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ABSTRACT 

Stereospecific analysis of triacylglycerols from six peanut varieties showed diversity in percent 
fatty acid placement. Distribution of the fatty acids among the sn-1, -2 and -3 positions was clearly 
nonrandom. The percentages of palmitic and stearic acids, generally very low at the sn-2 position, 
were more predominant at the sn-1 than the sn-3 position. Long chain fatty acids were located almost 
exclusively at the sn-3 position. The sn-2 position of all varieties was high in unsaturated fatty acids. 
Triacylglycerols were sufficiently different to suggest that concentrations of specific triacylglycerol 
species may vary with variety. 

I N T R O D U C T I O N  

Stereospecific analyses of  animal (1-5) and 
plant (4,6-9) triacylglycerols indicate that the 
distribution of fatty acids is not random, but 
that each position has a characteristic fatty acid 
pattern. Usually, the fatty acid compositions of 
sn-1 and -3 positions are similar, but none of 
the fats examined has exhibited a completely 
symmetrical distribution. Triacylglycerol com- 
position and structure are important from the 
standpoint of nutrition (10), oil stability (11) 
and possible physiological effects (12). 

Early studies of plant triacylglycerols were 
conducted on refined oi] unidentified as to 
specific variety and probably representing 
genetically heterogeneous source material. 
Analyses of maize (7,8) and soybean (9) 
triacylglycerols from several specific varieties 
indicate that structure is not constant but is 
variable among varieties. Biochemical studies 
on heterogeneous material may be of little 
value especially if one of the goals of  the study 
is to effect some eventual genetic change in the 
source material should the conclusions so 
indicate. The variation in fatty acid composi- 
tion of  oil from various peanut varieties is well 
documented (13) and is an indication of the 
variability found in the triacylglycerol fraction 
which routinely accounts for more than 90% of 
the total composition, de la Roche et al. (8) 
reported that the fatty acids at each position of 
corn oil triacylglycerols were influenced by the 
fatty acid concentration in the total triacyl- 
glycerol except for the saturates in the sn-2 
position. This indicates that triacylglycerols 
with diversity in fatty acid composition might 
reasonably be expected to have diverse struc- 
tures. 

Stereospecific analysis of peanut oil has been 
reported by Brockerhoff and Yurkowski (6). 

1 Men t i o n  o f  f i r m  n a m e s  or  t r ade  p r o d u c t s  does  no t  
i m p l y  t h a t  t h e y  are endorsed  or  r e c o m m e n d e d  by  the  
D e p a r t m e n t  o f  A g r i c u l t u r e  over  o t h e r  f i rms  or  s imi la r  
p r o d u c t s  no t  m e n t i o n e d .  

Myher et al. (14) compared the triacylglycerol 
structures of native, rearranged, and simulated 
peanut oils and found that native oil, the most 
atherogenic in laboratory animals, contained a 
significantly greater proportion of certain 
triacylglycerol structures than the synthetic 
oils. Only dietary testing will determine 
whether those triacylglycerol structures are 
indeed associated with increased atherogenic 
potency (14). Hokes (15) determined the fatty 
acids attached to the sn-2 position of triacyl- 
glycerols from several peanut cultivars, but did 
not differentiate between fatty acids at the sn-1 
and sn-3 positions. 

This paper describes the variability that 
exists in the stereospecific structure of triacyl- 
glycerols from six peanut varieties. 

M A T E R I A L S  A N D  METHODS 

All of the peanut varieties were grown, 
harvested and cured using conventional 
methods in Headland, AL as part of the 1976 
National Peanut Performance Trials. Peanuts 
were shipped to this laboratory where they 
were shelled. Seed riding a 0.635 x 1.905 cm 
shaker screen were sealed in plastic bags and 
stored at 4 C. 

For lipid extraction, random 10 g samples of 
sound, mature, intact peanuts of  each variety 

T A B L E I  

Mean D i f f e r e n c e s  b e t w e e n  sn-3 Pos i t ion  F a t t y  Acid  
Pe rcen t ages  o f  Six Peanu t  Var i e t i e s  

Calcu la ted  by  T w o  M e t h o d s  

F a t t y  Acid  D i f f e r e n c e  

1 6 : 0  2.6 • 1.2 
18 :0  0.9 -+ 0.6 
18:1 1.1 • 1.2 
18 :2  3.1 • 0 .8  
2 0 : 0  0.2 +- 0.1 
20 :1  0.5 • 0.3 
2 2 : 0  0.3 • 0.1 
2 4 : 0  0.3 -+ 0.2 
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TABLE II 

Stereospecific Analyses of  Triacylglycerols f rom Six Peanut Varieties 

631 

Variety 

Compound  
or 

position 

Fat ty acid distribution, mole %a 

16:0 18:0 18:1 18:2 20:0 20:1 22:0 24:0 

Florigiant TG 
1 
2 
3 

Early Bunch TG 
1 
2 
3 

Florunner TG 
1 
2 
3 

Tifrun TG 
1 
2 
3 

Starr TG 
1 
2 
3 

Spancross TG 
1 
2 
3 

10.8 2.9 53.1 27.3 1.8 1.0 1.9 1.1 
20.1 4.9 50.7 22.6 0.5 0.7 0.4 0.3 

2.2 0.7 51.5 45.3 0.1 0.3 0.1 - -  
10.3 3.2 57.2 14.0 4.8 2.0 5.3 3.0 

13.3 2.6 42.0 36.3 1.5 0.9 2.4 1.1 
24.7 4.4 38.3 31.2 0.3 0.4 0.5 0.2 

3.5 1.5 37.2 57.4 0.1 0.2 . . . . .  
11.8 1.9 50.6 20.3 4.0 1.9 6.5 2.9 

11.4 2.1 50.9 29.1 1.6 1.! 2.4 1.3 
20.7 3.5 49.5 24.4 0.3 0.7 0.5 0.5 

2.1 0.6 47.8 48.8 0.1 0.4 0.1 0.1 
11.4 2.3 55.5 14.1 4.4 2.3 6.5 3.4 

12.6 2.4 42.4 36.8 1.5 0.9 2.6 0.8 
22.7 4.2 38.8 32.7 0.3 0.4 0.6 0.2 

3.2 1.2 36.1 58.8 0.2 0.2 0.1 --- 
11.9 1.7 52.2 18.9 4.0 2.0 7.2 2.2 

14.2 3.3 43.3 33.0 1.8 1.1 2.7 0.7 
24.2 4.9 40.4 28.4 0.4 0.6 0.7 0.3 

2.4 0.8 39.5 56.9 0.1 0.2 0.1 - -  
16.0 4.2 50.0 13.8 4.8 2.4 7.3 1.8 

13.5 2.9 44.1 33.4 1;9 1.1 2.2 0.9 
24.2 5.2 40.3 28.4 0.3 0.S 0.6 0.4 

2.6 0.9 40.2 56.2 0.1 . . . . . .  
13.5 2.8 51.8 15.6 5.2 2.5 6.5 2.3 

aEach value is the  mean o f  3 replications. 

were blended in 100 ml pe t ro leum ether  (B.P. 
3 5 - 6 0  C). T h e  h o m o g e n a t e s  w e r e  f i l t e r ed  a n d  
t h e  s o l v e n t  w a s  r e m o v e d  o n  a r o t a r y  e v a p o r a -  
to r .  T r i a c y l g l y c e r o l s  w e r e  s e p a r a t e d  b y  t h i n  
l a y e r  c h r o m a t o g r a p h y  ( T L C )  o n  Sil ica Ge t  G 
( .05  m m ) ( B r i n k m a n n )  w i t h  a d e v e l o p i n g  
s o l v e n t  o f  p e t r o l e u m  e t h e r / d i e t h y l  e t h e r / a c e t i c  
ac id  ( 8 0 : 2 0 : 1 ) .  C a r e f u l  a t t e n t i o n  was  g iven  to  
p r e v e n t i o n  o f  a u t o x i d a t i o n .  Al l  t h i n  l a y e r  p l a t e s  
we re  d e v e l o p e d  in a n i t r o g e n  a t m o s p h e r e  a n d  
s p r a y e d  w i t h  0 . 0 2 %  b u t y l a t e d  h y d r o x y t o l u e n e  
( B H T )  in p e t r o l e u m  e t h e r .  B H T  (ca.  10 /11 o f  
0 . 1 %  s o l u t i o n )  was  a d d e d  in e a c h  s t ep  o f  t h e  
i s o l a t i o n  p r o c e d u r e  a n d  s t e r e o s p e c i f i c  a n a l y s i s .  

M e t h y l  e s t e r s  w e re  p r e p a r e d  w i t h  b o r o n  

t r i f l u o r i d e - m e t h a n o l  ( 1 4 %  w / v ,  A p p l i e d  S c i e n c e  
L a b o r a t o r i e s ,  Inc . )  a c c o r d i n g  to  a m o d i f i e d  
M o r r i s o n  a n d  S m i t h  ( 1 6 )  p r o c e d u r e .  B e n z e n e  
was  r e p l a c e d  w i t h  t o l u e n e  in t h e  m e t h y l a t i o n  
m i x t u r e  o f  m e t h y l  a l c o h o l / b e n z e n e / b o r o n  
t r i f l u o r i d e - m e t h a n o l  ( 1 1 : 4 : 5 ) .  L i p i d s  we re  
t r a n s m e t h y l a t e d  in 9 m l  vials  s ea l ed  w i t h  t e f l o n  
cap  l i ne r  a n d  t a p e .  T h e  via ls  we re  h e a t e d  in an  
o v e n  a t  1 0 0  C fo r  2 0 - 3 0  m i n ,  d e p e n d i n g  o n  t h e  
l ipid t y p e .  W a t e r  (1 m l )  was  a d d e d  to  t h e  
c o o l e d  m i x t u r e ,  a n d  t h e  m e t h y l  e s t e r s  were  
e x t r a c t e d  w i t h  t w o  3 m l  p o r t i o n s  o f  h e x a n e ;  
t h e n  t h e y  w e r e  a n a l y z e d  b y  G L C .  T h e  gas  

c h r o m a t o g r a p h ,  e q u i p p e d  w i t h  a F I D  a n d  a 
6 . 35  m m  x 1.83 m s t a i n l e s s  s t ee l  c o l u m n  t h a t  
was  p a c k e d  w i t h  10% E G S S - X  o n  1 0 0 / 1 2 0  
G a s - C h r o m  P ( A p p l i e d  Sc i ence  L a b o r a t o r i e s ,  
Inc . ) ,  w a s  o p e r a t e d  i s o t h e r m a l l y  at 2 1 0  C. 
C a r r i e r  gas  was  h e l i u m  at  100  m l / m i n .  F a t t y  
ac id  p e r c e n t a g e s  we re  d e t e r m i n e d  b y  digi ta l  
i n t e g r a t i o n  a n d  n o r m a l i z a t i o n  o f  p e a k  a reas .  
A c c u r a c y  o f  t h e  s y s t e m  was  ve r i f i ed  b y  a n a l y s i s  

o f  N a t i o n a l  H e a r t  I n s t i t u t e - t y p e  f a t t y  ac id  
s t a n d a r d  KD.  F a t t y  ac ids  we re  i d e n t i f i e d  b y  
c o m p a r i s o n  w i t h  k n o w n  s t a n d a r d s .  

S t e r e o s p e c i f i c  a n a l y s i s  was  c o n d u c t e d  e s s e n -  
t i a l ly  a c c o r d i n g  to  B r o c k e r h o f f  ( 1 7 )  as  m o d i -  
f ied b y  W e b e r  e t  al. (7) .  T h e  m e t h o d  for  
p r e p a r i n g  o f  p h o s p h a t i d y l  p h e n o l s  w a s  m o d i -  
f ied  s u c h  t h a t  t h e  d i a c y l g l y c e r o l s  in n o  m o r e  
t h a n  0.5  m l  d i e t h y l  e t h e r  we re  a d d e d  s l o w l y  
w i t h  s h a k i n g  to  2 m l  p y r i d i n e  ( s p e c t r o p h o t o -  
m e t r i c  g r ade ,  A l d r i c h  C h e m i c a l  C o m p a n y )  a n d  
0 . 1 2  m l  p h e n y l  d i c h l o r o p h o s p h a t e  ( A l d r i c h  
C h e m i c a l  C o m p a n y )  to  p r e v e n t  p r e c i p i t a t e  
f o r m a t i o n .  

RESULTS AND DISCUSSION 

T w o  d e t e r m i n a t i o n s  p r o v i d e  an  i n d i c a t i o n  o f  
t h e  a c c u r a c y  o f  s t e r e o s p e c i f i c  a n a l y s i s  (4 ,7 ) .  
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TABLE III 

Linear Regression Analyses and Correlation Coefficients for the Relationship 
of Fatty Acids in Total Triacylglycerols and Fatty Acids at Each Position 

Fatty acid Position Slope y Intercept r a 

16:0 1 1.43 4.68 0.95 b 
2 -- -- 0.43 d 
3 1.32 -4.23 0.86 c 

18:0 1 1.28 1.03 0.88 c 
2 -- --  0.09 d 
3 1.82 -2.23 0.83 c 

18:1 1 1.16 -10.33 0.99 b 
2 1.28 -16.87 0.99 b 
3 0.56 26.84 0.95 b 

18:2 1 1.01 -5.07 0.99 b 
2 1.38 8.83 0.95 b 
3 0,60 -3.75 0.82 c 

20:0 3 2.78 -0.15 0.99 b 

20:1 3 2.31 -0.16 0.91 c 

22:0 3 2.39 0.88 0.96 b 

24:0 3 2.65 -0.01 0.99 b 

ar = Correlation coefficient. 
bSignificant at 1% level. 
CSignificant at 5% level. 
dNot significant. 

The  mixed  1,2(2,3)-diacylglycerols  used to 
make  the  p h o s p h a t i d y l  pheno l s  mus t  be repre-  
senta t ive  of  the  t r iacylglycerols ;  t he re fo re ,  t hey  
mus t  agree in c o m p o s i t i o n  to t ha t  ca lcula ted  
for  diacylglycerols.  Dif ferences  in ca lcula ted 
and ana lyzed  diacylglycerols  o f  the  six variet ies 
were less t h a n  2% for  any  fa t ty  acid. Data  
ob t a ined  by  the  two m e t h o d s  of  d e t e r m i n i n g  
the  fa t ty  acid c o m p o s i t i o n  of  the  sn-3 pos i t ion  
should  always be compared .  Analyses  wi th  
m i n o r  d i f ferences  (<5%)  for  ma jo r  c o m p o n e n t s  
are general ly cons idered  accep tab le  (7) al- 
t h o u g h  agreement  should  be closer. The  mean  
dif ferences  be tween  the  sn-3 f a t ty  acid per- 
centages  ca lcula ted  by  two m e t h o d s  for  each 
fa t ty  acid of  all variet ies are p resen ted  in Table  
I. C o m p o s i t i o n  calcula ted by  sub t r ac t i ng  the  
sn-1 and sn-2 pos i t ion  fa t ty  acid pe rcen tage  
f rom the  pe rcen tage  c o m p o s i t i o n  of  the  whole  
t r iacylglycerol  is regarded as more  accura te ;  
however ,  ag reement  o f  the  two m e t h o d s  
indica tes  overall  accuracy.  

The  resul ts  shown  in Table  II ind ica te  a 
n o n r a n d o m  d i s t r i bu t ion  of  f a t ty  acids a m o n g  
t he  sn-1, -2 and  -3 pos i t ions  of  the  tr iacylglyc-  
erols. The  percentages  of  pa lmi t ic  and s tear ic  
acids were general ly very low for  the  sn-2 
pos i t ion ,  h igher  for  sn-3, and highes t  for sn-1. 
The long chain  (20-24)  f a t t y  acids were loca ted  
a lmos t  exclusively at the  sn-3 pos i t ion .  The  sn-2 
pos i t ion  of  t r iacylglycerols  f rom all t he  varieties 
was h igh in u n s a t u r a t e d  fa t ty  acids. The  general  

pa t t e rns  o f  f a t ty  acids f o u n d  at the  sn-1 and sn-3 
pos i t ions  were similar  for  all varieties,  a l t hough  
the  mole  percen tages  of  each acid at  the  two  
pos i t ions  f r equen t ly  d i f fered widely.  Mole 
pe rcen tages  of  pa lmi t ic ,  s tearic  and  l inoleic 
acids were always h igher  for  the  sn-1 t h a n  for  
the  sn-3 pos i t ion ,  while those  of  oleic acid were 
cons i s t en t ly  h igher  for  the  sn-3 pos i t ion .  The  
pa t t e rn s  of  fa t ty  acid d i s t r i bu t i on  at sn-2 
dif fered no t  on ly  f rom those  at  sn-1 and -3, bu t  
wi th  var ie ty  as well. On the  sn-2 pos i t ion ,  the  
pe rcen tage  of  oleic acid was h igher  t h a n  t h a t  of  
l inoleic acid in Flor igiant ,  bu t  the  percen tages  
were a b o u t  the  same in F lo runner .  In the  o t h e r  
four  varieties,  the re  was more  l inoleic acid 
ester i f ied at the  sn-2 pos i t ion  t h a n  oleic acid. 
Flor ig iant  and  F l o r u n n e r  t r iacylglycerols  con-  
t a ined  more  oleic acid and  less l inoleic acid 
t h a n  the  o t h e r  variet ies e x a m i n e d ;  and  the  
c o n c e n t r a t i o n  effect ,  as r epo r t ed  by  de la 
Roche  et  al. (8),  p r o b a b l y  was re f lec ted  by  the  
fa t ty  acid p l a c e m e n t  in the  molecule .  

The  s tereospecif ic  analyses previously  re- 
p o r t e d  (6,14) are s imilar  to the  assay o f  Flori-  
giant  t r iacylglycerol  (Table  II), wh ich  showed  
more  oleic acid t h a n  l inoleic acid at  the  sn-2. 
pos i t ion .  The  general  f a t ty  acid pa t t e rn s  at sn-1 
and sn-3 pos i t ions  were similar  in all analyses.  
The  s tereospecif ic  analyses of  two com- 
mercia l ly  available p e a n u t  oils (da ta  no t  pre- 
sen ted)  were very similar  to  the  analysis of  
F lor ig ian t  t r iacylglycerols  s h o w n  here.  

LIPIDS, VOL. 14, NO. 7 
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Linear regression equat ions  and corre la t ion 
coeff ic ients  were calculated for the plots  o f  the  
percentage  of  a fa t ty  acid in the  to ta l  triacyl- 
glycerol vs. the  percentage of  that  fa t ty  acid at 
one  of  the  posi t ions  of  the  t r iacylglycerol  
(TaMe III). Significant correlat ions indicate  
tha t  the  tota l  fa t ty  acid present  in f luenced  
pIacement  o f  tha t  fa t ty  acid on the  triacyl- 
glycerol (8). de la Roche  et al. (8) found  that  
major  sa turated,  m o n o e n e  and diene fa t ty  acids 
of  corn tr iacylglycerols exhib i ted  a concent ra-  
t ion effect  in all cases excep t  for sa tura ted 
acids in the  sn-2 posi t ion.  Peanut  tr iacylglycer-  
ols exhib i ted  this same pa t t e rn ,  and the  low 
concen t ra t ions  of  the long chain fa t ty  acids in 
the  tr iacylglycerol  were significantly corre la ted 
wi th  percentages  found  at the  sn-3 posi t ion  
only.  This may  be due to the  general res t r ic t ion 
of  the saturated acids (16:0 and 18:0) f rom the  
sn-2 posi t ion and the  long chain acids f rom the  
sn-1 and sn-2 posit ions.  Fa temi  and H a m m o n d  
(9) a t t r ibute  any substant ial  deviat ion f rom 
the  regression line to a change in the  mech-  
anism o f  fa t ty  acid d is t r ibut ion  and suggest 
genetic con t ro l  o f  the deviat ion.  No substantial  
deviat ion of  any fa t ty  acid f rom the  regression 
lines was de tec ted  in the six peanut  varieties 
examined .  Al though concen t r a t ion  ef fec ts  were 
similar for  the  varieties, the variation in per- 
centage of  a fa t ty  acid at any pos i t ion  is suffi- 
cient to indicate  possible concen t ra t ion  dif- 
ferences in the various t r iacylglycerol  species 
found  in the  to ta l  t r iacylglycerol  f ract ion.  

Greene is gratefully acknowledged. 
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