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Since reconsti tuted soybean oils undergo typical  
reversion, al though completely free of na tura l ly  occur- 
r ing unsaponifiables, the reversion process cannot be 
a t t r ibuted wholly to the effect of these materials.  

The funct ion of the unsaponifiables, as described 
here, is minor  in soybean oil reversion. Since autoxi- 
dation increases unsaponifiable content, the adverse 
effect noted by previous workers could well have been 
an effect of materials  that. had collected in the unsa- 
ponifiables resul t ing f rom oxidation, not representa- 
tive of the na tu ra l ly  occurring materials.  
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The Effect of Germination Upon the Fat of the Soybean 
B. E. BROWN," E. M. MEADE, and JEAN R. BUTTERFIELD, Department of Food Chemistry, 
University of Toronto, Ontario, Canada 

Abstract 
Soybeans of the Chippewa var ie ty  of two crops, 

1956 and 1957, were germinated in the dark at 
25C and the levels of total  d ry  mat te r  and crude 
fa t  of both the seedling axis and cotyledons were 
determined at various periods up to 12 days. The 
f a t t y  acid content, neutra l  fa t  content of the 
crude fats  of the cotyledons, and the fa t ty  acid 
composition of neutra l  fa t  were determined. The 
f a t ty  acid composition was measured by the ul tra-  
violet spectrophotometrie method. 

There was a continuous decrease in the total 
d ry  mat te r  and crude fa t  of the cotyledons and 
whole seedlings of soybeans dur ing 12 days of 
germination, cont rary  to observations of some of 
the earlier workers. Although there was a pref-  
erential utilization of the non-fat  dry  mat te r  
dur ing the first two days of germination, there 
was a slight but  significant loss of fat, which 
gradual ly  increased with the germinat ion time. 

Surpr is ingly  little change in the f a t ty  acid 
composition of the reserve tr iglycerides occurred 
even dur ing  their  most rapid  loss f rom the coty- 
ledons. However,  observed changes were statis- 
t ically significant. No loss of oleic acid occurred 
until  af ter  the second day  of gernfiuation and its 
more rapid  loss, compared to the other f a t ty  acids, 
occurred dur ing the period of most rapid  fat  loss. 

The significance of this observation and its 
relationship to oleic acid as the key in termediary  
in fa t  metabolism in plants  is discussed. 

Introduction 

S INCE HELLRIEGEL'S ( 6 )  classic work with sunflower 
seed, the progress of both the fa t  and the d ry  

mat te r  of oleaginous seeds dur ing  germinat ion in the 
dark  has remained uncertain.  Increases (2,3,7,11,14, 
18) and decreases (16,17,19,20,23) in both these val- 
ues have been repor ted with almost equal frequency. 
Variat ions in the fa t  eonlposition as revealed by the 
iodine value have also been in dispute, hnproved  
techniques enabled H eum ann  (7) with pumpkin  seeds 
and Combie and Comber (2) with watermelon seeds 

1 Par t  of the Ph.D. thesis submitted by ]3. E. Brown in June 1959. 
Present address, Drew Chemica l  Limited, Ajax, Ontario. 

to show that  only minor ehanges in the f a t ty  acid 
eomposition occurred dur ing gernfiuation. The most 
notable change was all increase ill the oleic acid con- 
tent dur ing  the early stages. 

The object of the present  work was to follow the 
d ry  mat ter  and fat  level of soybeans dur ing their  
germinat ion ill the dark. The fa t ty  acid composition 
was examined by a combination of the I.V. and spec- 
t rophotometr ie  determinations on the refined (chro- 
matographic)  fat. 

Materials and Methods 
A. Materials. l~epresentative samples of the Chip- 

pewa beans were manual ly  harvested, at matur i ty ,  
f rom experimenlal  plots in 1956 and 1957, at Guelph, 
Ontario. All beans having wrinkled, discolored, or 
damaged eoats were rejected. The average bean weight 
for both crop years was 140 rag. To minimize and 
standardize variat ions in bean weights, the beans se- 
leered had individual  weight within the rauge of 
twiee the s tandard  deviation, i.e., 120 mg to 160 mg. 
Thus 685 / , of the original mater ial  was selected as 
suitable for experimentat ion.  These beans were plaeed 
in sealed bottles and ref r igera ted  unti l  required. 

B. Sterilizatiom Prior  to gernfination, the beans 
were surface sterilized by a detergent wash (1% so- 
lution of Tide) followed by suecessive t rea tment  with 
aqueous sodium hypoehlorite (3.37o) and sorbic acid 

0 9c~ ). There was no change in either the viabili ty . - / (  

or the growth rate of' t reated beans as compared to 
untreated controls. 

C. Germblation. Weighed lots of beans were ger- 
minated upon wet faeial tissue in the dark  in water  
sa turated atmosphere at 25C for vary ing  periods of 
time up to 12 days. At least 6 separate  determinations 
were made for each period. 

D. A)~alytical Methods. The seedlings were sep- 
arated into the axis, cotyledons, and seed coats, the 
lat ter  being disearded. 

D r y  weights of the plant  par ts  were obtained by 
the vaeuum oven method, A.O.A.C. Official Methods 
13.3. Total crude fa t  was determined by exhaustive 
extraetion of the finely ground, dried material  with 
n-hexane as described in A.O.C.S. Official Method Ba 
3.38. Dur ing  the evaporation of the solvent, the crude 
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TABLE I 

Analys i s  of Seedl ing  Axis ,  Cotyledons,  and  Crude  F a t  of the  Cotyledons f r o m  Chippewa  Soybeans  of 1956 
Crop g e r m i n a t e d  in the d a r k  at 25C 

G e r m i n a t i o n  t ime  
( d a y s )  

1/2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ......................................... 
4 ......................................... 

8 ......................................... 
10 ......................................... 
12 ......................................... 

D r y  W e i g h t  

Seedl ing  Cotyledons 
axis  %b O/~b 

(2) (3) 
87.9 +~-1.9 

2.7 85.3 1.8 
4.2 82.7 3.3 
5.6 79.5 1.3 
7,9 76.9 t . 0  
9.6 71.7 0.9 

12.4 67.3 1.8 
15.1 59.0 0.8 

Crude  F a t  

Seed l~  g a.~is 

%r  [ m g  a 
(4) t (5) / 

11.9  0.36 
11.7 I 0.37 

7.1 0.29 
3.6 0.32 
3.3 0.33 

I 2.8 0.30 
2.5 0.40 
1.9 0.39 

Cotyledons 

(7) 
23.2 20.6 
23.5 20.0 

22.8 18.2 
21.4 16.4 
18.8 13.5 
17,2 11.5 
16.0 9.4 

Cotyledon Crude  Fa t  

F r e e  f a t ty  acids  

~o rng a 
(8) (9) 

0.22_+0.003  0.057 ~+ 0.01 
0.35 0.04 0.09 0.02 

0.54 0.003 0.13 0.04 
0.93 0.01 0.19 0.03 
1.11 0.07 0.20 0.06 
1,55 0.25 0.23 0.05 
1.91 0.09 0.23 0.07 

N e u t r a l  
f a t  % 

(lO) 

98.8 

97.8 
96.4 
94.2 
93,2 

N eu t r a l  non- 
t r ig lycer ides  

(~) m g a  
(12) 

0.8 I 0 .14 0.23 

1.3 0,39 
2.5 0.44 
4.2 0.64 
4.8 0.58 

a W e i g h t  pe r  p l an t  p a r t  ( seed l ing  axis  or  cotyledon p a i r ) .  
b W e i g h t  expressed  as a p e r c e n t a g e  of the  or ig ina l ,  u n g e r m i n a t e d ,  
r P e r c e n t a g e  of the  p lan t  pa r t ,  d r y  we igh t .  

d r y  bean.  

extract  was protected by a nitrogen blanket. A 200 
mg sample of the crude fat, dissolved in hot isopropyl 
alcohol was t i t rated with 0.01N alcoholic NaOH using 
O-cresol phthalein as the indicator to measure the 
F F A  content. The reproducibil i ty of this method was 
satisfactory. The s tandard deviation of the results 
front several analyses of the same crude soybean oil 
was • 0.03%. 

The residual fa t  was refined by passage of the 
chloroform solution of the crude fat  through an 
activated alumina column. The method was essen- 
tially that  reported by Hoffpauir  (5) but  it was 
modified for sealing down five-fold. The [.V. of the 
refined residual fat  (neutral  fat)  was determined 
by the Wijs method. The level of saturated, oleic, 
linoleie, and linolenie acids in the neutral  fat  was 
determined by the 11% glycerol-KOH isomerization 
methods of Briee et al. (1) using the constants and 
calculations of A.O.C.S. Method L12a-55. Analysis 
of a s tandard soybean oil sample gave a reproduci- 
bility of -+- 0.1 units for the I.V., oleic, linoleie, and 
linolenie acid contents and 0.4% for the saturated 
acid level. 

Resul t s  and Discuss ion  
The dry  weight of the seedling axis increased 

continuously dur ing the germination period studied. 
While the percent crude fat  decreased continuously 
the total amount of crude fat  per seedling axis re- 
mained unchanged (column 5, Table I ) .  This finding 
agrees with the observations of Miller (16) with 
sunflower seeds, and Crombie and Comber (2) with 
watermelon seeds. 

There was a continuous decrease in the mean dry  
weight of the cotyledon pairs, but  variations of in- 
dividual determinations, expressed by the s tandard 
deviation, indicated overlapping between consecutive 
periods. These variations were at t r ibuted to differ- 
ences in the growth response of the individual beans. 
Though the beans were selected so that  their weights 
were within the limits of 120 to 160 mg. some of this 
variation must be due to the differences in weight. 
In  order to circumvent this variation the d ry  weights 
of the cotyledon pairs were expressed as a percent- 
age of the dry weight of that bean sample prior to 
its germination, and these values, along with the 
standard deviations, are listed in column 3, Table I. 
As a result, the incidence of overlapping receded to 
below the 20% level, and the continuous loss of d ry  
weight f rom the cotyledons became more definite, 
especially dur ing  the first few days of germination. 
The increased rate of d ry  weight depletion af ter  the 
tenth day of germination was believed due to the 
onset of senescence. 

Since Panalaks (20) has shown that  the dry  weights 

of the coats of soybeans did not alter during the 
period of germination used in this study, the sum of 
the dry  weights of the seedling axis and the coty- 
ledon pairs is representative of the dry  weight of 
the whole seedling. Pre l iminary experiments showed 
that the fat  content of the coats remained constant 
at about 0.7451 during this period. The sums of the 
dry  weights of the cotyledons and the seedling axis 
decreased as germination progressed (Table I ) .  Thus 
it was concluded that  there was a continuous loss of 
d ry  matter  from the whole seedling. This loss was 
not as rapid nor extensive as that  which occurs in 
the cotyledon alone due to increasing dry  weight of 
the seedling axis. Variations of individual determi- 
nations from the mean was slightly greater than that  
observed with the cotyledons alone and, as a result, 
the incidence of overlapping between consecutive peri- 
ods was increased. These variations were larger when 
beans unselected as to size were used and the small 
differences observed in this work, especially in the 
earlier stages of germination, were obscured. 

Increases in the crude fat  content of both the whole 
seedling and the cotyledon were often observed after  
the first two days of germination when the results 
were expressed as % of the final d ry  weight (column 
6, Table I ) .  Comparison of the final fat  content with 
that  originally present in the ungerminated bean 
(column 7, Table I) revealed that such increases 
were apparent  and probably due to a greater utili- 
zation of the non-fat solids during this initial stage 
of germination, agreeing with the observations re- 
ported by McKinney et al. (15). Therefore,  there 
was a continuous loss of crude fat  during the ger- 
mination period of 12 days, with the rate increasing 
af ter  the four th  day. Earl ier  reports concerning 
increases in the fat  content of soybeans and other 
oleaginous seeds during the earlier stages of germi- 
nation did not refer  to that  present in the bean pr ior  
to germination;  therefore it is difficult to believe that  
they represent real increases. McKinney et al. (15) 
reported no loss of the crude fat  during the first 3 
days of germination of Hawkeye soybeans when com- 
pared to the ungerminated bean, whereas there was a 
total loss of d ry  mat ter  from the whole seedling of 
1.5% based on the original bean dry  weight. This 
finding could well result  from a difference in the 
growth rate of the beans used, as compared to beans 
used in this study. Evidence for this differenee in the 
seedling lengths af ter  3 days '  germination is found 
[1~ inch to 1/2 inch (15) as compared to a~ inch to 1 
inch for seedling used here].  

The F F A  content of crude fat  from the cotyledons 
(column 8, Table I) increased continuously during 
germination, whereas the F F A  of the cotyledon in- 
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T A B L E  II 

The Iod ine  Value  and  Fa t t y  Acid Composit ion of the Neut ra l  F a t  f rom 
Cotyledons of Soybeans G e r m i n a t e d  in the D a r k  a t  25C 

f 
G e r m i n a t i o n  [ I o d i n e  v~lae  
t i m e - - d a y s  (Wi j s )  

~ ....................... J 1 4 2 . 3 •  
~ZZZ:ZZZ:Z:: 142.~ o.1 

12 ......................... 142.8 0.3 6 ......................... 142.8 0.2 
8 . . . . . . . . . . . . . . . . . . . . . . . . .  143.~ 0.4 

10 ......................... 143.5 0.3 
143.7 0.3 

B R O W N  E T  A L . :  E F F E C T  OF G E R M I N A T I O N  

Fat from Cotyledons 

Percen~ of N a t u r a [  Fa~ 

Sa t 'd  Oleic Linoleie _Linolenie 

16.2 I 1 ~ 1 ~ 6 - . 6 / ~ 9 -  10.9 
~5.8 13.2 / 55.9 I 10.7 
15.5 [ 13.8 I 55.8 / 10.7 
15.5 I 13.4 55.9 ] 10.8 
15.6 12,6 [ 56.8 I 10.6 
15.5 I 12,5 I 56.8 / 10.8 

I 17.4 i 10.9 I 57.5 / 10.8 

creased :~ontinuous]y for  the first 6 days only, and 
remaining more or less constant thereaf ter  (colunm 9, 
Table I ) .  Similar  observations have been reported 
for  tung kernels by Johnston and Snell (12) and for 
cotton seed by  Olcott and Fontaine  (19). The lat ter  
repor ted that  lipase act ivi ty  followed the F F A  level, 
a t ta ining its max imum at  about the same time. Me- 
Kinney  et al. (15) repor ted an initial decrease f rom 
0.44% to 0.14% in the F F A  of the crude oil and 
showed no increase unti l  a f te r  the fifth day of ger- 
mination. Since the fa t  f rom beans in this study, 
pr ior  to germination, exhibited a low F F A  content 
of 0.2% it is not surpr is ing that  no decrease was 
perceived. Also, the more rapid  growth rate of the 
beans in this s tudy could account for this low value 
and the increase in the F F A  prior  to the fifth day 
of germination.  

There was a continuous almost l inear increase in 
the components absorbed by a lumina fronl the crude 
fa t  of cotyledons dur ing germination. The ari thmet-  
ical difference between this fract ion and the F F A  
content, termed the neutral  non-triglyeeride fract ion 
( N N T F ) ,  increased continuously (columns 11 and 12, 
Table I ) .  The N N T F  is composed of phosphotipids, 
and to a lesser extent sterols and other unidentified 
fat-soluble compounds. Thus the decrease in neutra l  
fa t  was slightly greater  than  that  of crude fat, with 
the difference becoming greater  as germinations pro- 
gressed (column 10, Table [ ) .  Crombie and Comber 
(2) observed similar increases in a like fract ion in 
watermelon seeds dur ing  germination, suppor t ing  the 
findings of Houget  (10) who reported a two-fold 
increase in the phospholipid content of rape seeds, 
and of MacLachlan (13) who found a two-fold in- 
crease it1 the sterol content of soybeans dur ing ger- 
minat ion in the dark. 

A slight but  continuous increase in the I.V. ( f rom 
142.3 to 143.7) of the neutra l  fat  was observed dur ing 
the 12-day germinat ion period. The overall increase 
of 1.4 I. V. was found to be significant at the 1~/. 
level, as was a 0.5 uni t  increase between the one-half 
and four th  days. The I .V. ' s  reported by earlier work- 
ers were determined on the crude f a t t y  extract  of the 
whole seedling which contained increasing alnounts of 
non-triglyeeride mat te r  as germinat ion progressed, 
and could not be representat ive of the residual tri- 
glycerides. MacLachlan (13) observed that  the I.V. 
of the crude f a t t y  mat te r  f rom the seedling axis of 
germinat ing soybeans was at least 30 I.V. units below 
that  of the cotyledons, and since the proport ion in- 
creased in the crude fa t  of the whole seedling, as 
germinat ion progressed, the resul tant  I .u  would be 
lower than that  of the fa t  f rom the cotyledons alone. 

The oleie acid content of the neutra l  fa t  increased 
f rom 12.6% to 13.8% by the end of 4 days '  germi- 
nation, decreasing continuously thereaf ter  to 10.9% 
af ter  12 days. H e u m a n n  (7), using the thioeyanogen- 
iodine value method, observed a similar initial in- 
crease in the oleic acid content of the crude fa t  of 
pumpkin  seedlings. Cronlbie and Comber (2) using 
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sat'd, l inoleic and 
linolenic acids 

leic acid 
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Germinat ion Time (days )  
Fro. 1. The loss of the fatty acids of the neutral fat of the 

cotyledons from Chippewa soybeans of the 1957 crop, germi- 
nated in the dark at 25C. (The values are calculated as a per- 
eentage of that present in the cotyledons after the period of 
imbibition of water.) 

a quanti tat ive,  reverse phase, chromatographic  tech- 
nique were able to measure direct ly the composition 
of the tr iglyceride bound f a t t y  acids of the water- 
melon seed dur ing  germination, and reported a slight 
but significant increase in both the oleic and palmitie 
acids dur ing first 3 to 4 days of germination.  The loss 
of oleie acid f rom the cotyledons, expressed as per- 
centage of that  originally present, is plotted against  
gernlination time in F igure  1. There was no loss of 
oleie acid dur ing the first 2 days, which is coincident 
with the period of the slowest loss of fat. The rate  
of loss of oleic acid increased continuously thereaf ter  
mltil  it surpassed that  of the other f a t ty  acids in 
lat ter  stages of germination.  

The linoleie acid content of the neut ra l  fa t  re- 
mained constant at 55.8% until  a f te r  the four th  day, 
increasing to 57.5% by  the end of the twelfth day. 
In  contrast,  Hohnan (9) reported a continuous de- 
crease in both the linoleic acid and the linolenic acid 
content of the crude residual fa t  of whole soybean 
seedlings dur ing 6 days '  germination in the dark. 
I t  is possible that  Hohnan ' s  measurements  may have 
been affected by the increasing proport ions of non- 
tr iglyceride nlatter in crude fa t  f rom the whole seed- 
ling. In  this s tudy  the increase in linoleic acid coin- 
cided with a more rapid lo~  of oleie acid f rom the 
neutra l  fat. Thus, the slight increase could well be 
due to more rapid  utilization of oleic acid. 

There was no significant change in the ]inolenie 
acid content of the neutral  fa t  dur ing  germination,  
which remained about 10.8 _ 0.1%. Although there 
appeared  to be a decrease of 0.7% in the sa turated 
acids content dur ing  the first day, i t  was not consid- 
ered significant because of the nature  of its deriva- 
tion. The sa tura ted  acids level remained constant 
at about 15.8% up to the tenth day  and showed a 
marginal ly  significant increase to 17.4% at the end 
of 12 days. For  clarity, the individual  values for 
the loss of linoleic, linolenie, and sa tura ted  acids are 
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not shown individual ly in F igure  1, but all fall  into 
the bounds of the shaded area. 

This initial increase in the oleie acid was not the 
result  of a selective lipolysis for plant  lipases have 
been found to be non-selective (21 and 22). Hydro-  
genation or dehydrogenat ion of either the bomld or 
free f a t t y  acids is possible by a f a t ty  acid dehydro- 
genase system such as has been reported as present in 
soybeans dur ing germinat ion (4). Although only free 
long chain acids were repor ted as precursors for this 
system, the acceptabil i ty of acids bound in triglyc- 
erides as precursors  should not be neglected. With  
this last assmnption, the acemnulat ion of oleic acid 
in the residual tr iglyeerides (neutra l  fat)  would not 
necessitate an active re-esterifieation process for  the 
incorporat ion of the newly formed oleic acid into the 
neutral  fat. Such re-esterification would be possible 
by the lipases as repor ted by Hildi teh (8) or by 
es%rases. 

The conversion of other f a t ty  acids into oleie acid 
as an initial stage in the breakdown of f a t ty  acids 
appears  to be a reversal  of that  observed in the 
developing bean. Simmons and Quackenbush (24) 
concluded f rom their  studies on soybean cutt ings 
that  oleic acid was the first formed, and acted as 
a precursor  for the others, which would be possible 
in the presence of the dehydrogenase system repor ted 
by Funicha  (4).  

With  oleic acid as the precursor  necessary for fur-  
ther f a t ty  acid breakdown, its later more rapid  dis- 
appearance dur ing the period of most rapid  fat  loss 
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could be due to the demand for it exceeding that  
present in the F F A  as a result of the lipase and de- 
hydrogenase systems, and as a result  more must  be 
hydrolyzed f rom the triglyeerides. This hydrolysis  
being non-selective, the other F F A  formed must  re- 
esterify and so become prominent  in the neut ra l  fat. 
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Analysis of the Geometric Isomers of Methyl Linoleate by 
Gas Chromatography 
CARTER LITCHFIELD, A. F. ISBELL, and RAYMOND REISER, Departments of Biochemistry & 
Nutrition, and Chemistry, A & M College of Texas, College Station, Texas 

Abstract 
The four geometric isomers of methyl  linoleate 

have been quant i ta t ively determined by gas ehro- 
matogrophy  on Apiezon L and D E G S  polyester 
capi l lary colmnns. Three peaks were eluted f rom 
the Apiezon L column: (a) the 9-cis,12-cis iso- 
mer ;  (b) the 9-cis,12-tra~s isomer; and (el the 
9-trans,12-cis and 9-trans,12-trans isomers com- 
bined. The D E G S  polyester column also resolved 
three peaks: (a) the 9-tra~s,12-trans isomer; (b) 
the 9-cis,12-cis and 9-cis,12-trans isomers com- 
bined;  and (el the 9-trans,12-cis isomer. Since 
the separat ion of isomers was different on each 
column, the content of each of the four  isomers 
could be determined f rom the combined results. 
Quanti ta t ive results agreed closely with the per 
cent tra~s bonds as determined by inf rared  
analysis. 

Introcluction 

D V~iNa current  investigations on the cis-trao~s iso- 
merization of na tura l  fats, it became necessary to 

determine the precise f a t ty  acid composition of fats  
produced by such a process. According to Blekkingh. 
Janssen, and Kepple r  (1) and Kass, Nichols, and 

1 Presented at the fall meeting" of the American Oil Chemists' Society 
Chicago, Illinois, October 30-November 1, 196l.  

2 Supporte4 in par t  by a gran t  from Cargill, Incorporated. 

P)urr (2), cis-trans isqmerization with such catalysts 
as Se, NO.~, or S02 produces only geometric isomeri- 
zation without  involving appreciable movement  of 
the double bond along the carbon chain. However,  a 
small anlount of conjugation does occur. In  the ab- 
sence of positional isomers, our problem was to find 
suitable analyses for the geometric isomers of the 
three common unsa tura ted  f a t ty  acids: oleie, linoleie, 
and linolenic. This repor t  describes a procedure for  
the quant i ta t ive  determinat ion of the four  geometric 
isomers of methyl  linoleate by gas chromatography.  

There are four  possible geometric isomers of methyl  
9,12-1inoleate: cis-cis, cis-trans, trans-cis, and trans- 
trans. Very few analytical  methods are available for 
determining the eontent of these four  isomers in a 
mixture  of f a t ty  acids. I n f r a r ed  analysis at 10.36 
microns (3, 4, 5) indicates only the total percent of 
trans bonds present  in a mixture.  Jackson, Pasehke, 
Tolberg, Boyd, and Wheeler (6) suggested an ana- 
lytical method based on the different rates of alkali 
conjugat ion of the various isomers. Their procedure 
yielded only approximate  results, and their  calibra- 
tion curves were based on only three of the four  pos- 
sible isomers. McGee (7) has described an enzymatic 
technique for determining the amount  of methyl  9-c/s, 
12-cis linoleate in a mixture  of its geometric isomers. 
His method is based on the specificity of lipoxidase in 


