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ext remely  impor tan t  that  the variable wavelength UV be 
used since the RI detector ,  while a universal de tec tor ,  is 
only ca. 10% as sensitive as the UV. Finally, it would  be 
possible to analyze for PE and other  phospholipids, al though 
they do elute ex t remely  close to the solvent f ront  using this 
mobile  phase. 

ACKNOWLEDGMENTS 

The authors thank A.E. Staley Mfg. Co. for the samples of soy 
lecithin and Hershey Chocolate Co. for samples of chocolate. We al- 
so thank Dr. Richard Sbeeley for his comments and technical assist- 
ance, and the members of the Analytical Research Group for their 
support. 

REFERENCES 

1. Minifie, B.W., Chocolate, Cocoa and Confectionery: Science 
and Technology, Avi Publishing Co., 1970. 

2. Official Methods of Analysis, 12th Edition, edited by W. Hor- 
witz, 1975, p.218. 

3. Rouser, G., G. Kritchevsky, A. Yamamoto, G. Simon, C. Galli 
and A.J. Bowman, Methods Enzymol. 14:272 (1969). 

4. Lipid Chromatographic Analysis, 2nd Edition, Vol. 3, edited 
by G. Rouser, G. Kritchevsky and A. Yamamoto, Marcel 
Dekker, New York, 1976, p.713. 

5. Weenick, R.O., and A.P. Tullock, JAOCS 43:327 (1965). 
6. Blood Lipids and Lipoproteins, edited by G.J. Nelson, Wiley- 

lnterscience, New York, 1972, pp. 3-24. 
7. Shipski, V.P., and M. Barclay, Methods Enzymol. 14:530 

(1969). 
8. Aitzetmuller, K., J. Chromatogr. 113:231 (1975). 
9. Dieffenbacher, A., and U. Bracco, JAOCS 55:642 (1978). 

10. McCluer, R.H., and F.B. Jungalwala, Adv. Exp. Med. Bio. 76: 
533 (1976). 

i1. McCluer, R.H., and F.B. Jungalwala, Chromatogr. Sci.79:10 
(1979). 

12. Folch, J., M. Lees and G.H.S. Stanley, J. Biol. Chem. 226: 
497 (1957). 

[Received February  I l ,  ] 980] 

& The Properties of Cucurbita foetidissima Seed Oil 

J.A. VASCONCELLOS, J.W. BERRY and C.W. WEBER, Department of Nutrition and 
Food Science, University of Arizona I , Tucson, AZ, and W.P. BEMIS, and J.C. 
SCHEERENS, Department of Plant Science, University of Arizona, 
Tucson, AZ 85721 

ABSTRACT 

Oils from the seeds of 15 different selections of the buffalo gourd, 
Cucurbita foetidissima, were characterized in terms of their physical 
and chemical properties, which indicate that this oil is similar to 
other common edible oils. Xanthophylts were the predominant 
carotenoid pigments present in the crude oil, ranging from 51-232 
mg/kg oil. Linoleic acid, the predominant fatty acid, ranged from 
39-77% with an average level of 61%. Although conjugated unsatur- 
ated acids are a significant component in some other xerophytic 
cucurbit oils, the levels of conjugated dienoic and trienoic fatty 
acids in this species are only 2.3 and 0.03%, respectively. 

INTRODUCTION 

The buffalo gourd, Cucurbita foetidissima HBK, a feral 
xe rophyt ic  gourd,  has been the subject of a number  of  
recent  studies ( I -5)  because of  its potent ia l  as a source of  
oil, protein and starch. The domest ica t ion  of this plant  as a 
crop adapted to arid land agriculture is current ly  under  
s tudy (1). Previous investigation of  the crude oil f rom the  
seed suggested that  it could be processed to yield an edible 
oil (6). Its highly unsatura ted  nature should make it very 
at t ract ive for  food purposes.  

The purpose of this work was to determine the physical 
and chemical  propert ies  of  the crude oil f rom the seeds of  
this xe rophy t i c  plant. 

EXPERIMENTAL PROCEDURES 

Open-pol l inated seed lots f rom 15 genetically d i f ferent  
selections of  C. foetidissirna grown at the  University of  
Ar izona  Exper imen t  Stat ion were studied. The  seeds were 
obta ined by submerging the fruits in water  unti l  fermenta-  
t ion disintegrated the placental  tissue. They were then 
washed, air-dried and kept  at room environmenta l  con- 
ditions. Seed al iquots  were taken as needed for  d i f ferent  

t Arizona Agricultural Experiment Station No. 3081. 

analyses, thus assuring that  the de terminat ions  were per- 
formed on freshly ext rac ted  oil. 

Seed and Oil Analyses 

Seed al iquots  were ground in a laboratory  Wiley mill  to 
10-mesh size through a nickel-plated delivery tube.  Mois- 
ture con ten t  was obta ined  by drying in a vacuum oven for 
16 hr  at 60 C. Crude oil con ten t  was de termined  with  5 g 
samples by Soxhle t  ex t rac t ion  with hexane;  crude prote in  
con ten t  of  defa t ted  meal was measured by the micro-  
Kjeldahl m e t h o d  using a convers ion fac tor  of  6.25. 

Oil for  physical  and chemical  analyses was ext rac ted  as 
already described. The  hexane solut ion was f i l tered and the 
oil recovered in a rotary evaporator .  Residual hexane was 
removed by heat ing the  sample to 60 C while flushing the 
oil with a stream of  N2. Character izat ion of  the oil samples 
was made using AOCS methods  (7). 

Total Carotenoids: Visible Spectrophotometry 

Carotenoids  were de te rmined  using ma tched  silica cells of  
1-cm path length read in a Perkin-Elmer 202 spect ropho-  
tometer .  Oil samples were dissolved in cyc lohexane  (2.5% 
w/v) and the spectra recorded in the range 350-550 m/a. For  

TABLE I 

Composition of Cucurbita foetidissima Seed 

Properties Range Mean + SD 

Moisture (%) 4.1 - 8.4 6.2 • 0.2 
Oil (%) 31 .8 -  39.4 36.0 • 2.0 
Protein content a, 

defatted meal (%) 49.0 - 66.0 54.6 -+ 4.6 

aCrude protein = % N X 6.25. 
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TABLE 11 

Properties of Cucurbita foetidissima Oil 

Properties Range Mean -+ SD 

Refractive index 
at 25 C 
at 40 C 
at 60 C 

Free fatty acid (%) 
Acid value (%) 
Peroxide value (mg/kg oil) 
Saponification value 
Iodine value 
Acetyl value 
Hydroxyl value 
Specific gravity (25~ C) 
Carotenoids (mg/kg oil) 
Phosphatides (%) 
Minerals (ppm) 

P 
Fe 
Cu 
Mn 

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 

51.3 -231.5 
0.3 1.2 

1.472 • 0.001 
1.467 -+ 0.001 
1.456 • 0.002 
0.5 + 0.2 
1.1 • 0.4 

16.9 • 10.9 
191.5 • 1.6 
129.9 • 5.3 

7.3 (pooled) 
7.3 (pooled) 
0.9172 (pooled) 

109.7 • 55.0 
0.8 • 0.3 

95.0 -390. 260.0 • 100.0 
0.38 1.11 0.68 • 0.22 
0.16 0.51 0.31 • 0.12 
0.09 0.37 0.24 • 0.08 

quan t i t a t ive  d e t e r m i n a t i o n  the  abso rbance  was read at  417  
m/l  and  the  Zscheile et  al. e q u a t i o n  was used:  

mg carotene/kg oil = 
(absorbance at 417 m/~) (sample volume, ml) 

0.204 x (sample weight, g) 

Conjugated Fatty Acids: Ultraviolet Spectrophotometry 

To d e t e r m i n e  con juga ted  d ienoic  acid c o n t e n t ,  cyc l ohexane  
so lu t ions  (0 .05% w/v) were e x a m i n e d  in the  region 200-260  
m/a; similar so lu t ions  were used to de t ec t  con juga ted  tri- 
enoic  and  t e t r aeno ic  acids in the  region 210-230  m/l. 

The  percen tages  of  d ienoic ,  t r ienoic  and  t e t r aeno ic  con-  
juga ted  fa t ty  acids were ca lcula ted  accord ing  to AOAC 
M e t h o d s  of  Analys is  (9). 

Trans Fatty Acids: Infrared Spectrophotometry 

A b s o r p t i o n  spec t ra  were ob t a ined  wi th  a Perk in -Elmer  337 
Gra t ing  Inf ra red  s p e c t r o p h o t o m e t e r  using NaC1 cells wi th  a 
fi lm th ickness  of  0.5 m m .  Samples  were p repa red  as 2% sol- 
u t i ons  (w/v)  in c a r b o n  disulfide.  C o n c e n t r a t i o n  of  the  trans 
f a t ty  acids was expressed  as the  pe rcen tage  of  t r ielaidin.  

TABLE 111 

Characteristics of Various Crude Vegetable Oils a 

RESULTS AND DISCUSSION 

The  seeds u p o n  e x t r a c t i o n  wi th  h e x a n e  y ie lded ca. 36% oil, 
whereas  the  p ro t e in  c o n t e n t  of  the  r ema in ing  de fa t t ed  meal  
was ca. 55%. The  recovered  oil h a d  a b l and  tas te  and  odor  
and  the  color  var ied f rom a dark  r edd i sh -b rown  to  a l ight  
greenish-ye l low in the  seed lo ts  examined .  

Physical  and  chemica l  p roper t i e s  of  the  oil are summar -  
ized in Tables  I and  II. Cer ta in  proper t ies ,  a long wi th  visible 
spect ra l  character is t ics ,  are c o m p a r e d  wi th  those  of  some 
c o m m o n  edible  oils in Table  III and  Figure 1, respect ively.  
These  da ta  show t h a t  C. foetidissirna oil closely resembles  
o the r  c o m m o n  oils which  are processed  for  f o o d  use. 

The  level of  ca ro teno ids  f o u n d  in C. foet id iss ima oil was 
similar  to  t h a t  in c o t t o n s e e d  oil, ranging from. 51 .3-231.5  
mg/kg,  wi th  a m e a n  o f  110 (Table  II). X a n t h o p h y l l s  appar-  
en t ly  are the  p r e d o m i n a n t  p igmen t s  p resen t ,  as s h o w n  by  
a b s o r p t i o n  in the  4 0 0 4 2 0  m #  region (Fig. 1). In cont ras t ,  
a-  and  3-caro tenes  p r e d o m i n a t e  in red pa lm and  soybean  
oils (10) ,  and  the  spec t rum of  the /3 -ca ro tenes  is m u c h  less 
in tense  in the  region indica ted .  

The  mean  and  range for  each fa t ty  acid c o n s t i t u e n t  
measu red  in the  15 se lec t ions  e x a m i n e d  are s h o w n  in Table  
IV. Linoleic  acid averaged 61% of the  to ta l  f a t t y  acids. 

Cucurbita 
Soybean Cottonseed Corn Safflower foetidissima 

Oil in seed (%) 21.0 22.9 4.5 
Free fatty acid (%) 0.5 0.7 1.5 
Acid value (%) 1.0 1.4 3.0 
Iodine value 126.0 105.0 128.0 
Sapon. value 193.0 195.0 190.6 
Phosphatides (%) 2 1 2 
Carotenoids 

(mg/kg oil) 40.0 167.0 
Conjugated fatty acids (%) 

Dienoic 0.3 0.8 
Trienoic 0.1 0.3 
Tetraenoic 

Refractive index 
(25 C) 1.4730 1.4700 1.4720 

Specific gravity 
(25~ C) 0.919 0.917 0.9175 

30.0 36.0 
0.4 0.5 
0.8 1.1 

145.0 129.9 
191.0 191.5 

0.8 

109.7 

2.3 
3.3 N 10 -2 
0 . 0  

1.4750 1.4720 

0.921 0.9172 

aData for soybean, cottonseed, corn and safflower oils from Ref. 14. 
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FIG. 1. Visible spectra of the crude oils from soybean, cottonseed 
and C. foetidissima in cyclohexane: A--soybean oil (2.9% w/v); B-- 
C. foetidissima oil (2.507% w/v); C-cottonseed oil (2.528% w/v). 

TABLE IV 

Fatty Acid Content of Cucurbita foetidissima Oil 

Fatty acids Range Mean s SD 

Major fatty acids (%) 
Palmitic 6.6 - 24.4 11.8 -+ 4.8 
Stearic 1.2- 10.2 3.5 + 2.2 
Oleic 10.0-31.6 2.19 -+ 6.2 
Linoleic 39.3 - 77.2 60.6 +- 11.0 
Conjugated fatty acids (%) 
Dienoics 1.9- 2.8 2.3 -+ 0.3 
Trienoics 0.0- 0.10 0.033-+ 0.049 
Tetraenoics 0 0 
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FIG. 2 Ultraviolet spectra of the crude oils from soybean, cotton- 
seed, C. foetidissima, C. digitata and A. undulata in cyclohexane: 
A--soybean oil (0.051% w/v); B--cottonseed oil (0.054% w/v); 
C--C. foetidissima oil (0.051% w/v); D--C. digitata oil (0.0026% 
w/v); E--A. undulata oil (0.0025% w/v). 
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FIG. 3. Infrared spectrum of crude C. foetidissima oil in carbon di- 
sulfide (2.01% w/v). 

Oleic, palmitic and stearic acids were present at levels of 22, 
12 and 3.5%, respectively. The wide range of variation 
found for these fatty acids suggests the possibility of 
modification through plant breeding. 

A comparison of the UV spectra of C. foetidissima, 
cottonseed and soybean oils for their content  of conjugated 
dienoic fatty acids is shown in Figure 2. The level found in 
C. foetidissima oil was 2.3%, ca. 3 times that (0.8%) found 
in the sample of cottonseed oil and ca. 8 times the level 
(0.3%) found in soybean oil. This level, however, is similar 
to amounts found in some crude edible oils. 

A comparison with oils of other xerophytic cucurbits for 
the quantity of conjugated trienoic fatty acids is also 
presented in Figure 2. The average level of these acids was 
found to be 0.03% in C. foetidissima whereas the levels in 
Cucurbita digitata and Apodanthera undulata were 8.6 and 
17% of the total fatty acid content. Punicic acid, 9,11, 
13-c,t,c-octadecatrienoic acid, has been reported in these 2 
species at much higher levels (17 and 30%, respectively), 
suggesting wide variation of this fatty acid in Cucurbita 
species (11,12). 

The levels of conjugated fatty acids found in C. foet i-  
dissima oil have no important effect on its possible use as 
an edible oil. They are not  only low but  equivalent to levels 
found in other oils of edible quality. Smith et al. (13), for 
example, report levels of total conjugated fatty acids 
ranging from 0.31 to 1.39% for 5 different samples of 
margarines and from 0.62 to 0.74% for 5 different samples 
of butter. 

The infrared spectrum of C. foetidissima oil (Fig. 3) 
resembles closely those of cottonseed, corn and soybean 
oils. The absence of bands at 933 and 984 cm -1 , which are 
characteristic of cis, trans, cis conjugated linkages, reflects 
the negligible level of punicic acid (0.03%) already reported. 

The oil properties which have been discussed indicate 
that this plant could become an important oilseed crop for 
arid land agriculture. Additional technical and agronomic 
studies are being made to determine the potential for 
domestication of this species. 
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 ,Detection of Reesterified Oils: Determination of Fatty Acids 

at Position-2 in the Glycerides of Oils 
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ABSTRACT 

The IUPAC method II.D.27 for detection of reesterified oils by 
analysis of fatty acids at position-2 in fat and oil glyceride is reinves- 
tigated and the effect of storage and different refining processes on 
the glyceride structure of genuine olive oil and olive-residue oil is 
studied. The method is unsuitable for oils neutralized by steam 
distillation because of changes in the triglyceride structure. An 
improved procedure is proposed in order to minimize erroneous 
conclusions for several other analyses. 

INTRODUCTION 

Reesterified oils are produced by esterification of glycerol  
and distilled fat ty acids or by direct reesterification of  oils 
with high percentages of  free fat ty acids. For  the produc- 
tion of reesterified oils, olive oil or olive-residue oil often is 
used. The products thus obtained have an identical fat ty 
acid composit ion to olive oil (fat ty acid composit ion of  
olive oil and olive-residue oil is .practically identical). Since 
reesterified oils are inexpensJve, adulteration of  the 
expensive olive oil or even the less expensive olive-residue 
oil with these oils is attractive. 

Olive oil or olive-residue oil and reesterified oils can be 
characterized by their triglyceride structures. Saturated 
fat ty acids, i.e., palmitic and stearic acids, are esterified 
almost exclusively at the combined 1,3-positions of  olive 
oil and olive-residue oil triglycerides, as shown with many 
other triglycerides of vegetable origin (1,2). However, in 
reesterified oils, fat ty acids have a statistical distribution 
on the 3-positions of  glycerol. Determination of  palmitic 
acid at position-2 of  the glycerides of  olive oil and olive- 
residue oil has been used for detecting adulteration by 
reesterified oils in these products. Published procedures 
include selective enzymatic hydrolysis by mammalian 
pancreatic lipase, separation of hydrolyt ic  products by 
thin layer chromatography (TLC), conversion of  isolated 
2-monoglycerides to methyl  esters, and their fat ty acid 
analyses by gas liquid chromatography (GLC) (3,4). 

In this study, a reinvestigation of IUPAC method II.D.27 
(5) for the determinat ion of  fat ty  acids at position-2 in the 
glycerides of  oils and fats is undertaken. The method has 
been provisionally agreed upon by the Codex Alimentarius 
Committee on Fats and Oils to be forwarded for assessment 

to the Codex Committee on Methods of  Analysis and 
Sampling (6), and has been adopted by the EEC (7). 
Furthermore,  the effect of storage and different refining 
processes on the glyceride structure of  genuine olive oil and 
olive-residue oil and, consequently, on the results obtained 
by this method has been studied and an improved pro- 
cedure is proposed in order to minimize erroneous conclu- 
sions for several analyses. 

EXPERIMENTAL PROCEDURES 

Samples 

Samples of  genuine virgin olive oil and olive-residue oil were 
collected from the main oil producing areas of  Greece. 
Industrially processed samples of  these oils were supplied 
by Elais Co., Athens, Greece, and by Area Co., Crete, 
Greece. 

MATERIALS AND METHODS 

The determination of  fat ty acids at position-2 o f  glycerides 
was performed according to IUPAC method II.D.27 (5), 
except where indicated. Fa t ty  acid methyl esters were 
prepared according to AOCS method (8) (BF 3 + methanol). 
Pancreatic lipase was from Sigma Chemical Co., USA. The 
chromatographic plates were from Macherey-Nagel & Co. 
(SIL G 50,UV 254). Agitation during hydrolysis was 
performed either with a magnetic stirrer or with a dental 
amalgamator. GLC: Varian 2800 or Tracor 550 with FID 
detectors. Columns: DEGS 15% on Chromosorb AW, 
100-120 mesh, and EGGS 10% on Gas Chrom Q, 100-120 
mesh, both 1.80 x 3 mm id of stainless steel. 

Passage over kieselgel: A chloroform solution of  oil 
(4 g in 66 ml) was percolated through a column (33 • 1.8 
cm) with kieselgel 60, 70-230 mesh, (Merck, 30 g) at a 
rate of ca. 60 drops per rain. The triglycerides were eluted 
with benzene (25 nal) at the same rate. The solvent was 
removed in a rota tory evaporator under nitrogen. 

RESULTS AND DISCUSSION 

The percentage of  palmitic acid at position-2 in the  glycer- 
ides o f  62 samples of genuine virgin olive oil from the main 
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