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ABSTRACT 

Analysis of the phospholipids from three species of Cucur-

bitacea (Cucurbita foetidissima, Cucurbita digitata, and Apodanthera 

undulata) was done to determine their possibility for lecithin manu

facture. The phospholipids were isolated using silicic acid chroma

tography and quantitated by a colorimetric analysis. The component 

phosphatides were separated using thin-layer chromatography. All 

three species contained phosphatidylcholine, phosphatidylethanola-

mine and phosphatidylinositol as their major constituent phospho

lipids. Fatty acid analysis by gas-liquid' chromatography (GLC) 

revealed that the major fatty acid in the three cucurbits was lino-

leic and the minor one, myristic. GLC analysis of each component 

phosphatide indicated that there was considerable variation in their 

distribution of fatty acids. The presence of small amounts of con

jugated fatty acids in the three species' phosphatides was deter

mined using ultraviolet spectrophotometry. All results indicated 

that a good quality lecithin could be produced from these three 

Cucurbitaceae oils. 

x 



CHAPTER 1 

INTRODUCTION 

History 

Because 20% to 25% of the dry weight of an adult human brain 

consists of phospholipids, it is not surprising that brain was the 

first tissue in which these compounds were discovered. This was accom

plished by L. N. Vauquelin (Ansell and Hawthorne, 1964) in 1811, who 

found a phosphorus-containing material in fatty brain extracts. Thirty 

years later Gobley (Ansell, 1973) isolated a similar compound from egg 

yolk which he named "lecithin" from the Greek lekithos (egg yolk). 

Gobley also deduced the structure of lecithin by observing that both 

glycerophosphoric acid and choline could be obtained from the egg yolk 

extract. Following Gobley's observation, J. L. W. Thudicum (Ansell, 

1973) discovered two more phospholipids which differed from lecithin and 

from each other in solubility. Thudicum was also working with brain 

extracts and he named one of his compounds "cephalin" from the Greek 

kephale (head) and the other "sphingomyelin" which is from the two 

Greek words sphingein (to bind tight) and myelos (marrow). 

Unfortunately, the discovery of plant phospholipids lagged 

behind those from animal sources. The reason had to do with the several 

difficulties encountered in their isolation. For one, the content of 

phospholipid in plants is generally small, especially in those tissues 

that contain large amounts of water. (Even in the oil-bearing seeds 

where the lipid content is relatively high, phospholipids usually rep-

1 
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represent a maximum of 3% of the total glycerides.) Second, plant phos

phatides are often found complexed with carbohydrates and/or proteins 

which alters their solubility characteristics. This confused many of 

the early researchers in this area. In fact, it was not recognized 

until the late 1800s that phosphorus-cofttaining lipids were of general 

occurrence in plant seeds and other vegetable sources (Witcoff, 1951). 

In the early 1900s all phospholipid research came to a stand

still. Researchers of both plant and animal tissues were confronted 

with inadequate methods of fractionation, and hence they encountered 

problems in isolating the pure components they desired. However, with 

the advent of chromatography in the 1930s, research on phospholipids 

resumed. Initially, attempts were made to separate brain phospholip

ids using aluminum oxide chromatography. Then, a number of workers 

reported success using silicic acid column chromatography. In 1954 

paper chromatography was used, followed by the application of gas-

liquid chromatography to the fatty acid components in 1958 (Ansell, 

1973). One year later, the applications of thin-layer chromatography 

(TLC) appeared and were successful. All these methods were also 

greatly aided by advancements in organic chemistry which provided syn

thetic phospholipids for use as reference compounds. With these tech

niques, and with a sudden desire to study the physiology and biochem

istry of membranes, the structures of over 40 naturally occurring 

phospholipids have been determined (Strickland, 1973). Furthermore, 

with the current developments of high-performance liquid chromatography, 

mass spectroscopy, and nuclear magnetic resonance, even more about 

these lipids is being discovered each day. 
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Structure and Nomenclature 

Due to their heterogeneity, lipids are extremely difficult 

compounds to classify. First, they do not contain a specific chemi

cal grouping or linkage consistently present throughout the different 

lipid types. Second, they do not contain a characteristic element. 

For example, one lipid may contain phosphorus in addition to carbon, 

hydrogen, and oxygen, whereas another may contain nitrogen and a sugar 

residue in addition to the usual carbon, hydrogen, and oxygen. Thus, 

a purely chemical characterization of lipids is not possible. The 

Bloor classification adapted by Deuel (cited by Ansell, 1973) in 1951 

is the most widely used today (Table 1), although controversy still 

exists in this area. 

It can be seen from Table 1 that phospholipids, which are also 

known as phosphatides, are considered to be within the class known as 

compound lipids. Upon hydrolysis, phospholipids yield glycerol, fatty 

acids, inorganic phosphate, and often an inorganic base or polyhydroxy 

compound (Christie, 1973). (These should not be confused with phos-

phosphonolipids which as yet have not been found in plant tissues.) 

The major phospholipids of itnerest in this study are listed 

in Figure 1. Although both the trivial and sterospecific names are 

presented in this figure, only the trivial names will be mentioned 

throughout this paper. 

Phospholipids of Other Plant Oils 

Phospholipids are important in the food industry because they 

function as emulsifiers. Emulsifiers are compounds which contain both 



Table 1. Classification of lipids. — From Ansel1 (1973, p. 1). 

Simple Lipids 

Neutral fats (glycerol esters of largely long-chain fatty acids) 

Waxes (solid esters of long-chain monohydric alcohols) 

Compound Lipids 

Phospholipids (lipids containing a phosphate residue) 

Cerebrosides and gangliosides (lipids containing a carbohydrate 
residue) 

Sulfatides (lipids containing a sulfate residue) 

Derived Lipids 

This group contains products derived from the two groups men
tioned above which still possess lipid-like characteristics. 
They include long-chain fatty acids, aldehydes and,alcohols, 
sterols, hydrocarbons, and sphingosine. 
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pH^OOCR 

RCOOQH 
•HgO-S—OCH^CHjNICHglg 

Phosphatidylcholine (PC) 

(l,2-diacyl-sn-glycero-3-phosphorylcholine) 

CHaOOCR 
RCOOCH 

CH2O-P-OCH2CH2NH3 

Phosphatidylethanolamine (PE) 

CHAOOCR (l,2-diacyl-sn-glycero-3-phosphory1ethanolamine) 

RCOOCH 
6h2o-&-oh 

Phosphatidic Acid (PA) 

(l,2-diacyl-sn-glycero-3-phosphoric acid) 
^HjOOCR 

H 0 
Sh2o-J-o\ / 

RCOOC 

-H- . , , 6" OH OH 

Phosphatidylinositol (PI) 
CHa^0" (1 2-diacyl-sn-glycero-3-phosphoryl-l'-sn-myoimositol) 

HC0 T vP°® R 

rcocOT O h. 
CHaO-ff-ocHjjCHa N 1CH313 

Lysophosphatidylcholine (LPC) 

(1- or 2-acyl-sn-glycero-3-phosphorylcholine) 

iJTH RCOOJ, 
' HaO-^-ocHaCHaNHg 

rOOCR Lysophosphati dyl ethanol amine (LPE) 
(1- or 2-acyl-sn-glycero-3-phosphorylethanolamine) 

CH^HCOO" 
<Hg+ 

Phosphatidyl serine (PS) 

(1,2-diacyl-sn-glycero-3-phosphorylseri ne) 

Figure 1. Structure of phospholipids 
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a hydrophilic and a hydrophobic group and are used to stabilize disper

sions of oil in water (o/w) or water in oil (w/o) (Powrie and Tung, 

1976). Phospholipids are unique in that they can be separated into 

alcohol-soluble and -insoluble fractions—each fraction differing in 

its composition of phosphatides. The alcohol soluble fraction is used 

for o/w emulsions, whereas the insoluble fraction promotes w/o emul

sions. Unfractionated phospholipid can also be used in a food dis

persion as it exists naturally or chemically modified to perform a 

specific function. 

The importance of phospholipids, however, is not limited to 

their use in the food industry alone. They are found in as many non

food items as in food items, as shown in the abbreviated list of Table 

2. Other products containing phospholipids include: dog food, cosmet

ics, meats, pasta, plastics, oil additives, magnetic tape, and live

stock feed (Cherry, Gray, and Jones, 1901). Phospholipids function 
t 

in nonfoods in much the same way as they would in a food product, 

with the exception of their therapeutic use in drugs. Even though 

the remainder of this thesis will emphasize the possibility of proces

sing Cucurbitaceae for food lecithin, the significance of phospholip

ids in other industries must not be forgotten. 

Of the major plant oils used today, soybean oil is predominant 

and consequently is the principal source of commercial phosphatides. 

Oil chemists found out as early as 1923 that it was economical to 

separate the phosphatides from soybean oil and to process them into 

a product known as lecithin (Witcoff, 1951). Prior to this, lecithin 

was obtained from animal tissues such as egg yolk, brain tissue, or 
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Table 2. Phospholipid uses and functions in various products. — 
From Van Nieuwenhuyzen (1981, p. 886). 

Product Function 

Food 

Bakery goods 

Chocolate 

Instant products 

Margarine 

Improvement of volume 
Fat dispersion 
Antistaling 

Reduction of viscosity 
Prevention of crystallization 

Wetting; dispersion 
Stabilization of product 

Prevention of spattering 
Browning and dispersion 

Nonfood 

Drugs 

Paints 

Leathers 

Emulsifier 
Choline supplier 

Pigment dispersion 
Stabilizes emulsions 

Oil penetrant 
Softening agent 

Mosquito control Reduction of surface tension 
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spinal chord—sources which provided only small quantities of phospha

tides. The extraction of phospholipids from soybean oil, however, 

yields large quantities of phosphatides which are considered superior 

to those from animal sources (Witcoff, 1951). 

The essential process to isolate the phosphatides from the oil 

is known as degumming. In the United States, degumming is normally 

done by a method known as batch degumming (List, Avellaneda, and 

Mounts, 1981). During batch degumming, the extracted oil is treated 

with hot water and agitation which causes precipitation of the phos

phatides along with other associated materials. The precipitated mass 

is separated by centrifugation and dried into the product, lecithin. 

Commercial lecithin is not a pure compound, but rather a mixture of 

phospholipids, triglycerides, and other nonphospholipid components such 

as free carbohydrates, sterols, tocopherols, and B vitamins. Further

more, depending upon the actual degumming process used and conditions 

employed, the amounts of the constituent lecithin components will 

change. This includes variations not only in the amount of total phos

pholipid extracted, but also in the types of phospholipids present and 

in their fatty acid profiles (Scholfield, 1981). These ranges are 

listed in Tables 3 and 4. 

In order to determine the economic potential of lecithin manu

facture from a new oilseed source, it is necessary to examine the 

phospholipids as they exist naturally in the oil, rather than at those 

obtained through degumming. This is done by extracting the phospho

lipids from a ground sample using solvents and chromatographic proce- . 

dures. Although these techniques are either not feasible or permissible 
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Table 3. Reported ranges of components of soybean lecithin. — From 
Scholfield (1981, p. 889). 

Range 
Phospholipid (%) 

Phosphatidylcholine 19-21 

Phosphatidylethanolamine 8-20 

Phosphatidylinositol 20-21 

Other phosphatides 33-35 

Table 4. Reported ranges of fatty acid composition of soybean leci
thin. — From Scholfield (1981, p. 890). 

Range 
Fatty Acid (%) 

14:0 0-1.9 

14:1 0-trace 

16:0 11.7-42.7 

16:1 0-8.6 

18:0 4.0- 9.3 

18:1 9.8-25.1 

18:2 20.0-55.0 

18:3 0- 4.0 

20:0 0- 1.4 

C20-22 0-5.5 
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for industrial processing, they do assure that from 92% to over 99% of 

of the phospholipid is extracted and isolated (Cherry et al., 1981). 

(In contrast, commercial processing may only extract from 80% to 95% 

(Scholfield, 1981).) The phosphatides of various oil-bearing crops 

have been analyzed in this manner, the results of which are printed 

in Table 5. 

It can be seen from this table that each oil differs in its 

phospholipid composition. This is important because researchers are 

now finding that each individual phosphatide may play a specific role 

in stabilizing emulsions. For example, Rydhag and Wilton (1981) exam

ined the stabilities of o/w emulsions using three commercial soybean 

lecithins. They found that the amount of charged phosphatides, namely 

phosphatidylinositol and phosphatidic acid, were extremely important 

for the stability of their o/w emulsions. Also, it has been known for 

some time that the phosphatidylcholine to phosphatidylethanolamine 

(PC/PE) ratio is significant to emulsification (Powrie and Tung, 1976), 

and that increasing this ratio would make a product with improved o/w 

emulsion characteristics (Van Nieuwenhyzen, 1981). If scientists con

tinue to examine the characteristics of the component phospholipids, 

they may someday be capable of predicting the emulsification properties 

from each lecithin plant source, and/or of synthesizing a perfect 

lecithin. 

Once the natural phosphatide content is known, then the degum-

ming conditions may be modified to produce a more desirable lecithin 

product. For example, variations in the time, temperature, water con

centration, and agitation speed will all affect the final quality and 



Table 5. The phospholipid content of various oil-producing crops (%) 

Phospholipid Soybean3 Cottonseed'5 PeanutC Safflower? Sunflower Rapeseed 
Squashy 

Palm® melon 

Phosphatidylcholine 45.0 38.2 

Phosphatidylethanolamine 26.3 10.9 

Phosphatldylserine 11.8 

Phosphatidylinositol 14.1 13.9 

Phosphatidylglycerol 3.3 

Phosphatidic acid 5.0 

Lysophosphatidylcholine 12.6 

Others (unknown) 6.3 12.6 

Total % in oil 1.8-3.51 2.4 

18.8 

39.4 

22.2 

6 . 6  

12.9 

not reported 

36.0 

15.0 

< 2 .0  

23.0 

20.0 

0.48 

52.0 

19.7 

26.0 

2 . 2  

49.2 

7.7 

17.2 

0.5-1.0 

26.0 

3.3 

36.0 

24.0 

trace 

22.0 

9.0 

3.0 

trace 

6 .0  

1.4 

34.1 

10.9 

25.4 

4.7 

24.9 

not reported 

a. Privett et al. (1978, p. 518). 
b. Cherry, Gray, and Jones (1981, p. 905). 

c. Singleton and Pattee (1981, p. 874). 
d. Burkhardt (1971, p. 698). 

e. Morrison (1981, p. 902). 
£. Sosulski, Zadernowski, and Bubuchowski (1981, p. 562). 
g. Goh, Khor, and Gee (1982, p. 297). 

h. Bhatia, Grewal, and Sukhija (1971, p. 639). 
i. Witcoff (1951, p. 220). 



type of lecithin (List et al., 1981). Quality can also be improved by 

bleaching the lecithin, which is naturally brownish-yellow in appear

ance, enabling it to be used in light-colored foods. Acetone extrac

tion is often performed to remove triglycerides and other nonphospho-

lipid components, producing a lecithin product that is 95% to 98% pure 

phospholipid (Van Nieuwenhuyzen, 1981). Normally lecithin exists as a 

waxy solid, but by combining it with synthetic emulsifiers, such as 

mono- and diglycerides or fatty acids, flaked, powdered, or fluid-like 

products can be obtained. Finally, lecithin can be treated with alco

hol, chemicals, or enzymes creating products with specific o/w or w/o 

characteristics. 

Aside from the phospholipid content, another important factor 

to consider when evaluating an oil for lecithin production is its fatty 

acid composition. The fatty acid composition could affect both the 

stability and the emulsification properties of the lecithin extract. 

For example, a product with a high proportion of triunsaturated fatty 

acids would easily oxidize, producing off flavors if used in a food. 

A product with a high percentage of very long-chain saturated fatty 

acids would be an excellent emulsifier for w/o systems, despite its 

phosphatide content. So, both the total distribution of fatty acids 

and the distribution within the component phosphatides is commonly 

examined. Tables 6 and 7 demonstrate this more clearly. 

By looking at these tables it can be seen that even though soy

bean oil is the major oil used for lecithin production, it contains a 

small percentage of triunsaturated fatty acids and is thus not the 

best source of lecithin. (Hydrogenation of soybean lecithin produces 



Table 6. Fatty acid composition of the phospholipid fraction of various oils (area %) 

. . _ Squash-
ct D C Q 6 i 2 

Fatty Acid Soybean Cottonseed Peanut Sunflower Rapseseed Palm melon6 

14:0 0.3 2.3* 

16:0 15.8 27.5 25.4 14.7 12.1 38.4 18.2 

16:1 2.5 1.1 . 

18:0 6.3 3.9 5.1 0.8 1.2 13.7 

18:1 13.0 20.2 33.4 19.3 43.9 37.4 15.8 

18:2 63.0 57.1 34.7 45.9 33.1 32.2 50.0 

18:3 2.0 5.9 

1-22 
9.5 3.1 _ 

^Designated as 12:0 + 14:0 

a. Cherry, Gray, and Jones (1981, p. 906). 
b. Cherry et al. (1981, p. 906). 
c. Singleton and Pattee (1981, p. 874). 
d. Cherry et al. (1981, p. 906). 
e. Cherry et al. (1981, p. 907). 
f. Goh, Khor, and Gee (1982, p. 298). 
g. Bhatia, Grewal, and Sukhija (1971, p. 640).' 



Table 7. Fatty acid composition of the component phospholipids of 
various oils (area %) 

Fatty Acid 

Phospholipid 14:0 16:0 16:1 18:0 18:1 18:2 18:3 C20_22 

Phosphatidylcholine 

Soybean** 
Peanut " 
Sunflower 
Rapeseed d 

Squash-melon 6.0 

Phosphatidylethanolamine 

Soybean 
Peanut 
Sunflower 
Rapeseed 
Squash-melon 

Phosphatidyl inositol 

Soybean 
Peanut 
Sunflower 
Rapeseed 
Squash-melon 16.0 

Phosphatidic Acid 

Soybean 
Peanut 
Sunflower 
Rapeseed 
Squash-melon 

Lysophosphatidylicholine 

Squash-melon 

20. 5 — 5. 5 10. 5 58.8 4. ,6 - -- -

31. 5 4, ,2 12. 2 34. 1 18.0 — - -

18. 2 — 4. 7 23. 5 53.5 — 

10. 1 — 47. 7 33. 1 5.4 — 2. 9 
54. 1 4. 6 9. 5 25.8 

31. 6 3. 2 8. 7 53.2 3. ,2 
24. 2 3. ,0 5. 9 40. 8 26.4 — - -- -

29. 6 — 5. 7 17. 4 47.2 — 

19. 2 0, .6 41. 4 30. 6 2.9 — 1. .7 

47. 7 8. 2 4. 9 36.2 2, .8 
31. 8 11. .3 9. 9 26. 6 20.3 — - -- -

45. 4 — 10. 5 5. 8 37.8 — - -- -

25. 6 1, ,4 30. 4 35. 9 3.4 0, ,3 
49. 9 ... 6. 4 14. 7 13.0 

34. 0 8. 1 11. 9 44.7 1, .3 
28. 3 3. ,6 17. 0 34. 9 16.2 — 

34. 2 
... 

10.6 22. 4 32.8 
... - •  - -

17. 9 8. 1 6. 0 68.0 

a. Chapman (1980, p. 300). 
b. Singleton and Pattee (1981, p. 874). 
c. Chapman (1980, p. 300). 
d. Sosulski, Zadernowski, and Bubuchowski (1981, p. 562). 
e. Bhatia, Grewal, and Sukhija (1971, p. 640). 
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a product with poor emulsification properties.) Rapeseed phospholipid 

contains 5.9% linolenic acid (18:3) along with 3.1% very long-chain 

fatty acids (C2Q 22^' Part3-ally explains why it is not widely 

processed for lecithin. Cottonseed, peanut, and palm oils are all 

superior to soybean oil because none of their fatty acids contain 

more than two double bonds. Perhaps in the future these will also 

prove to have excellent emulsification properties and will be competing 

in the lecithin market. 

In summary, several properties must be evaluated before leci

thin can be produced from an oil. First, the phospholipids should be 

examined as they exist naturally in the oil. This requires determina

tion of both the total percentage and types of phosphatides present. 

Second, fatty acid profiles should be assessed to determine stability 

of the lecithin product. Finally, the product must be commercially 

processed, tested, and modified as required. However, it is important 

to remember that lecithin is a byproduct of commercial oil production. 

Thus, the first and foremost qualification for lecithin production is 

that the product be a good source of industrial and/or edible oil. If 

the oil cannot be used economically, then neither can the lecithin. 

Why Curcurbits? 

As the world demand for oil continually increases, our natural 

petroleum supply steadily decreases. Fortunately, new sources of oil 

are constantly being sought and the most promising of these are the 

vegetable oils. Vegetable oils have the attributes of being renewable 

resources useful for edible and inedible products. They do have their 
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limitations, and a great deal of work needs to be done to improve the 

yield, utilization, and fatty acid composition of these vegetable oil 

sources. Pryde and Doty (1981) proposed that the following areas in 

vegetable oil research need attention: 

1. Finding new oilseed or other oil-bearing crops with high 

productivity. 

2. Improving cultivars. 

3. Improving crop management. 

4. Looking into whole plant utilization. 

5. Converting semi-arid and other land areas to oilseed crops. 

Research in all these areas is currently being done. Cultivars 

of rapeseed, cottonseed, and sunflower have each been improved, signif

icantly increasing their oil production. Flax has been investigated 

for the possibility of utilizing the whole plant—the stem to produce 

liner and specialty papers and the seed for linseed oil and meal 

(Pryde and Doty, 1981). Several new oilseed or oil-bearing crops, 

which include okra seed, forest oilseeds, mangos, crambe, jojoba, mus

tard, and meadowfoam, are being examined (Pryde, Princen, and Mukherjee, 

1981). Also, certain yeasts and molds are being considered as possible 

sources of oils and fats (Pryde et al., 1981). Finally, researchers in 

the deserts of Arizona have discovered some interesting oil-producing 

plants which grow well under semi-arid conditions. 

Cucurbitaceae are such plants, and they were first investi

gated as to the possibility of cultivating them for edible products 

in 1943 (Vasconcellos, 1979). Since then the species of Cucurbitaceae 
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that have received the most attention include: Cucurbita foetidissima 

HBK, Cucurbita digitata Gray, and Apodanthera undulata Gray. Evidence 

suggests that each of these is drought resistant, and each produces an 

edible protein and starch and a seed with a considerable amount of oil. 

It is the oil that has been the subject of greatest interest and which 

has thus undergone extensive investigations. 

Specifically, much of the early work was done on the species 

C^. foetidissima. The 1943 experiments previously mentioned were re

ports of the physical and chemical characteristics of £. foetidissima 

oil. Several researchers from 1947 to 1951 reported the possible util

ization of the oil, and in 1951 Shahani et al. (cited by Vasconcellos, 

1979) actually processed the oil from foetidissima with generally 

good results. In 1979, Vasconcellos made a detailed study of C. 

foetidissima oil, encompassing oil variation studies, oil processing 

studies, and a nutritional evaluation of the processed product. His 

results indicated that foetidissima oil could be commercially pro

cessed as an edible and/or industrial oil. 

Work on A. undulata and £. digitata has not been as progres

sive. To date the properties of both these oils have been assessed 

(Vasconcellos et al., 1981; Bemis et al., 1967) and results indicate 

that both contain a high percentage of conjugated fatty acids, making 

them useful primarily as industrial, rather than edible, oils. 

These three cucurbit species appear to have the potential of 

becoming oilseed crops, and all are native to the semi-arid environ

ment that other oilseed crops cannot tolerate. It is important, 

though, to look for other products, aside from oil, that these plants 



can produce. Particularly, can the whole plant be utilized? What by

products can be obtained during processing? This study serves to look 

at phospholipids, and hence the possibility of processing these cucur

bits for the byproduct, lecithin. Other studies are currently under

way to examine the possibility of processing these plants for protein 

and starch, along with the oil. The more products of economic value 

which can be utilized from the cucurbits, the greater is their poten

tial for becoming valuable, commercial, oil-producing crops. 



CHAPTER 2 

STATEMENT OF OBJECTIVES 

The following is a study intended to qualitatively and quanti

tatively assess the natural phosphatides of three species of Cucurbita-

ceae: £. foetidissima, C. digitata, and A. undulata. Laboratory 

experimentation will include: 

1. Extraction of the oil from the seeds with the emphasis of 

obtaining complete recovery of the polar lipids. 

2. Finding the total percentage of phospholipid in each seed 

sample. 

3. Determining the types of component phosphatides and their 

respective percentage contribution. 

4. Analyzing the fatty acid distribution of the total phospho

lipid and of each component phosphatide. 

The results of these studies will indicate the amount, types, and sta

bility of the phospholipids native to foetidissima, C^. digitata, 

and A. undulata. With this information, it will be possible to pre

dict the quality of an emulsifier obtained from each source and thus 

the feasibility of processing these oil-producing crops for lecithin. 
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CHAPTER 3 

ORIGIN AND APPLICABILITY OF LABORATORY PROCEDURES 

Phospholipids are commonly studied today, especially as they 

occur in membranes. Inasmuch as membranes exist in all living species, 

phospholipids are examined in a wide variety of tissue sources. The 

tissue sources may be from plants, animals, or bacteria. Consequently, 

each tissue examined differs not only in its phosphatide content, but 

also in every other constituent present including water, protein, car

bohydrates, other lipids, and minerals. This has resulted in the pub

lication of a multitude of techniques used for phospholipid analysis. 

These techniques may even vary among tissue samples from identical 

sources. Fortunately, there are certain methods for phosphatide analy

sis that, although not standard, tend to be frequently used because of 

their reliability and convenience. 

Extraction and Washing Techniques 

One of the major complications in working with phospholipids 

occurs in the area of quantitative extraction. The same characteris

tic that renders a phosphatide an excellent emulsifier also makes it 

extremely difficult to isolate from its natural environment. This 

unique quality is that a phospholipid contains both a polar and a 

nonpolar entity, enabling it to associate with both hydrophilic and 

hydrophobic molecules. In nature, phospholipids are generally 

membrane-bound lipids, complexing with both triglycerides and proteins. 
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These complexes are predominantly noncovalent, including van der Waals 

forces, and electrostatic, hydrophobic, and hydrogen bonding—all of 

which must be disrupted for complete extraction. (Covalent bonding 

also exists, but this interaction probably plays a minor role in the 

binding of polar lipids to tissues (Nelson, 1975b).) Obviously, harsh 

treatment such as the use of hot, dilute acid would easily break these 

associations but would also cause degradation to the lipid of interest. 

The most useful and gentle extraction procedure is to use a mixture of 

a polar organic solvent and a nonpolar solvent. Folch, Lees, and 

Stanley (1957) published a method of extracting polar lipids using an 

equimolar mixture of chloroform and methanol (2:1 v/v). Due to its 

simplicity and accuracy, this is still the method of choice for many 

researchers (Christie, 1973). 

Most polar solvents used to extract lipids will also extract 

nonlipid contaminants, thus a washing step often follows the extrac

tion. The Folch et al. wash, which again is often preferred, involves 

simply shaking the chloroform:methanol (2:1, v/v) extract with a small, 

but exact, amount of water. The solvents partition, and the nonlipid 

contaminants can be removed from the upper layer with a pipette. 

Folch et al. have estimated that only 1.1% of the total lipids are 

lost during this procedure. Others, however, argue that this is a 

highly optimistic figure and that losses are selective as to the 

amount and type of each lipid present in the original material (Nelson, 

1975b). For oilseeds, which contain only small amounts of nonlipid 

contaminants, the procedure is quite adequate. 
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Isolation of the Phospholipids 

Before actual studies on the polar lipids of oilseeds can be 

carried out, it is desirable to isolate the phospholipids because the 

presence of other components will interfere in further analyses. Clas

sically, this was done by either acetone precipitation or dialysis in 

petroleum ether (Nichols, 1964). Neither method proved satisfactory, 

and now selective adsorption of polar lipids onto a silicic acid col

umn is generally used. 

interact by hydrogen bonding and through van der Waals attractions. 

The reactive hydroxyl groups on the surface of the silicic acid are 

normally hydrogen bonded to each other and to adsorbed water molecules. 

But, a fully hydrated silicic acid is not as active as one in which 

the bound water has been removed, so silicic acid is commonly heat 

activated at 100°C for 2 h prior to use (Sweeley, 1969). 

Silicic acid is an acidic, polar adsorbent with which lipids 

Figure 2. Heat activation of silicic acid. — From Sweeley 
(1969, p. 261). 
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Following heat activation, the silicic acid is mixed with a 

solvent, usually chloroform, and poured into a column. The lipid 

sample is then loaded onto the column, and the phospholipids can be 

isolated from neutral and glycolipids by eluting with either pure 

solvents or with solvent mixtures. Originally, silicic acid column 

chromatography was also used to separate a sample into its component 

phosphatides, but now it is mainly used as a preparative step prior to 

the superior separation technique of thin-layer chromatography. 

Separation of the Component Phospholipids 

Success using thin-layer chromatography (TLC) ae a quantitative 

method to separate plant phospholipids came as early as 1963 (Renkonen 

and Varo, 1967). Since then TLC of phosphatides has been the most 

extensively used and accepted method because of its convenience and 

reliability. (Some researchers have separated phospholipids using 

high-performance liquid chromatography (HPLC). These researchers are 

optimistic that HPLC of phospholipids will replace TLC in the future.) 

Like silicic acid column chromatography, TLC is an adsorption type of 

chromatography. The major difference is that in TLC the adsorbent is 

usually a very fine grade of silicic acid known as "silica gel" which 

is spread as a thin layer over a glass plate. Otherwise, for both 

chromatographic techniques the active process of the sample interacting 

with the silica through hydrogen bonding and van der Waals forces is 

the same. 

The advantages of TLC over those of column chromatography are: 

(1) only micro quantities of extract are required, (2) it is quick, 



and (3) excellent separation is achieved without sample loss. The 

sample is usually applied to the pl.ate with a microsyringe as one small 

spot or as a series of small spots about 2-3 cm from the lower edge of 

the chromatoplate. The plate is placed in a chromatography chamber 

which is filled with a developing solvent to a depth of about 1 cm. 

The developing solvent ascends the plate by capillary action—the vari

ous sample components move with it at different rates according to 

their affinity for the adsorbent. When the solvent approaches the top 

edge of the TLC plate, the plate is removed from the tank and dried. 

(The above-mentioned explanation describes the method of one-dimensional 

TLC. Another technique, known as two-dimensional TLC, involves the use 

of two developing solvents. The plate is developed in the first sol

vent, dried, and then turned 90° before being placed in the second 

solvent.) Because phosphatides are colorless, the dried chromatogram 

must be sprayed with one of several color-complexing or fluorescing 

reagents. These reagents may either be specific for a certain lipid 

class or for a certain functional group, or they may be nonspecific, 

rendering all lipids visible. 

Quantitative Analysis of Phospholipids 

Quantitative analysis of phospholipids is most frequently done 

using visible spectrophotometry. This method depends upon the forma

tion of a colored-complex so it is the phosphorus rather than the 

phospholipid that is actually measured in a sample. The phosphatide 

content is determined by simply multiplying the amount of phosphorus 

obtained by a suitable conversion factor (Table A-l). 
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The phosphorus within a phospholipid is bound, and as such it 

cannot be measured spectrophotometrically. Thus, the first step in any 

phospholipid analysis is to liberate inorganic phosphate by digesting 

the sample with concentrated acids and heat. Once inorganic phosphate 

is free it can combine with a molybdate reagent and a reducing reagent 

to form blue molybdic oxide. This complex is then measured on a vis

ible spectrophotometer and compared with standards. 

Fatty Acid Distribution 

Today, gas-liquid chromatography (GLC) is the most widely 

method of fatty acid analysis, despite the achievements of high-

performance liquid chromatography. Unlike column chromatography or 

adsorption TLC, GLC is a partition of chromatography. The sample is 

volatized and partitions itself between a mobile phase, which is a 

gas, and a stationary phase, a liquid adsorbed on an inert support to 

render it immobile. As the mobile phase moves down the column, the 

sample will be carried along, continuing to enter and leave the sta

tionary phase. Eventually, the sample will fractionate, and those com

ponents that are least like the stationary phase will elute first, 

whereas those that are more like the stationary phase will elute last. 

The first attempt to analyze fatty acids by GLC was made in 

1952 by James and Martin (cited by Henly and Ramachandran, 1979). 

They separated the C^ through C^ saturated fatty acids as free fatty 

acids on a nonpolar silicone column. However, the system of James and 

Martin was not useful for the longer chain-length fatty acids due to 

volatility problems. Cropper and Heywood (1953; cited by Henly and 
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and Ramachandran, 1979) remedied this by separating the C^ through C^ 

saturated fatty acids as their methyl esters. Now, derivatizing fatty 

acids in this manner is standard practice for GLC analysis. 

Although the nonpolar columns of James and Martin and of 

Cropper and Heywood worked well for the separation of saturated fatty 

acids, complete separation between the saturated, unsaturated, and 

polyunsaturated fatty acid methyl esters (FAMES) was not obtained until 

extremely polar columns were used. An example of such a column would 

be one with a cyanopropylsilicone liquid phase, which is marked under 

the tradename Silar. This phase is not only highly polar, but also is 

stable at temperatures up to 275°C (Henly and Ramachandran, 1979). 

Gas-liquid chromatography can also be employed to separate the 

methyl esters of conjugated polyunsaturated fatty acids, but ultra

violet (UV) spectrophotometry is more widely used. Ultraviolet spec

trophotometry is easy, nondestructive, and determines the number, and 

to some extent the type of bonds in conjugation. As the number of 

conjugated bonds increases, UV absorption maxima occur at progressively 

longer wavelengths. Thus, the percentage of conjugated dienes, trienes, 

tetraenes, and pentaenes can be determined by scanning a sample in the 

UV range and looking for characteristic maxima and minima. 



CHAPTER 4 

MATERIALS AND METHODS 

Sample Protection Procedures 

It is of primary importance when working with lipids to treat 

them with care. Lipids, specifically the fatty acid moieties, are 

delicate compounds, being highly susceptible to autoxidation. Autox-

idative reactions produce structural changes in a lipid and an end-

product which is characteristically different from the native material. 

Hence, all catalysts of autoxidation, including light, heat, metals, 

and oxygen itself, must be avoided throughout experimentation. This 

was effected by storing samples in the dark, at either 0°C or 30°C, 

and in desiccators that were periodically flushed with nitrogen. 

While working with a sample, it was kept on ice, covered with aluminum 

foil, and treated intermittently with a light bubbling of nitrogen. 

Samples were not dried to completeness; they were always kept in small 

amounts of solvent. Actinic glassware was used during lengthy proce

dures, such as extractions and column chromatography, to protect the 

sample from light. As an added precaution, all solvents contained the 

antioxidant 2,6-di-tert-butyl-p-cresol (BHT) as recommended by Nelson 

(1975a). 

A further consideration when working with lipids, especially 

phospholipids, is to avoid contaminants. Certain contaminants can 

enhance autoxidation, the consequences of which have just been 
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discussed. Others can cause erroneous sample weights, produce spurious 

peaks during GLC, introduce errors into a phorphorus analysis, or cause 

extraneous spots to appear on thin-layer chromatography plates. Thus, 

potential contaminants such as stopcock grease, o-rings, corks, paraf

fin, plastic bottles, and rubber stoppers were avoided, and instead 

Teflon stopcocks, caps with Teflon liners, ground glass stoppers, and 

aluminum foil were used. All extracting solvents were redistilled to 

remove peroxides and nonvolatile residues prior to use. Glassware was 

thoroughly cleaned with a nonphosphate detergent, then acid-washed, to 

remove foreign phosphorus-containing materials. 

Seed Preparation 

Seeds from Cucurbita foetidissima, Apodanthera undulata, and 

Cucurbita digitata were obtained from plants grown at the University 

of Arizona Experimental Farm. _C. foetidissima seed was a 1979, open-

pollinated, composite sample. Both £. digitata and A. undulata seeds 

were 1981, open-pollinated samples. The seeds acquired were first 

washed repeatedly with deionized, distilled water, spread on a layer 

of absorbent paper, and dried with an electric fan. The dried seeds 

were sorted to remove debris and irregular seeds and then stored in 

sealed containers at room temperature in the dark. 

Oil Extraction 

For each extraction, a small aliquot of seed was removed from 

the storage containers. This was ground at high speed in a Waring 

blendor for approximately 2 min. Ten grams of this ground material 

was weighed and placed in a large mortar containing 15 ml of 



chloroform:methanol (2:1, v/v). The seed meal was further ground in a 

mortar to assure complete oil extraction and was then transferred to a 

250-ml actinic flask. An additional 85 ml of chloroform:methanol 

(2:1, v/v) was added to the flask which was then flushed with nitrogen, 

stoppered, and placed on a shaker apparatus for 1 h. This mixture was 

filtered through a sintered glass filter, the filtrate was stored, and 

the ground seed reextracted as previously described. The filtrates 

from both extractions were combined and washed according to the method 

of Folch et al. (1954). 

Following the Folch et al. wash, the sample was concentrated 

for storage. This was done with a rotary film evaporator under vacuum 

at room temperature. When the extract had been condensed to approxi

mately 10 ml, it was transferred from the evaporating flask to a volu

metric cylinder for measurement. The exact volume was recorded and 

the sample was placed in a screw-capped test tube. 

An aliquot of the washed lipid extract was then removed for a 

weight determination. The sample was pipetted into a tared 5-ml 

beaker, placed on a hot plate until the solvent evaporated, cooled in 

a desiccator, and weighed. Inasmuch as this sample had undergone 

heat, light and oxygen exposure, it was discarded. 

Silicic Acid Chromatography 

Silicic acid chromatography was performed according to Rouser, 

Kritchevsky, and Yamamoto (1967) with one important modification. The 

procedure required the following sequence and volumes of elution 

solvents: 
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1. Chloroform, 10-column volumes. 

2. Acetone, 40-column volumes. 

3. Methanol, 10-column volumes. 

According to the authors, the chloroform eluate would contain the 

least polar lipids (sterols, mono-, di-, and triglycerides; hydrocar

bons, and free fatty acids), the acetone would contain mostly glyco-

lipids and sulfolipids and the methanol eluate would contain the phos

phatides. For the purposes of this study, the 40-column volumes of 

acetone were omitted—elution was done with 10-column volumes of chlo

roform followed by 10-column volumes of methanol. (The methanol frac

tion appeared to be free of glycolipids as none were detected during 

TLC procedures.) Elution was accomplished in a dark, refrigerated 

room at a flow rate of 1.05 ml/min for the chloroform fraction and 0.4 

ml/min for the methanol. An aliquot of the chloroform fraction was 

removed and saved for further analyses, whereas the majority of the 

chloroform eluate was discarded. 

The methanol fraction was collected and concentrated as before. 

However, the remaining methanol was completely removed from the phos

pholipid by drying small amounts under nitrogen in 1-ml Micro Reaction 

Vessels (Supelco, Bellefonte, PA). When dry, chloroform was immediately 

added to the tubes, which were then capped and stored in a freezer. 

Thin-layer Chromatography 

One-dimensional TLC was performed on Pre-Adsorbent Silica Gel 

G Plates (Analabs, North Haven, CT) using the solvent system of 

chloroform-methanol-acetic acid-water (65:25:8:4, v/v) developed by 



Skipski, Peterson, and Barclay (1962). The plates were first heat 

activated at 100°C for 30 min, cooled, and then spotted. The spots 

contained from-25 to 50 yl of sample, which was continuously applied 

with a Hamilton (Analabs) 1 pi syringe. A steady stream of nitrogen 

was maintained over the spot to dry each application. Phospholipid 

standards were also applied'in the same manner, except that only 2 to 

5 pi of standard was required per spot. The standard compounds used 

were: phosphatidic acid, ly'sophosphatidylcholine, phosphatidylserine, 

phosphatidylinositol, lysophosphatidylethanolamine, and phosphatidyl-

ethanolamine (Sigma Chemical Company, St. Louis, MO). 

Each spotted chromatogram was placed in a solvent saturated 

chamber and allowed to develop at room temperature for approximately 

1 h, or until the solvent front reached a level of 15 cm from the 

origin. The plate was then removed from the TLC chamber and dried 

under nitrogen. 

Two-dimensional TLC was performed in a similar manner. Either 

Redi-Coat 2-D TLC plates (Sulpelco) or Pre-Adsorbent Silica Gel G 

Plates (Analabs) were heat activated and cooled as before. Twenty-

five microliters of a concentrated sample was applied to the lower 

righthand corner of the plate as a band of overlapping spots 1-cm 

long. The plate was developed in the first direction with chloroform-

methanol-water-28% aqueous ammonia (130:70:8:0.5, v/v) and in the second 

direction with chloroform-acetone-methanol-acetic acid-water (100:40: 

20:20:10, v/v) as suggested by Parsons and Patton (1967). During 

extremely humid weather, the water content of both solvents was reduced 

for improved separation. Development time was 40 to 55 min in each 



direction with a 10-min nitrogen-drying period in between solvent sys

tems . 

Detection of Thin-layer Chromatography Spots 

Aside from the use of standards, various spray reagents were 

employed for the detection and identification of the phospholipids. 

These included the following: 

1. Iodine Vapor. A general detection agent for unsaturated lip

ids. The plate was placed in a vapor-saturated iodine chamber 

as suggested by Krebs, Heusser, and Wimmer (1969). Unsaturated 

lipids appeared as brown spots which rapidly disappeared when 

the plate was removed from the tank. 

2. Ninhydrin. A specific reagent for the detection of phosphati-

dylserine and phosphatidylethanolamine. The plate was sprayed 

with a nindhydrin solution prepared according to Krebs et al. 

(1969) and placed in a 100°C oven for 1 min. Aminophosphatides 

appeared as pink spots on the chromatogram. 

3. Dragendorff. A specific reagent for the detection of phospha

tidylcholine and lysophosphatidylcholine. The Dragendorff 

spray was prepared according to Christie (1973). When the 

plate was sprayed, the choline-containing lipids immediately 

appeared as orange-red spots. 

4. Phospholipid Reagent. A reagent for the general detection of 

all phosphorus-containing lipids. This reagent was prepared 

according to Vaskovsky, Kostetsky, and Vasendin (1975). The 

plates were sprayed, and within minutes the phosphatides 
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appeared as intense blue spots. Inasmuch as the spray con

tained sulfuric acid, the plate could also be charred at 100°C 

for the detection of all organic compounds within the sample. 

5. Rhodamine 6G. A nondestructive reagent for the general detec

tion of lipid-containing compounds. The spray was prepared by 

dissolving Rhodamine 6G (Sigma Chemical Company) in acetone as 

described by Krebs et al. (1969). The chromatogram was treated 

first with Rhodamine 6G, then with water, and finally viewed wet 

under a long-wave UV light. Acidic phosphatides fluoresced 

blue or purple, whereas neutral lipids fluoresced yellow or 

orange. 

6. Napthoresorcinol-sulfuric Acid. A reagent for the detection 

of sugars, or more specifically, glycolipids. This reagent 

was prepared according to Krebs et al. (1969). After heat 

treatment, sugars should have appeared as either green, blue, 

or purple spots; however, this reaction was never observed. 

Often, when identifying phospholipids, it was necessary to use 

several reagents sprayed in succession. When this was done, the plate 

was treated with a specific spray, and the spots that appeared were 

circled and allowed to fade before a subsequent reagent was applied. 

One successful combination used was to treat the plate with iodine 

vapor, then ninhydrin, then the phosphorus reagent, and to finally 

char the chromatogram in an oven. This sequence permitted the absolute 

identification of any aminophosphatides. Another combination was to 

use iodine or Rhodamine 6G, followed by Dragendorff and the phosphorus 



34 

spray, and to finish by charring the plate. All choline-containing 

lipids were visualized by this method. 

Phosphorus Determination 

A phosphorus analysis was performed for two specific purposes: 

1. To determine the percentage of each constituent phospholipid 

within a sample. 

2. To determine the total amount of phospholipid that was 

extracted and recovered from the original oil. 

The percentage of the component phosphatides was determined by preparing 

and developing two-dimensional TLC plates as previously described. 

The phospholipids were visualized by treating the plates with the 

Vaskovsky et al. (1975) spray. Each spot was identified and scraped 

from the plate into 15-ml Kjeldahl flasks. (Scrapings were easily per

formed by spraying the plate with water and then removing the wet spots 

with an Exacto blade.) Blank areas, corresponding in size to the phos

pholipid spots, were also taken from the plate and analyzed as controls. 

One milliliter of 70% perchloric acid was added to each flask. These 

were placed on a Kjeldahl digestion apparatus, and digestion was car

ried out as described by Dittmer and Wells (1969). 

Due to their explosive behavior in perchloric acid, lipid 

extracts used to determine the total phospholipid content were treated 

in a slightly different manner. The procedure involved pipetting sam

ples of 25 yl each of the phospholipid extract into 15-ml Kjeldahl 

flasks. These were heated in a boiling water bath until all traces 

of solvent evaporated. Concentrated nitric acid, 1 ml, was added to 



all samples, which were left in a hood to stand overnight. The follow

ing day, the flasks were placed on the digestion apparatus and digested 

on low heat until the brown nitric acid fumes disappeared. After the 

samples had cooled, 0.8 ml of 70% perchloric acid was added to the 

same flask, and digestion continued as previously explained. 

Once digestion was complete for all sample types, the flasks 

were cooled, and a spectrophotometric analysis for phosphorus was con

ducted. The Bartlett Phosphate Determination (Dittmer and Wells, 1969) 

was used with a Bausch and Lomb (Rochester, NY) Spectrophotometer, 

Model UV-D, set at 830 my. Samples containing silica gel were centri-

fuged at 5,000 rpm for 10 min to sediment the adsorbent (Rouser, 

Siakotos, and Fleischer, 1966). 

Conversion factors were calculated for each component phospha

tide and for the total phospholipid from the three cucurbit samples 

as described in Appendix A. The appropriate conversion factor was 

then used to convert phosphorus into phosphatide content. 

Gas-liquid Chromatography of 
Nonconjugated Fatty Acids 

The fatty acid distribution of the total phosphatide fraction 

was examined by placing a drop each of extract into several 10-ml 

screw-cap test tubes. The extracts were dried with nitrogen, and 2 ml 

of toluene and 4.5 ml of 0.5% (v/v) methanolic sulfuric acid were 

added to each tube, along with a boiling stone. The test tubes were 

capped tightly and put in a Tempblock at 100°C for 3 h. When cool, 

2-ml hexane and 4-ml water were added to the samples which were thor

oughly shaken to extract the esters into the hexane-toluene phase. 



36 

Aliquots from this top layer were removed with a pipette and placed 

into 1-ml Micro Reaction Vessels (Supelco). The solvent was then 

evaporated with nitrogen. Finally, the samples were resuspended in 

a small volume of hexane and put in a freezer for immediate storage. 

A different method was employed for the esterification of the 

component phospholipids. First, the two-dimensional chromatographic 

method of Parsons and Patton (1967) was used to separate the various 

phosphatides. During this procedure, autoxidation was avoided by dry

ing the plates with nitrogen and by working rapidly. The spots were 

visualized with Rhodamine 6G and immediately scraped into 10-ml screw-

cap test tubes. Methyl esters were then prepared according to Feldman 

and Rouser (1965) except that 4 ml of 0.5% (v/v) methanolic sulfuric 

acid was used for esterification, and samples were heated for 5 h 

rather than overnight. 

Gas-liquid chromatographic analysis of all samples was per

formed with a Perkin-Elmer (Norwalk, CN) Model 800 gas chromatogr*ph 

equipped with a Speedmax W recorder and a flame ionization detector. 

A stainless steel column, 1.8 m x 3.2 mm, packed with 10% Silar 7CP 

on 100-120 mesh, acid-washed Chromosorb W (Applied Science Laborato

ries, State College, PA) served as the liquid phase. The carrier gas 

employed was nitrogen, set at a flow rate of 40 ml/min, and hydrogen 

and air were mixed for the flame ionization detection. Both the 

column and detector were maintained at a temeprature of 195°C; whereas 

the injector was heated to 205°C. 

Fatty acid standards (Sigma Chemical Company) were injected 

into the chromatograph for identification purposes along with a sample 
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of BHT in hexane. Peak areas were calculated by multiplying the mea

sured height by the width at half-height of the individual peaks. The 

percentage of each fatty acid was calculated as the ratio of the indi

vidual to the total peak areas. 

Ultraviolet Spectrophometry of 
Conjugated Fatty Acids 

One hundred microliters of each phospholipid extract was 

pipetted into tared, 5-ml volumetric flasks. The sample solvent was 

evaporated under a stream of nitrogen, the flasks were reweighed, and 

the lipid concentrations determined. Next, the phospholipids were 

brought to volume with nanograde cyclohexane (Mallinckrodt, St. Louis, 

MO) for UV spectrophotometry. A Beckman (Fullerton, CA) Model 25 

spectrophotometer equipped with a Beckman Recorder/Controller was 

used for the fatty acid analysis. Samples were scanned from 350 mp 

to 220 my in quartz cells of 1-cm pathlength. Method 28.046 of the 

Association of Official Analytical Chemists (AOAC) (1970) was followed 

to calculate percentages of dienoic, trienoic, tetraenoic, and 

pentaenoic conjugated fatty acids. The amounts of these acids were 

recorded for the total, nonesterified phospholipid extracts from each 

seed, but not for each of the component phosphatides. 



CHAPTER 5 

RESULTS AND DISCUSSION 

Identification of Component Phospholipids 

Thin-layer Chromatography of Standards 

One-dimensional TLC results of the standard phospholipids used 

as identification aids are shown in Figure 3. It is apparent that 

this particular TLC technique was limited in its ability to adequately 

separate the phosphatides of interest in this study. Phosphatidic 

acid, phosphatidylethanolamine, and lysophosphatidylcholine were ade

quately resolved, but the separation between phosphatidylinositol and 

phosphatidylserine was poor. Even though a phosphatidylcholine stan

dard was not available, studies performed under the same conditions 

(Skipski et al., 1962; Skipski, Peterson, and Barclay, 1964) indicate 

that phosphatidylcholine migrates between phosphatidylinositol and 

lysophosphatidylcholine (lysophosphatidylethanolamine was not chro-

matographed in the studies of Skipski et al., possibly preventing its 

one-dimensional separation. 

Retention factor (R„) values were recorded for each standard, as a 
seen in Figure 3 and in Table 8, but they were used only as a prelim

inary identification measure. Several problems were encoutnered when 

these R„ values were used as a sole source of identification. The main 
F 

complication was that the standard mixtures applied to the plates were 

composed of equal amounts (40 yg) of each phospholipid, whereas the 

38 
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| #PA 
# tPE 

1 
• 

1 0 LPE 

1 § LPC 

LPC L^E PI PS PE PA MIX 

SOLVJENT SYSTEM: CHLOROFORM-METHNOL-
ACETIC ACID-WATER 
(65:25:8:4 by vol.) 

Abbreviations: 

LPC = Lysophosphatidylcholine 
LPE = Lysophosphatidylethanolamine 
PI = Phosphatidylinositol 
PS = Phosphatidylserine 
PE = Phosphatidylethanolamine 
PA = Phosphatidic Acid 

Figure 3. One-dimensional thin-layer chromatography of standard 
phospholipids. — Refer to Table 8 for retention factor 
values and spray reagent responses. 



Table 8. Retention factor values and spray reagent responses of the standard phospholipids 

Spray Reagents 

Phospholipid RF Rhodamine Ninhydrin Dragendorff Phosphorus 

Lysophosphatidylcholine .17 + - + + 

Lysophosphatidylethanolamine .47 + + - + 

Phosphatidylinositol .56 + - - + 

Pho sphat idylser ine .62 + + -• + 

Phosphatidylethanolamine .82 + + - + 

Phosphatidic acid .93 + - - -

•t-
o 



samples tended to have varying phosphatide compositions. When the sam

ples were chromatographed, the constituent phosphatides present in 

large amounts often spread, covering a greater area on the plate. 

Consequently, these large spots were apt to hide other phosphatides, 

and/or have different positions and subsequent R_, values. 

Standards were not generally used to assist in spot identifi

cation on two-dimensional TLC plates. Instead, pla£es were success

ively sprayed with a number of different spray reagents, as explained 

in Chapter 4. Only by combining the data obtained from both the one-

and two-dimensional chromatographs could the phospholipids be posi

tively identified. 

Thin-layer Chromatography of Samples 

The TLC results from each Cucurbitaceae sample can be seen in 

Figures 4, 5, and 6 and in Table 9. The figures represent an accumu

lation of data from several plates, prepared and developed at different 

times. All samples contained phosphatidylcholine, phosphatidylethan-

olamine, phosphatidylinositol, lysophosphatidylcholine, and lysophos-

phatidylethanolamine.. The latter two phospholipids were minor compo

nents and often their presence was undetected. 

Curcurbita foetidissima was the only sample with phosphatidic 

acid as an apparent constituent. (The absolute identification of 

phospatidic acid could not be made because it did not react uniquely 

with any of the spray reagents, and one-dimensional TLC of jC. foetidis

sima was negative for phosphatidic acid.) Phosphatidic acid is a key 

intermediate in the biosynthetic pathway of all other phospholipids 
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One-dimensional TLC 
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a. Visualization; 
H2S04 

char. 

b. Two-dimensional TLC. — Refer to 
Table 9 for spray reagent 
responses. 

Solvent system: chloroform-methanol-glacial acetic acid-water 
(65:25:8:4,V/V). 

b. Visualization: Figure represents a summary of several plates, 
developed with different spray reagents. 

Solvent system: 1st direction, chloroform-methanol-water-28% 
aqueous ammonia (130:70:8:0.5,V/V); 2nd direction chloroform-
acetone-methanol-acetic acid-water (100:40:20:20:10, V/V). 

Abbreviations: LPC, lysophosphatidylcholine; LPE, lysophosphatidyl 
thanolamine; PC, phosphatidylcholine; PE, phosphatidylethanolamine; 
PI, phosphatidylinositol; PA, phosphatidic acid; UI, unidentified. 

Figure 4. Thin-layer chromatograms of the phospholipids of 
Cucurbita digitata 
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1st Dimension 

R_ Values 

a. One-dimensional TLC a. Two-dimensional TLC. — Refer to Table 
9 for spray reagent responses. 

a. Visualization: H„SO, char. 
2 4 

Solvent system: chloroform-methanol-glacial acetic acid-water 
(65:25:8:4,V/V). 

b. Visualization: Figure represents a summary of several plates, 
developed with different spray reagents. 

Solvent system: 1st direction, chloroform-methanol-water-28% 
aqueous ammonia (130:70:8:0.5,V/V); 2nd direction chloroform-
acetone-methanol-acetic acid-water (100:40:20:20:10, V/V). 

Abbreviations: LPC, lysophosphatidylcholine; LPE, lysophosphatidyl 
thanolamine; PC, phosphatidylcholine; PE, phosphatidylethanolamine; 
PI, phosphatidylinositol; PA, phosphatidic acid; UI, unidentified. 

Figure 5. Thin-layer chromatograms of the phospholipids 
of Cucurbita foetidissim 
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a. One-dimensional TLC b. Two-dimensional TLC. — Refer to 
Table for spray reagent responses. 

a. Visualization: H„SO. char. 
2 4 

Solvent system: chloroform-methanol-glacial acetic acid-water 
(65:25:8:4,V/V). 

b. Visualization: Figure represents a summary of several plates, 
developed with different spray reagents. 

Solvent system: 1st direction, chloroform-methanol-water-28% 
aqueous ammonia (130:70:8:0.5,V/V); 2nd direction chloroform-
acetone-methanol-acetic acid-water (100:40:20:20:10, V/V). 

Abbreviations: LPC, lysophosphatidylcholine; LPE, lysophosphatidyl 
thanolamine; PC, phosphatidylcholine; PE, phosphatidylethanolamine; 
PI, phosphatidylinositol; PA, phosphatidic acid; UI, unidentified. 

1st Dimension 

Figure 6. Thin-layer chromatograms of the phospholipids of 
Apodanthera undulata 



Table 9. Spray reagent responses from two-dimensional thin-layer chromatograms of Cucurbita 
foetidissima, Cucurbita digitata, and Apodanthera undulata 

Spray Reagents 

Phospholipid Dragendorff Ninhydrin Phosphorus Rhodamine Char. 

Lysophosphatidylcholine + + + + 

Pho sphatidylinositol - - + + + 

Lysophosphatidylethanolamine - + + + + 

Phosphatidylcholine + - + + + 

Phosphatidic acid - - + + + 

Phosphatidylethanolamine - + + + + 

Unidentified - - - - + 

-p-
Ln 



(Kates and Marshall, 1975), and Privett et al. (1973) used soybeans 

to demonstrate that its presence consequently decreases during bean 

maturation. Following maturation, certain climatic conditions may 

induce a seed to germinate, in which case phosphatides, probably 

including phosphatidic acid, will again increase (Appelqvist, 1975). 

Thus, phosphatidic acid could indeed be a natural constituent of Ĉ . 

foetidissima seed oil, or its presence could either be the result of 

a difference in age and history of the seed samples or be due to phos

phatide degradation. 

Overall, the phospholipids found in the three species of Cucur-

bitaceae are the same as those found in other seed oils, with the 

exception of phosphatidylglycerol (Table 10). Phosphatidylglycerol 

Table 10. Comparison of the phosphatides found in other seeds with 
those found in the three Cucurbitaceae. — From Kates 
(1970, p. 232). 

Component 
£ 

Other Seeds Cucurbits 

Phosphatidylcholine ++ ++ 

Phosphatidylethanolamine ++ ++ 

Phosphatidylserine 

Phosphatidylinositol ++ + 

Phosphatidic acid + + 

Phosphatidylglycerol + 
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is usually found in extremely small amounts in nonphotosynthetic tis

sue, and consequently is rarely quantified as a separate phospholipid. 

It is possible that the phosphorus spray used in this experiment was 

not sensitive enough to detect phosphatidylglycerol, and that phos-

phatidylglycerol was present as one of the unidentified spots revealed 

upon charring the plates. 

Total Phospholipid Content 

The total percentage of phospholipids found in the three cucur

bit oils (Table 11) was determined using the Bartlett phosphorus analy

sis and the appropriate conversion factors of Appendix A. Table 11 

also lists the phosphatide content of other oil sources, but these 

numbers should not be compared critically. Comparisons would be 

erroneous because phospholipid values vary with the method of extrac

tion employed, the history and age of the oil, the type of phosphorus 

analysis chosen, and with the factor used to convert phosphorus into 

phospholipid. For example, only 0.14% phosphatides were found in 

A. undulata (Vasconcellos et al., 1981) and 0.8% in £. foetidissima 

oils (Vasconcellos et al., 1980). These researchers, though, were 

primarily interested in the possibility of commercially processing 

the two oils and thus extracted their seeds with the nonpolar solvent, 

hexane. As stated before, phospholipids are best extracted using a 

mixture of nonpolar and a polar solvent which is why the values in 

Table 11 are much higher than those of Vasconcellos et al. As another 

example, Kaufman reported in 1941 that 3.2% was the maximum level of 

phosphatides in soybeans of an unknown age (Witcoff, 1951), and 



Table 11. Total phospholipids in Cucurbita digitata, Cucurbita 
foetidissima, Apodanthera undulata, and in other oils 

Phospholipid 
Oil (%) 

Cucurbita digitata 3.3 

Cucurbita foetidissima 2.9 

Apodanthera undulata 4.0 

Sunflower 0
 

Ul
 1 1—
' 
o
 

Cottonseed*3 2.4 

Soybean0 1.8-9.8 

Saf flower** 0.48 

Rapeseed6 3.3 

a. Morrison (1981, p. 902). 

b. Cherry, Gray, and Jones (1981, p. 903). 

c. These values ranged tremendously. Witcoff (1951, p. 220) 
reported 1.8%-3.5%, Chapman (1980, p. 301) reported 4.9%, and 
Privett et al. (1973, p. 518) reported 9.8%. 

d. Burkhardt (1971, p. 698). 

e. Sosulski, Zadernowski, and Bubuchowski (1981, p. 562). 

t 



Privett et al. (1973) found 9.8% phospholipids in their 97-day-old 

soybeans. Finally, as pointed out in Appendix A, many scientists use 

the factor 30 to convert phosphorus to phosphatides for all oil sam

ples, which can lead to errors as high as 20% (Chapman, 1980). 

The values in Table 11 indicate that the three Cucurbitaeae 

oils appear to contain an adequate amount of phospholipid—enough for 

processing. This can be further justified by reviewing some previous 

research. It was just mentioned that hexane is the conventional sol

vent employed for the commercial extraction of oil. The phospholipid 

content of a crude, commercial, hexane-extracted soybean oil usually 

ranges from 0.2% to 0.6% (Cowan and Wolf, 1977), and that of a crude 

sunflower oil from 0.25% to 0.5% (Morrison, 1981). Even with these 

seemingly small amounts of phosphatides, soybean oil is still the pre

dominant source of lecithin, and the use of sunflower lecithin is 

increasing. Because Vasconcellos et al. (1980) found as much as 0.8% 

phosphatides in their crude, hexane-extracted Cucurbita oils, the 
I . 

lecithin production from these oils indeed appears promising. 

Quantification of Component Phospholipids 

The numerical composition of phosphatides found in the three 

species of cucurbits can be seen in Table 12. At first it may appear 

that the data collected in this table are inconsistent with the iden

tification data presented in Figures 4, 5, and 6, or that the minor 

phosphatides identified before as positive constituents of the oils 

are either not listed or only exist as trace components in Table 12. 

This inconsistency can readily be explained by several complications 
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Table 12. Phospholipid composition of Cucurbita digitata, Cucurbita 
foetidissima, and Apodanthera undulata 

Composition (Weight %) 

Phospholipid C. digitata C. foetidissima A. undulata 

Phosphatidylcholine 74.9 55.8 68.5 

Phosphatidylethanolamine 10.5 18.7 13.3 

Phosphatidylinositol 13.7 

CM 

• 

i~
H 

13.7 

Lysophosphatidylcholine trace 2.8 4.5 

Others'5 0.8 5.5 trace 

a. May contain lysophosphatidylethanolamine. 

b. Probably phosphatidic acid. 

encountered during the phosphorus analysis. For one, the phosphatide 

extracts were not homogeneous. This was especially evident during the 

chromatography of the two minor phosphatides: lysophosphatidylcholine 

and lysophosphatidylethanolamine. After spotting and developing a 

plate, these minor constituents sometimes appeared, and at other times 

they were completely absent. This problem was further exacerbated 

by the insensitivity of the phosphorus assay itself, and thus when the 

minor components did appear, they often could not be quantified. As 

a partial remedy, the lysophosphatidylethanolamine spots were analyzed 

in conjunction with phosphatidylinositol because the two spots were 

seen in the same vicinity on the TLC plate. (A better procedure would 
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have been to spike each sample with a known amount of lysophosphatidy-

lethanolamine, but unfortunately this solution was not considered 

until after the analyses were finished.) The last problem encountered 

during the phosphorus analysis had to do with sample loss. Silica gel 

was not an easy substance to accurately transfer from the TLC plate to 

the reaction vessel, and then from the reaction vessel to the centri

fuge tube. All losses were considered to be equal among each compo

nent, but again with the minor constituents, any loss could be quite 

serious. 

Overall, the composition data of Table 12 should be representa

tive of the natural phospholipid constituents of the oils. These data 

demonstrated that all three cucurbita species had similar profiles— 

all contained high amounts of phosphatidylcholine. Phosphatidylino-

sitol and phosphatidylethanolamine were the next largest component 

phosphatides in each species. These findings are important in that 

previously discussed, a lecithin product right in phosphatidylcholine, 

or with a high PC/PE ratio, is one that would be excellent for o/w 

emulsions. The presence of phosphatidylinositol in the lecithin would 

further enhance the stability of such o/w emulsions. 

The high amount of phosphatidylcholine in £. digitata and A. 

undulata, especially, may have another benefit that was not previously 

considered. Scientists have demonstrated that choline is an essential 

nutrient for rats, chicks, turkeys, and other beasts. These animals 

develop both renal and hepatic disorders when fed choline-deficient 

diets. Even though it has not been proven that choline is an essen

tial element in the human diet, choline therapy was attempted to treat 
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diseases such as cirrhosis, hepatitis, and fatty liver. Unfortunately, 

these treatments were unsuccessful. Recently, however, dietary choline 

has been implicated in causing an increase in the synthesis of acetyl

choline in the brain (Haubrich, 1981). Thus, lecithin therapy has 

been used to treat disorders such as Huntington's chorea, tardive 

dyskinesia, and Alzheimer's disease (Gelenberg, 1981). Health food 

fanatics have become acquainted with some Studies relating choline 

consumption to improved memory, and consequently lecithin is often pro

moted in such stores as a memory aid. If someday choline does prove 

to have therapeutic value, there may be an increased demand for leci

thin, especially a lecithin with a high amount of phosphatidylcholine, 

as that of C_. digitata and A. undulata. 

The composition of Cucurbitaceae phospholipids can be compared 

to that of other oils (Table 13). These other oil sources each have a 

unique phosphatide composition, so it is not surprising that the 

cucurbit phospholipid compositions are also distinct. What is inter

esting is that the amounts of the constituent phospholipids of 

digitata, C^. foetidissima, and A. undulata are so different from those 

of squash-melon, another member of the family Cucurbitaceae. But 

again, these comparisons must be made cautiously. Differences in 

extraction procedures, in ways of expressing percent, in quantitative 

analyses, and in the previous history of the seed and oil samples will 

all drastically affect the numerical data. What can be concluded from 

this table is that there is nothing extraordinary about the phosphatide 

content of the three cucurbit oils which would preclude their use as 

emulsifiers. In fact, thus far all evidence in this area is positive. 



Table 13. Comparison of the phospholipid content of various oil-producing crops to that of 
Cucurbita digitata, Cucurbita foetidissima, and Apodanthera undulata (%) 

Phospholipid Soybean® Saff lower** Sunflower0 Peanut^ 
Squash-
melon6 C. dipitata C.. foetidissima A. undulata 

Phosphatidylcholine 45.0 36.0 52.0 18.8 34.1 74.9 55.8 68.5 

Phosphatidylethanolamine 26.3 15.0 19.7 39.4 10.9 10.5 18.7 13.3 

Phosphatidylserine < 2.0 

Phosphatidylinositol 14.1 23.0 26.0 22.2 25.4 13.7 17.2 13.7 

Phosphatidylglycerol 3.3 

Phosphatidic acid 5.0 2.2 6.6 

Lysophosphatidylcholine 4.7 trace 2.8 4.5 

Others (unknown) 6.3 20.0 12.9 24.9 0.8 5.5 trace 

a. Privett et al. (1978, p. 518). 

b. Cherry, Grey, and Jones (1981, p. 905). 

c. Morrison (1981, p. 902). 

d. Singleton and Pattee (1981, p. 874). 

e. Bhatla, Grewal, and Sukhijo (1971, p. 639). 
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Fatty Acid Composition of the Total Phosphatides 

Gas-liquid chromatographic analysis of four phosphatide frac

tions is presented in Table 14. These data show that C. digitata, C. 

foetidissima, and A. undulata all have similar fatty acid distri

butions. The major fatty acid in these three species was linoleic 

(18:2), whereas the minor fatty acids were myristic (14:0) and stearic 

(18:0). This tendency also applies to the polar lipids of squash-

melon, suggesting that the polar lipids of the family Cucurbitaceae 

are all similar. 

Several researchers have indicated that the fatty acids of 

the phosphatide portion of a plant oil are the same as those found in 

the neutral lipid fraction, with the exception that a higher propor

tion of saturated acids exists in the polar fractions (Witcoff, 1951). 

This hypothesis can be verified in this case by comparing the cucurbit 

data in Tables 14 and 15. On the average, these polar lipids con

tained 37.3% saturated fatty acids, whereas their total lipids, which 

are mostly triglycerides, contained 18.1% saturated acids. The 

greater percentage of saturated fatty acids in the polar lipids was 

due to higher amounts of palmitic acid (16:0), and to the fact that 

myristic acid (14:0) was present in the polar fraction but not in the 

total lipid fraction. (Inasmuch as Citrullis colocynthis, another 

Cucurbitaceae species, does contain minor amounts of myristic acid 

(Table 15), it is possible that myristic acid was also present in the 

total lipid fraction of (3. digitata, JC. foetidissima, and A. undulata, 

but in amounts too small to quantify accurately. 



Table 14. Nonconjugated fatty acid distribution of the phosphatide fraction from 

four cucurbits (area %) 

Fatty Acid C. digitata (]. foetidissima A. undulata Squash-melon3 

14:0 7.7 7.6 9.8 2.3 

16:0 23.1 22.0 23.7 18.2 

18:0 5.3 5.8 6.9 13.7 

18:1 17.0 13.3 19.9 15.8 

18:2 46.9 51.3 39.7 50.0 

a. Bhatia, Grewal, and Sukhija (1971, p.640). 



Table 15. Nonconjugated fatty acid distribution of the total lipid fraction from 
four cucurbits (area %) 

Fatty Acid C^. digitataa (3. foetidissima 3̂ A. undulatac C^. colocynthis 

14:0 0.4 

16:0 10.0 11.8 10.4 13.5 

18:0 5.0 3.5 7-4 10.5 

18:1 24.0 21.9 22.9 25.0 

18:2 43.0 60.6 30.8 50.6 

C2Q & greater 11.2 

a. Bemis et al. (1967, p. 430). 

b. Vasconcellos et al. (1980, p. 312). 

c. Vasconcellos et al. (1981, p. 322). 

d. Sawaya, Daghir, and Khan (1983, p. 105). 
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Apodanthera undulata oil contains significant amounts of very 

long chain fatty acids (C-20 and greater), which were not present in 

its counterpart polar fraction (Tables 13 and 14). The authors did 

not indicate whether these very long chain fatty acids were saturated 

or unsaturated, but if per chance some were polyunsaturated, the 

oil would have a tendency to oxidize rapidly. (This oil is indeed 

prone to oxidative rancidity, but researchers attribute this to the 

high percentage of conjugated fatty acids, as will be discussed 

later.) The absence of very long chain fatty acids, and possibly 

of long chain polyunsaturated fatty acids in the phosphatide frac

tions is a great attribute to the possibility of manufacturing these 

oils for food lecithin. 

Fatty Acid Composition of the 
Component Phosphatides 

The fatty acids of the constituent phospholipids, as analyzed 

by GLC, are presented in Table 16. Each phosphatide in each cucurbit 

had the same general fatty acid distribution, with the exception of 

lysophosphatidylcholine. Phosphatidylcholine, the major fatty acid 

in all three species, had almost an identical fatty acid pattern as 

the total phospholipid fraction. The phosphatidylcholine fatty 

acids were composed of approximately 64% unsaturated fatty acids, 

and the total phospholipid fraction contained about 62% unsaturated 

fatty acids. Phosphatidylethanolamine and phosphatidylinositol, the 

next most abundant phosphatides, contained 53.6% and 35.2% unsaturated 

fatty acids, respectively. The minor phospholipids were predominantly 
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Table 16. Nonconjugated fatty acid analysis of the constituent 
phosphatides of C. digitata, foetidissima and 
A. undulata 

Phospholipid 14:0 

Fatty Acids 

16:0 18:0 18:1 18:2 

Phosphatidylcholine 

(3. digitata 
jC. foetidissima 
A. undulata 

6.9 
9.7 
9.9 

22.1 
22.4 
18.5 

5.8 
5.5 
8 . 6  

19.8 
13.8 
29.5 

45.4 
48.6 
33.5 

Phosphatidylethanolamine 

C. digitata 20.8 23.7 11.2 13.4 30.9 
foetidissima 13.4 18.2 5.5 13.9 49.0 

A. undulata 14.7 26.1 5.7 15.2 38.3 

Phosphandylinositol 

(3. digitata 
C. foetidissima 
A. undulata 

18.0 
27.3 
19.2 

37.1 
24.1 
29.3 

11.9 
15.8 
11.8 

8 . 8  
9.5 

11.1 

24.2 
23.3 
2 8 . 6  

Lysophosphatidylcholine 

J3. digitata 
C^. foetidissima 
A. undulata 

35.1 31.8 ' 11.0 
21.2 30.6 46.3 

not recorded 

12.2 9.9 
1.9 

Others' 

C. foetidissima 41.5 19.9 9.9 12.1 16.6 

a. Probably phosphatidic acid. 
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composed of saturated fatty acids which should be especially obvious 

for lysophosphatidylcholine. Galliard (1973) wrote that position 

number one on the phosphatide molecule is usually occupied by a sat

urated fatty acid, and position two by an unsaturated one. Because 

the lyso-derivatives contain only one fatty acid located at position 

one, it is expected that they should also contain a higher percentage 

of saturated fatty acids. 

The distribution of fatty acids in the component phosphatides 

of Cucurbitaceae found in this study agrees with that found in other 

species. This can be observed by looking at Table 7 (p. 14) and is 

supported by Galliard (1973) who reported that phosphatidylcholine 

and phosphatidylethanolamine generally contain more unsaturated fatty 

acids, and that phosphatidylinositol normally contains a higher pro

portion of saturated fatty acids. Reasons for this distinct distribu

tion are not clear yet, but a few answers can be found by looking at 

the role of phospholipids in fatty acid metabolism. Nichols (cited .by 

Galliard, 1973) proposed that some lipids, including phosphatidylcho

line, which have a high turnover rate of fatty acids, are involved in 

fatty acid metabolism, whereas those with a low turnover rate, includ

ing phosphatidylethanolamine and phosphatidylinositol, have only 

structural roles. This theory is supported by the fact that phospha

tidylcholine has been implicated to serve as either a carrier or as a 

substrate at the site of oleic acid (18:1) desaturation (Galliard, 

1973; Harwood, 1975). Thus, the large amount of phosphatidylcholine in 

cucurbits, and in most plant species (Kates, 1970), enhances the 



nutritional quality of the oil by providing for the metabolism of 

linoleic acid, an essential fatty acid. 

Ultraviolet Analysis of the Conjugated Fatty Acids 

Significant amounts of conjugated fatty acids have been found 

in seveal crude Cucurbitaceae oils (Bemis et al., 1967; Vasconcellos 

et al., 1981). Consequently, the phosphatide fractions of C. foetidis

sima, C_. digitata, and A. undulata were examined for their conjugated 

fatty acid content (Figure 7; Tables 17 and 18). With the exception of 

£. foetidissima, the amounts found in the phospholipids were not as 

high as those found in the crude oils. Bemis et al. (1967) reported 

that the conjugated fatty acid content could be as high as 18.3% in 

crude £. digitata oil, and Vasconcellos et al. (1981) found 17.3% in 

A. undulata oil. Both groups suggested that punicic acid, 9, 11, 13-

c,t,c-octadecatrienoic acid, is the major contributor to these high 

levels of conjugated fatty acid in the two cucurbit species. Accord

ing to Hitchcock (1975), unusual fatty acids such as punicic, which 

accumulate in seeds, are usually present in the triglyceride portion 

of the oil and not in the phospholipid fraction. The UV data in 

Table 17 supports this theory in that the levels of conjugated, or 

unusual fatty acids in iC. digitata and A. undulata were approximately 

one-seventh and one-third, respectively, of those found in the crude 

oils. The levels found in the phospholipids of £. foetidissima (2.5%) 

were about the same as those in the lipid fraction (2.3%). The pres

ence of large amounts of conjugated fatty acids would enhance autoxi-

dation in foods, so these data once again support the fact that all 
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Figure 7. Ultraviolet spectra of the phospholipid fractions from 
Cucurbita foetidissima, Cucurbita digitata, and Apodanthera 
undulata. — A = £. foetidissima (.24 g/L); B = £. digitata 
(.28 g/L); £. undulata (.2 g/L). 
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Table 17. Conjugated fatty acids of the phospatide fraction of 
Cucurbita digitata, Cucurbita foetidissima, and Apodanthera 
undulata 

Dienoics Trienoics Tetraenoics Pentaenoics 

Sample (Weight %) Total 

_C. digitata 2.4 0.16 

£. foetidissima 2.4 0.065 

A. undulata 4.9 0.58 

0 

0 

0 

0.09 

0 . 1 2  

0 .20  

2.65 

2.59 

5.68 

Table 18. Summary table: Total conjugated and noncorijugated fatty 
acids in Cucurbita digitata, Cucurbita foetidissima, and 
Apodanthera undulata phosphatides 

Sample 14:0 16:0 18:0 18:1 18:2 Conjugated 

C. digitata 7.5 22.5 5.2 16.5 45.6 2.7 

C. foetidissima 7.4 21.4 5.6 13.0 50.0 2.6 

A. undulata 9.2 22.4 6.5 18.8 37.4 5.7 



three cucurbit oils could be processed for phospholipids, and that 

these phospholipids could be widely used as emulsifiers in both food 

and industrial products. 



CHAPTER 6 

SUMMARY 

To understand the implications of this study, the previous 

research surrounding C_. foetidissima, C^. digitata, and A. undulata 

oils must first be reviewed. The most extensive studies were done 

with £. foetidissima. It was found that the seeds from C. foetidis-

sima could be processed to yield an oil acceptable for both industrial 

and edible use. A. undulata yielded a lower quality oil which, although 

high in conjugated fatty acids, still could be processed and used in 

industry. Although nothing yet has been published concerning the 

economic importance of £. digitata, research thus far indicates that 

it too has definite possibilities as an industrial oilseed crop. 

The present study has shown the following: 

1. All three Cucurbitaceae oils contain substantial amounts of 

phosphatides. -

2. The natural composition of these phosphatides indicates they 

might be used to promote o/w emulsions and be used as choline 

supplements. 

3. The absence of high amounts of polyunsaturated and conjugated 

fatty acids suggest that these phospholipids would be stable 

in food products. 

Overall, it appears that all three cucurbits could be processed 

for lecithin. Although the importance of finding new sources of 
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lecithin is not urgent, the search for new oil sources is critical, 

and the competition is fierce. Researchers have found several plants 

that produce high quality vegetable oils, but the utilization of many 

of these plants would be limited to oil production only. Studies at 

The University of Arizona indicate that (J. foetidissima, C^. digitata, 

and A. undulata can each be employed for the production of oil, starch, 

protein, and lecithin. In addition to this, the plants are all xero-

phytic, and can be grown in areas considered unsuitable for most other 

crops. Moreover, the research on these cucurbits still continues, for 

there is much to be learned regarding their future utilization. 



APPENDIX A 

COMPUTATION OF CONVERSION FACTORS FOR DETERMINING 

THE PHOSPHOLIPID CONTENT OF CUCURBIT OILS 

In phospholipid research, a conversion factor (CF) is often 

employed to ease calculations which involve changing phosphorus into 

phosphatide content. The factor that has typically been used and 

recommended by the Official A.O.C.S. is 30, and it represents the 

ratio of the molecular weight of the phospholipid to that of elemental 

phosphorus. However, several researchers (Singleton and Pattee, 1981; 

and Chapman, 1981) have concluded that the conversion factor 30 is 

not adequate for all oil samples. These scientists stressed that 

because each oil has a unique fatty acid composition, each oil also 

has a unique phospholipid molecular weight, and hence the CF for every 

oil will be different. They also emphasized the importance of calcu

lating not only a CF for the total phospholipid fraction, but also 

one for each individual phosphatide in that fraction. 

As suggested, a CF for each component phospholipid along with 

one for the total phosphatide fraction will be calculated for the 

three cucurbit species analyzed in this experiment. The method for 

computing these CFs is modeled after that of Singleton and Pattee 

(1981). The calculations will be demonstrated for Apodanthera 

undulata, and summary data will follow for Cucurbita foetidissima 

and Cucurbita digitata. 
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The first step is to compute the average molecular weight 

(AMW) for one fatty acid (FA) per mole of each component phospholipid. 

For this calculation, the molecular weight (MW) of the FAs along with 

the FA composition of the constituent phospholipid must be known. 

These data are summarized in Table A-l. 

Table A-l. Data for computing the FA AMW of Apodanthera undulata 
phosphatidylcholine (PC) 

FA Composition 

of PC MW Contribution 
FA FA MW (as a decimal)3 of Each FA^ 

14:0 228.4 0.099 22.6 

16:0 256.4 0.185 47.4 

18:0 284.5 0.086 24.5 

18:1 282.5 0.295 83.3 

18:2 280.5 0.335 94.0 

271.8 FA AMW 

a. From GLC data 
b. Weight contribution of each FA = decimal fraction x FA MW 

To compute the final total in Table A-l, the FA AMW, Equation 1 is 

employed: 

FA AMW = Z[FA MW x FA composition] (1) 
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Now that the AMW of one FA in A. undulata PC is known, the 

total MW of PC can be determined. Using the dissociated MW for PC 

given in Table A-2, the total MW of PC is calculated as show in 

Equation 2. 

Table A-2. MW of the component phospholipids minus their fatty 
acids (PL minus FA) 

PL minus FA MW 

Phosphatidylcholine (PC) 241.1 

Phosphatidylethanolamine (PE) 181.1 

Phosphatidylinositol (PI) 283.2 

Others3 241.1 

a. Assume mostly lysophosphatidylcholine (LPC). Although 
LPC was not analyzed by GLC, its FA AMW was assumed to be an average 
of the three other component phosphatides. 

MW of PC = (2 x 271.8) + 241.1 = 784.7 (2) 

and the CF for PC is: 

CFpc = MW of PC/MW of phosphorus = 784.7/30.97 = 25.3 

Similarly, the CFs for each constituent phosphatide in all 

three Cucurbitaceae was found, as can be observed from Table A-3. 
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Table A-3. CFs for each component phosphatide of A. undulata, 
C. foetidissima and digitata 

Component 
Phosphatide A. undulata C. foetidissima C. digitata 

PC 25.3 25.2 25.4 

PE 23.1 23.3 22.9 

PI 26.2 26.0 26.1 

LPC 16.4 16.3 16.0 

Others 17.4a 

a. Assumed to be a combination of lysophosphatidylethanolamine 
and phosphatidic acid. 

These conversion factors were then used in the calculations that 

involved finding the composition of phosphatides in the phospholipid 

fraction, on a weight percent basis. 

Following the same format, the CFs for the total phosphatide 

fractions can be calculated (CF ). Previously, the goal was to 

determine the molecular weight for each component phosphatide; now the 

interest is to simply determine the average molecular weight of all 

the phospholipids. This is illustrated for A. undulata in Table 

A-4. And, the AMW is calculated using Equation 3: 
' tot 

AMWtot = Z[PL-AMW x PL composition] (3) 

Finally, the CF is obtained exactly as before: 

CF t = AMWtot_/MW of phosphorus = 766.7/30.97 = 24.8 
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Table A-4. Data for computing the AMW of the total phospholipid 
fraction (AMW,. .) for A. undulata 

tot — 

Phospholipid (PL) PL-AMW3 
PL Composition'3 

(as a decimal) 
MW Contribution0 

of each PL 

Phosphatidylcholine 784.7 .685 537.5 

Phosphatidylethanolamine 715.1 .133 95.1 

Phosphatidylinositol 811.6 .137 111.2 

Lysophosphatidylcholine 508.8 .045 22.9 

766.7 AMW. „ 
tot 

The CFs for the three cucurbit phosphatide fractions are presented 

in Table A-5. These were used to convert the total percentage of 

phosphorus found in each oil to percentage of phospholipid present. 

Table A-5. Conversion factors of the total phospholipid fractions 
of A. undulata, C. foetidissima, and digitata 

Cucurbit CF 
tot 

A. undulata 

C. foetidissima 

C^. digitata 

24.8 

24.3 

25.1 
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It is interesting to note that Singleton and Pattee (1981) 

found a CF of 24.4 for peanut oil, and that Chapman (1981) found 

the CF values of 24.8 and 25.2 for soybean and safflower oils, 

respectively. These values closely resemble those found for the three 

cucurbits, and perhaps the Official A.O.C.S. should consider the CF 

of 25 as more appropriate than 30 when converting elemental phosphorus 

to phosphatides in crude oils. 
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