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ABSTRACT 

This research sought to determine the physical and 

chemical characteristics of crude C. foetidissima oil, to 

find the most appropriate conditions of refining, bleaching, 

and deodorization processes, in order to convert the crude 

oil into one with the best possible "edible" properties, and 

to determine its nutritional value. 

The oil has physical and chemical properties which 

are within the ranges of other vegetable edible oils. C. 

foetidissima oil has a highly unsaturated nature, with a 

fatty acid composition somewhat similar to that of safflower 

oil, linoleic acid representing about 61% of the total fatty 

acids -

Triple refining process of the crude oil, followed 

by clarification with activated bleaching earth and deodor

ization at 210°C for 120 minutes produced an oil of good 

quality and a nutritional value comparable to that of corn 

oil when included in the diet of weanling mice, at the 4% 

level. Higher levels of the oil in the diet, however, re

sulted in impaired growth and poorer efficiency of food 

utilization. Liver enlargement was apparent in mice fed C. 

foetidissima oil diets. 

The results obtained suggest that natural anti-

nutritional factors could be present in the crude oil or are 

xi 



xii 

formed during the processing operations. It also appears 

that due to the nature of this oil, a physical separation 

from the other components of the feed mixture could have 

occurred at the higher oil levels in the diets; as a conse

quence, the animals fed on a diet that was not nutritionally 

balanced, affecting growth and food consumption. 

In view of the potential of this oil as a food 

and/or feed, and the biological effects observed in this 

study, further investigations are recommended in order to 

prove its nutritive value. 



INTRODUCTION 

Cucurbita foetidissima HBK, the feral xerophytic 

buffalo gourd, was investigated as a possible source of 

edible oils for humans. Of the various components, probably 

the seed oil from this plant is likely to have a major eco

nomic value. The seed protein may also prove very valuable 

to mankind. 

Studies of buffalo gourd as a potential crop for 

production of oil and protein on arid lands characterize it 

as an oilseed on the basis of its oil levels. Oil contents 

as high as 50% by weight in the decorticated seeds have been 

reported (Jacks, Hensarling, and Yatsu, 1972). The tri

glycerides in the oil of cucurbit seeds have a high level of 

unsaturated fatty acids. The presence of conjugated 

trienoic fatty acids in the seed oil of some cucurbit 

species is reported to be as high as one-third of the total 

fatty acids. This could limit the use of these oils for 

edible purposes. This characteristic, however, seems to 

belong to only a few of the cucurbit species; nevertheless 

exhaustive investigation has not been carried out in this 

respect. 

Little agronomic information is available concerning 

the buffalo gourd, although work in this area has begun at 

this University. Curtis (1946) estimated a potential yield 

1 
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of 3,300 kg of seeds/ha in desert regions. Limited experi

mental plantings in Texas produced seed yields ranging from 

777 to 2,175 kg/ha (Shahani, Dollear, and Markley, 1951). 

The fatty acid composition indicates that certain 

cucurbit seeds and particularly those of C. foetidissima can 

be valuable sources of edible oils. Linoleic acid repre

sents as much as 65% of the total fatty acid composition of 

the oil triglycerides; other cucurbit species could be 

potentially valuable sources of drying oils. 

Even though a specific and complete study on the 

processing characteristics and behavior of C. foetidissima 

oil has not been carried out, it seems that due to its 

physical and chemical characteristics, the oil from the 

seeds of this plant could become a major market commodity, 

comparable to soybean, corn, or cottonseed oils. 

In summary, C. foetidissima oil is a polyunsaturated 

oil which is probably suitable as an edible oil. However, 

as already indicated, to become a major commodity, the 

edible characteristics of the oil need to be established 

through appropriate processing conditions. 

The purpose of this project was to characterize the 

oil, to determine changes in its original properties during 

processing, and its nutritional evaluation. In order to 

accomplish these goals, this investigation was divided into 

the following three phases: 



3 

1. Oil variation studies. The general physical and 

chemical characteristics of the crude oil from the 

seeds of a number of different plants of C. 

foetidissima were analyzed and compared for differ

ences so that possible improvement could be manipu

lated through plant breeding and experimentation. 

2. Oil processing studies. A representative sample of 

C. foetidissima oil, obtained from a single lot of 

seeds in order to minimize variability, was used to 

study processing conditions of the oil. 

The crude oil was characterized and processed in the 

laboratory to a final edible product through refining, 

bleaching, and deodorization operations. Samples of this 

oil at different stages of processing were also character

ized, evaluated, and compared with the original crude oil. 

Different conditions of processing during refining, 

bleaching, and deodorization steps were studied in order to 

select the most appropriate conditions for production of the 

best quality oil. 

3. Evaluation of the final product, nutritional studies. 

The processed oil ("refined, bleached, and deodor

ized") was studied for physical and chemical charac

teristics, oxidative stability, and nutritional 

quality in order to determine the possible 
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utilization of C. foetidissima oil as a food and/or 

feed component. 

The nutritional evaluation of the oil was carried 

out through experimental feedings of weanling mice using 

three levels of the oil in the diets. Tests were made to 

determine the nutritional value of the diets to which the 

oil was added in terms of growth, feed efficiency, relative 

organ weight, digestibility, and other parameters considered 

valuable for a final evaluation of the oil. 



REVIEW OF LITERATURE 

Economic Implications of Oil-Bearing Materials: 
the Place for C. foetidissiraa Oil 

For many centuries, many oil-bearing fruits and seeds 

have been grown with great ingenuity in countries all over 

the world for use as food and many other purposes. More 

than 100 varieties of plants are known to have oil-bearing 

seeds, but for a number of reasons, only about a dozen are 

commercially significant. Of these, the most important 

edible oils are derived from soybean, cotton, olive, oil 

palm, sunflower, and safflower, with oil content ranging 

from 18 to 60% of the total weight of the seeds or fruit 

meat (Scheerens et al., 1978) 

Chemically speaking, triglycerides, i.e., esters of 

glycerol and fatty acids, are the major components of oils and 

fats. Since they share the glycerol molecule, the different 

properties of the oils and fats are determined largely by 

their fatty acids. Three aspects are important in this 

sense, the chain length of the fatty acids, the number and 

position of double bonds in the chain, and the position of 

the fatty acids on the glycerol molecule. 

Neglecting minor quantities of higher and lower 

molecular weight fatty acids and trace amounts of odd 

carbon number fatty acids present in vegetable oils, the 

5 
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fatty acid chain length varies between 12 and 22 carbon 

atoms with up to three double bonds. The most important 

saturated fatty acids are lauric (C12)> myristic (C14), 

palmitic (Clg), stearic (C^g), arachidic (C2Q)/ and behenic 

(C22)• The most important monounsaturated fatty acids are 

oleic (C 1 8. 1) and erucic (C22-1 t^ l e  ̂ unsaturated 

fatty acids, linoleic acid (c^g.2) particularly important 

for its nutritional significance in non-ruminant animals. 

The major triunsaturated acid is linolenic (^8.3) • Geo

metrical isomers of unsaturated fatty acids are also of 

interest. Cis and trans configurations have different 

physical and physiological properties and their nutritional 

implications are actively debated. 

The position of the various fatty acids on the 

glycerol molecule as well as whether the three fatty acids 

are the same or different determine oil characteristics. 

Consequently, the best characterization of vegetable oils is 

according to their typical fatty acid composition. 

Several attempts have been made to classify vege

table oils on the basis of their fatty acid composition. 

Swern (1964) classifies them on the basis of the principal 

fatty acid in their structures with grouping based on lauric 

acid, oleic acid, medium linoleic acid) high linoleic acid 

level, and erucic acid. 

The lauric acid oils are characterized by a high 

amount of C12 saturated fatty acids, i.e., more than 40% and 
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a relatively low unsaturation. Palm oil is characterized by 

its high palmitic acid content which varies between 35 and 45 

45%. Palm oil also contains high amounts of carotenoids, 

mainly a and 6 carotenes, which give the oil a deep orange 

color. 

The oleic acid group comprises oils containing 

80-85% unsaturated fatty acids, mostly oleic acid. The re

maining 10-15% fatty acids are saturated. Olive oil is 

typical of this group. 

The medium linoleic acid level oils include soy

bean, cottonseed, and corn oils, each containing 40-55% 

linoleic acid. They are important for the production of 

cooking and salad oils as well as margarines. The relatively 

high level of linolenic acid in soybean oil is held re

sponsible for the characteristic flavor changes in the oil. 

This tends to restrict its application to production of 

cooking oils and margarines, prior to its partial hydrogena-

tion in order to reduce the linolenic acid levels. 

Corn oil, on the other hand, is used mainly as a 

cooking and salad oil. It is generally too expensive for 

margarine manufacture except in countries with significant 

corn production. The main high linoleic acid level oils are 

from sunflower and safflower. Sunflow&r oil, with as much 

as 72% linoleic acid, is a major supplier of essential fatty 

acids. Safflower oil, with as much as 75% linoleic acid, is 

at present grown only in small quantities as an oil seed 
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crop, but it seems likely to become more important in the 

future due to the increasing demand for high linoleic acid 

oils. 

Rapeseed oil is high in erucic acid. This fatty acid 

has been reported to be physiologically harmful to humans. 

Rapeseed oil contains 25-50% erucic acid depending upon the 

variety. It also contains linoleic acid at levels comparable 

to those of soybean oil. Due to its importance in Europe, 

Canada, and several other countries, new rapeseed varieties 

containing low erucic acid levels have been developed in 

recent years. They contain less than 5% of this acid. In

stead of erucic acid, oleic acid is formed. 

In the past twenty years, special attention has been 

paid to the so-called essential fatty acids of the polyun

saturated type, of which the most important in vegetable 

oils in linoleic acid. These fatty acids are essential in 

the sense that they are needed in the human body and can not 

be synthesized in the cells in sufficient quantities. 

A study of the oil from C. foetidissima seeds indi

cates that it is a semi-drying oil (Shahani et al., 1951) 

with physical and chemical characteristics somewhat in 

between those of soybean and safflower oils. It can be 

classified with the oils belonging to the medium and high 

linoleic acid groups. 

Cucurbit seed oil has a high level of unsaturated 

fatty acids. Linoleic acid is the major fatty acid 
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component of the oil comprising 45 to 65% of the total fatty 

acids (Bemis, Berry, et al., 1967; Berry et al., 1976). 

The oils from the seeds of other cucurbit plants 

have been found to contain about one-third of their unsatura-

tion in the form of conjugated trienoic fatty acids (Bolley, 

McCormack, and Curtis, 1950). The most likely is punicic 

acid (cis-9, cis-11, trans-13 octadecatrienoic acid), a 

conjugated trienoic fatty acid first isolated from pome

granate seeds by Toyama and Tsuchiya in 1935 which under the 

influence of light is converted to 3-eleostearic acid 

(trans-9, trans-11, trans-13 octadecatrienoic acid). 

Punicic acid has been found in quantities ranging up to 20% 

in the oil from Cucurbita digitata (Bemis, Moran, et al., 

1967). Other cucurbit seeds are a valuable source of edible 

oils and are used for cooking purposes in countries other 

than the United States (Curtis, 1946; Girgis and Said, 1968). 

C. foetidissima oil would rank second to safflower 

oil on the basis of its linoleic acid content and the ratio 

of unsaturated to saturated fatty acids. It has a linoleic 

acid content of 61% while safflower oil has a level of 75% 

(Table 1). 

The oils most commonly used for cooking are corn, 

soybean, and cotton seed oils. These oils have 54, 51, and 

40% linoleic acid, respectively. The ratios of unsaturated 

to saturated fatty acids for corn and soybean oils are 3.18 

and 3.40 while that of C. foetidissima oil is 4.45. 



Table 1. Fatty acid composition of various vegetable oils. 

Fatty acids 
' 

Kind of oil Unsat/Sat Myristic Palmitic Stearic Oleic Linoleic Linolenic 

% 

Safflower 6.82 T 8.0 3.0 13.0 75.0 1.0 

C. foetidissima 4.45 0.2 9.3 4.2 23.1 61.0 1.5 

Soybean 3.40 T 11.0 4.0 25.0 51.0 9.0 

Corn 3.18 - 13.0 4.0 29.0 54.0 T 

Peanut 2. 00 T 6.0 5.0 61.0 22.0 T 

Cottonseed 1.18 1.0 29.0 4.0 24.0 40.0 T 

Olive 1.00 T 14.0 2.0 64.0 16.0 2.0 

aFrom Bemis et al. (1975), 

Ratio of Unsaturated to Saturated Fatty Acids. 
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The feasibility of using C. foetidissima seeds for 

edible oil production, except for the possible presence of 

conjugated trienoic fatty acids, can be justified from the 

examination of other oilseeds (Table 2). C. foetidissima 

seeds with 31.4% oil rank second to sesame seeds with an oil 

content of 42.9%. 

Table 2. Oil content of several seeds. 

Source Oil Content (%) 

Sesame 42.9 

C. foetidissima 31.4 

Safflower 30.0 

Sunflower 25.9 

Cotton 22.9 

Soybean 17.4 

At the present time, oil-bearing materials have an 

immediate relevance to the nutrition of the world's popula

tion. The economy of developing and developed countries 

depends to a greater or lesser extent on their cultivation 

and export. They are the subject of agricultural policies 

of national and international organizations, and research 

efforts are directed to improvement of their genetic 

characteristics for more efficient varieties. Oil-bearing 
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fruits and seeds form the basis of a technology and an 

industry from which the main products manufactured are 

vegetable oils and protein containing meals. 

Probably the growth of the edible oil industry is 

more closely related to the development of soybean oil as a 

major commodity than to any other edible oil of importance 

today. 

The tremendous progress in the technology of soybean 

oil production and processing for human consumption, with 

its origin during the early years of the Second World War, 

has converted this oil into one of major importance in the 

world economy. It has also contributed to a great extent to 

the understanding of a technology that has allowed the 

development of other oils of vegetable origin as important 

commodities of the food chain supply. 

When soybean was first produced commercially in the 

U. S. in 1922, the greater portion of it was used for non-

edible purposes such as the manufacture of paints, linoleums, 

and soap (Moser et al., 1950). In the early 1940's, soybean 

oil was still not considered a good edible oil. Only under 

the exigencies of World War II was it added to margarines, 

and then with an absolute limit of 30% (Dutton, 1978). By 

1943, however, there was a decrease in'the "drying oil" 

usage and a large increase in the edible use. About 90% of 

the soybean oil in that year went for edible purposes 

(Alders, 1945). 
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By 1948, the utilization of soybean oil for food had 

increased to about 1,100 million pounds (Moser et al. , 

1950), of which about 70% went into shortenings, 20% into 

margarines, and about 10% into salad oils and other food 

products. 

This history of soybean oil is a story of progress 

from a minor edible oil in the 1940's to the major edible 

oil, labelled on premium products, of the 19 70's. It is 

also a story of cooperation of research and industrial 

implementation of research findings that can be well applied 

to other potential edible oils including the one from C. 

foetidissima. 

Total world production of edible vegetable oils has 

grown exponentially over the past twenty years and reached 

about 30 million tons per year in 1975 (Langstraat, 1976). 

This represents about two-thirds of the total fat supply of 

the world. Soybean oil's share of total world consumption 

is relatively small but it is undergoing a moderate increase. 

In 19 71-72 it was 17%, the following season 19%, and about 

21% during the 1974-75 season (Langstraat, 1976). 

The reason for this poor growth is the rapidly in

creasing world production of palm oil and other oils which 

are available at prices substantially below that of soybean 

oil. Thus competition for markets is developing between 

soybean oil and vegetable oils from other seed sources, with 

a rather significant economic advantage for the latter. 



14 

C. foetidissima has been recognized as a potential 

source of food and feed for about thirty years. Wood and 

Jones (19 43) reported the physical and chemical character

istics of its oil as early as 1943. Although no recommenda

tion was made concerning its potential utilization, the 

authors indicated that it had a bland fatty taste with a 

"peculiar fatty odor" present in the crude oil. 

Curtis (1946) was the first to recognize the possi

bilities of perennial xerophytic cucurbits as a source of 

oil and protein and proposed their investigation for these 

purposes. Further studies by Ault, Swain, and Curtis (1947); 

Bolley et al. (1950); and Shahani et al, (1951) reported the 

possible utilization of the oil from C. foetidissima and 

other perennial gourds as edible products. Shahani et al. 

(1951) processed the oil through refining, bleaching, and 

deodorization steps and obtained a stable oil, showing no 

flavor reversion and good general qualities. They reported 

the oil, however, to be of inferior quality to other common 

edible oils such as cottonseed, peanuts, and soybeans at 

every step of processing. Their study has been the only one 

reported to date to demonstrate the possibilities of C. 

foetidissima oil as an edible product. 

C. foetidissima is a vigorous and highly drought-

resistant plant indigenous to the Great Plains, the South

western United States, and Northern Mexico. It is known to 

grow wild in South Dakota, Nebraska, Kansas, Missouri, 
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Oklahoma, Texas, New Mexico, Colorado, Utah, Arizona, and 

California; and in Mexico as far south as Guanajuato (Bolley 

et al., 19 50). C. foetidissima produces a prodigious 

quantity of leaves and stems and abundant fruits containing 

seeds rich in oil and protein. 

Physical and Chemical properties of £. 
foetidissima Oil: Previous Studies 

The first study on the physical and chemical charac

teristics of the oil from C. foetidissima seeds was that by 

Wood and Jones (19 43) who reported it to be of a yellowish-

green color when viewed in thin layers and of a brownish-red 

color in larger volumes. The oil contained very small 

amounts of glycerides of hydroxylated acids. The values 

obtained for refractive index, iodine, and saponification 

values indicated that the characteristics of the oil were 

similar to those of other common edible oils. 

One of the limitations of the oils from perennial 

gourd seeds is the reported presence of conjugated fatty 

acids as found by Ault et al. (1947). A definitive indica

tion of the presence of these fatty acids in C. foetidissima 

oil has not been completely established. 

Average values for crude oil in C. foetidissima, as 

analyzed by several authors, have been found in the range of 

30%. Weber, Berry, and Philips (1977) indicated a crude 

protein level of about 33% and crude fat content of 33% for 
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the whole seed and about 38% protein and 48% fat for the 

dehulled seeds. 

Curtis (19 74) found a large variation in the values 

of fifty different individual plants, while Jacks et al. 

(1972) calculated that the average amount of oil in de

corticated seeds was around 50%. 

In his nursery in Lebanon, Curtis observed and 

described seven unique plant types among a population of 730 

plants from a rather limited number of crosses and selfs, 

all originating from a common sedd source. In 1950, he made 

oil and protein analyses from fifty selected plants and 

found that the oil content from the seeds of different 

plants varied from 25.6 to 42.8%. It is not known if these 

differences were significant, but they obviously suggested 

that genetic differences did exist for oil content and 

probably for protein content as well, and thus chosen 

varieties could be selected to improve oil and protein 

content and quality. 

Processing of Vegetable Oils; Refining, 
Bleaching, Deodorization 

Crude vegetable oils contain variable amounts of 

non-glyceride impurities, such as free fatty acids, non-

fatty materials generally classified as "gums" or phospha

tides, color pigments, moisture, and dirt, which render the 

unrefined oil more or less unfit for human consumption. 

Most of these impurities are also detrimental to finished 



product color, flavor, foaming, and smoking stability, and 

must be removed by a purification process. Tocopherols, 

however, being natural antioxidants, perform the important 

function of protectors of oil oxidative stability. 

CH 
a-tocopherol 

HO—i 

CH CH CH 

'(CH0)_-CH- (CH JL-CH-CH- (CHJ--CH 

CH 

Tocopherols are colorless, heat stable, and generally 

inert. For these reasons they may be classified as highly 

desirable constituents of most oils and fat products. 

The objective of oil processing operations is to 

remove objectionable impurities with the least damage to the 

triglycerides and tocopherols and minimum loss of oil. 

The primary crude oil processing system is a combina

tion of degumming and caustic soda refining. In one option, 

crude oil may be degummed before refining. This is done 

when the crude oil contains relatively high levels of food 

grade gums, which can be recovered as a byproduct and used 

as an emulsifier in the manufacture of margarine and other -

products. Crude or degummed oils are treated with caustic 

soda to saponify certain impurities which are then removed 

as soapstock by centrifugation. 
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The refined oil is washed and centrifuged to remove 

the last traces of soap, dried under vacuum, bleached, and 

finally deodorized prior to its utilization for edible 

purposes. 

Certain oils, such as soybean oil, contain con

siderable quantities of gums and phosphatides which are 

excellent emulsifying agents. Since these compounds could 

lead to very high losses if they are present during the lye 

treatment of the oil, it is necessary to degum such oils 

before lye refining. The degumming process exploits the 

fact that natural gums are wholly or partially soluble in 

the crude oil, but on hydration, they form compounds in

soluble in it which can be readily separated by centrifuga-

tion. 

Because of the commercial value of lecithin as an 

emulsifying agent, crude soybean oil is frequently degummed 

prior to refining. 

The principal naturally occurring phosphatides in 

vegetable oils are lecithin and cephalin, in which one fatty 

acid radical is replaced by a phosphoric acid radical on the 

glycerol molecule. 

The position of the phosphoric acid radical is 

important. When phosphoric acid appears in the a position 

the compound is called an a-lipoid. If the phosphoric acid 

is attached to the $ carbon, the phosphatide is termed a 

3-lipoid. 
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O 
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(Phosphatidylcholine) 
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Cephalin 
(Phosphatidylethanolamine) 

The important implication of these features is that 

a-lipoids are hydratable, and can be removed by water de-

gumming prior to caustic refining. On the other hand, the 

3-lipoids are not hydratable and must therefore be removed 

during the caustic refining process. 

In practice, lecithins and other gums are often re

moved at the end of the extraction process of a vegetable 

oil. 

Batch water treatment followed by centrifugation is 

the principal degumming process used. The crude oil is 
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mixed with water (2-5% of the oil weight) by mechanical 

agitation in a mix tank. Agitation is continued for 30-60 

minutes at 60-70°C to complete gum hydration. The duration 

of the degumming operation is held to a minimum and care is 

taken to prevent air entrapment and excess addition of water. 

Excess water can cause high losses due to the emulsifying 

action of the phosphatides, an action enhanced by both air 

presence and contact time between oil and water. 

Many vegetable oils, for example soybean, rapeseed, 

peanut, and sesame, contain significant amounts of phospha

tides, the bulk of which are generally removed by degumming 

and refining. Evidence presented by various authors, how

ever, indicates that after being neutralized with lye, 

either in one or repeated steps, the resulting oil still 

contains a certain level of phosphatides, which can be 

deleterious to the quality of the final product. 

Several processes have been devised for the complete 

removal of the phospholipids by treating the oil with small 

quantities of phosphoric and other acids before neutraliza

tion (Ohlson and Svensson, 1976; Andersen, 1962; List, 

Mounts, Warner, and Heakin, 1978; List, Mounts, and Heakin, 

1978) . 

Although pretreatment of the oils using phosphoric 

and other acids is seldom used, it has been widely recog

nized for many years that phosphoric acid treatment of oils 

with high phosphatide contents, prior to degumming with 
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water, imparts favorable characteristics to the final edible 

oil; most importantly, superior flavor and oxidative 

stability (Braae, 1958), a lighter color of the final edible 

oil (List et al., 1977), and decreased refinery losses. 

The common way to degum edible fats is to treat the 

oil under deaerated conditions for about 15 minutes at 60°C 

with 0.1-0.5% by weight of phosphoric acid followed directly 

by degumming with water. 

The mixture of oil and hydrated gums is separated by 

centrifugation at the end of the process and the degummed 

oil transferred for refining. 

Refining 

Of all unit operations to which oils are subjected 

during conversion to finished products, the refining process 

has the most impact on quality and economic performance. 

If oils are not adequately refined, subsequent operations 

will be troublesome and the finished products will fail 

quality standards for fresh and aged performance. Ineffi

cient refining will also reduce the finished product yield. 

The efficiency of this step can be measured in terms of the 

per cent of oil recovery as well as in the loss of pigments, 

especially carotenoids and chlorophylls that are present in 

the previously crude or degummed oil. 

A large number of variations of the basic refining 

processes have been used in the United States and abroad. 
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These include the ammonia process which uses ammonium 

hydroxide as a non-saponifying alkali, the so-called "low-

loss" method, and others such as the "soda-ash," "modified 

soda-ash," "caustic soda-soda ash," "miscella," and "steam 

refining." Despite the development of these techniques, 

treating the crude or degummed oil with caustic soda is the 

method generally used. The fatty acids, and also other sub

stances which must be removed to produce an oil of adequate 

quality, are attacked by the base. 

In the process, the alkali combines with the free 

fatty acids in the oil to form soaps. The phospholipids and 

gums, if present, absorb alkali and are coagulated through 

hydration or degradation. Much of the colored substances 

are degraded, adsorbed by the gums, or made water soluble by 

the alkali, and the insoluble matter is probably entrained 

with other coagulable material. Alkali refining can also 

bring undesirable losses partly through saponification of 

some of the neutral oil. 

The amount and strength of the alkali solution to be 

used is determined from the free fatty acid content of the 

crude oil, but most importantly, from experience with the 

particular oil stock. With soybean, the caustic strength is 

usually 12-16°Be with an excess over the theoretical amount 

of about 0.25% as dry sodium hydroxide. Cottonseed oil is 

refined with a slightly stronger alkali solution, although 

some variations have been used lately. 
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Most modern operations use the continuous refining 

process, in which proportional amounts of crude oil and 

caustic solutions are sent through a mixer to a heater (55-

80°C) and thence to a centrifugal separator from which the 

refined oil and the soapstock are discharged. The refined 

oil is further mixed with 10-20% water, heated, and again 

centrifuged in order to remove residual traces of soap. The 

washing step can then be repeated to effect a still greater 

removal of residual soap. The water-washed, refined oil, 

containing traces of moisture, is then passed through a 

drying process under vacuum and subsequently bleached and 

deodorized. 

Bleaching 

The term "bleaching" refers to a treatment designed 

solely to reduce the color of the oil. Bleaching is a rela

tively simple operation from a mechanical standpoint, but 

the underlying technical background of the reactions occur

ring in the oil is quite complex and apparently inconsistent 

effects may result. 

The major factors influencing bleaching performance 

are clay type and dosage, bleaching method, bleaching 

temperature, contact time, and oil quality. The chemical 

and physical reactions which underlie bleaching of oils are 

complex and only partially understood. The amount of 

bleaching earth or clay required for any given operation 
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varies greatly with the activity and nature of the bleaching 

earth, the variety and quality of the oil, the color of the 

unbleached oil, and the color desired in the bleached oil. 

In general, however, the amount of bleaching earth used 

ranges from about 0.25 to 5.0%. 

Bleaching is predominantly an adsorption process due 

to a physical rather than chemical action between the large 

surface area of the clay particle and the color pigment. 

The primary purpose of bleaching is to reduce the 

color of the oil, but it also removes certain other impuri

ties. Both functions are accomplished by adsorption of 

residual soap, suspended matter, phosphatides, moisture, and 

colloidal catalyst residues from the refined oil when 

bleaching follows hydrogenation. 

There are two basic types of commercial bleaching 

earths, natural and activated. Natural clay, also known as 

Fuller's earth, is produced from a bentonite that possesses 

natural bleaching power. The manufacturing process merely 

involves drying and milling. 

Activated clay is made from a bentonite that has 

little natural bleaching power. In its manufacture, it 

first is "activated" with sulfuric or hydrochloric acids. 

The excess acid is removed by washing with water, then the 

clay is dried and milled. Its bleaching power, in most 

cases, considerably exceeds that of natural clays. 
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Natural clay is nearly neutral and has a low active 

surface area and void space as reflected by a high apparent 

bulk density which gives it a lower retention of oil. 

Activated clay is slightly acidic and has a high surface 

area and void space. Since activated clay has a lower 

apparent bulk density than natural clay, it has a higher oil 

retention. Natural clays can not retain more than 20-2 5% of 

their own weight of oil, but the more acidic activated clays 

usually have a retention of 35-40%. 

Most bleaching clays or carbon have little effect on 

the acidity of oils. Certain acid-activated clays, however, 

may increase the acidity appreciably, i.e., 0.05-0.10%. 

This occurs when the clay is soapy, the contact time is pro

longed, or the oil is not dried (Swern, 1964). 

The advantage of natural over activated clay is less 

formation of free fatty acids during bleaching. However, 

activated clays retain more oil per unit weight than do 

natural clays, and their use generally leads to lower losses 

of oils because they are more active. 

Activated clays are also sold in neutral grades for 

bleaching edible oils and in slightly acid but more active 

grades, for difficult to bleach edible or inedible oils. 

Other than bleaching earths, the only adsorbent used 

to any extent is activated carbon. Because of its relatively 

high cost and its very high oil retention, carbon is rarely 

used alone but rather in a mixture with bleaching earths, in 



a ratio of 10-20 parts by weight of clay to 1 of carbon. 

Such a mixture is often considerably more effective than 

bleaching clay alone. 

Due to its very porous nature, carbon retains a much 

greater amount of oil than do any of the clays, and the 

addition of even 5-10% of carbon to a bleaching earth will 

materially increase oil retention (Swern, 1964). 

In general, there is no highly critical temperature 

for optimum bleaching results and unless a very high vacuum 

is used, the desired temperature is in the range of 105-

115°C. Exceptions are the case of the bleached oils that 

revert in color at temperatures even below the boiling point. 

Palm oil is bleached at temperatures of 150°C or higher be

cause its strong color fades readily with heat. 

Bleaching with most adsorbents is relatively rapid. 

The usual mistake is to extend bleaching time beyond the 

optimum. It is important to mix earth and oil at a rela

tively low temperature, followed by raising the temperature 

of the mixture to the final level. The best bleaching re

sults are obtained when the moisture in the earth is removed 

in the presence of the oil (Rini, 1960). As atmospheric 

oxidation can darken a bleached oil, temperaturea above 105-

110°C should be employed only when operating under vacuum or 

in an inert atmosphere. Extensive contact time at any tem

perature . usually tends to darken the oil. Some activated 

earths yield slightly better results at lower temperature. 
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Deodorization 

After refining and bleaching, certain undesirable 

odors and flavors may still remain in the processed oil. 

Normal bleaching tends to impart a certain characteristic 

odor to the oil. Hydrogenation produces an undesirable odor 

that has become known as a "hydrogenation" odor. In order 

to provide the processed oil with bland and odorless charac

teristics, as required for adequate consumer acceptance, the 

oil must be freed of these undesirable impurities by the 

deodorization process. 

Deodorization is the last major step in the proces

sing of edible oils. It is designed to remove the undesir

able odor-causing constituents that might originate in either 

the natural fats and oils or in prior unit processes such as 

caustic refining, bleaching, hydrogenation, or during 

storage. This unit process establishes the final oil char

acteristics of flavor and odor which are those most readily 

recognized by the consumer. From this point onward, effort 

is directed toward retaining these final qualities. 

Deodorization is a steam distillation process, 

accomplished by the use of low pressures and high tempera

tures with the passage of steam through the oil. This 

permits the usually small quantities of the undesirable 

volatile components to be stripped from the oil, leaving 

behind only the bland, non-volatile, essentially triglyceride 

constituents. In addition to the odoriferous materials, 
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however, the deodorization process also serves to reduce the 

free fatty acid content of the oil to very low levels. It 

also destroys the peroxide present and helps to improve 

color by breaking down carotenoid pigments. 

The amount of odoriferous compounds required to be 

removed in deodorizing an edible oil are generally small, 

rarely exceeding 0.1% of the weight of the oil. In steam 

deodorization, however, there is an unavoidable loss of 

other materials, which may make the total loss considerably 

greater. In any case, the loss of material by distillation 

depends upon the time, steaming rate, pressure, and tempera

ture of deodorization, as well as the amount of free fatty 

acids, unsaponifiable matter in the oil, and glycerides 

composition. 

The distillate from deodorization has been examined 

by various workers in order to characterize the odoriferous 

compounds. They have been found to correspond to unsaturated 

hydrocarbons containing 16-28 carbon atoms. Saturated hydro

carbons have also been found, but these tend to be odorless, 

while some of the unsaturated ones had a nauseous taste and 

smell CMarcelet, 1936a, 1936b, 1936c). 

Although these compounds are present in such minute 

quantities in the original oils as to escape detection, it 

is necessary to emphasize that amounts as low as 1-10 ppm 

can be enough to impart a disagreeable odor or taste to an 

oil. Other intensely odoriferous compounds that are removed 
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by deodorization are ketones, alcohols, and aldehydes which 

affect the nutritional value of the oil and the extent and 

nature of processing (Moura Fe et al., 1975). 

In addition to the removal of these compounds, de

odorization causes decomposition of peroxides. This may 

account for the usually increased stability of deodorized 

oils. The increased stability may also be attributed to the 

heat destruction of pro-oxidants rather than by any removal 

of volatile materials. 

The conditions for the deodorization process depends 

upon many physical variables as well as upon the physico-

chemical characteristics of the fat or oil to be processed. 

In general, deodorization is less stressful for liquid oils 

than for hydrogenated or solid products. The steam rate, 

temperature, and vacuum levels are factors that determine 

the efficiency of the operation. 

In theory, the temperature of the steam used for 

deodorization should be the highest possible without decom

posing the oil, and the pressure the nearest possible to a 

perfect vacuum. In commercial practice, certain deodorizers 

approach these conditions rather closely. All water used 

for steaming the oil needs to be thoroughly deaerated and 

the system operated to remove any traces of oxygen or air 

prior to use with the oil. 

Perfectly satisfactory results are obtainable by the 

use of steam at temperatures around 200°C blown through the 
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oil under 28-29 in of vacuum. Success in deodorization 

depends upon the absolute exclusion of air during the 

process and until the oil is cooled. The smallest leak into 

the deodorizer will cause a stream of air to pass through 

the oil and entirely spoil its flavor by oxidation. Extreme 

care should be taken to prevent this. 

The time necessary for deodorization depends upon 

the nature of the oil, but mainly upon the efficiency of the 

steaming and vacuum employed. High temperature steam and an 

efficient vacuum not only reduce the time of deodorization 

considerably, but effect great economies in the amount of 

steam necessary to perform the operation. 

When deodorization is completed, the oil must be 

cooled before it is allowed contact with air. In the 

cooling step of deodorization, a treatment with citric acid 

(about 0.01%). is usually carried out to inactivate the 

traces of metals such as iron and copper. If phosphoric 

acid is added in the refining step as a degumming pretreat-

ment, it accomplishes the same sequestering function. Al

though increased phosphoric acid or phosphatides in the oils 

result in improved oxidative stability, they appear to lower 

the flavor scores of the aged oils and cause development of 

cucumber-type flavors (Evans, Cooney, et al., 1954). 

Various other materials may also be added in the 

cooling stage of the deodorization process. Methyl silicone, 

for example, is added at levels of 1-5 ppm as an antifoaming 
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agent. Antioxidants such as t-butylhydroxyanisole (BHA), 

t-butylhydroxytoluene (BHT), or propyl gallate (PG) are also 

added at about 0.02% to improve oxidative stability (Stuckey, 

1972). A product so processed can then be termed "refined, 

deodorized, edible oil" and it should be tasteless, odor

less, clear, bright, free of moisture, and ready for con

sumption. 

Processing of C. foetidissima Oil: 
Previous Studies 

Besides the processing studies by Shahani et al. 

(19 51), no other studies on the processing of C. foetidissima 

oil are known to be reported in the literature. 

Preliminary experiments with the seed oil of this 

plant were carried out previous to this work. They sug

gested that an oil with characteristics similar to other 

commonly used edible oils could be obtained even though 

Shahani and his coworkers indicated that the oil might not 

be suitable for human consumption. 

These authors reported the crude oil to be very dark 

in color and "exceedingly resistant to bleaching." The 

final product obtained after refining, bleaching, and de-

odorization was considered to have the characteristics of a 

bland oil, with good stability properties and no tendency to 

flavor reversion. The product, however, was reported to be 

inferior in color quality at each stage of processing as 

compared to other oils. 
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Our preliminary observations indicated that the oil, 

while very dark in color in the crude state, acquires char

acteristics similar to other commonly used oils in its de

odorized form. Differences in appearance were observed 

between C. foetidissima, soybean, and cottonseed oils. 

These differences, however, were not considered marked or 

unpleasant. C. foetidissima oil was judged to be of a 

aesthetic bright, light yellow color, and could be charac

terized as being between the colors of commercial corn and 

soybean oils. 

It is considered probable that the results obtained 

by Shahani and his collaborators were due in part to in

adequate temperatures and/or times of operation, rather than 

to poor processing behavior of the oil per se. In our pre

liminary observations, the refining processes were carried 

out at 60-65°C for 30 minutes and the products obtained were 

superior to those reported by those authors, whose condi

tions were 63-67°C but for only 4 to 20 minutes of proces

sing, suggesting inadequate processing times. 

They also processed oil batches for a maximum of 

9.0. minutes, but then, their operational temperature was only 

at 20-24°C, which was likely to be not sufficiently high to 

produce a good quality oil. 

A comparison of the results reported by Shahani et 

al. C19.51L, including their conditions of processing, with 

the observations and results obtained in our preliminary 



experiences, suggests that C. foetidissima seed oil could 

yield a final product with good edible characteristics. 



MATERIALS AND METHODS 

C. foetidissima Oil Source 

Genetic Variation Studies 

Seed lots from fifteen different C. foetidissima 

plants grown at The University of Arizona Experimental Farm 

were studied. The seeds were obtained by submerging the 

fruits in water until fermentation disintegrated the 

placental tissues. The .seeds of each lot were washed, air 

dried, and weighed, and the physical and chemical properties 

of their oils determined by standard methods of analysis. 

The seed lots received in the laboratory were kept 

at room environmental conditions and required aliquots taken 

as needed for the various analyses of interest. In this 

way, it was assured that the analyses were carried out with 

freshly extracted oil. The remaining seeds were kept until 

needed for further analysis. 

Oil Processing Studies 

A single lot of C. foetidissima seeds from different 

plants was obtained for studying the effects of processing 

on the quality of the oil. The sample was representative 

of the C. foetidissima seeds, since the effect of varia

bility was eliminated. 

34 
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Analysis of the Oil Samples 

Analysis for determination of physical and chemical 

characteristics of the oils was carried out as soon as 

possible after extraction. The excess oil samples remaining 

after analysis were preserved in vials at 5°C and under ̂  

for further analysis. Crude oil content of the ground seeds 

was determined with triplicate 5 g samples by Soxhlet extrac

tion with hexane. Moisture content of the seeds was deter

mined by the vacuum oven method. Crude protein was de

termined by the Kjeldahl method using a conversion factor of 

6.25. Physical and chemical analysis for characterization 

of the oil samples, except where indicated, was carried out 

by the methods recommended by the American Oil Chemists' 

Society (AOCS). (.19 70) . 

Refractive Index 

The refractive index of a substance is the ratio of 

the speed of light in vacuum to the speed of light in the 

substance. For practical measurements, the scales of 

standard instruments indicate the refractive index with 

respect to air rather than to vacuum. The index of re

fraction of oils is a characteristic within certain limits 

for each kind of oil. It is related to the degree of un-

saturation, but it is also affected by other factors such as 

the free fatty acid content, oxidation, and heat treatment. 
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The AOCS (.1970) Official Method Cc 7-25, corrected 

1951, was adopted for determination of refractive index of 

the samples in this work. A Bausch and Lomb Abbe 3L re-

fractometer with a thermometer C0-100°C divided into 1°C) 

was used. A water pump allowed water to recirculate through 

the refractometer. The temperature of the refractometer was 

adjusted at 25°C, 40°C, and 60°C by means of recirculation of 

water kept at those temperatures. 

After the prisms were cleaned and completely dry, 

several drops of the sample were placed in the lower prism. 

The prisms were then closed and allowed to stand for one or 

two minutes to permit the sample to rise to the temperature 

of the instrument. Then the refractive index was determined 

as the average of three readings. 

Visible Spectroscopy— 
Total Carotenoids 

The equipment used for the determination and quanti

fication of the carotenoids present in the samples was a 

Model DU-Beckman automatic quartz spectrophotometer. Matched 

quarts cells of 1 cm path length were used for the blank and 

samples. For the spectral chart recordings, a Perkin-Elmer 

202 UV-Visible spectrophotometer was used. 

In determining the total carotenoid content of the 

samples of C. foetidissima oil, 2.5% solutions of the oil in 

cyclohexane tspectrophotometric grade, Eastman Organic 

Chemicals, Distillation Product Industry, Rochester, NY}, 



passed through silica gel (28-200 mesh, grade 12, Grace 

Davison Chemicals, Baltimore, MD) was used. The absorbance 

was read at 417 my and the equation of Zscheile et al. 

(.1944) used for calculations of total carotenoids. 

Total _ (A417 my) 
carotenoids (0.204) x (sample conc., g/ml) 

The results obtained from this equation are the mg 

of carotenoids present per kg of oil. When the spectra of 

the sample were recorded, the samples were scanned from 350 

to 700 mousing pure cyclohexane as the blank. 

Ultraviolet Analysis—Conjugated 
Fatty Acids 

The same equipment used for the quantitative and 

spectral determinations of carotenoids was used for ultra

violet analysis of the samples to determine the percentage 

of dienoic, trienoic, and tetraenoic conjugated fatty acids 

in the C. foetidissima oil samples. 

Solutions of 0.5% (w/v) oil in cyclohexane were pre

pared for the analysis of trienoic and tetraenoic conjugated 

fatty acids in the region from 250 to 360 my. For deter

mination of dienoic conjugated fatty acids, solutions of 

0.05% Cw/vl of C. foetidissima oil in cyclohexane were 

examined in the region from 200 to 260 my. 

The percentages of dienoic, trienoic, and tetraenoic 

conjugated fatty acids were then calculated according to the 



38 

methods of analysis of the Association of Official Agri

cultural Chemists (AOAC) (1965), method 28.046. 

Infrared Analysis— 
Trans Fatty Acids 

Infrared absorption spectra were carried out with a 

Perkin-Elmer 337 Grating Infrared Spectrophotometer. NaCl 

cells were used, and the sample solution was placed in them 

to form a film 0.5 mm thick. 

The samples consisted of approximately 2% solutions 

of C. foetidissima oil in carbon disulfide (Spectranalyzed, 

Fisher Scientific Co.). The spectra of the different 

samples were obtained and percentages of the trans fatty 

acids determined according to the Method Cd 14-61 of the 

AOCS (1970). The percentages of the trans fatty acids were 

expressed as trielaidin which was used as the standard. 

Thin-Layer Chromatography 

The oil samples were prepared as a 2% solution in 

hexane (spectrophotometric grade). The solution (10 ^1) was 

then placed on a 250 n layer of activated silica gel G on a 

20 x 20 cm glass plate. The solution development was carried 

out with hexanerethyl etherracetic acid (80:20:1) mixture 

for one hour. 

The plate was removed from the chromatographic jar, 

air-dried at 22°C in a fume hood, sprayed with chromic acid-

sulfuric acid solution, and heated in an oven at 110-120°C 
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for approximately 30 minutes to develop the spots. The 

chromic acid-sulfuric acid solution consists of 1.2 g of 

K2Cr2C>7 dissolved in 200 ml of 55% H2S04- The sulfuric acid 

is prepared by adding 4 5.2 ml of concentrated I^SO^ to 61.9 

ml of deionized water. 

Gas-Liquid Chromatography— 
Fatty Acid Composition 

Prior to the determination of the fatty acid compo

sition of the oil samples, it is necessary to split the 

neutral ester bonds of the triglyceride molecules and convert 

the constituent fatty acids to their methyl esters. The oil 

samples were transesterified with acidic methanol by the 

following procedure: 

Small aliquots of the oil samples were placed into 

20 ml screw cap test tubes and 2 ml of redistilled benzene 

and 4.5 ml of a 5% solution of I^SO^ in methanol added. A 

couple of boiling chips were added, the test tubes capped 

tightly, and placed into a constant temperature bath at 

100°C for 3 hrs. After this period, the samples were cooled 

to room temperature and 2 ml of hexane and 4-5 ml of de-

ionized water added. 

The tubes containing the samples were centrifuged 

for 15 minutes at 2000 rpm; the top layer containing 

benzene, hexane, and the transesterified fatty acids col

lected and run through a column of silica gel G, containing 

a thin upper layer of MgS04 as a desiccant. 
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The eluates from the columns were collected in test 

tubes and the solvents evaporated under nitrogen. Hexane 

(1-3 ml) was added to redissolve the transesterified 

samples. The solutions of methyl esters were then ready for 

analysis by gas-chromatography. 

A Perkin-Elmer Model 880 gas chromatograph equipped 

with a flame ionization detector and a Speedomax W recorder 

was used for the analysis of the methyl esters. The 6 ft x 

0.125 in o.d. stainless steel column was packed with 5% 

silar SCP on Chromosorb W (100-120 mesh). The carrier gas 

was nitrogen and the gas flow rates were: 

N2 = 20 ml/min 

H2 = 30 ml/min 

Air = 550 ml/min. 

The injector temperature was 210°C and the detector 

temperature 200°C; the column temperature was maintained 

isothermically at 170°C. 

Chromatogram peaks were identified from a standard 

fatty acid methyl ester mixture, and the per cent fatty 

acids composition calculated from the ratio of the individual 

to the total peak areas. 

Processing Materials 

Chemicals and Analytical Material 

1. Sodium hydroxide solutions, 12°Be, 14°Be, 16°Be, 

and 20°Be. 
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2. Citric acid solution, 1% in deionized water. 

3. Phosphoric acid, 85%. 

4. Deionized water. 

5. Bleaching earth, natural, Official of the AOCS. 

6. Bleaching earth, activated, Superfiltrol 105, 

Filtrol Corp., Los Angeles, CA. 

7. Activated charcoal "Nuchar" C—19ON; Matheson, 

Coleman, and Bell, Los Angeles, CA. 

8. Celite analytical filter aid, Johns-Mansville 

Product Corp., Lompoc, CA. 

9. Filter paper, Whatman No. 1, No. 42. 

Glass Material 

1. Three-neck, round-bottom flasks, Pyrex brand, 500, 

1000, and 2000 ml capacity. 

2. Thermometers, etched stem, -10°C to 360°C with 

ground joints S 10/30. 

3. Ground joints, Pyrex brand, interchangeable, 

S? 10/30, with sealed tube. 

4. Tubes, adapter, reducing, bushing type, $ joint 

24/40 outer joint to S? 10/30 inner joint, Pyrex 

brand. 

5. Tube, connecting, 75° angle, two-way, 8 joint 24/40, 

Pyrex brand. 
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6. Tube, connecting, 105°angle, two-way, with suction 

tube for vacuum attachment, S> joint 24/40, Pyrex 

brand. 

7. Tube, connecting, three-way, with parallel side arm, 

$ joint 24/40, Pyrex brand. 

8. Tube, connecting, two-way, S joint, 24/40. 

9. Stopper, hollow, $ joint 24/40, Pyrex brand. 

10. Stopcock grease, Hi-Tem-Vac, silicone base. 

11. Burets, micro, precision bore, three-way stopcock, 

Pyrex brand, 10 ml capacity, sealed to a ground 

joint tube S 10/30. 

12. Manometer, mercury, improved type, 3> stopper with 

straight side arm, Pyrex brand. 

13. Boiling flask, flat bottom, short neck, S joint 

24/40, 250 ml, Pyrex brand. 

14. Vacuum trap, plain, Pyrex brand. 

15. Beaker, 1000 ml capacity. 

Electrical and Mechanical Material 

1. Heating mantles, hemispherical, Glas-Col, series O, 

VWR Scientific Inc., Phoenix, AZ. 

2. Stirrer-hot plate, magnetic, Pyro-Magnestir, Labline 

Inc., Chicago, IL. 

3. Stirring bars, magnetic, egg shapes, teflon covered, 

1-5/8" x 3/4". 

4. Nitrogen gas. 
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5. Transformer, variable, powerstat, type 3PN 500B, 

Matheson Scientific Co. 

6. Vacuum pump, duo-seal, V. W. Welch Manufacturing 

Co., Chicago, IL. 

7. A. C. motor, 1/3 HP, 1725 rpm, General Electric Co. 

8. Clamps, extension. 

9. Clamps, versatile, vinylized jaws, large. 

10. Clamp holders, swivel. 

11. Centrifuge, International centrifuge, size 1, 

model SBV, International Equipment Co., Boston, MA. 

12. Tygon tubing. 

13. Rubber tubing. 

14. Ring supports. 



EXPERIMENTAL PROCEDURES 

Preparation of C. foetidissima Oil 

Genetic Variation Studies 

The necessary aliquots of seeds were weighed as re

quired for the different analyses to be carried out for 

characterization of the genetically different samples and 

ground in a laboratory Wiley mill to 10 mesh size through a 

nickel-plated delivery tube. The oil was extracted from the 

ground seeds with hexane by the Soxhlet method. The oil-

hexane mixture was filtered through a Whatman No. 1 filter 

paper, in order to eliminate solid particles, and hexane was 

then recovered from the miscella in a rotary vacuum 

evaporator. 

The residual hexane remaining in the oil was removed 

by heating the sample to 60°C while flushing the oil with 

nitrogen. 

Oil Processing Studies 

The oil was extracted from the seeds by the proce

dure indicated above and kept under nitrogen at about 5°C 

until samples were taken for processing. 

Processing of C. foetidissima Oil 

Various processing conditions (Tables 3, 4, 5) were 

explored in an attempt to convert the crude oil from C. 
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Table 3. Processing conditions of C. foetidissima oil: single refining processes. 

Deodorization, 5% steam 
Refining Bleaching (30 min., 110°C) 

Process 15 min., 65°C % and type of bleaching earth time, min. temp., 

1 12°Be NaOH 2% Superfiltrol 105 + 0 .2% 30 210 
2 (phosphoric activated charcoal 60 210 
3 acid pretreat- 120 210 
4 ment) 30 260 

5 14°Be NaOH + 2% Superfiltrol 105 + 0 .2% 30 210 
6 0.5% NaOH excess activated charcoal 60 210 
7 120 210 
8 30 260 

9 16°Be NaOH 2% Superfiltrol 105 + 0 .2% 120 210 
activated charcoal 

10 20°Be NaOH 2% Superfiltrol 105 + 0.2% 120 210 
activated charcoal 



Table 4. Processing conditions of C. foetidissima oil: double refining processes. 

Process 
Refining 

15 min., 65°C 

Deodorization, 5% steam 
Bleaching (30 min., 110°C) 

% and type of bleaching earth time, min. temp., °C 

11 66.7% max. 128Be 
12 NaOH, Max. 12°Be 

NaOH 

2% Superfiltrol 105 + 0.2% 
activated charcoal 

.60 
120 

260 
210 

13 50.0% max. 16°Be 
14 NaOH, 66.7% max. 

16°Be NaOH 

2% Superfiltrol 102 + 0.2% 
activated charcoal 

60 
120 

260 
210 



Table 5. Processing conditions of C. foetidissima oil: triple refining processes. 

Deodorization, 5% steam 
Refining Bleaching (30 min., 110°C) 

Process 15 min., 65°C % and type of bleaching earth time, min. temp., °C 

15 80% max. 12°Be 2% Superfiltrol + 0.2% 120 210 
NaOH, 80% max. activated charcoal 
16°Be NaOH, 
Max. 16°Be NaOH 

16 80% max. 16°Be 1% Superfiltrol 105 120 210 
17 NaOH, 80% max. 2% Superfiltrol 105 120 210 
18 20°Be NaOH, 2% Superfiltrol 105 + 0.2% 30 210 

Max. 20°Be NaOH activated charcoal 
19 * 60 210 
20 120 210 
21 180 210 
22 30 260 
23 60 260 
24 120 260 
25 180 260 
26 3% Superfiltrol 105 120 210 
27 3% Superfiltrol 105 + 0.3% 30 210 

activated charcoal 
28 60 210 
29 120 210 
30 30 260 
31 60 260 
32 120 260 
33 3% Natural bleaching earth (AOCS) 120 210 
34 3% Natural bleaching earth (AOCS) 120 210 

+ 0.2% activated charcoal 
35 4.67% Natural bleaching earth 120 210 

(AOCS) 
36 1% Activated charcoal 120 210 
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foetidissima into a product of suitable physical, chemical, 

and nutritional characteristics. The procedures varied 

somewhat depending upon the method used for processing; i.e., 

single or multiple refining processes. 

A crude C. foetidissima oil (Table 6). was obtained 

from a batch of seeds grown at The University of Arizona 

Experimental Farm. The oil had characteristics similar to 

those obtained from the seeds of different plant origin 

(Table 10, p. 63). It thus represented a typical sample of 

a crude oil from these seeds. 

The extracted oil was processed under different 

conditions of refining, bleaching, and deodorization (Tables 

3, 4, 5)_. The conditions set at every processing step were 

then correlated with their effects on the physical and 

chemical characteristics obtained in the final products. 

The final deodorized oils were analyzed for color, 

mineral levels, free fatty acid content, peroxide value, and 

active oxygen stability. 

Refining Processes 

An all-glass apparatus including three-neck, round 

bottom flasks of different capacities was used in refining 

C. foetidissima oil. Different flask sizes were used de

pending upon batch size. 

The oil sample was weighed into the flask. A ther

mometer (_-10° to 360°C) with a ground joint £ 10/30 was 



Table 6. Characteristics of the oils from C. foetidissima, corn, and safflower 
seeds used for processing and feeding studies. 

C. foetidissima oils 

Single Triple Corn Safflower 
Properties Crude refining refining oil oil 

Refractive index, 25°C 1.472 1.474 1.475 1.473 1.474 
40°C 1.467 1.470 1.469 1.468 1.468 
60°C 1.458 1.462 1.462 1.461 1.461 

Free fatty acids, % 1.81 0.16 0.08 0.06 0.09 
Acid value, % 3.59 0.32 0.16 0.12 0.18 
Peroxide value (mEq/Kg oil) 1.63 3.20 2.94 0.42 2.60 
Saponification value 192.5 194.1 194.6 191.2 192.7 
Iodine value 128.9 132.8 134.6 126.3 142.5 
Acetyl value 7.08 - - - -

Hydroxyl value 7.12 - - - -

Specific gravity, 25°/25°C 0.9171 - - - -

Carotenoids content (mg/Kg oil) 96.70 9.50 3.15 2. 26 0.79 
Conjugated fatty acids, % 

dienes 1.54 0.89 1.16 0.32 0.92 
trieneS 0.75 0.43 0.63 0.08 0.00 

Phosphatides, % 0.99 - - - -

Mineral content, ppm 
phosphorus 329.0 - - - -

iron 0.57 - - - -

copper 0.29 - - - -

manganese 0.15 — — — — 

Oxidative stability (AOM) 
8 hrs (PV) 236.8 236.8 169.7 21.9 -

PV = 100 hrs. 3.8 3.8 5.5 12.4 6.2 
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fitted to one of the side necks of the flask by means of a 

tube adapter, bushing type. A N2 line was fitted to the 

other neck. 

The flask was secured with a clamp attached to its 

middle neck and set on a heating mantle. A magnetic 

stirring bar provided agitation. 

The oil was heated to 65°C under a N2 blanket, and 

the required amount of alkali solution of the desired 

strength added. The process continued for 15 minutes, after 

which the oil sample was cooled to about 30°C without agita

tion, to favor settlement of the foots. These were 

separated from the oil by icentrifugation at 3600 rpm. 

The refined oil was washed three times with deionized 

water (.20% by oil weight) by agitation of the water-oil 

mixture for 15 minutes at 65°C under a N2 blanket. The 

mixture was then centrifuged as indicated before and the oil 

collected. The washed oil was freed from residual soap and/ 

or soapy material present as a result of refining. 

When multiple refining processes were carried out, 

the subsequent refining treatments of the oil were given 

after centrifugation for foots separation, and prior to 

washing. 

The washed oil was dried by heating it at 90°C under 

vacuum for 30 minutes. Vacuum was provided to the system by 

a duo-seal vacuum pump, attached to the center neck of the 

flask. 
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After drying, the oil was cooled to about 30°C, the 

vacuum broken with ̂ , and the refined and dried oil pre

pared for bleaching. 

Bleaching Processes 

Essentially the same equipment used for deodoriza-

tion was used in the bleaching processes, except that one of 

the side necks of the flask was sealed with a glass stopper 

S> hollow, 24/40 joint. 

Bleaching was carried out using commercial activated 

bleaching earth, natural bleaching earth, and activated 

charcoal, alone or in combinations. 

The appropriate amount of bleaching earth was added 

to the oil at room temperature (about 24°C). The vacuum and 

N2 lines were attached to the flask and vacuum (about 5 mm 

Hg) applied to the system with agitation provided by a 

magnetic stirring bar. The temperature was raised to 110°C 

and the process continued for 30 minutes. After completion, 

the oil was cooled to about 30°C and the vacuum broken with 

N2* 

Celite filter aid (0.5% w/w) was added to the 

bleached oil and the sample filtered through a Whatman 

ashless filter paper No. 42 with vacuum. 

Deodorization Processes 

The deodorization processes were performed in an 

all-glass apparatus (Fig. 1). Different conditions of time 



Fig. 1. All-glass laboratory deodorizer equipment -*• (a) 500 ml, 3-neck, round 
bottom flask; (b) heating mantle; (c) magnetic stirrer plate; (d) 
manometer; (e) N2 line and ground joint 8 24/40; (f) Adapter £ 24/40, 
two-way suction tube; (g) connecting tube with parallel side arm, 
three-way 2 24/40 joints; (h) thermometer, <-10 to 360°C; (i) modified 
micro-burette, three-way stopcock, 10 ml capacity, with 8? 10/30 joint 
attached; (j) connecting tube, 75° angle, two-way S 24/40 joint; (k) 
distillation tube, two-way, S 24/40 joints; (1) connecting suction 
tube, 105° angle, two-way, S joints 24/40; (m) boiling flask, flat 
bottom, 250 mlf short neck, $ joint 24/40; (n) vacuum trap; (o) vacuum 
pump; (p) 1 L beaker; (q) support; (r) transformer. 



Fig. 1. All-glass laboratory deodorizer equipment. 
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and temperature were investigated. The equipment for de

odorization consisted basically of a 500 ml, three-neck, 

round-bottom flask set on an appropriate size heating mantle. 

A nitrogen line and a manometer were attached to one of the 

side necks of the reaction flask by means of a ground joint 

two-way suction tube. 

The other side neck of the flask was fitted with a 

10 ml three-way microburet (Fig. 2). The modified micro-

buret designed for use in this process constituted an easy 

method of steam delivery into the deodorization flask under 

the conditions of temperature and vacuum of the process. It 

was also a simple control of the steam flow-rate, by direct 

reading of the water consumed from the buret. 

The buret allowed the addition of water into the 

reaction flask at the desired flow-rate, to produce the 

necessary amount of steam for deodorization of the oil. The 

three-way stopcock allowed emptying the buret when deodor

ization was completed and its use afterward for delivery of 

measured amounts of citric acid solution to the oil, during 

the cooling step of the process. 

A thermometer (-10 to 360°C) was attached to the 

middle neck of the deodorization flask for control and 

recording of the process temperature. 

A boiling flask connected to the deodorization flask 

by a ground joint tube attachment was kept in an asbestos 

insulated beaker filled with solid carbon dioxide-ethanol 
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Fig. 2. Modified three-way micro-buret for steam delivery 
in deodorization of C. foetidissiraa oil. 
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mixture, and served as a receptor for the condensed volatile 

products of deodorization. The flask was placed on a ring 

support which could be adjusted vertically to fit the height 

of the deodorization flask. 

The vacuum pump was adjusted and well secured to the 

vacuum line. A vacuum trap was connected to the line be

tween the condenser and the pump. The whole deodorization 

system was set up in a hood while all precautions were taken 

to avoid any accident due to possible breakage. 

In a prototype process, 100-150 g of bleached oil 

was weighed in a 500 ml, three-neck, round-bottom flask. 

Vacuum C5-8 mm Hg) was applied to the system while the oil 

was being agitated with the magnetic stirring bar. The oil 

was heated to the desired temperature and steam delivered 

from the microburet at the desired flow rate. When the 

water entered the deodorization flask, under the conditions 

of temperature and vacuum, it flashed into steam and bubbled 

through the oil mass carrying the undesired volatile, mal

odorous compounds out of the oil and through the distilla

tion tube. The products of distillation were condensed and 

recovered in the boiling flask. 

Deodorization continued for the required period of 

time. The heating was turned off and the water remaining in 

the buret emptied. The buret was then filled with a 1% 

citric acid solution in deionized water, and the proper 
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volume of this solution delivered into the oil mass during 

the cooling step of the operation. 

Once the required amount of citric acid solution was 

delivered, cooling was accelerated by using an ice water 

bath for the deodorization flask. The oil was cooled to 

about 30°C and the vacuum then broken with N2- The apparatus 

was then disassembled and the deodorized oil recovered for 

further analytical characterization. 

Evaluation of Crude and Processed Oils 

Crude and processed oils from the same batch of C. 

foetidissima seeds were fed to mice to determine its nutri

tional value. 

The crude oil for these studies was the same as that 

used for processing studies. The crude oil was processed to 

the deodorized state as outlined in the Experimental Pro

cedures. The conditions used to process the oil for these 

studies were selected from the results obtained in the pro

cessing studies and were those considered to produce the 

best quality oil in terms of physical and chemical charac

teristics . 

Both crude and processed (.deodorized) oils were 

physically, chemically, and spectrophotometrically charac

terized prior to feeding. Their properties are listed in 

Table 6. 
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Nutritional Studies 

Corn oil, safflower oil, crude C. foetidissima oil, 

and processed (deodorized) C. foetidissima oil were fed to 

weanling mice (Charles River CD-I strain, University of 

Arizona stock), at 4, 8, and 12% of the diets. Oil digesti

bility, relative weight of different organs, and feed 

efficiency were determined at the end of the experimental 

period. Diet composition for the three levels fed are shown 

in Table 7. 

Two mice, one male and one female, were housed per 

cage and fed the specific diet plus water, ad libitum, for 

three weeks. Feed was weighed twice weekly and mice once 

weekly for the length of the experimental period. Environ

mental temperature was automatically regulated at 23°C ± 1°C 

and a schedule of 12 hrs artificial light alternating with 

dark was maintained. 

Feed and feces samples were collected and analyzed 

for C^Og, oil content, and oil digestibility calculations 

made. The mice were sacrificed at the end of the three-

week period by asphyxiation with carbon dioxide and liver, 

kidney, and heart tissues from male and female excised, 

their weights recorded, and frozen in dry ice. 
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Table 7. Composition of the experimental diets. 

% oil in the diets 

Ingredients 4 8 12 

Oil 4. , 00 8. .00 12. 00 
Alpha protein (soy 96%) 12, .48 12. .48 12. 48 
Cerelose 75, .47 65. ,87 56. 27 
Bentonite 5. .60 11. 20 
Cellulose 3. .00 3. ,00 3. 00 
AIN Vitamin mix. 1. .00 1. ,00 1. 00 
AIN Mineral mix 3. .50 3. ,50 3. 50 
Cr203 0. .20 0. ,20 0. 20 
Choline chloride 0. .20 0. ,20 0. 20 
DL-methionine 0. ,15 0. ,15 0. 15 

r 
100, ,00 100. ,00 100. 00 

AIN Vitamix mix (g/Kg of mix): Thiamin HC1, 0.6; 
Riboflavin, 0.6; Pyridoxine, 0.7; Nicotinic acid (Nico
tinamide), 3; D-Calcium pantothenate, 1.6; Folic acid, 0.2; 
D-Biotin, 0.02; Cyanocobalamin (vit. B12)> 0.01; Retinyl 
palmitate (vit. A) pre-mix (as stabilized powder containing 
500,000 IU/g), 0.8; dl-a-Tocopheryl acetate (vit. E) pre-
mix (as stabilized powder containing 250 IU/g), 20; 
Cholecalciferol (vit. D3), 0.025; Menaquinone (vit. K, 
menadione), 0.05; sucrose, finely powdered, 972.9. 

AIN Mineral mix (g/Kg of mix): Calcium phosphate, 
dibasic (CaHP04), 500.0; Sodium chloride (NaCl), 74.0; 
Potassium citrate monohydrate (HOC(COOK)(CH2COOK)2•H2O), 
220.0; Potassium sulfate (K2SO4), 52.0; Magnesium oxide 
(MgO), 24.0; Manganous carbonate (43-48% Mn), 3.5; Ferric 
citrate (16-17% Fe), 6.0; Zinc carbonate (70% ZnO) , 1.6; 
Cupric carbonate (53-55% Cu), 0.3; Potassium iodate (KIO3), 
0.01; Sodium selenite (Na2Se03.5H20), 0.01; Chromium 
potassium sulfate (CrK(SO4)2•12H20), 0.55; Sucrose, finely 
powdered, 118.0. 



RESULTS AND DISCUSSION 

Genetic Variation Studies 

Agricultural Production Data 

The agricultural yields of the fifteen different 

plants studied are presented in Table 8. Due to the fact 

that the seeds are rich in oil and from the results obtained 

from both the agricultural production data and the oil 

content of the seeds from the different varieties examined, 

it can be assumed that the C. foetidissima plant could be

come one of commercial value as a source of oil and protein, 

in addition to its further value as a source of starch that 

its roots can produce (Dreher et al., in press). 

It could be of major importance for countries with 

vast arid land areas, which with restricted water supply, 

could still produce an oil with commercial value for both 

their own domestic consumption and for exportation, thus 

perhaps improving their national economy. 

Seed Oil Characterization 

Table 9 gives the general composition of the seeds 

and the major fatty acid composition of their oils. The 

seeds from C. foetidissima on extraction with hexane yielded 

about 36% oil. The protein content of the remaining de

fatted meal was about 55%. The recovered oil had a bland 
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Table 8. Agricultural yields of genetically different C. 
foetidissima plants. 

Properties Range Mean ± S.D. 

Agricultural Production Data 

# fruits/plant 18-90 48.3 ± 23.3 

wt (g)/100 seeds 3.6- 6.0 4.9 ± 0.8 

seed wt (g)/fruit 6.1- 17.4 10.8 ± 3.1 

# seeds/fruit • 115.0- 300.0 222.5 ± 50.8 

seed wt (g)/plant 212.4-1374.6 510.6 ± 296.7 



Table 9. Seed composition and fatty acid content of the oil from 15 varieties of 
C. foetidissima plants. 

Conjugated fatty 
Major oil fatty acids acids 

Plant . 
source Moisture Protein Oil 16:0 18:0 18:1 18:2 dienoics trienoics 

% 

1 6.7 51.7 34.9 11.4 3.0 22.0 61.1 2.5 0.0 
2 6.1 52.7 33.8 13.1 3.8 17.9 62.4 2.8 0.0 
3 5.2 61.6 37.9 12.4 4.5 30.9 50.2 1.9 0.1 
4 5.3 49.0 35.4 8.9 1.5 10.0 77.2 2.5 0.1 
5 6.3 52.5 35.8 6.6 1.7 16.4 72.8 2.5 0.1 
6 6.1 53.7 36.4 8.4 2.7 12.3 74.4 2.3 0.0 
7 5.6 66.6 36.0 24.4 10.2 23.7 39.3 2.4 0.0 
8 5.3 50.5 36.4 16.8 4.6 23.0 53.4 2.2 0.0 
9 5.6 58.9 39.1 8.3 2.4 17.4 69.3 2.6 0.1 
10 4.1 53.7 36.4 13.9 3.8 24.0 56.3 2.0 0.1 
11 7.1 52.5 32.8 9.9 2.5 25.8 59.8 2.1 0.0 
12 6.6 54.4 37.7 13.0 3.2 31.6 50.1 2.1 0.0 
13 ' 6.7 52.1 37.8 — — — — 2.0 0.0 
14 7.4 52.2 32.3 7.9 1.9 19.7 68.2 2.3 0.0 
15 8.2 57.1 37.1 6.8 1.2 19.5 70.3 2.2 0.0 

Ave. 6.2 54.6 36.0 11.8 3.5 21.9 60.6 2.3 3.3 

aDry basis, defatted meal. 

^Dry basis. 
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taste and odor, and a color that varied from a dark reddish-

brown to a light greenish-yellow in some of the varieties 

examined. 

The physical and chemical characteristics of C. 

foetidissima oil are listed in Table 10. The data from this 

table and Table 9 show that the oil from C. foetidissima 

seeds is similar to those from other sources commonly used 

for the production of edible oils. Table 11 compares these 

values with those of cottonseed, soybean, corn, and 

safflower oils. 

Except for the levels of carotenoids which were 

found at concentrations of around 110 mg/kg oil, somewhat 

similar to the concentrations found in cottonseed oils, the 

oil from C. foetidissima seeds otherwise resembles in 

physical and chemical properties the oils from corn and 

safflower sources. 

Figure 3 shows the visible spectral characteristics 

of C. foetidissima oil as compared with other common oils of 

edible quality. 

As indicated, the carotenoid levels found in C. 

foetidissima oil ranged from 51.3 to 231.5 mg/kg oil (Table 

10), with a mean value of about 110 mg per kg oil. This 

level is somewhat similar to that found in cottonseed oil 

and, as in the case of this oil, the nature of the carot

enoid pigments in C. foetidissima oil correspond to 
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Table 10. Physical and chemical properties of the oil from 
C. foetidissima seeds. 

Properties Range Mean ± S.D. 

Refractive Index 
at 25°C 
at 40°C 
at 60°C 

Free fatty acids, % 
Acid value, % 
Peroxide value 

(mEq/Kg oil) 
Saponification Value 
Iodine Value 
Acetyl Value 
Hydroxyl Value 
Specific gravity 
(25°C/25°C) 

Carotenoids Content 

1.4692-1.4747 
1.4652-1.4686 
1.4524-1.4603 

0.3-0.8 
0.5-1.7 

8.5-44.9 
190.1-194.8 
123.0-138.0 

1.472 ± 0.001 
1.467 ± 0.001 
1.456 ± 0.002 

0.5 ± 0.2 
1.7 ± 0.4 

16.9 ± 10.9 
191.5 ± 1.6 
129.9 ± 5.3 
7.3 (pooled) 
7.3 (pooled) 

0.9172 (pooled) 

(mg/Kg oil) 51.3-231.5 109.7 + 55.0 
Conjugated Fatty Acids, % 

dienes 1.9-2.8 2.3 + 0.3 
trienes 0.0-0.1 3.3 ± 4. 9a 
tetraenes - -

Trans Fatty Acids, % - -

Phosphatides, % 0.3-1.2 o
 

• 00
 

± 0.3 
Mineral Content, ppm 

Phosphorus 95.0-390.0 260.0 ± 100.0 
Iron 0.38-1.11 0.68 + 0.22 
Copper 0.16-0.51 0.31 + 0.12 
Manganese 0.09-0.37 0.24 ± 0.08 

a i »—2 x 10 
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Table 11. Characteristics of various crude vegetable oils. 

Soybean Cotton Corn Safflower 
C. 

foet. 

FFA, % 0.5 0.7 1.5 0.4 0.5 

Acid Value, % 1.0 1.4 3.0 0.8 1.0 

Iodine Value, % 126 105 128 145 130 

Saponif. Value 193 195 191 191 192 

Phosphatides, % 2 1 2 - 0.8 

Carotenoids 
(mg/Kg/oil) 40 167 - - 191 

Conjugated Acids, 
dienes 
trienes 

% 
0.3 
0.1 

0.8 
0.3 

- - 2.3 
0.03 

Refractive Index 
(25°C) 1.473 1.470 1. 472 1.475 1.472 

Specific gravity 
(25°C/25°C) 0.919 0.917 0. 918 0.921 0. 917 

Total Conjugated Fatty Acids are reported in: 
margarines, 1.38%; Butters, 0.70%. Source: Smith et al. 
(1978) . 
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Fig. 3. Visible spectra of the crude oils from soybean, 
cottonseed, and C. foetidissima seeds — (A) 
soybean oil (2.9% w/v solution); (B) C. 
foetidissima oil (2.507% w/v solution); (C) 
cottonseed oil (2.528% w/v solution). 
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xanthophylls rather than to a and 3 carotenes naturally 

found in oils such as soybean and red palm oil (Bailey, 1948). 

The ultraviolet spectrum of C. foetidissima oil is 

compared with spectra of cottonseed and soybean oils for 

their content of conjugated dienoic fatty acids (Fig. 4) and 

with spectra of the oils from Cucurbita digitata and 

Apodanthera undulata (Fig. 5) for their content of conju

gated trienoic fatty acids. C. digitata and A. undulata 

oils have been reported to contain rather substantial 

amounts of the conjugated fatty acid punicic acid (cis-9, 

cis-11, trans-13 octadecatrienoic acid) which is present at 

levels of about 17% and 30% respectively in the seeds of 

these gourds (Chisholm and Hopkins, 1966; Bemis, Moran, et 

al., 1967). 

The level of conjugated dienoic fatty acids found 

in C. foetidissima oil was about 2.3% of the total fatty 

acids, as an average for the fifteen varieties analyzed 

(Table 10). This level was about twice the level found in 

the sample of cottonseed oil (0.8%) and about six times the 

level found in the sample of soybean oil (Table 11). The 

total concentration of conjugated fatty acids found in C. 

foetidissima oil, however, is similar to the levels reported 

in some edible oils and even in margarines and butter 

samples (.Smith et al. , 1978). 

Conjugated trienoic fatty acids are important from 

the functional standpoint, due to their oxidative and 
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Fig. 4. Ultraviolet spectra of the crude oils from soybean, 
cottonseed, and C. foetidissima seeds — (A) 
soybean oil (0.051% w/v solution); (B) cottonseed 
oil (0.054% w/v solution); (C) C. foetidissima oil 
(0.051 w/v solution). 
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Fig. 5. Ultraviolet spectra of the crude oils from soybean, 
C. foetidissima, C. digitata, and A. undulata 
seeds — (A) Soybean oil (0.051% w/v solution); 
(B) C. foetidissima oil (0.051% w/v solution); 
(C) C. digitata oil (0.0026% w/v solution); (D) A. 
undulata oil (0.0025% w/v solution). 
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polymerizing properties, which limit the use of the oil in 

which they are present in substantial amounts to drying oils 

suitable for manufacture of varnishes, enamels, and other 

protective coatings, rather than as edible products. 

Conjugated trienoic acids level was about 0.03%. 

This is a rather low and insignificant value that would not 

affect the use of C. foetidissima oil for edible purposes. 

In contrast, the amounts of these fatty acids re

ported in samples of C. digitata and A. undulata used for 

comparison purposes are 8.6% and 17%, respectively, con

jugated trienoic acids. 

The levels of conjugated fatty acids found in C. 

foetidissima oil would not affect its possible use as edible 

oil. This conclusion is based on the fact that the levels 

at which these fatty acid species are found ar not only low 

but equivalent to those at which they are found in other 

oils of edible quality. Smith et al. (1978), for example, 

report amounts of total conjugated fatty acids ranging from 

0.31% to 1.39% in five different samples of margarines and 

from 0.62% to 0.74% in five samples of butter. 

Figures 6 through 10 show the infrared spectra of 

oil samples from several sources. Figure 6 corresponds to 

C. foetidissima oil. Its infrared spefctrum resembles very 

much those of cottonseed oil (Fig. 7), soybean oil (Fig. 8), 

and corn oil (Fig 10) . 
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Fig, 6. Infrared spectrum of C. foetidissima oil (2.01% w/v solution). 
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Fig. 7. Infrared spectrum of cottonseed oil (2.06% w/v solution). 
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Fig. 8. Infrared spectrum of crude soybean oil (2.01% w/v solution). -J 
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Fig. 9. Infrared spectrum of commercial soybean oil — Salad oil. Partially 
hydrogenated. (2.12% w/v solution). 
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Fig. 10. Infrared spectrum of comiriercial corn oil — Salad oil. (2.24% w/v solution) 
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Punicic acid, the conjugated trienoic acid reported 

to be present in some species of the feral cucurbit seeds, 

and which was found in the samples of C. digitata and A. 

undulata used in this study, gives infrared bands at 9 33 and 

984 cm which are characteristic of cis, cis, trans con

jugated linkages. These bonds are absent in the spectra of 

C. foetidissima oil, although UV analysis indicates the 

existence of conjugated trienoic acids, probably other than 

punicic acid, at a very low level. 

An interesting feature of these IR analyses concerns 

the appearance of trans isomers in the oil from commercial 

soybean oil (Fig. 9). This band, which is not present in 

the original crude soybean oil (Fig. 8), is the result of 

the partial hydrogenation process to which the refined oil 

is subjected previous to its marketing as a salad oil. This 

point is important in view of the current and controversial 

interest in the physiological fate of trans fatty acids 

present in the human diet. 

Figure 11 corresponds to the infrared spectrum of 

trielaidin that was used as standard for the calculations of 

the trans fatty acid levels in the samples analyzed. 

Oil Processing Studies 

Crude C. foetidissima oil with the characteristics 

indicated in Table 6 was used for the processing studies. 

Tables 3, 4, and 5 indicate the different conditions of 
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Fig-. 11. Infrared spectrum of trielaidin — Used as standard. (2.00% w/v solution) 
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refining, bleaching, and deodorization studied. The condi

tions resulting in a final product with the best physical, 

chemical, and keeping properties were considered the most 

suitable for processing C. foetidissima oil, under the 

circumstances of this study. 

Effects of Refining 

The single, double, and triple refining processes 

which were studied were compared in terms of effects on 

reduction of pigments, changes in free and conjugated fatty 

acid levels, and changes in peroxide values in the resulting 

refined, bleached, and deodorized oils. The deodorized oils 

obtained as a result of the refining operation as the sole 

processing variable condition were further evaluated for 

their keeping quality by the Active Oxygen Method of fat 

stability as described by the AOCS (1970). 

Tables 12, 13, and 14 show the characteristics of 

the refined, bleached, and deodorized C. foetidissima oils, 

as affected by the refining processes. The refining pro

cesses influenced somewhat the total level of conjugated 

fatty acids, although a shift in the levels of the dienoic 

and trienoic species was more noticeable (Table 12). This 

effect has been observed to occur not only during refining 

of edible oils, but also during other unit operations to 

which these oils are subjected (Swern, 1964; Morrison, 1975; 



Table 12. Effects of refining methods on C. foetidissima oil; characteristics of 
the refined oils 

Carotenoids 
Refining methods (mg/Kg oil) 

Free fatty 
acids, % 

Peroxide 
value 

Conjugated 

Dienoics 

fatty acidsa 

Trienoics 

Crude oil 96.7 1.81 1,6 1.54 0.75 

Refined oils 
Single Refining Processes: 

12°Be NaOH (phosphoric 
acid pretreatment)b 77.4 0.10 16.8 1.52 0.00 

14°Be NaOH +5% NaOH 
excess 71.6 0.10 20.6 1.47 0.00 

16°Be NaOH 58.9 0.05 8.2 2.13 0.00 
20"Be NaOH 54.5 0.06 8.5 1.20 0.00 

Double Refining Processes: 

66.7% max. 12°Be NaOH 
Max. 12°Be NaOH 56.8 0.09 42.0 1.59 0.62 

50.0% max. 16° Be NaOH 
. 66.7% max. 16°Be NaOH 39.0 0.21 2.9 1.06 0.76 

Triple Refining Processes: 

80° max. 12° Be NaOH 
80% max. 16° Be NaOH 
Max. 16°Be NaOH 32. 4 0.06 7.5 1.16 0.00 

80% max. 16°Be NaOH 
80% max. 20°Be NaOH 
Max. 20°Be NaOH 33.1 0.08 20.3 1.58 0.69 

Expressed as percentages of the total fatty acid composition of the oil. 
bCrude oil pretreated with 0.2% phosphoric acid and degummed with 2% 

deionized water. 



Table 13. Effects of refining methods on C. foetidissima oil; characteristics of 
the bleached oils.3 

Carotenoids 
Refining methods (mg/Kg oil) 

Free fatty 
acids, % 

Peroxide 
value 

Conjugated 

Dienoics 

j. 
fatty acids 

Trienoics 

Single Refining Processes: 

12° Be NaOH (phosphoric 
acid pretreatment)c 8.9 0.21 5.3 0.84 0.71 

14° Be NaOH +0.5% 
NaOH excess 8.9 0.17 12.1 2.68 0.49 

16°Be NaOH 8.0 0.07 6.0 0.64 0.85 
20°Be NaOH 9.1 0.07 3.1 0.58 0.80 

Double Refining Processes: 

66.7% max. 12°Be NaOH 
Max. 12°Be NaOH 10.0 0.13 4.2 1.06 0.42 

50.0% max. 16°Be NaOH 
66.7% max. 16°Be NaOH 6.1 1.09 4.2 1.64 0.57 

Triple Refining Processes: 

80% max. 12°Be NaOH 
80% max. 16°Be NaOH 
Max. 16°Be NaOH 5.9 0.15 3.8 0.71 0.34 

80% max. 16°Be NaOH 
80% max. 20°Be NaOH 
Max. 20°Be NaOH 3.7 0.18 5.8 0.85 0.51 

aBleached at 105°C for 30 min. using 2% Superfiltrol 105 + 0.2% activated 
charcoal. 

u 
Expressed as percentages of the total fatty acid composition of the oil. 

cCrude oil pretreated with 0.2% phosphoric acid and degummed with 2% 
deionized water. 



Table 14. Effects of refining methods on C. foetidissima oil; characteristics of 
the deodorized oils.a 

K Stability (AOM) 
Conjugated fatty acids 

Carotenoids FFA PV=100 
Refining methods (mg/Kg oil) % P.V. Dienoics Trienoics (8 hr) (hr) 

Single Refining Processes 

12°Be NaOH (phosphoric 
acid pretreatment)c 6.1 0.38 0.0 1.59 0.36 160.5 6.6 

14°Be NaOH +0.5% NaOH 
excess 6.7 0.29 1.6 1.47 0.37 245.7 3.5 

16°Be NaOH 8.4 0,12 3.9 1.00 0.55 252.8 3.8 
20° Be NaOH 9.5 0.16 3.2 0.89 0.43 236.8 3.8 

Double Refining Processes : 

66.7% max. 12°Be NaOH 
Max. 12°Be NaOH 12.0 0.18 1.2 1.08 0.82 189.5 4.3 

50.0% max. 16°Be NaOH 
66.7% max. 16° Be NaOH 10.0 0.19 1.0 1.64 0.65 256.2 5.3 

Triple Refining Processes : 

80% max. 12°Be NaOH 
80% max. 16° Be NaOH 
Max. 16°Be NaOH 6.0 0.13 4.2 0.91 0.40 155.6 4.3 

80% max. 16°Be NaOH 
80% max. 20°Be NaOH 
Max. 20°Be NaOH 3.6 0.28 0.2 1.11 0.48 140.6 4.9 

bleached at 105°C for 30 min. using 2% Superfiltrol 105 + 0.2% activated charcoal. 
Deodorized at 210°C for 120 min. with 5% steam, 0.01% citric acid added during the cooling period. 

^Expressed as percentages of the total fatty acid composition of the oil. 

cCrude oil pretreated with 0.2% phosphoric acid and degummed with 2% deionized water. 
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Ostric-Matijasevic, Turkulov, and Djurkovic, 1970; Ivanov et 

al., 1971; Mitchell and Kraybill, 1942). 

It seems that the changes observed were due not only 

to a shifting of trienoic to dienoic species and vice versa, 

but also to the formation of hydroperoxides which are subse

quently destroyed during bleaching (Mitchell and Kraybill, 

1942). These changes are also reflected in the corresponding 

peroxide values which have been reported to increase due to 

oxidation processes which occur during refining (Ivanov et 

al., 1971) . 

Free fatty acids were lowered during refining, 

largely by neutralization with the NaOH solutions (Table 12). 

Treatments with stronger lye solutions in the single re- . 

fining processes were efficient and so were the triple 

refining processes. Carotenoids were decreased during 

triple refining processes because of adsorption of the 

pigments in the resulting soapstock. 

Bleaching of the refined oils was carried out by 

using 2% Superfiltrol 105 + 0.2% activated charcoal in all 

cases. The bleached oils (Table 13) showed no significant 

changes in conjugated fatty acid levels in comparison to the 

levels found in the refined oils. Peroxide values were 

lower than in the refined samples. These peroxides, already 

present before refining of the oils, or formed during this 

step of processing by oxidation reactions (Ivanov et al., 
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1971) are extensively destroyed during the bleaching process 

(Mitchell and Kraybill, 1942). 

Free fatty acids increased during bleaching, partic

ularly in the oils subjected to double or triple refining 

methods. No significant increase occurred when refining was 

carried out with 16°Be NaOH or 20°Be NaOH solutions in a 

single step. 

Although bleaching is usually assumed to have little 

effect on the acidity of oils, the activated bleaching 

earth used could have been partially responsible for the 

observed increase in free fatty acids. Activated bleaching 

earths may decompose soaps, adsorbing the sodium ions and 

leaving the free fatty acids free (Odeen and Slosson, 1935). 

The action may have been enhanced by the multiple refining 

processes with their stressful effect on the triglyceride 

molecules. 

Carotenoids were reduced by bleaching in proportion 

to their concentration in the refined oils, indicating that 

the adsorptive capacity of the bleaching earch was inde

pendent of the refining process used. 

Although the concentration of pigments in the oils 

treated by the triple refining processes were in the same 

range of values, the bleached oil resulting from the sample 

treated with 80% max of 16°Be NaOH solution in the first 

step and then with 80% max of 20°Be NaOH and max of 20°Be 

NaOH solutions in the two subsequent steps, had a total 
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carotenoid level of 3.7 mg/kg oil in contrast to the level 

of 5.9 mg/kg of oil found in the sample refined using 12°Be 

NaOH solution in the first step and 16°Be NaOH in the sub

sequent steps (Table 13). 

The difference between the samples refined in three 

steps is probably due to a relatively larger degree of de

composition of the pigments as a result of the multiple re

fining process using rather strong alkali solutions. The 

decomposed pigments were then more susceptible to adsorption 

by the bleaching earth (Swern, 1964). The fact that the 

level of carotenoids found in the resulting deodorized oils 

(Table 14) were similar to the levels in the bleached oils 

indicates the possible occurrence of this effect. 

Deodorization of the oils was carried out under 

similar conditions of time, temperature, and steam rate. 

The quality characteristics of the deodorized oils obtained 

were improved when refining was carried out in a triple step 

process. Single refining processes produced deodorized oils 

with poor color and elevated free fatty acid concentrations. 

Conjugated fatty acid levels appeared to be similar in all 

cases and no significant changes were apparent when they 

were compared with the levels found in the bleached oils. 

Peroxide values, although still elevated for a deodorized 

oil, in most cases were reduced from the values found in the 

bleached samples. 
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The stability property of the different oils gave a 

clear indication of the quality of the deodorized oils ob

tained. In general, double or triple refining processes 

produced more stable oils, with triple refining being a 

better process than double refining (Table 14). 

In general, single refined oils showed poor 

stability properties, as indicated by a peroxide value of 

around 240-250 after 8 hrs of aeration under the conditions 

of the Active Oxygen Method (AOM) test, or about 4 hrs being 

required by the oils to reach a peroxide value of 100 under 

the same aeration conditions. However, the single refined 

oil with 12°Be NaOH solution, although poor in properties 

such as color and free fatty acid levels, showed a remark

able stability toward oxidation with a peroxide value of 161 

after 8 hrs of aeration and required about 7 hrs to reach a 

peroxide value of 100 at 98.7°C (AOM). The peroxide value 

of this deodorized oil was zero which differed greatly from 

the peroxide values described for the other single refined, 

deodorized oils (Table 14). 

The excellent stability properties of this sample 

seem to be due to pretreatment with 0.2% phosphoric acid 

and degumming with 2% deionized water prior to refining. 

They also confirm the reported fact that phosphoric acid 

pretreatment of oils favors final quality characteristics, 

especially oxidative and flavor stability (Sullivan, 19 76; 

Braae, 1958; List, Mounts, Warner, and Heakin, 1978). 
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Phosphoric acid also has excellent metal inactivating prop

erties in fats and oils (Eckey, 1935; Evans, Schwab, et al., 

1954), and thus is important in preventing metal catalyzed 

oxidations which could be significant in causing the oil to 

become difficult and expensive to process. 

Phosphoric acid pretreatment of C. foetidissima oil, 

with its favorable actions, may be the explanation for the 

nil peroxide value in the deodorized oil and its good 

stability properties. 

The results obtained indicate that triple refining 

processes should be recommended for purification of C. 

foetidissima oil. In the case of this study, the method of 

choice would be that of treating the oil with 80% of the 

maximum amount of 16°Be NaOH solution required to neutralize 

the free fatty acid content of the crude oil. This treat

ment should be followed by a second refining step using 80% 

of the maximum required amount of a 20°Be NaOH solution and 

a third step using the maximum amount of this alkali solu

tion. 

The oil sample treated under these conditions gave a 

deodorized oil with carotenoid pigment levels in the range 

normally found in other edible oils. These results are in 

contradiction with those reported by Shahani et al. (1951) 

indicating that C. foetidissima oil was much darker in color 

than oils generally used in edible products, regardless of 

the method of refining. It must be noted, however, that the 
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processing conditions used by those authors for refining C. 

foetidissima oil were rather mild, in the range of 45 

minutes when the temperature of refining was 20-24°C or 12-

20 minutes when refining temperature was increased to 63-

6 7°C. Obviously, these conditions were not appropriate for 

processing an oil such as C. foetidissima, which is very 

rich in pigments that require a strong treatment for their 

removal. 

The free fatty acid level is probably the charac

teristic which is most troublesome and may require more 

study. Other characteristics are similar to those of 

other edible oils. 

Except for the addition of citric acid (0.01%) which 

acts as a metal binder no preservatives were added to any of 

the deodorized oils obtained. The addition of preservatives 

such as propyl gallate (PG), butylated hydroxytoluene (BHT), 

or butylated hydroxyanisole (BHA), normally used in the 

edible fats and oils industry, will greatly improve the 

oxidative stability of C. foetidissima oil. 

Effects of Bleaching 

Tables 15 and 16 show the characteristics of the 

oils bleached with varying concentrations of natural 

bleaching earth, activated bleaching earth, and activated 

charcoal or a combination of them. 



Table 15. Effects of bleaching earths on refined C. foetidissima oils;a 

characteristics of the bleached oils. 

Bleaching treatments 
Carotenoids 
(mg/Kg oil) 

Free fatty 
acids, % 

Peroxide 
value 

Conjugated 

Dienoics 

fatty acids 

Trienoics 

Refined oil 33.1 0.08 20.3 1.58 0.69 

Bleached oils 

1% Superfiltrol 105 21.2 0.13 19.3 1.14 0.29 
2% Superfiltrol 105 10.5 0.19 7.1 1.39 0.63 
2% Superfiltrol 105 + 

0.2% activated 
charcoal 3.7 0.18 5.8 0.85 0.51 

3% Superfiltrol 105 5.0 0.24 3.5 0.81 0.50 
3% Superfiltrol 105 + 

0.3% activated 
charcoal 5.3 0.45 7.8 1.10 1.01 

3% Natural bleaching 
earthc 13.8 0.10 2.5 0.97 0.78 

3% Natural bleaching 
earth + 0.2% 
activated charcoal 48.2 0.09 3.8 0.99 0.71 

4.67% Natural bleaching 
earthc 10.9 0.14 0.9 0.65 0.62 

1% Activated charcoal 5.9 0.03 0.9 1.12 0.00 

aTriple refining method with 80% max. 16°Be NaOH, 80% max. 20°Be NaOH, and 
Max. 20°Be NaOH. 

Expressed as percentages of the total fatty acid composition of the oil. 
cOfficial natural bleaching earth of the American Oil Chemists' Society. 



Table 16. Effects of bleaching earths on refined C. foetidissima oils;3 

characteristics of the deodorized oils.53 

Stability (AOM) 
Conjugated fatty acids 

Carotenoids FFA PV=100 
Bleaching treatments (mg/Kg oil) % P.V. Dienoics Trienoics (0 hr) (hr) 

1% Superfiltrol 105 21.2 0.27 15.6 1.32 0.28 309.8 2.3 
2% Superfiltrol 105 11.5 0.28 0.4 1.30 0.41 300.2 3.1 
2% Superfiltrol 105 + 
0.2% activated 
charcoal 3.6 0.28 0.2 1.11 0.48 140.6 4.9 

3% Superfiltrol 105 7.4 0.28 1.0 1.22 0.49 301.8 3.1 
3% Superfiltrol 105 + 
0.3% activated 
charcoal 6.2 0.11 2.5 1.07 0.38 236.5 6.5 

3% Natural bleaching 
earthd 15.2 0.14 1.7 1.29 0.62 221.8 4.1 

3% Natural bleaching 
earth + 0.2% 
activated charcoal 13.0 0.11 3.0 0.81 0.55 113.8 5. 6 

4.67% Natural bleaching 
earth^ 9.5 0.12 .2.3 0.85 0.69 236.7 4.4 

1% Activated charcoal 6.4 0.06 4.6 1.59 0.00 214.0 5.6 

3Triple refining method with 80% max. 16°Be NaOH, 80% max. 20°Be NaOH and Max. 20°Be NaOH. 
T. 
Deodorized at 210°C for 120 min., with 5% steam, 0.01% citric acid added during cooling 

period. 
Q 
Expressed as percentages of the total fatty acid composition of the oil. 

^Official natural bleaching earth of the American Oil Chemists' Society. 
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From the results obtained in the refining studies, 

the refined oil selected for studying the bleaching process 

of C. foetidissima oil was that refined by a triple step 

process using 16°Be and 20°Be NaOH solutions. 

The efficiency of the bleaching processes was con

sidered in terms of the reduction of pigment levels from the 

refined oil to the bleached (Table 15) and deodorized (Table 

16) oils, and also in terms of the changes in free and con

jugated fatty acids and the changes in peroxide values. 

From the data presented in Table 15, it appears that 

activated Superfiltrol 105 in combination with activated 

charcoal (2% Superfiltrol 105 + 0.2% activated charcoal) was 

the most efficient bleaching treatment in view of the degree 

of carotenoid removal (from 33.1 mg/kg oil to 3.7 mg/kg 

oil). Peroxide value reduction (from 20.3 mEq/kg oil to 

5.8 mEq/kg) was efficient although it seemed that natural 

bleaching earth and activated charcoal were more effective 

in this sense (Table 15). Activated charcoal was also very 

efficient in maintaining the low levels of free fatty acids 

achieved during refining. 

With natural bleaching earths, the levels: of free 

fatty acids did not change if 3% of the earth was utilized 

alone or in combination with 0.2% (oil'wt) activated char

coal; a slight increase was apparent when natural bleaching 

earth was used at 4.67% of the oil. Total conjugated fatty 

acids were reduced from 2.3% in the refined oil to about 
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1.4% in some of the bleached oil samples. The reduction in 

these levels appears to be due to the fact that the conju

gated species, as spectrophotometrically determined, include 

also some peroxide compound which upon destruction during 

the bleaching process (Mitchell and Kraybill, 1942) results 

in a decreased level of conjugated fatty acids. 

The data resulting from deodorization of the oils 

given the different bleaching processes are indicated in 

Table 16. The oils were deodorized at a temperature of 

210°C for 120 minutes. A steam flow rate at 5% of the total 

oil volume per hr was utilized. The pressure was of about 

5 mm Hg and 0.01% citric acid was added to the oil during 

the cooling side of the operation. Citric acid was added in 

the form of a 1.0% aqueous solution. 

The oil sample bleached with 3% natural bleaching 

earth + 0.2% activated charcoal produced a deodorized oil 

with remarkable stability properties. Its peroxide value 

was 114 after 8 hrs of aeration (AOM), and the time it re

quired to reach a peroxide value of 100 was 5.6 hrs. De

spite its good stability toward oxidation, this sample was 

dark in color, with a carotenoid level of 13 mg/kg oil and 

a peroxide value of 3 mEq/kg oil. 

The sample of oil bleached with 2% Superfiltrol 105 

+ 0.2% activated charcoal also showed a good degree of 

stability, as indicated by a peroxide value of 141 after 8 

hrs of AOM aeration, and by 5 hrs being required to reach a 
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peroxide value of 100 under the same conditions of aeration. 

This sample had a carotenoid level of 3.6 mg/kg oil which 

gave the oil the lightest color when compared with the other 

deodorized samples. Other favorable characteristics were 

its low peroxide value and conjugated fatty acid levels. 

The results from the effects of bleaching processes 

upon the refined C. foetidissima oil indicate that treatment 

of this oil with 2% Superfiltrol 105 or a similar commercial 

activated bleaching earth, in combination with 0.2% of 

activated charcoal, can produce a bleached oil with overall 

physical, chemical, and oxidative stability qualities better 

than other bleaching treatments and equivalent to those of 

other commonly used edible oils. 

Consequently, the bleaching treatment described 

should be recommended for C. foetidissima oil in order to 

attain a good quality product. 

Effects of Deodorization 

Deodorization of C. foetidissima oil was studied 

with respect to the effects of time and temperature; the 

conditions most suitable to produce the best quality oil 

were determined. Steam flow rate was 5% (v/w) of the oil 

and 0.01% citric acid was added to the deodorized oil during 

the cooling step of the process. A vacuum of about 5-8 mm 

Hg was maintained at all times. As in the case of refining 

and bleaching processes, the quality of the deodorization 



92 

operations was determined by the degree of reduction of 

carotenoid pigments, the formation of free and conjugated 

fatty acids, and the changes in peroxide value observed in 

the deodorized oils. Another important factor taken into 

account in characterizing the quality of the deodorized oils 

produced was their oxidative stability, which was determined 

for 8 hrs of aeration, according to the Active Oxygen Method, 

and the time required by the samples to reach a peroxide 

value of 100. 

The sample of bleached oil chosen for the deodoriza-

tion study was that refined by the triple process using 

16°Be and 20°Be NaOH solutions and bleached with 2% Super-

filtrol 105 + 0.2% activated charcoal, conditions that pro

duced an overall good quality bleached oil. 

Table 17 shows the data obtained in this study. 

Temperatures studied were 210 and 260°C for periods of time 

ranging from 30 to 180 minutes. The characteristics of the 

bleached oil used are presented for comparison with those of 

the deodorized oils obtained. 

In general, it can be observed that there was no 

major change in the levels of carotenoids as a result of 

deodorization, although the samples treated for longer 

periods of time or at 260°C seemed to have slightly lower 

values than the bleached oil or the samples deodorized under 

milder conditions. 



Table 17. Effects of deodorization conditions on bleached C. foetidissima oils;a 

characteristics of the deodorized oils. 

Deodorization 
conditions . Stability (AOM) 

Conjugated fatty acids 
Time Temp. Carotenoids FFA PV=100 
min. °C (mg/Kg oil) % P.V. Dienoics Trienoics (8 hr) (hr) 

Bleached oil 3.7 0.18 5.8 0.85 0.51 - -

Deodorized oils 

30 210 3.8 0.22 0.0 1.21 0.46 218.7 4.1 
60 210 3.0 0.30 1.3 1.15 0.43 204.3 4.1 

120 210 3.6 0.28 0.2 1.11 0.48 140.6 4.9 
180 210 3.1 0.35 0.5 1.10 0.48 236.8 4.5 
30 260 3.1 0.09 2.6 1.29 0.39 186.5 3.2 
60 260 2.9 0.10 2.5 1.14 0.46 297.8 2.9 
120 260 4.4 0.84 1.6 2.70 0.09 137.0 5.1 
180 260 3.0 0.51 1.3 2.46 0.15 1 214.8 5.2 

aTriple refining and bleached with 2% Superfiltrol 105 + 0.2% activated 
charcoal. 

Expressed as percentages of the total fatty acids in the oil. 
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Free fatty acid levels generally increased slightly 

during deodorization and peroxide values were lower than 

that of the bleached oil in all deodorized samples. These 

effects are apparently a normal occurrence in edible oils 

(Mitchell and Kraybill, 1942). Conjugated fatty acids, as 

in the case of refining, appear to shift from their trienoic 

to their dienoic species. This effect is more noticeable at 

the higher temperature of deodorization for longer periods 

of time. 

Time of processing seemed to influence the quality 

of the oil in terms of its oxidative stability; 120 minutes 

of deodorization gave more stable oils at both temperatures 

of operation, as indicated by the peroxide values of 140.6 

at 210°C and 137.0 at 260°C. These values were lower than 

those obtained during processes lasting shorter or longer 

periods of time, suggesting an optimum time of deodorization 

for C. foetidissima oil. This has also been observed in 

deodorization of soybean and other edible oils (Yasuda, 

Watanabe, and Tokunaga, 1962; Swern, 1964). About 5 hrs 

were required by the deodorized samples to reach a peroxide 

value of 100. 

Deodorization temperatures appeared to be of less 

influence than time in producing a better quality oil. When 

both temperatures were compared at similar times of deodor

ization, the stability of the oils was in most cases similar. 

However, other characteristics were slightly different and 
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in most cases favorable to the processes carried out at 

210°C. This may be important with respect to the shelf life 

of the oils. When all characteristics were compared, de-

odorization carried out at 210°C for 120 minutes gave the 

most stable oil with the best overall quality. Consequently, 

these conditions are those recommended for deodorization of 

C. foetidissima oil. 

Figure 12 is a thin-layer chromatogram of the de

odorized C. foetidissima oil and other commercially produced 

edible oils. Figure 13 is a thin-layer chromatogram of C. 

foetidissima oil at different stages of processing under the 

conditions of refining, bleaching, and deodorization recom

mended in this study. This chromatogram shows the progres

sive disappearance of undesired components such as phospha

tides, di- and mono-glycerides, and free fatty acids in the 

crude oil and through the refined, bleached, and final de

odorized samples, the latter comprising essentially tri

glycerides and trace amounts of other components which 

matches the composition shown by other edible oils (Fig. 12). 

Figure 14 shows the visible spectra of C. 

foetidissima oil during the different steps of the proces

sing operations. The spectra show the degree of disappear

ance of carotenoid pigments at every step until a very low 

level is reached in the deodorized sample. UV spectrophoto

metry analyses of the same samples are shown in Fig. 15. 

The spectra indicate the levels of dienoic and trienoic 



Fig. 12. Thin-layer chromatogram of various vegetable-oils 
— Deodorized oils. CI) Soybean oil, (2) corn 
oil, (3) safflower oil, C4) C. foetidissima oil. 



Fig. 13. Thin-layer chromatogram of C. foetidissima oil 
— (.1) Deodorized oil, (2) bleached oil, (3) 
refined oil, C4) crude oil. 
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Fig. 14. Visible spectra (carotenoids determination) of C. foetidissima oil at 
different stages of processing — Cr = crude oil, 25.55 g/L; Rf = 
refined oil, 25.50 g/L; Be = bleached oil, 25.475 g/L; Do = deodorized 
oil, 25.50 g/L. 
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Fig. 15. Ultraviolet spectra (conjugated fatty acids determination) of C. 
foetidissima oil at different stages of processing -t- Cr = crude oil, 
255.50 mg/L; Rf = refined oil, 255.00 mg/L; Be = bleached oil, 254.74 
mg/L; Do = deodorized oil, 255.00 mg/L. 
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conjugated fatty acids and the occurrence of the shifting 

effect at every step of processing. 

Figure 16 is a gas-liquid chromatogram of the fatty 

acid composition of the deodorized oil obtained by proces

sing under conditions considered to be the most suitable for 

C. foetidissima oil as summarized below. 

Refining. A triple refining process appears to be 

appropriate in order to remove pigments as much as possible 

and to favor an oil more stable toward oxidation. The 

triple refining process recommended should be carried out 

using 80% max of 16°Be NaOH in the first refining step, 

followed by refining the oil with 80% max of 20°Be NaOH, and 

finally with max 20°Be NaOH. Previous degumming treatment 

of the oil, although the levels of phosphatides are not 

high, produced an oil with very good stability. Thus, de-

gumming with a pretreatment with phosphoric acid (0.1% based 

on crude oil) could also be used as an alternative step 

toward producing an excellent oil. 

Bleaching. The conditions of bleaching recommended 

are those utilizing 2% (by oil wt) of a commercially avail

able, activated bleaching earth in mixture with 0.2% (by oil 

wt) of activated charcoal. 
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Fig. 16. Gas-liquid chromatogram of the major fatty acid 
components of C. foetidissima oil — Palmitic 
acid, Ci^.Qr 11.90%; Stearic acid, C^g.Q, 3.51%; 
Oleic acxd, Cio.i, 22.00%; Linoleic acia, C18.2f 
61.00%. 
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Deodorization. Deodorization process should be 

carried out at 210°C for 120 minutes. Steam rate of 5% 

(v/w) of oil is recommended. 

Nutritional Studies 

The oil samples from C. foetidissima seeds used for 

nutritional evaluation were processed by single and triple 

refining methods, bleached with activated bleaching earth 

(2% Superfiltrol 105), and activated charcoal (0.2%) and 

deodorized for 120 minutes at 210°C. The characteristics 

of the different oils used for the nutritional studies are 

listed in Table 6. The results obtained from feeding diets 

containing crude or processed oils from C. foetidissima 

seeds were compared to those obtained from feeding control 

diets which contained corn oil. Safflower oil diets were 

fed for comparison purposes, but gave unexpected results. 

The data, however, are discussed in view of the nutritional 

implications involved. 

Weight gain, feed efficiency, digestibility, and 

mortality data are reported in Table 18. Relative liver, 

kidney, and heart weights are presented in Table 19. Analy

ses of variance were carried out and a Duncan test (Duncan, 

1955; Kramer, 1956) applied to determine significant dif

ferences at the 5% level. Table 20 presents the fat con

tents of livers, kidneys, and hearts of mice fed the 
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Table 18. Weight gains, feed efficiency, digestibility, 
and mortality of mice fed diets containing corn, 
safflower, and C. foetidissima oils. 

% Oil Weight Feed ^ 
in diets gaina efficiency Digestibility Mortality 

% 
Corn oil: 

4 0.72 18.6g 93.6 0 
8 0.58f 17-4§ 95.7 0 

12 0.27c 10.1de 94.7 0 

Safflower oil; 

4 0.38d 11.4e 94.1 0 
8 - 100 

12 - 100 

C. foetidissima oil (single refining): 

4 °-67k 17.7g 94.5 0 
8 0.08° 3.5C * 0 

12 - 100 

C. foetidissima oil (crude): 

4 0.46e 13-°f 94.0 0 
8 0.31c 9.8 96.3 0 

12 -0.07a -4.7a 94.8 70 

C. foetidissima oil (triple refining): 

4 0.63fg 17.9g 93.5 0 
8 0.31c 9.9° 95.8 0 

12 -0.03a -1.6 94.7 20 

ag/day/mouse. 

b weight gain x 

feed consumed 

•Digestibility value was not determined for this 
diet. 

Vertical values not sharing a common superscript 
letter are different at the 5% level. 

Dash lines indicate that no data were collected 
because of death of animals during experimental period. 
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Table 19. Relative organ weight''" of mice fed diets contain
ing corn, safflower, and C. foetidissima oils. 

Relative organ weight"'" 
% oil % oil 

in diets Liver Kidney Heart 

Corn oil: 

4 5.18a 1. 59a 0.64ab 

0.65ab 

0.63 
8 

12 
5.30a 

5.89bc 
1.59a 

1. 88 

0.64ab 

0.65ab 

0.63 

Safflower oil: 

4 
8 

12 

6.80ef 1. 95c 0.82de 4 
8 

12 - - -

C. foetidissima oil (single refining): 

4 
8 

6.04cd 
6.49de 

1.66ab 
2.03c 

°-58^ 
0.76 

12 — - -

C. foetidissima oil (crude): 

4 
8 

7. 07f 
5.92°d 

5. 84 

1.80*b 

1. 88 
0.80jde 
0.86de 

12 

7. 07f 
5.92°d 

5. 84 2. 04c 0.99 

C. foetidissima oil (triple refining): 

4 
8 

5.98cd 
6.oo c d  

5. 67 

1.64a^ 
1.85abc 

0.66 a b  

0.64 a 

12 

5.98cd 
6.oo c d  

5. 67 1. 94c 0.91e 

1Organ weight nnn 

Body weight x  i U U  

Vertical values not sharing a common superscript 
letter are different at the 5% level. 

Dash lines indicate that no data were collected 
because of death of animals during experimental period. 
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Table 20. Fat content of organs of mice fed diets contain
ing corn, safflower, and C. foetidissima oils. 

% oil 
in diets 

Fat content of organs, % 
% oil 

in diets Liver Kidney Heart 

Corn oil: 

4 
8 

12 

4.95 
3.56 
2.48 

5. 44 
5.88 
5.21 

3.58 
2.67 
3.39 

Safflower oil: 

4 
8 

12 

2.59 4.69 3.57 

Safflower oil: 

4 
8 

12 - - -

C. foetidissima oil (single refining): 

4 
8 

12 

4.27 
3.75 

8.08 
3.91 

3.50 
2.91 

C. foetidissima oil (crude) : 

4 
8 

12 

3.44 
3. 83 
3. 00 

5.98 
5. 08 
3.91 

2.60 
2.84 
6.11 

C. foetidissima oil (triple refining): 

4 
8 

12 

3.50 
3.18 
8.23 

5.20 
5.13 
3.21 

3.81 
2.22 
2.13 

Dash lines indicate that no data were collected 
because of death of animals during experimental period. 
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experimental diets. No significant differences were found 

between male and female mice, therefore the data were 

combined. 

Weight gains (Table 18) of mice fed diets containing 

4% oil from all the sources investigated were significantly 

higher (P < 0.05) than the weight gains of mice fed diets 

containing 8 and 12% of these oils; equally significantly 

higher weight gains (P < 0.05) occurred in mice fed diets 

containing 8% of the oils as compared to the weight gains 

observed in mice fed the 12% oil diets. 

Feed efficiency data showed that a similarity in 

feed utilization existed between 4 and 8% corn oil diets. 

Since a difference existed in weight gain between these 

diets, the feed efficiency data indicate that feed consump

tion was directly related to lower weight gain in the 8% oil 

diet. From the fact that even lower weight gains occurred 

at the 12% dietary level of corn oil, it also appears that 

certain factors inhibited feed consumption when this oil 

was in the diet at the 12% level. 

The diets containing 4% of C. foetidissima oil re

fined in single and triple steps produced similar weight 

gains which were lower than the corresponding control diet 

using 4% corn oil. The values, however, were higher than 

those produced in mice fed 4% safflower oil. Feed effi

ciency data show that C. foetidissima oil diets were similar 

to their corresponding 4% and 8% corn oil diets, suggesting 
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similar efficiency of utilization of these oils. Again, 

feed consumption was the parameter responsible for lower 

weight gains in the test diets containing C. foetidissima 

oil. 

Diets containing crude and triple refined C. 

foetidissima oils at the 8% level of the diets were similar 

in terms of weight gains produced in mice, but they were 

significantly lower than the control diet containing corn 

oil. Mice on the single refined C. foetidissima oil at this 

level of the diet showed essentially no growth response. 

Safflower oil diet at this dietary level caused total 

mortality in the animals, an unexpected and surprising 

effect. 

The feed efficiency data for this level of oil in 

the diet indicate a similarity between crude and triple re-( 

fined C. foetidissima oils. Both feed efficiencies were 

significantly higher than that of the diet containing C. 

foetidissima oil refined by the single step process, and 

lower than that of the diet containing corn oil, suggesting 

that the physiological feed utilization was lower for C. 

foetidissima oil than for corn oil at this dietary level. 

The analyses of the results obtained from the diets 

containing 12% oil lead to the same conclusion, confirming 

the hypothesis of the possible presence of natural anti-

nutritional factors in the crude oil, the formation of com

pounds resulting from oxidation reactions during the single 
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refining process of the oil and during storage of the pre

pared diets, and possibly other factors as well. The 

hypothesis is strengthened by the fact that the C. foeti-

dissima oil used in these studies did not contain the usual 

commercial antioxidants added to edible oils. 

Digestibility of the oils tested was not different 

in any case and was found in the range normally expected for 

edible oils. 

At the 12% level, crude and triple refined forms of 

C. foetidissima oil fed to the animals were similar to each 

other in the sense that they did not promote growth. They 

were different in terms of mortality; 70% mortality occurred 

in the animals on the crude oil diet and only 20% in the 

animals fed the triple refined oil diet. Mortality in the 

animals fed single refined C. foetidissima oil was total 

(100%), the same as that observed in the mice fed 12% 

safflower oil. 

The specific reasons for the high mortality ratio 

observed in animals fed 12% crude and single refined C. 

foetidissima oils and 8 and 12% safflower oil were not 

determined. However, the fact that the animals fed the 12% 

triple refined C. foetidissima oil also showed mortality 

with essentially no growth in the surviving animals, empha

sizes the possibility that anti-nutritional factors were 

present in this oil as well as the possible development of 

peroxide compounds. These compounds might have affected 
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feed palatability in the mice inhibiting both feed consump

tion and growth. These assumptions are reinforced by the 

similarity of the results obtained between the crude and 

processed oil diets at this level. 

All diets were calculated to be isocaloric and 

isonitrogenous. The reduction in feed intake could be 

interpreted in two ways. First, the diets were isocaloric 

and therefore a reduction of feed intake would be expected 

with increased oil additions. Secondly, the diets could 

have been isocaloric in nature, but an unknown toxin was 

carried by the oil causing a reduction in feed intake, with 

increased percentages of oil in the diets. In the first 

case, due to the liquid nature of these oils, they might 

have separated from the remaining components of the diets 

which settled to the bottom of the container while stored 

during the feeding period. As a consequence, the animals 

fed corn and C. foetidissima oils at the 8 and 12% levels of 

the diets were presented with rations covered with a layer 

of liquid oil and fed on a diet that was not nutritionally 

balanced. 

This problem has been reported to occur with rape-

seed oil by Alexander and Mattson (19 66) and was corrected 

by these investigators by "gelatinization" of the oil with 

ethyl cellulose to avoid oil separation. This procedure 

permitted the authors to keep the oil evenly distributed in 

the diet mixture throughout the complete feeding period. 
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The mixture of 92.6% oil and 7.4% ethyl cellulose was 

"gelatinized" by heating it to 140°C and cooling. The 

mixture had a semisolid consistency similar to gelatin. 

A similar procedure would be advisable in order to 

correct the possibility of this defect in studying the 

nutritional value of C. foetidissima oil. 

In the second case, the effect on mortality of 

animals fed the 12% single refined C. foetidissima oil diet 

could have been a non-appropriate refining process, which 

could leave behind impurities and compounds formed during 

the operation. These compounds can add their effects to 

those caused by the anti-nutritional factors suggested to be 

present naturally in the oil, and the peroxides formed as 

products of oxidative damage to the oils. 

Some of the compounds formed during the refining 

process could well have been hydroperoxides which appeared 

in the produced deodorized oil (Table 14) and which could 

have caused further oxidative damage to the oil when this 

was mixed with the other components of the diets, particu

larly metal ions which could have catalyzed their formation 

during storage. 

The results analyzed indicate that at the 4% level, 

the degree of physiological utilization of C. foetidissima 

oil was the same as that of corn oil and probably of other 

edible oils as well. The data on relative organ weight 

calculated for livers, kidneys, and hearts from mice on the 
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control and test diets (Table 19) show that liver enlarge

ment occurred in animals on the 12%. corn oil diet as com

pared with animals on diets containing 4 and 8% of this oil. 

Probably with the exception of the value of relative 

liver weight for the diet containing 8% single refined C. 

foetidissima oil, all other diets containing this oil were 

comparable. There were significant differences between the 

diets containing this oil, but these differences were not in 

accord with the corresponding dietary levels of the oil. 

Consequently, no definitive conclusion could be derived. 

When comparing these diets with their corresponding 

controls, however, definitive evidence was found showing 

that at the 4 and 8% levels, C. foetidissima oil in its 

crude or deodorized forms induced liver enlargement. At the 

4% level, single and triple refined oils caused similar 

response but both were different than the response caused by 

4% corn oil diet. At this level, safflower oil caused the 

highest degree of liver enlargement suggesting that it had 

poor nutritional quality. The 4% crude C. foetidissima oil 

diet gave a value that did not correspond to the values ob

tained from the other crude oil dietary levels, and there

fore was not considered for comparative analyses. 

Relative liver weights of aninials fed 8% crude and 

processed oils from C. foetidissima were similar. Their 

values were significantly higher than the corresponding 

control diets containing 8% corn oil. These differences 
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could be due to a physiological response to an increased 

work load caused by the presence of anti-nutritional factors 

from natural and processing origin. 

In summary, it appears that C. foetidissima oil as 

compared to corn oil induced liver enlargement at the 4 and 

8% dietary levels and that no differences existed between 

crude and processed oils from this source. 

While the comparison of relative liver weights in 

the test and control animals is used here as an index of 

liver enlargement, the results obtained only indicate that 

change in this organ has taken place. The nature of the 

change has not been established. Liver enlargement can 

occur for many reasons, several of which do not necessarily 

imply pathological conditions due to liver injury. Further 

studies are recommended in order to identify the mechanisms 

by which liver enlargement occurred, including morphological 

and biochemical considerations. Relative kidney weight was 

found to be similar for diets containing 4 and 8% corn oil, 

4 and 8% triple refined C. foetidissima oil, and 4% crude 

and single refined C. foetidissima oils. Organ enlargement 

to the same degree was found in the remaining dietary treat

ments . 

Relative heart weight was similar for all corn oil 

diets and for 4% single refined and 4 and 8% triple refined 

C. foetidissima oils. Significantly larger values occurred 
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for the diets containing 4, 8, and 12% crude C. foetidissima 

oil as well as 4% safflower oil. 

Table 20 presents the data on fat content of the 

organ tissues studied. Because of the small organ size, 

these values were pooled for every dietary treatment and a 

statistical comparison was consequently not possible; the 

values reported are a relative indication only of the degree 

of fat deposition in these organs. 

The data indicate that in general, there were 

larger depositions of lipids in the hepatic tissues of 

animals fed 12% refined C. foetidissima oil, in the renal 

tissues of the animals fed 4% single refined C. foetidissima 

oil, and in the cardiac tissue of animals fed 12% crude oil 

from the same source. 

As is shown,besides these isolated data, no specific 

conclusion can be drawn. Perhaps, the one major point of 

interest that could be expressed was that no significantly 

different deposition of fat occurred in the organs when the 

animals were fed oil from C. foetidissima seeds than when 

they were fed the control corn oil diets. 

Safflower oil diets were fed at 4, 8, and 12% of 

the diets. Surprisingly, the animals fed at the 4% level 

were the only survivors of the experiments. The mortality 

in the diets containing 8 and 12% levels was 100%. Even at 

the 4% oil level, the growth of the animals was lower than 

in some of the other experimental diets. The data presented 
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in Table 18 indicate that the response of the animals on the 

4% safflower oil diet was somewhere between the response of 

the animals fed 8 and 12% corn oil in terms of weight gain, 

feed efficiency, and digestibility. 

The safflower oil used in these experiments was 

obtained from a commercial source and was produced for 

distribution by health food stores. From the information 

provided, the oil had been "processed to preserve its natural 

nutritional value." The information suggests that the 

process employed might have been inadequate and that certain 

impurities or compounds were left in the oil or formed 

during the processing operations, thereby causing a dele

terious effect in the animals' response as indicated by the 

early deaths which occurred in the animals fed both 8 and 

12% oil diets. 

Although this conclusion was not tested, the 

similarity of responses of the animals on the safflower oil 

and that of the animals on the C. foetidissima refined in 

one step indicates that an inappropriate processing opera

tion was carried out for the safflower oil which throughout 

the years has been proven to be of the highest physical,^ 

chemical, and nutritional quality. These results also imply 

the necessity for closer control of certain products offered 

to the public by "health food stores." 



SUMMARY AND CONCLUSIONS 

The purpose of this research was to investigate 

thoroughly the physical and chemical characteristics of the 

oil from C. foetidissima seeds, its processing to a deodor

ized state, and its nutritional quality in both crude and 

deodorized form, using mice as the experimental animals. 

The results showed that this oil resembles chemically 

the oils from safflower and corn in terms of its fatty acid 

composition. Physically, C. foetidissima oil resembles 

cottonseed oil due to its carotenoid content which gives the 

oil a dark red color. 

Conjugated fatty acids, particularly trienoic 

species reported to be present in the seed oils from plants 

belonging to the Cucurbitacea family, are found at rather 

negligible levels in the oil from C. foetidissima seeds. 

Other species such as C. diqitata and A. undulata had 

trienoic conjugated fatty acid levels of 9 and 17%, re

spectively. Conjugated dienoic fatty acids were present in 

C. foetidissima oil at about 2% level. 

Because of the oxidative and polymerizing properties 

of the conjugated fatty acids present, the nutritional 

values of C. digitata and A. undulata oils are limited. The 

oils, instead, have characteristics resembling the drying 

oils used for the production of varnishes and enamels rather 
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than for food. Other physical and chemical properties of C. 

foetidissima oil corroborate that this oil has edible 

quality and could be used as a food and/or feed ingredient. 

Processing through a series of different conditions 

of refining, bleaching, and deodorization steps produced an 

oil with a light yellow color, good oxidative stability, and 

other properties similar to edible vegetable oils. 

Due to the high levels of carotenoids and other 

impurities present in the crude oil, appropriate conditions 

of processing required a triple refining process, clarifica

tion of the oil using activated bleaching earth and activated 

charcoal, and a deodorization step at 210°C for 120 minutes. 

The deodorized oils appeared to have a nutritional 

quality similar to corn oil when fed at the 4% level of the 

diet. At higher concentrations in the diet, however, poorer 

results were obtained, suggesting that anti-nutritional 

factors might be present in the oil, either from natural 

origin or formation during the processing operations. 

Poorer weight gains and feed efficiencies were also 

observed when diets containing higher levels of corn oil 

were fed, indicating that besides possible anti-nutritional 

factors, other factors might have also influenced the 

results obtained. 

Probably one of these factors was the form in which 

the oil was fed. At the higher levels in the diets, the 

liquid oil might have separated from the solid ingredients 
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which settled to the bottom of the container while stored 

during the experimental feeding period. This occurred with 

both C. foetidissima and corn oil diets, and as a conse

quence, poorer weight gains were observed when the mice were 

fed the diets containing higher levels of both oils. The 

rations presented to the animals could have been covered 

with a layer of liquid oil causing depressed feed intake and 

thus lower weight gain. 

The fact that poorer weight gains were also observed 

in the animals on the diets containing higher levels of corn 

oil and that only minor differences were observed between 

the animals fed C. foetidissima and corn oils at the 4% 

levels of the diets proves the point. 

From the results reported, it can be concluded that 

crude C. foetidissima oil has characteristics similar to 

other edible oils and could be converted to an oil of food 

grade quality. 

The feeding studies showed that this oil is similar 

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

digestibility, when fed at the 4% level of the diet. Al

though at higher levels of the oils in the diets there were 

differences, these seemed to be due to physical aspects of 

preparation of the diet mixture or to some toxic factors 

which might be present in the crude oil or formed during 

the processing operations and carried through to the de

odorized oil. 
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In view of the potential importance of C. foeti-

dissima oil and the results obtained in this investigation 

concerning its biological effects, further studies are 

recomended in order to prove its nutritive value. Care 

should be taken as to avoid separation of the oil from the 

other dietary components and to minimize oxidative damage 

of the oil during storage. This can be done by the addition 

to the oil of propyl gallate or other appropriate anti

oxidant normally added to commercial edible oils. 
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