls, whole seed 

uncleaned, and where BG seed was added to the soybean diet had 

no neuromuscular abnormalities. This raises a serious issue of 

just what is causing these neuromuscular problems in some 

diets and not all of them. These abnormalities disappeared 

after the chicks were shifted to the regular starter diet 

after the termination of the experiment. 



CHAPTER SIX 

TOXIC PROPERTIES OF BUFFALO GOURD 

ROOTS ON GROWTH OF CHICKS 

Introduction 
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The buffalo gourd as a perennial plant, propagates 

itself asexually by adventitious large fleshy roots produced 

at the vine nodes of the runners. It produces a particularly 

large and extensive system with root diameter of 8-12 in. and 

lengths of 4-6 ft. and weigh as much as 72 kg for the top root 

(Dittemer and Talley,1964). The storage roots produce abundant 

amounts of starch that can be easily isolated and commercially 

feasible. Scheerens et ale (1987) stated that BG root slurries 

seemed to be probable materials for the production of alcohol 

with an efficiency rate of 82.2-87%. 

The starch content comprises 55% of the BG roots dry 

weight and fat and protein values were higher than those in 

the other roots and tuber starches but ash and phosphorus 

values were the same or lower (Berry et al., 1975). Bemis et 

ale (1978) estimated that a square meter of soil can produce 

9 kg of BG roots which may yield 13,500 kg starch per hectare. 

The granules diameters of the BG starch, which were clearly 

visible (round, oval, and truncated) under a scanning electron 

micrograph, were smaller than corn, potato, or tapioca (Dreher 



106 

and Berry, 1983) and they seem to increase with increasing 

plant age (Scheerens et al., 1983). The X-ray diffraction 

observation revealed a B-type pattern of crystallinity for BG 

starch, similar to potato starch, and a c-type pattern when 

heat treated similar to tapioca starch (Dreher and Berry, 

1983) • Several workers have studied the historical, 

biological, physio-chemical c\nd rheological properties of the 

buffalo gourd root starch in food systems (Hogan and Bemis, 

1983; Gathman and Bemis, 1985; Dreher and Berry, 1983; 

Scheerens et al., 1987; and Dreher et al., 1983). 

Dreher et al. (1981) conducted a study to evaluate the 

suitability of the BG starch in mouse diets in contrast to 

other common starches. The BG starch had a moderate value of 

the apparent starch digestibility (41.1%) compared to potato 

starch (26.5%) corn starch (95.6%). However, cooking 

dramatically improves its digestibility to 95.6% similar to 

that of tapioca and corn. 

The BG storage roots contain approximately 15% crude 

protein, which appears to be unpalatable due to the presence 

of the bitter material cucurbitacins. During the process of 

starch isolation, they can be extracted by water (Berry et 

al.,1976). However, no additional studies have been conducted 

to determine the nutritional availability of the whole root. 

The purpose of this study is to evaluate the toxic properties 

of the BG whole root, the extracted water soluble material, 
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and the residue material left after starch isolation on growth 

of chicks. 

MATERIAL AND METHODS 

Annual and perennial BG roots were collected from 

plants grown at the University of Arizona-Marana Agricultural 

center and immediately brought to laboratory. Roots were 

washed thoroughly, rinsed repeatedly, peeled, sliced into 

small sections, and divided into two different batches which 

were prepared following the scheme in Figure 2 • The first 

batch was extracted in 2 I of 1% NaCI in an electrical blender 

in 300 g amounts for 2 min following the method of Berry et 

ale (1975). The slurry was filtered using 150 mesh screen. All 

residues were collected, combined and lyophilized. The 

supernatant was collected, mixed and dried the same way. The 

second batch of the root materials was blended in a food 

blender with equal quantity (v:v) of crushed ice. The frozen 

product was also lyophilized. All of the lyophilized materials 

were ground by means of a Bauer mill and stored separate in a 

walk-in cooler until used. 

All dried materials were collected and completely 

homogenized. Duplicate samples were taken from all the 

prepared fractions namely the BG root water extracted 

residues, the BG root water soluble extract, and the whole 



108 

BUFFALO GOURD ROOTS 

peeled 

sliced 

water extraction 

lyophilized 

ROOT EXTRACT 

filtration 

I 
SUPERNATANT RESIDUE DRIED ROOTS 

I I 
DRIED POWDER GROUND TO POWDER GROUND TO POWDER 

Figure 11. Preparation of BG root treatments. 
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dried root for chemical analysis using the same procedure as 

reported previously. All analysis were determined on a dry 

matter basis. 

Diet preparation 

Fifty five pounds of semi-purified experimental diets 

were formulated to supply isoni trogenous, isocaloric and 

nutritionally balanced diets in compliance with NCR 

requirement (1984). Soybean meal was varied in all of the 

experimental diets in association with the BG root protein 

in-order to have isoni trogenous diets. The quanti ties of 

cellulose used was also adjusted to equalize the level of the 

fiber in all of the diets. Animal fat was used in diets to 

equalize for the metabolizable energy. The exact diet 

compositions, which differ slightly from treatment to 

treatment are shown in Table 12 and were formulated as follow: 

1- Soybean meal control. 

2- BG whole root (5%) • 

3- BG whole root (10%) • 

4- BG root water extract residues (5%) • 

5- BG root water extract residues (10%). 

6- BG root water soluble extract (1%) . 

7- BG root water soluble extract (2.75%). 
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Table 12. composition of the treatmental diets of the BG root 

experiment. 

Ingredients Soy- Dried Dried Water Water Water Water 
bean roots roots resid resid solub solub 

1 2 3 4 5 6 7 

Soybean meal 45.00 45.00 45.00 45.00 45.00 45.00 45.00 
Dried root 5% 5.00 
Dried root 10% 10.00 
Water resd 5% 5.00 
Water resd 10% 10.00 
Wat. sol 1.00% 1.00 
Wat. sol 2.75% 2.75 
Cerelose 34.41 34.13 30.1 30.13 30.13 36.33 35.43 
Cellulose 6.05 1.95 1.05 2.05 1.05 3.85 3.00 
Animal fat 7.72 7.00 7.00 7.00 7.00 7.00 7.00 
Dical phoshate 2.12 2.12 2.12 2.12 2.12 2.12 2.12 
Cal carbonates 1.00 1.00 1.00 1.00 1.00 1.00 1. 00 
Salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Trace Min mix 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
PR-9 vit mix 2.50 2.50 2.50 2.50 2.50 2.50 2.50 
Chromic oxide 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
DL-Methionine 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

Total 100 100 100 100 100 100 100 

Water resid = Water residue diet. 
wat. sol = Water soluble diet. 
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statistical Analysis 

Feeding study data were analyzed by completely 

randomized design, using F-test to show differences attributed 

to treatments and sex. Seven treatmental diets with three 

replications each and six birds (3 males and 3 females) were 

randomly assigned to each treatment. Least significant 

difference taste (P<.05) was employed to show differences of 

means of the ini tial weights, final weights, total feed 

consumed and feed efficiency. 

Animal experiment 

One hundred and twenty six, straight run, day old 

broiler chicks were used. Three groups of six chicks (three of 

each sex) were randomly assigned to each treatmental diet. 

Their starting weights were recorded and evaluated by ANOVA 

with LSD (0.05) means separation to ensure that no significant 

differences existed between initial weights of birds in 

different treatments. Chicks were raised on the basal diet for 

three days before starting the experiment. The chicks were 

reared, treated and studied in similar manner as in the 

previous experiments. 
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RESULTS AND DISCUSSION 

The performance of chicks in this experiment on all 

of the treatmental diets are shown in Table 13. No significant 

differences between sexes were observed for body weight, feed 

intake, or feed efficiency. Incorporation of 5% of BG dried 

roots in soybean meal ration significantly depressed feed 

consumption but not the body weight or feed efficiency. 

However, as the level of the dried roots increased to 10%, the 

body weight and the feed intake but not feed utilization were 

depressed significantly. This drastic reduction in performance 

of the chicks was mainly due the presence of the extremely 

bitter glycosides (cucurbitacins) in the BG roots which is 

responsible for the bitter taste and the palatability 

problems. Taste testing of the dried root have shown that it 

has an extremely bitter taste. The cucurbitacins content of 

defatted root was reported to be 0.2% of the whole root (Berry 

et al . , 1978). The dried roots were shown to be toxic to 

growing chicks since 3/18 birds died when fed dried roots at 

5% level. This rate was increased to 9/18 when double of that 

level was incorporated into the regular diet. 

As shown in the first study of this research, the 

wat~r t~eatment of the buffalo gourd vines appeared to allow 

for the removal of the water-soluble cucurbitacins. Moreover, 

Berry et ale (1975) and Bemis et al. (1978a) reported that 
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Table 13. Means of growth performance of chicks fed BG dried 

roots and BG extracted roots. 

4th wk Total 

Treatmental Body Feed Feed Mortality 

diets weight intake efficiency rate 

gm gm % 

Soybean M. 703.8a 1241.0a 1.76a 0/18 

BGD 5% 616.0ab 1073.3b 1.74a 3/18 

BGD 10% 454.8c 827.8c 1.82a 9/18 

BGR 5% 672.1ab 1207.7ab 1.79a 0/18 

BGR 10% 603.4b 1115.3ab 1.84a 0/18 

BGE 1. 00% 691. 8ab 1224.0a 1.77a 0/18 

BGE 2.75% 610.0b 1048.3b 1.72a 1/18 

Data were analyzed on dry matter basis. 
a,b,c values with different letters within columns are 
significantly different (P<0.05). 
BGD = Buffalo gourd dried roots. 
BGR = Buffalo gourd water extracted residue. 
BGE = Buffalo gourd water soluble extract. 
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isolation of starch by grinding the BG roots, and filtering, 

settling, washing and drying will provide a starch which 

appeared to be free of cucurbitacins found in the BG roots, 

leaves and fruits. water extraction of the roots, therefore, 

was performed to study the effect of feeding water soluble 

extract and water residue material on chicks growth. Chicks 

received 5% of the water extracted residues showed no 

significant differences in body weight, feed intake, or feed 

efficiency as compared to the soybean meal group. However, as 

the concentration of the water residue increased to 10% of the 

diet, a significant reduction in body weight but not feed 

intake or feed efficiency were observed. 

No statistical significant differences in body weight, 

feed consumption, or feed utilization occurred between chicks 

on 5% dried roots and those fed 5% water residue diets. On the 

other hand, significant improvement in performance shown in 

birds fed 10% BG birds versus those fed 10% dried roots 

(Figure 11). Apparently the water extraction removes the 

bitter substances which are present in the roots. As a result, 

a reduction in bitterness and improvement in palatability as 

well as no mortality were observed which concurred with the 

results obtained earlier (the mouse study). 

The water soluble materials extracted from BG roots 

were incorporated into the regular diet at two levels. Birds 

received 1% of this material in diet showed a close body 
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Figure 12. Body weight gain of chicks related to the 

treatment diets of Buffalo Gourd roots. 

Soybean meal diet. 
BG residue 5%. 
BG root residue 10%. 
BG root extract 1.00%. 
BG root extract 2.75%. 
Dried BG roots 5%. 
Dried BG roots 10%. 
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weight and feed intake (691.8 g and 1224.0 g, respectively) to 

those on the soybean meal diet (703.8 g and 1241.0 g, resp.). 

However, a significant growth depression were observed when 

chicks fed 2.75% of the water extract diet (610.1 g and 1048.3 

g,resp.) as compared to the control diet. 

On the other hand, a significant improvement in body 

weight and feed consumption occurred for birds fed the 2.75% 

water soluble extract diet versus those on the 10% dried root 

diet as shown in Figure 11. Obviously, the water extraction 

provides a water soluble product which would contain the 

bitter substances (cucurbitacins). However, the presence of 

glycosidases in the medium most likely causes the hydrolysis 

of those principles. 
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CONCLUSION 

This study has shown that incorporation of the whole 

buffalo gourd roots in practical ration significantly 

depressed growth and feed conversion at 10% level but not at 

5% as compared to soybean diet. This growth depression has 

been shown to be due to the presence of the bitter principles 

in BG roots which also caused toxicity problems since 9/18 

birds died in the first four weeks of life when fed the 10% of 

dried roots. 

water extraction of BG roots appeared to reduce the 

concentration of the bitter material and improved performance, 

although less then the control diet. Chicks received water 

residues have improved their growth and feed consumption and 

showed no toxicity as compared to those on dried roots. 

similarly, birds received up to 2.75% of water extraction 

diets showed significantly greater body weight and feed intake 

and less incidence of mortality versus those on the 10% dried 

roots. 



CHAPTER SEVEN 

PALATABILITY OF BUFFALO GOURD SILAGE 

FED TO CALVES 

Preliminary study 
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Much attention has been given to domestication of 

buffalo gourd for the production of edible oil from seeds and 

starch from roots. Its successful culture in arid and semi

arid areas can also supply several potential forage 

commodities. Buffalo gourd is capable of producing large 

amounts of foliage which suggests that residues of leaves and 

stems could be a potential source for ruminant ration. 

Harvesting the vine prior to frost exposure supplies a 

material with 60% digestibility and protein content of 10%-

13%, dry weight basis, (Ritchie, 1979). Gathman and Bemis 

(1985) reported that fresh vines are unacceptable to grazing 

sheep and cattle, presumably due to high bitter sUbstances. 

Cossack et ale (1979) found that addition of 7.5% molasses to 

BG vines significantly improves palatability and no toxicity 

symptoms were observed in sheep. 

Ensilation has been a common method of conserving 

green fodder crops in developed countries. Proper ensilaton of 

silage eliminates the loss of nutrients, destroys toxic and 

unwanted sUbstances and also renders fibrous and coarse stalks 

amenable to easy consumption (Morrison, 1956). No information 
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on buffalo gourd vines ensilation has been reported. A 

preliminary study, therefore, was conducted to investigate the 

possibility of ensiling buffalo gourd vine and to study its 

palatability as a source of feed to ruminant. 
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Material and Methods 

Silage Preparation 

The silage was made during two consecutive grazing 

seasons (August and November, 1983) designated as period I and 

II, respectively. Buffalo gourd vines of period I were 

harvested in fresh state from plants grown at the University 

of Arizona Marana Agricultural Center. The cut vine was washed 

to remove dirt, chopped into small bits, mixed thoroughly, 

weighed and air dried under the sun. Representative samples 

were taken in polythene bags to the laboratory for dry matter 

(DM) determination. The moisture content was found to be 82.5% 

and needed to be reduced to about 60% to prevent mold growth 

and to produce better silage. Part of the vine material was 

weighed and then dried in a drier machine first. However, this 

method was found to be inefficient in removal of water. 

Pressing the plant material gave a better result. The vine 

material was put in cloth bags weighed and the juice squeezed 

out in a pressor and weighed again. By calculating the weight 

of the bags at 60% DM, the bags were squeezed until the 

desired weight was reached. The squeezed materials were 

collected and divided into two batches. Milo was added to one 

batch at 5% of total weight as shown in Table 14. Duplicate 

samples where taken from each batch in polythene bags to 

laboratory for DM content and proximate analysis following the 
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same procedures reported earlier. The mixture of each batch 

was packed in double layered polythene bag, sealed and each 

was placed in 170 liter drum and weighed with heavy stones and 

ensiled for period of three months or more. The vines of 

period II were prepared following the same procedure of period 

I. 

On feeding days, representative samples were taken 

from the top, middle, and bottom layers of the silage, 

thoroughly mixed and sup-samples were taken in polythene bags 

for dry matter (DM) and pH determinations. Measured of pH 

values was taken first during the silage preparation in the 

field and also in the laboratory using a Radiometer Copenhagen 

glass electrode pH meter. Samples for DM determinations were 

dried in a forced air electric oven at 9cfJ C. The pH values of 

silage for both periods are shown in Table 15. 
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Table 14. Amount of milo added to treatment silage for periods 

I and II. 

Periods 

I 

I 

II 

II 

Treatmental 

diets 

Diet 1 

Diet 2 

Diet 3 

Diet 4 

Silage 

weight 

lb. 

154.0 

150.0 

130.0 

130.0 

Milo 

% 

0.0 

5.0 

0.0 

5.0 

silage total 

weight 

lb. 

154.0 

157.5 

130.0 

136.5 
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Table 15. PH values and moisture content of silages of summer 

and fall periods. 

Periods 

I 

I 

II 

II 

Silages 

diets 

Diet 1 

Diet 2 

Diet 3 

Diet 4 

pH values 

paper readings 

6.60 

6.60 

5.80 

6.00 

meter reading 

6.80 

6.56 

5.50 

6.00 
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Animal trial 

three young holstein-freisian heifers, four months 

old, from the university of arizona dairy farm ranging from 

350 lb. To 400 lb. Were used in this study. Animals were 

individually penned and randomly assigned to treatmental 

diets. During the regular feeding time, one animal was given 

the daily hay ration which served as a control diet. The other 

two animals were given the two treatmental silages of period 

i. The diets were offered for eight consecutive days followed 

by silages of period ii. All animals were closely observed 

during feeding time and the individual intakes were measured. 



125 

Results and Discussion 

The proximate analysis of buffalo gourd vines prepared 

for silage is shown in Table 16. The moisture content of 

silage was close to the optimum level for perfect silage. No 

distinct odor was observed when the silage was opened. The 

date of feeding and the individual intakes of treatmental 

diets for period I are shown in Table 17. Animal fed plain 

silage (no milo) showed no palatability problems as compared 

to the control animal which given hay ration. All of the 

amount of silage offered was consumed regardless of the amount 

of diet offered. Surprisingly, feeding plain silage showed 

better feed intake then silage with milo added. The addition 

of milo to the buffalo gourd forage did not improve 

palatability of the silage. Data given in Table 17 showed that 

heifer fed milo enriched silage had first total consumption of 

silage on days 1 & 2, and a reduction for days 3 - 5 in 

consumption rate, but an increased consumption rate for days 

6 - 8. This was a great improvement over feed intake values 

when compared to the feeding of fresh cut BG vines to those 

heifers. Fresh cut of BG forage, which was given prior to this 

study, was not consumed or even tasted by those heifers. 

Cattle and sheep in most cases just smell the forage and 

refuse to eat, even to the extreme of starvation. The animal 

will go days with out eating if the fresh cut is all that is 
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Table 16. Proximate analysis of buffalo gourd silages of both 

periods. 

Prep. Material 

period analyzed 

I 

I 

II 

II 

Diet 1 

Diet 2 

Diet 3 

Diet 4 

Moisture 

content 

% 

67.9 

63.0 

63.8 

59.2 

Crude Crude 

protein fat 

% 

16.5 

15.0 

14.9 

14.0 

% 

3.80 

4.45 

4.40 

3.44 

Data were analyzed on dry matter basis. 

Acid Ash 

detergent 

fiber 

% 

42.0 

41.9 

40.1 

35.0 

% 

21.0 

20.0 

19.9 

19.0 
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Table 17. Data for feeding buffalo gourd silage and total 

amount consumed during period I. 

Date of feeding 

Wed. Thu. Fri. Sat. Sun. Mon. Tue. Wed. 

4/11 4/12 4/13 4/14 4/15 4/16 4/17 4/18 

_________________ lb. ________________ _ 

D1 Feed offered 4 4 5 8 4 5 6 7 

Feed remained 5 

Feed consumed 4 4 5 3 4 5 6 7 

D2 Feed offered 4 4 5 8 4 3 4 4 

Feed remained 5 2 3.5 3.5 

Feed consumed 4 4 3 2 2 3 3.5 3.5 

D1 = Diet 1 (no milo). 
D2 = Diet 2 (Milo added). 
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available to them. An early preliminary study in seven to nine 

months old lambs from the University of Arizona were caged 

individually and given fresh BG forage ad-libitum for three 

days. No feed was consumed or even tasted. 

Silage prepared in period II showed similar results as 

found for period I, though no documented data was recorded. It 

would appear that some, part, or most, of the bitter 

cucurbitacins of BG vines had been reduced or removed either 

by fermentation or by the pressing phase which removes about 

20% moisture. In addition, the water soluble protein could 

also have been removed by pressing. It could be concluded from 

the present study that BG silage appeared to be a potential 

source of feed for ruminant, but not with out problems. BG 

forage contains high moisture content (80% - 85%) and required 

to be reduced to 60% for better silage product which may 

create some problems during commercial use. Further studies on 

the nutritional availability and digestibility of BG silage 

are required and also additional investigations for better 

method of handling this material are needed. 

A future study would be necessary to conduct digestion 

trials using lambs. However, the amount of silage needed to be 

produced to conduct such experiment, due to the high amount of 

moisture content of the vine, is very great. 
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SUMMARY 

This research has been conducted to determined the 

nutritive value of the buffalo gourd plant components using 

growing mice, chicks, lambs and heifers. 

The first study has shown that dried vine is toxic to 

mice and can not be eaten due to the presence of the bitter 

materials. The higher the concentration of the BG vine in the 

diet the lower the performance and the higher the incidence of 

mortality. Extracting the vine with either water or ethanol 

greatly improves the performance of the mice. However, 

treatment with water gave a better results for both the water 

soluble and non-soluble material diets compared to the ethanol 

diets. It is most likely that water extraction of the vine 

removes the bitter substances which are present and the 

ethanol seems to reduce them partially. Thus, the vine will 

have to be fed as a processed feed since no toxicity symptoms 

were observe throughout the experiment in any of the mice fed 

treated vine. 

The addition of alfalfa to mouse diets showed a 

similar results as to mice fed BG water residue diet. 

In the following study, broiler chicks were fed up to 

10% of the BG seeds in a soybean meal diet, no significant 

growth depression and no toxicity were observed. However, as 

the concentration of the BG seeds increased to 20% or above, 
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significant reduction in body weight gain and feed utilization 

were found in comparison to the soybean meal control, 5%, and 

10% diets. Regression analysis of the data showed a 

significant negative linear effect on body weight and feed 

consumption as the BG seeds concentration increased in the 

diet. Signs of toxicities which caused a high mortality rate 

were observed on chicks fed 20% and 30% of BG seeds. 

Buffalo gourd seeds were cleaned and washed and fed, 

in another experiment, to broiler chicks, no significant 

differences in performance were observed when compared to the 

uncleaned seeds, but both groups were significantly lower than 

the control diet group. Birds fed BG hulls were not 

significantly different than the control and showed no signs 

of neuromuscular abnormalities. Feeding defatted seeds and 

defatted embryo diets depressed the chicks growth when 

compared to the control diet group, but grew a significantly 

better than the chicks on whole BG seed diets. The addition of 

24% of BG seeds to the regular soybean diet showed no 

differences in growth as compared to the control birds. 

The neuromuscular abnormalities were observed only 

on birds fed defatted seeds, defatted embryo, and whole seed 

diets. Chicks on dietary treatments of BG hulls, whole seed 

uncleaned, and where BG seeds were added to the soybean diet 

had no neuromuscular abnormalities. This raises a serious 

issue of just what is causing these neuromuscular problems in 
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some diets and not all of them. These abnormalities 

disappeared after the chicks were shifted to the regular 

starter diet after the termination of the experiment. 

In the following experiment, the results have shown 

that incorporation of the whole BG roots in practical ration 

significantly depressed growth and feed conversion at 10% 

level but not at 5% as compared to soybean diet. This growth 

depression has been shown to be due to the presence of the 

bi tter principles in BG roots which also caused toxici ty 

problems since 9/18 birds died in the first four weeks of 

life when fed the 10% of dried roots. 

Water extraction of BG roots appeared to reduce the 

concentration of the bitter material and improved performance, 

although less then the control diet. Chicks received water 

residues have improved their growth and feed consumption and 

showed no toxicity as compared to those on dried roots. 

similarly, birds received up to 2.75% of water extraction 

diets showed significantly greater body weight and feed intake 

and less incidence of mortality versus those on the 10% dried 

roots. 

optimistic results were observed on the preliminary 

study conducted on BG silage. No palatability problems were 

observed when BG silage were offered to young heifers. The 

addition of milo to BG forage during the silage preparation 

did not improve palatability when compared to the plain BG 
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silage. It would appear that some, part, or most of the bitter 

substances of BG vines had been reduced or removed either by 

fermentation or by the pressing phase which removes about 20% 

moisture. 

It could be concluded from this study that BG silage 

appeared to be a potential source of feed for ruminant and a 

future study would be necessary to conduct digestion trails. 
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Appendix A. Protein analysis of buffalo gourd vine treatments. 

Treatments % Protein 

BG dried vine material 20.70 

BG water residue extract 15.39 

BG water soluble extract 25.22 

BG ethanol residue extract 19.69 

BG ethanol soluble extract 25.18 

Alfalfa 13.94 

Data were analyzed on dry matter basis. 
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Appendix B. The actual basal formulation used in mixing all 

treatment diets of the mice study. 

Ingredients % of diet Grams in diet 

Whole egg 32.61 13,749 

Cerelose 33.44 14,099 

Corn oil 3.00 1,265 

AIN. vitamin MIX 1.00 422 

AIN. Mineral Mix 3.50 1,476 

Cr2 03 0.20 84 

Choline chloride 0.20 84 

DL Methionine 0.05 21 

BHT 0.006 2.5* 

Total 74.006 31,202.5 

* (2.5) did not added into the 74.0 total %. 
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Appendix C. Results from Kjeldahl analysis of diets used in 

mouse study. 

Diets % Protein 

1 18.95 

2 20.32 

3 21.04 

4 21.30 

5 21.00 

6 19.29 

7 21.60 

8 17.92 

9 18.93 

10 21.85 

11 18.93 

12 17.19 

13 16.93 

14 20.10 

15 19.91 

16 22.87 

Data were analyzed on dry matter basis. 
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Appendix D. Percentage of protein in the BG seed experiment 

diets. 

Diets % Protein 

1 Soybean meal 26.35 

2 BG seeds 5 % 23.32 

3 BG seeds 10 % 21.06 

4 BG seeds 20 % 22.73 

5 BG seeds 30 % 23.22 

6 Soy basal 15.89 

7 Soybean + BG vine 25.93 

Data were analyzed on dry matter basis. 
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Appendix E. The actual basal formulation used in mixing all 

treatment diets of chick experiments. 

Ingredients 

Soybean meal 

Cerelose 

Animal fat 

Dicalcium phosphate 

Calcium carbonate 

Salt 

Trace Mineral Mix 

PR-9 vitamin Mix 

Cr2 03 

DL-Methionine 

BHT 

Total 

% of diet 

28.36 

20.00 

1.50 

2.12 

1.00 

0.50 

0.20 

2.50 

0.20 

0.30 

0.002 

56.682 

lb. of diet 

112.58 

79.39 

5.95 

8.42 

3.97 

1.98 

0.79 

9.92 

0.79 

1.19 

0.01 

225.00 



Appendix F. Percentage of Amino acids in the dietary 

treatments of the experiment no. 2. 

Dietary Treatments 

AAls Req. SBM 5% 10% 20% 30% Soy 
Basal 

ARG 1.20 1.91 2.42 2.94 4.10 5.26 1.91 

LYS 1.00 1.58 1.68 1.80 2.14 2.42 1.58 

MET+CYS 0.72 0.92 1.01 1.12 1.16 1.34 0.92 

TRY 0.18 0.32 0.35 0.37 0.35 0.53 0.32 

GLY 1. 00 1. 05 1.37 1. 60 2.44 3.18 1.05 

PHE 0.63 1.19 1.24 1.38 1.62 1.90 1.19 

TYR 0.54 1.19 1.26 1. 38 1.70 2.02 1.19 

VAL 0.72 1.21 1.31 1.47 1.71 2.00 1.21 

LEU 1.18 1.90 2.03 2.13 2.57 2.98 1.90 

ILE 0.70 1.19 1.26 1.34 1.59 1.84 1.19 

THR 0.74 0.93 0.96 0.99 1.10 1.26 0.93 

HIS 0.30 0.62 0.64 0.75 0.92 1.10 0.62 

138 

SBM+ 
BGV 

1.91 

1.58 

0.92 

0.32 

1.05 

1.19 

1.19 

1.21 

1.90 

1.19 

0.93 

0.62 
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Appendix G. The mixed semi-purified diets used in the chick 

experiments. 

Ingredients 1 2 3 4 5 6 7 

Basal 56.68 56.68 56.68 56.68 56.68 56.68 56.68 

Soybean 16.64 6.92 16.64 

Unclean seed 24.28 24.28 

Clean seed 23.74 

Hulls 11.25 

Def. seed 16.56 

Def. embryo 14.05 

Cerelose 14.41 10.05 10.35 21. 65 23.54 23.13 0.07 

Cellulose 6.05 2.33 2.29 1.72 2.64 2.33 

Animal fat 6.22 3.50 1.50 3.50 

Bentonite 6.66 6.94 

Total 100 100 100 100 100 100 100 
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Appendix H. Percentage of Amino acids in the treatment diets 

of the BG seed and seed components. 

Treatment Diets -------------- --------------
AA's Req SBM Unc sd Cl sd Hulls BGD BGE SBM+ 

ARG 1.20 1.80 4.29 4.21 3.16 3.28 3.15 4.96 

LYS 1. 00 1.49 2.03 1.99 1.75 1.91 1.85 2.58 

MET+CYS 0.72 0.98 1.46 1.44 1.13 1.23 1.20 2.01 

TRY 0.18 0.31 0.43 0.42 0.33 0.36 0.35 0.55 

GLY 1. 00 0.99 2.59 2.54 1.71 1.96 1.88 2.95 

PHE 0.63 1. 08 1.55 1.42 1.17 1.28 1.24 1.95 

TYR 0.54 1. 08 1. 65 1.62 1.22 1.34 1.30 2.05 

VAL 0.72 1.13 1.64 1.61 1.22 1.34 1.29 2.05 

LEU 1.18 1. 79 2.52 2.49 1.94 1.83 1.80 3.10 

ILE 0.70 1.12 1.50 1.48 1.15 1.25 1.21 1.92 

THR 0.74 0.88 1.04 1.02 0.82 0.88 0.86 1.36 

His 0.30 0.59 0.90 0.88 0.65 0.72 0.70 0.83 



141 

REFERENCES 

Altschul, A. M. 1962. Seed Proteins and World-Food Problems. 
Econ. Bot. 16:2-13. 

Association of Official Analytical Chemists. 1970. Official 
Methods of Analysis, 11th edition, Washington, D. C. 

Baghdadi, A. K. 1975. Studies on Buffalo Gourd Seed and Meal 
for poultry. M.S. thesis, American University of 
Beirut, Beirut, Lebanon. 

Bemis, W. P., J. W. Berry, M. J. Kennedy, D. Woods, M. Moran, 
and A. J. Deutschman Jr. 1967. oil Composition of 
Cucurbita. J. Am. oil Chern. Soc. 44(7), 429. 

Bemis, W. P., L. C. Curtis, C. W. Weber, J. W. Berry, and J. 
M. Nelson. 1975. The Buffalo Gourd (Cucurbita 
foetidissima) HBK, a Potential Crop for the 
Production of Protein, Oil, and Starch on Arid 
Lands. Tech. Series Bul. Nol 15; Office of Agric., 
Tech. Assist. Bureau, A. I. D. 

Bemis, W. P., J. W. Berry, C. W. Weber. 1977. Nonconventional 
Proteins and Foods, Madison, WI., Oct. 18-20, 
conference proceedings No. 77. Univ. of Wisconsin. 

Bemis, W. P., L. C. curtis, C. W. Weber and J. W. Berry. 
1978a. The Feral Buffalo Gourd, Cucurbita 
foetidissima. Econ. Bot. 32, 87. 

Bemis, W. P., J. W. Berry, C. W. Weber and T. W. Whitaker. 
1978b. The Buffalo Gourd: A Potential Horticultural 
Crop, Hort. Sci. 13:235. 

Berry, J. W., W. P. Bernas, C. W. Weber and T. Philip. 1975. 
Cucurbi t Root Starches Isolation and some Properties 
of Starches from Cucurbita foetidissima. HBK. and 
Cucurbita digitata. Gray. Jour. Agr. and Food Chern. 
23: 823-826. 

Berry, J. W., C. W. Weber, M. L. Dreher and W. P. Bernas. 1976. 
Chemical composition of Buffalo Gourd, A potential 

Food Source. Jour. Food Sci. 41: 465-466. 

Berry, J. W., J. C. Scheerens, and W. P. Bernas. 1978. Buffalo 
Gourd Roots: Chemical composition and Seasonal 



142 

Changes in starch Content. Jour. Agric, Food Chem. 
26: 354-356. 

Bolley, D. S., McCormack, R. H., and L. C. curtis. 1950. The 
Utlization of the Seeds of the Wild Perennial 
Gourds. Jour. Am. oil Chem. Soc. 27: 571. 

Brady, N. C. 1981. Food and Resource Needs of the World. In 
Advances in Food-producing Systems for Arid and 
Semi-Arid Lands, J. T. Manassah and E. J. Briskey, 
eds. Academic Press: New York. 

Contradi, H. G. 1939. Estudios geneticos en Cucurbita y 
Consideraciones Agronomicas. Physis 18: 331-347. 

Cossack, Z. T., L. B. Waymack, C. W. Weber, and J. C. 
Scheerens. 1979. Nutritional Availability of Buffalo 
Gourd (Cucurbita foetidissima) Residue for Sheep. 
Proc., Western Sect., Am. Soc. Anim. Sci. 30: 156-
158. 

Cossack, Z. T., C. W. Weber, and J. D. Schuh. 1981. Effects of 
Some Chemical Treatment on the Fermentation of 
Buffalo Gourd Vines in vitro. Presented, 73rd Annual 
Meeting, Am. Soc. Anim. Sci. N. C. State University. 
July 26-29. 

Culter, H. C. and W. Whitaker. 1961. History and Distribution 
of the Cultivated Cucurbits in the Americas. Am. 
Antiguity. 26: 469-385. 

curtis, L. C. 1946. The possibilities of Using species of 
Perennial Cucurbits as a Source of Vegetable Fats and 
Proteins. Chemurg. Dig. 5: 221. 

curtis, L. C. 1974. The Demostication of a Wild Perennial 
Xerophtic Gourd, Cucurbita foetidissima, The Buffalo 
Gourd. Arid Lands Develomental Program. The Ford 
Foundation, Buirut, Lebanon. 1968-1971. Progress 
Report I. A Search for Superior Plants. 

Daghir, N. J., H. K. Mahmoud, and A. EI-Zein. 1980. Buffalo 
Gourd (Cucurbita foetidissima) Meal: Nutritive Value 
and Detoxification. Nutr. Rep. Int. 21(6): 837-847. 

Daghir, N. J., and J. L. Sell. 1980. Buffalo Gourd (Cucurbita 
foetidissimal Seed and Seed Components for Growing 
Chickens. Nutr. Rep. Int. 22(3): 445-452. 



143 

Daghir, N. J., and I. M. zaatari. 1983. Detoxification and 
Protein Quality of Buffalo Gourd Meal (Cucurbita 
foetidissima) for Growing chickens. Nutr. Rep. Int. 
27(2): 339-346. 

David, A. and D. K. Vallance. 1955. Bitter Principles of 
Cucurbitaceae. J. Pharm. Pharmacol. 7: 295-296. 

DeVeaux, J. S. and E. B. Shultz Jr. 1985. Development of 
Buffalo Gourd (Cucurbita foetidissima) as a Semi-arid 
land Starch and oil Crop. Economic Botany, 39 (4): 
454-472. 

Dittmer, H. J. and B. P. Talley. 1964. Gross Morphology of 
Taproots of Desert Cucurbits. Bot. Gaz. 125:121. 

Douglas, J. H., and N. J. Daghir. 1987. Buffalo Gourd Seed in 
Broiler Starter Rations Under Different Dietary 
Regimens. Poultry Science, 66: 1372-1378. 

Dreher, M. L., C. W. Weber, W. P. Bemis, and J. W. Berry. 
1980. Cucurbita Seed Coat Composition. J. Agric. Food 
Chemistry 28 (2): 364-366. 

Dreher, M. L., J. C. Scheerens, C. W. Weber, and J. W. Berry. 
1981. Nutritional Evaluation of Buffalo Gourd Root 
Starch. Nutr. Repts. Int. 23: 1-8. 

Dreher, M. L. and J. W. Berry. 1983. Buffalo Gourd Root 
Starch. I. properties and Structure. Starch / Starke. 
35: 76. 

Dreher, M. L." A. M. Tinsley, J. C. Scheerens and J. W. Berry. 
1983. Buffalo Gourd Root Starch. Part II. Rheologic 
Behavior, Freeze-thaw Stability and suitablity for Use 
in Food Products. Starch / Starke. 35: 157. 

Felger, R. S. and G. P. Nabhan. 1976. Deceptive Barreness. 
Ceres/ FAa Review on development. 9 p. 34-39. 

Flaifel, F. 1983. Effect of Different Detoxification Methods 
of Buffalo Gourd Meals as Tested by chick performance. 
Master thesis, American university, Biurut, Lebanon. 

Freedman, R. and B. Berelson. 1974. The Human Population. 
Science 231(3): 31-39. 

Gathman, A. C., D. Grygiel, A. Kartman, N. MacDonald, D. 
Marburger, and J. W. Berry. 1979. A Solar Energy 



144 

Fermentation Process for Fuel Alcohol Production from 
Xerophytic starches. Report to National Science 
Foundation, Washington, D. C. 

Gathman, A. C., and W. P. Bemis. 1983. Heritability of Fatty 
Acid Composition of Buffalo Gourd Seed oil. J. 
Heredity 74: 199-200. 

Gathman, A. C., and W. P. Bemis. 1985. The History, Biology 
and Chemistry of the Buffalo Gourd, Cucurbita 
foetidissima, HBK. The biology and Chemistry of the 
Cucurbitaceae. R. W. Robison, ed. Cornell Univ. 
Ithaca. N. Y. 

Girgis, P., and F. Said. 1968. Lesser Known Nigerian Edible 
oil and Fats. I. Characteristic of Melon Seed oils J. 
Sci. Food Agric. 19: 615-616. 

Goodman, L. A., and J. W. Berry. 1986. Phospholipids of three 
xerophytic Cucurbit Seed oils. J. Am. oil Chern. Soc. 
JAOCS, 63 (1): 98-100. 

Hale, W. H., C. Lambeth, B. R. Theurer, D. E. Ray. 1969. 
Digestablity and utilization of Cottonseed Hulls by 
Cattle. J. Anim. Sci. 129, 773-776. 

Henderson, C. W., J. C. Scheerens, and J. W. Berry. (1986). 
Antinutritional Factors in Cucurbita Seed Meals. J. 
Ag. Food chern. 

Hensarling, T. P., Thomas, J. J. and A. N. Booth. 1973. 
Cucurbit Seeds II. Nutritive Value of Storage Protein 
Isolated from Cucurbita foetidissima. J. Agr. Food 
Chern. 21, 989. 

Hogan, L., and W. P. Bemis. 1983. Buffalo gourd and jojoba: 
Potential New Crops for Arid Lands. Advances Agron. 
36: 317-349. 

Howe, W. L., and A. M. Rodes. 1973. Host Relationships of the 
Squash Vine Borer, Melitta Cucurbitae, with Species of 
Cucurbita. Ann Entomol. Soc. Amer. 66: 266-269. 

Howe, W. L., and A. M. Rhodes. 1976a. Phytophagous Insect 
Associations with Cucurbita in Illinois. Envir. 
Entomol. 5: 747-751. 

Howe, W. L., J. R. Sanborn, and A. M. Rhodes. 1976b. Western 
Corn Rootwarms and Spotted Cucumber Beetles 



145 

Associations with Cucurbita and Cucurbitacin. Enivr. 
Entomol. 5: 1043-1048. 

Hurd, P. D. Jr., E. G. Linsley and T. W. Whitaker. 1971. 
Squash and Gourd Bees (peponapis, Xenoglossa) and the 
Origin of the Cultivated Cucurbita. Evolution 25: 218-
234. 

Jacks, T. J., T. P. Hensarling, and L. Y. Yatsu. 1972. 
Cucurbit Seeds: I. Characterizations and Uses of Oil 
and Proteins. A Review. Econ. Bot. 26: 135-141. 

Khoury, N. N., S. Daghir, W. Sawaya. 1982. Chemical and 
Physical Characteristics, Fatty Acid Composition and 
Toxicity of Buffalo Gourd Oil. J. Food Technol. 17: 
19. 

Lancaster, M., R. Storey, N. W. Bower. 1983. Nutrional 
Evaluation of Buffalo Gourd: Elemental Analysis of 
Seed. Econ. Bot. 37(3): 306-309. 

The Merck Index. 1989. eleventh edition. published by Merck & 
Co. Inc. Ranway, N.J. 

Metcalf, R. L., A. M. Rhodes, E. R. Metcalf. 1981. Monitoring 
and controlling Corn Rootwarm Beetles with Bait of 
Dried Bitter Cucurbita Hybrids. Cucurbit Genetics 
Rept. No.4. 

Metcalf, R. L., A. M. Rhodes, R. A. Metcalf, J. Ferguson, E. 
R. Metcalf, and P. Lu. 1982. Cucurbitacin Content and 
Diabroticete (Coleoptera: Chrysomelidae) Feeding upon 
Cucurbita spp. Envir. Entomol. 11: 931-937. 

Morrison, F. B. 1956. Feeds and Feeding (22nd ed.). The 
Morrison Publishing Company, Ithaca, N.Y. 

National Acadenmy of sciences, Rapid Population Growth (Johns 
Hopkins Press, Baltimore, 1971. Vol. 1 and 2. 

Nabhan, G. 1980. Ethanobotany of Wild Cucurbits in Arid North 
America, An Annotated Bibliography. Unpub. MS, Dept. 
Plant Sciences, Univ. Arizona, Tucson AZ. 

Nelson, J. M., J. C. Scheerens, J. W. Berry, and W. P. Bemis. 
1983. Effect of Plant population and Planting Date on 
Root and Starch Product in of Buffalo Gourd grown on an 
annual. J. Amer. Soc. Hort. Sci. 108: 198-201. 



146 

Niethammer, C. 1974. American Indian Food and Lore. Macmillan, 
New York. 

Olubajo, F. O. 1981. The Feeding Value of Two Tropical Grass 
and Grass-Pineapple Pulp Silages. Worls Reveiw of 
Animal Production. Vol. XVII no. 4 Oct-Dec. 37-42. 

Pearson, P. B. 1980. World Nutrtion: an overveiw. In 
Nutrition, Food and Man: an interdisciplinary 
perspective. P. B. Pearson and R. Greenwell, ed. Univ. 
Arizona Press: Tucson. 

Pimental, 0., W. Dritschilo, J. Krummel and J. Kutzman. 1975. 
Energy and Land Constraints in Food Protein 
Production. science. 190: 754-761. 

Rehm, S., P. R. Enslin, A. D. J. Mecuse, and J. H. Wessels. 
1955. Bitter Principles of the Cucurbitaceae. VII. The 
Distribution of Bitter Principles in This Plant 
Family. J. Sci. Food Agric. 8: 679-686. 

Revelle, R. 1976. The Resources Available for Agriculture. 
Science. Am. 235: 165. 

Ritchie, G. A. 1979. Introduction in: New Agricultrual Crops. 
AAAS. selected symposium series 38. G. A. Ritchie, ed. 
westview Press. Boulder, CO. 

Rosemeyer, M. E., B. H. Wells and A. Zeid. 1982. Diseases of 
the Buffalo Gourd, Cucurbita foetidissima, in Arizona. 
Phytopathology. 72: 955. 

Sabir, M. S., F. W. Sosulski, N. W. Hamon. 1975. Sunflower 
Carbohydrates. J. Agric. Food Chem. 23(1): 16-19. 

Scheerens, J. C., W. P. Bemis, M. L. Dreher, and J. W. Berry, 
1978. Phenotypic Variation in Fruit and Seed 
Characteristics of Buffalo Gourd. J. Amer. Oil Chem. 
Soc. 55: 523-525. 

Scheerens, J. C., M. L. Dreher, W. P. Bemis, and J. W. Berry. 
1983. Buffalo Gourd Root Starch, Part III. Effects of 
Plant Age and spacing upon the Physico-chemical and 
Rheological Properties. Starch/ Starke. 35: 193-198. 

Scheerens, J. C., and J. W. Berry. 1986. Buffalo Gourd: 
Compositin and Functionality of Potential Food 
Ingredients. Cereal Foods World. 31: 183-192. 



147 

Schmidt, E. W., S. L. Mathieu, and E. B. Shultz, Jr. 1982. 
Seeds as Fuels in Simple Cookstove. In Solutions to 
the Firewood Crisis. Aprovecho Institute, cottage 
Grove, OR. 

Schurch, A. F., L. E. Lloyd and E. W. crampton. 1950. The Use 
of Chromic oxide as an index for Determining the 
Digestability of a Diet. J. Nutr. 41, 629. 

Shahani, H. S., F. G. Dollear, K. S. Markley, and J. R. 
Quimby. 1951. The Buffalo Gourd, a Potential Oil-seed 
Crop of the Southwestern Drulands. J. Amer. oil Chern. 
Soc. 28: 90. 

Sharama, G. C., and C. V. Hall. 1971. Influence of 
Cucurbitacins, Sugar, and Fatty Acids on Cucurbit 
Susceptibility to Spotted Cucumber Beetles. J. Amer. 
Soc. Hort. Sci. 96: 
675-680. 

Sharama, G. C., and C. V. Hall. 1973. Relative Attractance of 
Spotted Cucumber Beetle to Fruits of Fifteen Species 
of Cucurbitaceae. Enviren. Entomol. 2: 154-156. 

Steel, R. G. D., and J. H. Torrie. 1980. Principles and 
Procedures of statistics. McGraw-Hill Book Co. Inc., 
New York. 

Thompson, S. A., C. W. Weber, J. W. Berry, and W. P. Bemis. 
1978. Protein Quality of Buffalo Gourd Seed and Seed 
Fractions. Nutr. Rep. International. 18(5): 515-519. 

Tu, M., W. D. Eustace, and C. W. Deyoe. 1978. Nutritive Value 
of Buffalo Gourd Seed Protein. Amer. Association of 
Cereal Chern. sept.-oct. 55: 766-772. 

Van Soest, P.J. 1963. Use of Detergents in the Analysis of 
Fibrous Seeds. A Rapid Method for the Determination 
of Fiber and Lignin. J. Assn Offic. Agr. Chern. 46: 
829. 

Vasconcellos, J. A., J. W. Berry, C. W. Weber, J. C. Scheerens 
and W. P. Bemis. 1980. The properties of Cucurbita 
foetidissima Seed oil. J. Amer. oil Chern. Soc. 57: 
310. 

Vasconcellos, J. A., W. P. Bemis, J. W. Berry, and C. W. 
Weber. 1981. The Buffalo Gourd, Cucurbita foetidissima 
HBK as a Source of Edible oil. pg. 55-68 in: New 



148 

Sources of Fats and oils. E. H. Pryde, L. H. Pricen, 
and K.D. Mukherjee, eds. AOCS. Champaign, IL. 

Vasconcellos, J. A., and J. W. Berry. 1982. Characteristics of 
Laboratory-processed Cucurbita foetidissima Seed oil. 
Amer. oil Chem. Soc. 59: 79. 

Watt, J. M., and M. G. Breyer-Brandwijk. 1962. The Medicinal 
and Poisonous plants of Southern and Eastern Africa. 
E. and S. Livingston Ltd., Edinburgh and London. 

Weber, C. W., W. P. Bemis, J. W. Berry, A. J. Deutschman, and 
B. L. Reid. 1969. Protein Evalution of Two species of 
Cucurbita Seeds. Proc. Soc. Expt. BioI. and Med. 130: 
761- 765. 

Weber, C. W., J. W. Berry, and T. Philip. 1977. citrullus, 
Apodantera, Cucurbi ta, and Hibiscus Seed Protein. Food 
Tech. 31 : 182. 

Weber, C. W. 1979. Unpublished data. 


