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The composit ion of  lipids of  bran from three vari- 
eties of  rice is reported. Lipids extracted amounted 
to 21.9-23.0% of  the bran dry weight and consisted 
of  88.1-89.2% neutral lipids, 6.3-7.0% glycolipids 
and 4.5-4.9% phospholipids.  Neutral lipids con- 
sisted mostly of  triacylglycerols (83.0-85.5%), mono- 
acylglycerols (5.9-6.8%) and small amounts  of  
diacylglycerols,  sterols and free fatty acids. Three 
glycolipids and eight phosphol ipids  were sepa- 
rated and characterized. Acylated steryl glucoside 
and digalactosyldiacylglycerol were the main 
glycolipids, while monogalactosylmonoacylglycer-  
ol was present in small amounts. The major phospho- 
lipids were phosphatidylcholine,  phosphatidyl-  
ethanolamine,  phosphatidylinositol  and phospha- 
tidic acid. Phosphatidylglycerol ,  lysophos-  
phatidylcholine,  lysophosphat idylethanolamine 
and acyl-phosphatidylethanolamine were present 
in small quantities.  

In  recent  years ,  rice (Oryza sativa L.) b r an  has  been  
reckoned as a po ten t ia l  source of edible oil. In Ind ia  
the  paddy crop exceeds 90 mil l ion tons annua l l y  (1), 
which can  yield about  0.66 mil l ion tons of oil. The prob- 
l ems  associa ted wi th  product ion of edible oil f rom rice 
b r an  are be ing  studied (2). Some of the  physicochemical  
character is t ics  of rice b r an  lipids and few components  
of phospholipids  and glycolipids (3-10) have been  re- 
ported.  However, sys temat ic  s tudy of the  contents  and 
composi t ion of individual  lipid components ,  par t icu-  
la r ly  of Ind ian  commerc ia l  rice cul t ivars ,  has  not been 
reported.  In  th is  pape r  the  composit ion of b r a n  lipids 
of  th ree  var ie t ies  of rice has  been  reported.  

EXPERIMENTAL 

Materials. Bran  from three  var ie t ies  of rice, Ra thna-  
choodi, J a y a  and  Madhu,  was procured from a local rice 
mill .  Glycolipids, phosphol ipids  and fa t ty  acid methy l  
es ters  were purchased  from S igma Chemica l  Co., St. 
Louis, Missouri ,  for use  as s tandards .  Solvents  used 
were of  ana ly t i ca l  grade and  dist i l led before use. 

Methods: Lipid classes and fatty acid analysis. Total 
lipids of b r an  were ex t rac ted  (11,12) and purif ied (13) 
by es tabl i shed procedures.  A m e a s u r e d  por t ion of indi- 
v idual  ex t rac t  was used for e s t ima t ing  to ta l  l ipids 
gravimetr ica l ly .  

The to ta l  l ipids were f rac t iona ted  into neu t r a l  lipids 
(NL), glycolipids (GL) and phosphol ipids  (PL) on a 
silicic acid column (14) wi th  chloroform, acetone and 
methanol ,  successively. NL were es t imated  grav imet r i -  
cally. GL and  PL were quan t i t a t ed  by to ta l  suga r  esti- 
ma t i on  (15) and phosphorus  es t ima t ion  (16), respec- 
tively. NL were separa ted  by th in  layer ch romatography  
(TLC) wi th  hexane/d ie thyl  e ther /acet ic  acid (80:20:1, 
v/v/v) as the  solvent  system. Ind iv idua l  components  of 
NL were identified by compar ison with  the s tandards  
and  quant i f ied by pho todens i tomet ry  (17). GL and PL 
were sepa ra ted  on TLC wi th  chloroform/methanol /ace-  
tic acid/water  (60:40:10:4, v/v/v/v) as the  solvent  sys- 
tem.  Indiv idua l  components  of GL and PL were iden- 
tified by compar ison wi th  au then t i c  s t andards  and by 
specific spray reagen t s  (18,19). Quan t i t a t i on  of different 
components  of GL and PL on p repa ra t ive  TLC was ef- 
fected by es t ima t ion  of suga r  (15) and phosphorus  (16), 
respectively. 

Fa t ty  acid me thy l  es ters  (FAME) were p repared  by 
acid-catalyzed t r a n s m e t h y l a t i o n  (20) of the lipids. The 

TABLE 1 

Major Lipid Classes of Rice Bran and Their Fatty acid Composition a 

Fatty acid composition (%) 

Lipid Wt. 
Variety class b % 12:0 1 4 : 0  16:0 t6:1 18:0 18:1 18:2 18:3 20:0 

TL 22.8 0.4 0.4 21.2 0.3 3.0 41.9 31.1 1.1 0.6 
NL 88.1 0.4 0.4 22.8 2.6 40.6 31.9 1.0 0.7 

Rathnachoodi GL 7.0 0.1 0.1 27.8 2.8 0.2 38.3 30.6 0.1 
PL 4.9 0.4 0.1 21.9 1.0 0.2 40.5 35.8 0.1 

TL 21.9 0.1 0.6 25.5 0.2 0.3 37.4 33.2 2.7 
NL 89.2 0.2 0.5 26.2 0.3 3 6 . 1  34.3 2.4 

Jaya GL 6.3 0.1 29.5 1.3 35.9 33.0 0.2 
PL 4.5 0.2 23.0 0.8 36.8 39.0 0.2 

TL 23.0 0.4 0.4 22.2 0.3 2.0 39.2 32.9 2.2 0.4 
NL 88.5 0.4 0.4 23.5 1.8 37.8 33.7 1.9 0.5 

Madhu GL 6.9 0.1 0.1 28.4 2.8 0.1 35.8 32.5 0.2 
PL 4.6 0.4 0.1 22.0 1.0 0.1 3 7 . 8  38.5 0.1 

aAll values are means of three replicate analyses. 
bTL, Total lipids; NL, neutral lipids; GL, gtycolipids; PL, phospholipids. 

*To whom correspondence should be addressed. 
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TABLE 2 

Neutral Lipids of  Rice Bran and Their Fatty Acid Composit ion a 
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Fatty acid composition (%) 

Neutral Wt. 
Variety lipid b % 12:0 14:0 16:0 18:0 18:1 18:2 18:3 20:0 

Rathnachoodi 

Jaya 

Madhu 

TG 83.0 0.6 0.6 27.2 2.8 50.9 16.0 1.1 0.8 
sn-l,3-DG 1.6 0.1 36.9 0.3 39.9 22.5 0.1 0.2 
sn-l,2(2,3)-DG 1.9 0.1 27.5 0.1 42.1 30.1 0.1 
MG 6.8 35.0 0.2 38.8 25.8 0.2 
FFA 3.7 33.1 0.1 38.6 28.0 0.2 
S,SE+H 3.0 

TG 85.5 0.3 0.8 29.9 0.3 48.6 17.3 2.8 
sn-i,3-DG 1.8 37.2 38.8 23.7 0.2 
sn-l,2(2,3)-DG 2.1 - 0.2 28.3 39.3 32.0 0.2 
MG 5.9 36.4 38.1 25.1 0.4 
FFA 2.4 34.3 34.6 31.0 0.1 
S,SE + H 2.3 

TG 84.3 0.6 0.6 28.8 2.2 49.1 17.5 2.4 0.7 
sn-l,3-DG 1.7 0.1 37.4 0.2 38.0 23.8 0.1 0.4 
sn-l,2(2,3)-DG 2.0 0.1 27.6 0.1 40.0 32.1 0.1 
MG 6.3 34.9 0.1 39.0 26.0 0.3 
FFA 2.1 33.9 0.1 35.9 30.0 0.2 
S,SE + H 3.1 

aAll values are means of three replicate analyses. 
bTG, Triacylglycerols; DG, diacylglycerols; MG, monoacylglycerols; FFA, free fatty acids; S, sterols; SE, 
sterolesters; H, hydrocarbons. 

FAME were a n a l y z e d  on a S h i m a d z u  GC 9A gas 
c h r o m a t o g r a p h  equ ipped  w i t h  f lame i o n i z a t i o n  de tec tor  
(FID); s t a i n l e s s  s tee l  c o l u m n  (152.4 cm x 3.17 mm)  
packed w i t h  20% d ie thy leneg lyco l  s u c c i n a t e  on 80-100 
m e s h  Chromsorb  W suppor t ,  a t  a c o l u m n  t e m p e r a t u r e  
of 180 C, t he  i n j ec t i on  por t  and  F ID  a t  210 C, u n d e r  a 
n i t r o g e n  flow r a t e  of 40 m l / m i n .  The  p e a k  a r e a  a n d  
r e l a t i ve  p e r c e n t a g e  of FAME were o b t a i n e d  w i t h  a 
S h i m a d z u  in tegra to r .  The  c o m p o n e n t  of each p e a k  was 
iden t i f i ed  on  the  bas i s  of r e t e n t i o n  d a t a  w i t h  those  of 
a u t h e n t i c  s t a n d a r d s .  

RESULTS AND DISCUSSION 

Total  b r a n  l ip ids  of Ra thnachood i ,  J a y a  a n d  M a d h u  r ice  
accoun ted  for 21.9 to 23.0% of the  b r a n  (dry basis)  a n d  
cons is ted  of 88.1-89.2% n e u t r a l  l ip ids ,  6.3-7.0% 
glycol ip ids  a n d  4.5-4.9% phospho l ip ids  (Table  1). F a t t y  
acid a n a l y s i s  of the  TL (Table  1) showed t h a t  oleic was  
the  p r e d o m i n a n t  f a t ty  acid, followed by l ino le ic  a n d  
p a l m i t i c  acids  in  b r a n  f rom al l  t h ree  v a r i e t i e s  of rice. 
The  TL f rom the  J a y a  v a r i e t y  c o n t a i n e d  on ly  0.3% 
s tea r i c  acid as a g a i n s t  3 a n d  2% in  R a t h n a c h o o d i  a n d  

TABLE 3 

Glycolipids o f  Rice Bran and Their Fatty Acid Composit ion a 

Glyco- Wt. 
Variety lipid b % 

Fatty acid composition (%) 

12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3 

Rathnachoodi 

Jaya 

Madhu 

ASG 51.2 
DGDG 42.8 
MGMG 6.0 

ASG 49.1 
DGDG 43.9 
MGMG 7.0 

ASG 50.0 
DGDG 44.4 
MGMG 5.6 

0.2 

0.2 

0.1 40.9 2.8 0.4 33.7 21.9 
0.1 28.2 2.0 38.5 30.7 0.5 
0.3 36.3 3.0 35.3 24.8 0.3 

0.1 40.8 1.4 34.1 23.6 
0.1 29.6 1.0 34.8 33.5 1.0 
0.3 36.0 1.6 - 32.8 28.7 0.6 

0.1 41.6 2.4 0.2 31.6 23.9 
0.1 29.7 2.0 35.5 32.2 0.5 
0.3 36.1 3.0 32.2 27.8 0.6 

aAll values are means of three replicate analyses. 
bASG, Acylated steryl glucoside; DGDG, digalactosyldiacylglycerol; 
monoacylglycerol. 

MGMG, monogalactosyl- 
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Madhu,  respectively.  The  TL of Rathnachoodi  conta ined  
1.1% linolenic acid as aga ins t  2.2 and 2.7% in Madhu  
and Jaya ,  respectively.  Arachidic acid (~< 0.6%) was pre- 
sent  in Rathnachoodi  and  Madhu  but  not in Jaya .  Dis- 
t inc t  differences be tween the  rice var ie t i es  in fa t ty  acid 
composi t ion were observed for NL, GL and  PL. The  fa t ty  
acid profile of NL reflected la rge ly  t h a t  of  TL. GL and 
PL fract ions  had  the  h ighes t  content  of  pa lmi t ic  and  
linoleic acids, respectively,  compared  to TL and NL. 
Palmitole ic  acid was detected in both GL and PL. Laur ic  
and  s tear ic  acids were not detected in GL or in PL of 
b r a n  from Jaya.  

In  regard  to the  neu t r a l  l ipid fraction,  t r iacylg ly-  
cerols (TG) were found to be the  major  component  (Table 
2). Monoacylglycerols  (MG) were the  second la rges t  
componen t  regard less  of  the  va r i e ty  of rice, which is 
unusua l  for cereal  lipids (21) or seed lipids (22,23). The 
amoun t  o f sn - l , 2  (2,3)-diacylglycerols (DG) was s l ight ly  
h igher  t h a n  sn- l ,3-diacylglycerols  and was s imi la r  to 
t h a t  observed in p e a n u t  oil (22). FFA of the lipids r anged  
f rom 2.1-3.7%. The fa t ty  acid composi t ion of different  
components  of NL, except  hydrocarbons ,  s teroles ters  
and  sterols,  is p resen ted  in Table 2. Oleic, pa lmi t i c  and  
linoleic acids were p resen t  in h igh  am oun t s  in different  
components  of NL regard less  of the variety.  Myris t ic  
and arachidic acids were detected in TG and sn- l ,3-DG. 
Laur ic  acid was presen t  in TG and sn- l ,2  (2,3)-DG. 

Stear ic  acid, which was p resen t  in all  the  components  
of NL Rathnachoodi  and Madhu,  was found only in TG 
of Jaya.  Linolenic acid was p resen t  in the  different  com- 
ponents  of NL regard less  of the  variety.  

The glycolipid fract ion was resolved into acy la ted  
s teryl  glucoside (ASG), d igalactosyldiacylglycerol  
(DGDG) and monogatac tosylmonoacylglycerol  (MGMG) 
by TLC (Table 3). The  major  glycolipids were ASG and  
DGDG, while  MGMG was p resen t  in smal l  quant i ty .  
The fa t ty  acid ana lys i s  of these  GL (Table 3) showed 
t h a t  MGMG and DGDG conta ined  h igh  proport ions of 
palmit ic ,  oleic and linoleic acids. However, a h igh  level 
of  pa lmi t i c  acid was p resen t  in ASG. 

The phosphol ipid  f ract ion was resolved into e igh t  
components  by TLC (Table 4). The major  phosphol ipids  
were phosphat idylchol ine  (PC), phospha t idy le than-  
o lamine  (PE), phosphat idyl inos i to l  (PI) and  phos- 
phat id ic  acid (PA) in a decreas ing order of concentra-  
tion. Phosphat idylglycerol  (PG), lysophosphat idyl -  
choline (LPC) and  ly sophospha t idy le thano lamine  
(LPE) were p resen t  in smal l  quant i t ies .  Traces of 
a cy lphospha t i dy l e thano l amine  (APE) were detected in 
l ipids of  all  th ree  var ie t i es  of bran .  Fa t ty  acid compo- 
s i t ion of individual  PL (Table 4) showed t h a t  h igh  pro- 
port ions of palmit ic ,  oleic and linoleic acids were found 
in all  the components  of PL. Myrist ic ,  lauric,  s tear ic  
and l inolenic acid were p resen t  in PC, PE, PI and PA. 

TABLE 4 

P h o s p h o l i p i d s  o f  Rice  Bran  a n d  The ir  Fatty  Ac id  C o m p o s i t i o n  a 

Phospho- Wt. 
Variety lipid b % 

Fatty acid composition (%) 

12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3 

Rathnachoodi 

Jaya 

Madhu 

PC 35.0 0.3 0.1 25.5 1.2 0.2 35.9 26.7 0.1 
PE 27.2 0.3 0.1 47.1 0.9 0.2 31.2 20.1 0.1 
PI 23.3 0.3 0.1 43.7 0.3 0.2 39.0 16.3 0.1 
PA 9.2 0.9 0.1 30.3 0.6 0.6 46.6 20.4 0.5 
PG 1.8 29.6 1.0 40.5 28.9 
LPC 1.5 38.2 0.1 37.2 23.5 
LPE 1.4 45.3 1.0 29.1 24.6 
APE 0.8 33.2 0.6 33.6 32.6 

PC 38.4 0.1 25.8 0.9 34.9 29.0 
PE 29.0 0.2 47.6 0.6 30.0 21.4 
PI 21.0 0.2 44.5 0.6 34.5 20.0 
PA 7.2 0.1 33.3 0.4 41.6 24.3 
PG 1.6 30.5 0.8 36.5 32.2 
LPC 1.0 39.1 0.1 33.0 27.0 
LPE 1.0 44.2 0.6 29.6 25.4 
APE 0.8 33.2 0.6 33.6 32.6 

PC 36.0 0.3 0.1 25.1 1.2 0.1 33.9 29.2 
PE 27.8 0.3 0.1 47.3 0.9 0.1 30.6 20.6 
PI 22.0 0.3 0.1 44.0 0.3 0.1 38.6 16.5 
PA 9.6 0.9 0.1 31.3 0.6 0.3 44.2 22.1 
PG 1.4 30.9 1.0 37.2 30.9 
LPC 1.3 39.4 0.1 33.7 25.8 
LPE 1.2 44.0 0.8 28.3 26.9 
APE 0.7 32.7 0.8 34.6 31.9 

0.2 
0.2 
0.2 
0.3 

0.1 
0.1 
0.1 
0.5 

aAll values are means of three replicate analyses. 
bpc, Phosphatidylcholine; PG, phosphatidylglycerol; PE, phosphatidylethanolamine; LPC, lysophos- 
phatidylcholine; PI, phosphatidylinositol; LPE, lysophosphatidylethanolamine; PA, phosphatidic acid; APE, 
acylphosphatidylethanolamine. 
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Pa lmi to l e i c  acid was  p r e s e n t  i n  a l l  t h e  c o m p o n e n t s  of 
phospho l ip ids  r e g a r d l e s s  of the  var ie ty .  
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