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S T U D Y  OF THE conversion of oil into earbohy- 
during . ~ _ d r a t e s  germination and of the con- 

version of carbohydrates into oil during the 
ripening period of seeds has been subject of many 
investigations since the time of Saussure (1). 

Recently W. Mary et el. (2) have studied the con> 
position of component fat ty acids of oil during the 
germination of Citrullus vulgaris. They concluded 
from their experiment that major acids were metabo- 
lized at rates proportional to the quantities originally 
present with the exception of oleic acid, which is 
metabolized more rapidly while Kartha alld Shethi 
(3) have reported nonselective metabolism of fat in 
a number of germinating seeds. 

A review of previous literature indicates that no 
definite theory prevails to account for changes taking 
place during the germination of oleaginous seeds. 
The present investigation was undertaken thereforo 
to throw some light on the problem of conversion of 
oil to carbohydrates. 

Experimental 

Dry peanut seeds were planted in soil in the first 
week of the month of June, 1957. The seedlings were 
removed at intervals of 3,5,7, and 8 days from the day 
of planting. Seedlings were immediately washed free 
of clay after removal frmn the soil. They were dried 
in sunshine after decanting off the water. 

Dried seeds were crushed to a fine powder, then 
extracted with petroleum ether (40o-60 ~ in a glass 
Soxhlet apparatus. Most of the solvent was distilled 
off at atmospheric pre~ure, and traces were finally 
removed under reduced pressure. The cake of each 
sample was preserved in a stoppered bottle after the 
addition of a few drops of toluene. 

The characteristics of oil samples extracted from 
seeds germinated for different intervals were deter- 
mined according to the A.O.C.S. Methods (4). 

Determination of Percentage Composition of Fatty 
Acids. The fat ty  acids required were prepared ac- 
cording to the method described by Hilditch (5). 
Saturated acids were obtained from mixed fatty acids 
by following Bertram's oxidation procedure (6) as 
modified by Palikan and yon Mikuseh (7). The 
methyl esters of these acids were fraetionated in an 
E.H.P. column. The saponification equivalent of 
each fraction was determined, and the composition 
of component acid in mixed fat ty acids was calculated. 

The composition of unsaturated acids was deter- 
mined by using the ultraviolet speetrophotometric 
teehinque (8). A Beckman spectrophotometer, DU 
Model, was used in the present investigation. 

The composition of the cakes was determined ac- 
cording to methods recommended by the A.O.C.S. (9). 
The protein content was calculated from the nitrogen 
content, which was estimated by Kjeldahl's method. 

Results of the investigation are given in Tables 
I-V. 

T A B L E  I I  

P e r c e n t a g e  C o m p o s i t i o n  of  P e a n u t  S e e d s  B e f o r e  a n d  D u r i n g  G e r m i n a t i o n  

B e f o r e  
! ~ e r m ] n a -  

t i o n  

M o i s t u r e  . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .9  
A s h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 2 . 4  
O i l  c o n t e n t  . . . . . . . . . . . . . . . . . . . . .  i 4 6 . 8  
P r o t e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 6 . 7  
C r u d e  f i b e r  . . . . . . . . . . . . . . . . . . . . . .  i 2 . 1  
P ~ e d u c i n g  s u g a r  . . . . . . . . . . . . . . . .  
Sucrose ............................ "~:~ 
S t a r c h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 1 2 . 3  

3 d a y s  

4 . 6  
2 .9  

4 1 . 5  
2 7 . 2  

3 .2  
0 , 4  
6 .8  

1 3 . 4  

5 d a y s  7 d a y s  8 d a y s  

4 .8  4 . 5  
3 .0  2 . 6  

2 6 , 0  I 6 , 5  9 , 3  
2 6 . 6  2 6 . 2  26.6 

4 .3  5 .5  6 .1  
2 . 6  3 .1  3 .8  

1 0 . 4  1 0 . 2  1 1 . 8  
2 2 . 3  3 0 . 8  3 5 . 3  

T A B L E  III 
P e r c e n t a g e  C o m p o s i t i o n  of  M i x e d  F a t t y  A c i d s  of  t h e  

S e e d s  B e f o r e  a n d  D u r i n g  t h e  G e r m i n a t i o n  
O i l  f r o m  P e a n u t  
P e r i o d  

B e f o r e  
A c i d  g e r m i n a -  3 d a y s  / ti~ I 

M v r i s t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 0 . 5  / 0 . 5  
P a h n i t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 . 0  6 .3  
S t e a r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 2 . 8  ] 2 . 8  
A r a c h i d i c  . . . . . . . . . . . . . . . . . . . . . . .  I 3 . 8  , 3 . 4  
B e h e n i c  2 5 2 5 

�9 "'. . . . . . . . . . . . . . . . . . .  E 4 L l g n o c e r i e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3  ] 1. 
L i n o l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 . 7  2 4 . 0  
O l e i c  ( b y  d i f f e r e n c e )  . . . . . . . . . . . . . . . . . . . . .  f 6 0 . 4  I 5 9 . 1  

5 d a y s  7 d a y s  

I 

0.6 
6 .1  i 1 6  
3 ,5  4 . 7  
2 .5  2 .2  
1 .6  1 .5  
2 .3  3 .1  
2 6 , 9  2 7 , 5  
5 6 . 5  5 6 . 4  

T A B L E  I V  

P e r c e n t a g e  C o m p o s i t i o n  of  t h e  C o m p o n e n t  F a t t y  A c i d s  of  O i l  f r o m  
1 0 0 . 0  g. o f  P e a n u t  S e e d s  B e f o r e  a n d  D u r i n ~  G e r m i n a t i o n  

B e f o r e  
~ e r t n i n a -  A c i d  ! t i o n  

M y r i s t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 ,2  
P a l m i t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 , 9  
S t e a r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .2  
A r a c h i d i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 , 6  
B e h e n i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,1 
L i g n o c e r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5  
L i n o l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 . 4  
O l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 6 . 1  

3 d a y s  

0 .2  
2 , 4  
1 .1  
1 .3  
0 .9  
0 .5  
9 .1  

2 2 , 6  

5 d a y s  

0 ,1  
1 .5  
0 .8  
0 . 6  
0 .4  
0 .5  
6 .4  

1 3 . 5  

7 d a y s  

0 . 7  
0 . 7  
0 ,3  
0 .2  
0 .5  
4 . 2  
8 .5  

T A B L E  V 

P e r c e n t a g e  of  C o m p o n e n t  F a t t y  A c i d s  of  O i l  f r o m  P e a n u t  S e e d s  D u r i n g  
G e r m i n a t i o n ,  T a k i n g  l O 0 . O  g.  i n  U n g e r m i n a t e d  S e e d s  

A c i d  
] B e f o r e  
g e r m i n a -  i 

I t i o n  I 
3 d a y s  

M y r i s t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 0  
P a l m i t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 0  
S t e a r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 0  
A r a c h i d i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 0  
B e h e n i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 0 0  
L i g n o c e r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 1 0 0  
L i n o l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 0  
O l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 0  

1 0 0 . 0  
8 0 . 0  
9 1 . 6  
8 1 . 2  
8 1 . 8  

1 0 0 . 0  
9 6 . 8  
8 6 . 6  

5 d a y s  

5 0 . 0  
5 0 . 0  
6 6 . 6  
3 7 . 5  
3 6 , 3  

1 0 0 . 0  
6 8 . 0  
5 1 . 7  

7 d a y s  

2 3 , 3  
5 8 . 3  
1 8 . 7  
1 8 . 2  

1 0 0 , 0  
4 4 . 7  
3 2 , 6  

T A B L E  I 
C h a r a c t e r i s t i c s  o f  t h e  O i l  o f  P e a n u t  S e e d s  B e f o r e  a n d  D u r i n g  t he  G e r m i n a t i o n  P e r i o d  

C h a r a c t e r i s t i c s  B e f o r e  g e r m i n a t i o n  3 d a y s  5 d a y s  7 d a y s  8 d a y s  

C o l o r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Y e l l o w  Y e l l o w  D i r t y  y e l l o w  G r e e n  G r e e n  
R e f r a c t i v e  i n d e x  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 6 7  a t  2 9 . 5 ~  1 . 4 6 8  a t  3 1 ~  1 , 4 6 8  a t  3 1 ~  1 . 4 6 6 5  a t  3 0 . 5 ~  1 , 4 6 6  a t  3 1 ~  
D e n s i t y  a t  3 0 ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 , 9 1 0 6  0 , 9 1 0 0  0 , 9 1 0 8  0 . 9 1 0 1  0 , 9 0 9 8  
o/~ f a t t y  a c i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 2 . 2  9 1 , 9  9 1 . 6  9 1 . 7  . . . . . .  
I o d i n e  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 9 . 2  9 2 , 6  9 4 . 5  9 5 . 8  9 6 . 0  
S a p o n i f i c a t i o n  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 7 . 9  1 8 9 . 8  1 8 9 . 9  1 9 0 . 5  1 9 0 . 3  
% u n s a p o n i f i c a t i o n  m a t t e r  . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 3  0 . 4  0 . 6  0 . 6  0 . 6 5  
A c i d  v a l u e  ( F . F . A .  a s  o l e i c )  . . . . . . . . . . . . . . . . . . . . . . .  i 0 . 7  3 .5  7 . 4  1 0 . 5  1 2 . 1  _ _  
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Discussion 

From the study of the characteristics of the oil 
presented in Table I it can be noted that iodine value, 
free f a t t y  acids, and unsaponifiable increase dur ing 
germination.  The increase in I.V. may  result  f rom 
the synthesis of unsa tura ted  acids. However  this 
may  arise f rom the disproport ionate  metabolism of 
sa tura ted  and unsa tura ted  acids. Therefore a s tudy 
of only I.V. does not help to fo rm any conclusion. 
To draw a reliable conclusion it is necessary that  
the  c o m p o s i t i o n  of c o m p o n e n t  ac ids  in 100 g. of 
seeds be considered. The increase in free f a t t y  acids 
may  be caused by  the hydrolysis  of glyceridcs by 
water,  hence it will not be correct to say that  free 
f a t ty  acids are first 
of oil into glucides 
Sell (10). 

The s tudy of the 
f a t t y  acids in 100 g. 

accumulated before conversion 
as concluded by Johnston and 

composition of the component 
of seeds has revealed that  none 

of the acid has been synthesized dur ing  germination. 
All acids are metabolized at different rates dur ing 
germination. Myristic acid has been metabolized 
completely. Stearic acid is metabolized slowly while 
lignocerie acid is not metabolized in the initial stage,  
of germination. The metabolism of lignoeeric acid 
dur ing  later  stages of germinat ion was found to 
be very slow. Other  sa tura ted  acids are metabolized 
more rapidly.  Among unsa tura ted  acids, oleie acid 
is metabolized more rap id ly  than  linoleie aeid. The 
rate of the metabolism of unsa tura ted  acids is slower 
than that  of sa tura ted  acids. Thus a disproport ionate  
metabolism of sa turated and unsa tura ted  acids is ob- 
served in the present  investigation. Hence increase 
in I.V. is due to this disproport ionate  metabolism of 
component acids and cannot be a t t r ibuted to the 
synthesis of unsa tura ted  acids. 

The s tudy  of the composition of seeds has revealed 
the significant change in crude fiber, oil, and glneide 

contents of seeds. Reducing sugar, which was Hot 
originally present,  has been synthesized in the first 
stage and grows dur ing subsequent stages. Sucrose 
and starch contents also increase dur ing  germination. 
I t  is therefore concluded that  the oil is metaboliz?d 
dur ing germinat ion and that  reducing sugar, sucrose, 
and starch are synthesized at the expense of oil. Thi~ 
observation is in close agreement  with those reported 
by previous workers (10,11,12). The nitrogen con- 
tent  of seeds was found to be constant. Ash content 
and moisture content have been increased to a small 
extent. I 

F rom the present  investigation it has been con 
eluded that  sa tura ted  acids are metabolized at a 
greater  rate than that  of unsa tura ted  acids dur ing 
germinat ion;  some acids are not metabolized dur ing 
the initial stages of germinat ion;  and f a t t y  acids are 
converted into soluble and insoluble glucide dur ing 
the course of germination.  
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[ R e c e i v e d  D e c e m b e r  21, 1959]  

Unsaturated 

Compounds 

Lipid Peroxidation 

and Its Inhibition 

Catalyzed by Hematin 

by Vitamin E 1 

A. L. TAPPEL, W. DUANE BROWN, 2 H. ZALKIN, and V. P. MAIER, a Department of 
Food Science and Technology, University of California, Davis, California 

E v i d e n c e  f a v o r i n g  h c m a t i n  c a t a l y s i s  ove r  a u t o x i d a t i o n  as  the  
d o m i n a n t  m e c h a n i s m  o f  l i p id  p e r o x i d a t i o n  in  a n i m a l  t i s sues  is 
p r e s e n t e d .  L i p i d  p e r o x i d a t i o n  in  E r l i e h  a sc i t e s  t u m o r  cells a n d  
i s o l a t e d  e l e c t r o n  t r a n s p o r t  p a r t i c l e s  h a s  b e e n  s tud i ed .  R a n d o m  
destruction of the cytochromes and a loss of catalytic activity 
correlate with peroxidation of the electron transport particle. 

~ixtures of a-, fl-, and 5'-tocopherols show no synergistic 
effect. Synergism with ascorbate and citrate greatly enhance 
the antioxidant activity of a-tocopherol. A tocopherol-aseorbate- 
glutttthione-trlphosphopyridine nucleotide couple could act syn- 
ergistically to inhibit lipid peroxidation in animal tissues. 

1 Supported in part  by the Bureau of Commercial Fisheries. 
s P r e s e n t  a d d r e s s :  I n s t i t u t e  of  Marine Resources, University of Call  

rennin, Berkeley. 
a P r e s e n t  addres s :  U.S.D.A. Frui t  and Vegetable Laboratory, Pasa- 

dena, Calif, 

IPID PEROXIDATION catalyzed by hemat in  compounds 
is a basic pathological reaction in vivo and a 
deteriorative reaction in vitro. In  v i tamin E-de- 

ficient animals  hematin-catalyzed lipid peroxidation 
appears  to be widespread but is par t icu lar ly  damag- 
ing in the mitochondria and microsomes, where the 
free radical intermediates react  with enzymes and 
lead to metabolic derangements  (28-30,33).  Lipid  
peroxidat ion products  have been found in human  
atherosclerosis (6,11) ; this pathological reaction may  
involve catalysis by hemoglobin (9). Stored whole 
blood appears  to deteriorate by hemolysis involving 
hemoglobin-catalyzed oxidation of the unsatura ted  


