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Abstract 
The entire range of f a t ty  acid composition is 

found for seeds of self-pollinated f ru i t  f rom 22 
individual plants  representing 17 named species 
of Cucurbita. I t  appears  that  some varieties meri t  
interest  as a source of drying oil and edible oils. 
Xerophytes  that  are genetically related hare  
similar types of unsatura t ion and molecular- 
weight distribution. 

Introduction 
ULT ET AL.  ( 1 ) ,  Chishohn and t Iopkins  (2) re- 

ported that  C. patmata and C. digitata had con- 
jugated unsatura t ion in the range of 10-17%. Re- 
sults of the present  authors are consistent, and these 
two species had conjugated unsaturat ion.  The bulk 
of Cucurbita however contained less than 1% con- 
jugated unsaturation.  Cucurbita ficifolia had an un- 
usually high concentration of oleic acid. 

The xerophytic plants  of this genus could be of 
interest  in semi-arid areas. The seeds yield approxi-  
mately 30% oil and make up approximate ly  60% of 
the a i r -dry weight of the fruit.  As the need for ad- 
ditional fats  and oils increases, the possibility of 
converting arid land to useful product ion by growing 
these plants and harvest ing the seed would conceivably 
provide an additional source of food. 

Experimental Procedure and Data 
All of the seeds analyzed were harvested f rom self- 

pollinated frui ts  f rom plants grown during the 1966 
season at the Arizona Agricul tural  Exper iment  Sta- 
tion, Tucson, with the exception of C. palmata, For t  
Irwin,  Calif. 

Two methods of analysis were employed to define 
the oil composition: vapor-phase chromatography and 
ultraviolet  spectroscopy. 

Oil was extracted f rom the Cucurbita seeds in the 
following manner.  Five grams of seeds were weighed 
to 0.02 g and placed in a War ing  Blendor. To these 
were added 100 ml of petroleum ether (bp 30-60C). 
The Blendor was placed in a hood and run for 10 
rain. The resul tant  mixture  was filtered through a 
No. 12 fluted W h a t m a n  filter paper.  Residue in the 
Blendor was carefully washed out with more petro- 
lemn ether and filtered. This mixture  was placed in 
a tared round-bottom flask and evaporated to dryness 
in a ro ta ry  vacuum evaporator.  The percentage yield 
of oil was calculated by using an oven-dry seed 
weight. The moisture content was determined by dry- 
in~ another  port ion of seeds (1 g) at 105C for 4 hr 
(Table I ) .  The oil samples were flushed with nitrogen, 
capped, and stored in a refr igerator .  

Transesterification was carried out by using a 
potassium methylate  methyl  alcohol system (3). In  
a 25-ml Er lenmeyer  flask were placed two drops of 
oil. To the oil were added 10 ml of 0.2 N potassium 
methyla te ;  the mixture  was agitated by a magnetic 
s t i rrer  for 5 min in a hot-water bath  (60C • 5C). 
Upon removal from the bath, distilled water  was 
added until  the mixture  turned cloudy. One ml of 
carbon tetrachloride was added to the cloudy mixture,  

1 A g r i c u l t u r a l  Experiment Station No. 1204. 
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which was then shaken gently. The carbon tetra-  
chloride was separated f rom the aqueous solution and 
evaporated to dryness by a nitrogen stream. Two 
drops of carbon tetrachloride were added when the 
mater ial  was ready to be injected into the chroma- 
tography  apparatus .  

Vapor-phase chromatography,  utilizing a thermal  
conductivity cell and a 1/~-in. • 5-ft - 1 5 %  ethylene 
glycol suecinate column operat ing at 175C and 20 
lb of helium pressure, was used. The data are pre- 
sented in Table I. 

The ultraviolet  spectra analysis was carried out in 
the following manner.  Samples (0.02-0.05 g) of the 
f a t ty  acid tr iglycerides were weighed accurately to 
0.0002 g in tared 10.0 ml volumetric flasks and diluted 
to volume with eyclohexane (Spectral  Grade) .  The 
solutions were analyzed in 1-cm quartz cells on a 
Perk in-Ehner  Model 202 Spectrophotometer  with 
slit setting of 25, and data were recorded as l inear 
absorbance vs. wavelength (mt~). Two or more solu- 
tions at variable concentrations were p repared  for 
an individual sample;  the optical density was mea- 
sured at the strongest absorption max imum (270- 
278 m~) observed in the conjugated triene region 
and, in the conjugated diene region, about 230 m~. 
In  concentrated solutions [optical density (at 275 
m~) >0 .7 ] ,  the diene region could not be measured 
(optical density >1 .5) .  

To test the limits of analysis, six solutions of one 
oil were analyzed. The max imum absorbance was 
constant over a range of 1-3 m~ for a given solution, 
and the midpoint  was reported as Xmaximum. The 
lat ter  varied f rom 272 to 277 mtL in the six solutions 
and averaged at  275 m~. A plot of absorbance at a 
given wavelength vs. concentration conformed with 
Beer 's law in the region of 0.3 to 0.9 optical densi ty;  
however calculation of extinction coefficients indicated 
that  acceptable accuracies could be achieved over a 
range of 0.2-1.4 optical density. 

The percentage of absorbing tr iene was calculated 
as the methyl  ester of punicic acid ,~[~g/~ (pure)  = 
161.3] 2 by using the respective average specific ex- 
tinction coefficients at average Xmaximum reported 
herein. 

Species with high result ing conjugated trien (C. 
palmata, C. digitata, C. cordata, and C. digitata- 
palmata hybrid)  displayed three distinct absorption 
maxima in the regions at 263.5-267, 275-276.5, and 
287-288.5 m~. These positions are consistent with the 
ultraviolet  data  for C. diaitata and C. palmata re- 
ported by Chishohn and Hopkins (2), but  they are 
inconsistent with curves (4) reported for a- and ]3- 
eleostearie acids [Xmax (cyelohexane) 261, 271.5, 283 
m,~ and 259, 269.0, 280 m~ respectively] and also 
inconsistent with the curve (5) reported for isomerized 
methyl  linolenate [Xmax (methanol) 234 m~ (diene) ; 
258, '268, 278 m~ ( t r iene)] .  Absorl)tion maxima for 
conjugated diene were not observed for these samples, 
but inflection at 235 m,~ was present  in both samples 
of C. palmata, and a plot of E g/1 ~r vs. ),(m~) supports  
Xshoulder at  235 m,~. The data  are shown in Table I. 

-" Th i s  va lue  w a s  obtained from the molar ext inct ion coefficient (e = 
47 ,168 ) ,  wh ich  w a s  calculated from the da ta  of pun i c i c  ac id ;  Xmax 
(cyclohexane)  275 raiL, k~s  = E lg~ : 169.4 ( 2 ) .  
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T A B L E  I 

Species  

F a t t y  Acid Composi t ion of Cucurbita Seed Oils 
F a t t y  Acid Di s t r ibu t ion ,  wt.  % Con juga ted  t r i ene  r eg ion  Con juga ted  diene reg ion  

Oi! in P a l m i t i c  S t ea r i e  Oleic Linole ic  Linole ie  )`max b g/1 W t  % ),max E g/1 
seed wt  % wt  % wt  % wt  % wt  % in m#~ E l c m  in oil in n~/z a line 

% d,b. 

Maxima ,  Cv, P i n k  B a n a n a  31.9  16 6 47  
Pepo,  Cv, Yellow Crookneck  24 .6  12 4 33 

Pepo,  Var . ,  Ov i f e r a  P . I .  1 7 3 , 6 8 1  31.3  12 3 43 

Pepo,  Chapingo Exp.  Sta . ,  
Mexico City 31 .9  12 6 47  

Moschata ,  Cv, B u t t e r n u t  33 .5  19 7 40  
Moschata ,  Cv, Seminole  P u m p k i n  31.2  17 7 50 
Mixta ,  Tucson  2 37 .4  12 8 46  

F ic i fo l i a  27 .6  14 5 57 
A n d r e a n a  39 .4  19 TI~ 34 
T e x a n a  23 .6  8 3 52 
So ro r i a  34.1  14 11 48 
Grac i l o r  27 .7  12 8 40  
P a l m e r i  34 .5  16 8 33 

L u n d e l l i a n a  13 .7  19 8 22 
M a r t i n e z i i  32 .0  16 7 34  
Okeeehobeensis  10.9 26  5 19 
Foe t id i s s ima  30 .4  11 1 50 

P a l m a t a ,  F o r t  I r w i n ,  Calif .  31 .6  8 5 30 
P a l m a t a ,  Yuma ,  Ariz .  27 .9  9 3 19 
D i g i t a t a  20 .2  10 5 24 
(Dig .  X P a l . )  H y b r i d  27 .0  8 3 29 
Oorda ta  16.1 10 7 38 

31 274  0 .11 0 .07  
45 5 276  0 .55  0 .33 229  1 .06 

234  c 1.01 a 
42 275  0 .27  0 .16  230  c 0 .77  d 

235  e 0 .68  a 

26  9 274  0 .37  0 .22 227  c 0 .64  a 
230  e 0 .60 a 

34 TR a 274  0 .35 0.21 ...... 
26  277  0 .12 0 .07  
34 273 0 .43 0 .26  230  0 .85  

234  c 0 .85  d 
24 272  0 .09 0 .05  2 3 0  c 0 .23 a 
42 15 274  0 .35  0 .21 ...... 
37 274  0 .15  0 .09  
26 274  0 .36  0 .21 225  c 0.72 a 
30 11 275  0 .20 0 .12 227  c 0 .47  a 
43 T R  a 274  0 .35 0 ,21 229  c 0 .72 a 

236  e 0 .62 a 
51 274  0 .26  0 .15  ...... 
42 T R  '~ 274 0.17 0 .10  ...... 
50 273  0 .29  0 .17  
38 274 0.60 0,36 23o i:60 

235  1.60 
35 6 276  26.3  16 ,30  235  c 9.9 d 
43 276  42.3  26 .21  235  c 10.2 a 
43 T R  ~' 275  29 .5  18 .31 ...... 
40 3 275  28.1  17 .42  ...... 
36  TR:~ 2 7 5 . 5  14.5 8 .99  ...... 

a T R  = t race .  
b Cyclohexane solvent.  
e Inf lec t ion .  
a b a s e d  on inf lect ion.  

The ultravioIet spectra of oils with low resulting 
conjugated triene contained a single broad triene 
absorption band in the general range of 272-277 m~; 
however, in concentrated solutions, the triene region 
approached a tr imaxima curve with inflections about 
268 and 280 m~ in addition to the Xmaximum. These 
samples also indicated the presence of conjugated 
diene with absorption maxima in the region of 228- 
236 m/x and /o r  with inflections between 225 and 245 
m~. Only the specific extinction coefficients are re- 
ported for the diene region. 

The variation between Xmaxima of these species 
and the l i terature value of various standards could 
be at t r ibuted to the environmental effect of other com- 
ponents present in the oils or to another isomeric 
conjugated triene. Although the assumption may not 
be valid, the conjugated triene is reported as 
punieate, using the maximum specific extinction coef- 
ficients of the oils and methyl punicate. 

D i s c u s s i o n  

Whitaker  and Bemis (6) have divided Cucurbita 
species into groups with interspecific cross-compati- 
bility indicating a genetic similarity. The fa t ty  acid 
composition data presented in Table I show an in- 
teresting relationship to the previously determined 
groups of genetically similar species. The most strik- 
ing group is the xerophytic complex of species com- 
posed of C. digitata, C. palmata, and C. cordata. This 
group of species is unique in having a relatively high 
percentage of conjugated unsaturat ion in its fa t ty  
acid composition. These three species are considered 
by Whitaker  and Bemis to be genetic variants within 

a closely related group. This par t icular  group of 
species is indigenous to the deserts of Baja  California, 
Mexico, and the Arizona Sonoran desert. Cucurbita 
foetidissima, the only other species sampled which 
has xerophytic properties, has a conjugated unsatura- 
tion composition like the mcsophytie species. How- 
ever C. foetidissima is unable to grow under  the ex- 
treme conditions of high temperature  in which the 
other xerophytic species are found and is genetically 
separated from this group. 

The molecular-weight distribution of the fa t ty  acids 
in the mesophytic species is, in general, not indicative 
of genetically similar groups. Of the mesophytic 
species the exceptions are C. lundelliana and C. okec- 
chobeensis, which are cross-compatible and do have 
the lowest percentage of oleic and the highest per- 
centage of linoleic acids as well as the lowest d ry  
percentage of oil. 

I t  does not appear  that the xerophytic species 
would be par t icular ly  desirable as edible oils because 
of the high percentage of conjugated unsaturation. 
The C. foetidissima, although not an extreme xero- 
phyte, would appear  to yield an acceptable edible oil. 
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