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slipid Composition of Rice (Oryza sativa L.) Bran
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The composition of lipids of bran from three vari-
eties of rice isreported. 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 phospholipids 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, lysophosphatidylethanolamine
and acyl-phosphatidylethanolamine were present
in small quantities.

In recent years, rice (Oryza sativa L.) bran has been
reckoned as a potential source of edible oil. In India
the paddy crop exceeds 90 million tons annually (1),
which can yield about 0.66 million tons of oil. The prob-
lems associated with production of edible oil from rice
bran are being studied (2). Some of the physicochemical
characteristics of rice bran lipids and few components
of phospholipids and glycolipids (3-10) have been re-
ported. However, systematic study of the contents and
composition of individual lipid components, particu-
larly of Indian commercial rice cultivars, has not been
reported. In this paper the composition of bran lipids
of three varieties of rice has been reported.

TABLE 1

EXPERIMENTAL

Materials. Bran from three varieties of rice, Rathna-
choodi, Jaya and Madhu, was procured from a local rice
mill. Glycolipids, phospholipids and fatty acid methyl
esters were purchased from Sigma Chemical Co., St.
Louis, Missouri, for use as standards. Solvents used
were of analytical grade and distilled before use.

Methods: Lipid classes and fatty acid analysis. Total
lipids of bran were extracted (11,12) and purified (13)
by established procedures. A measured portion of indi-
vidual extract was used for estimating total lipids
gravimetrically.

The total lipids were fractionated into neutral lipids
(NL), glycolipids (GL) and phospholipids (PL) on a
silicic acid column (14) with chloroform, acetone and
methanol, successively. NL were estimated gravimetri-
cally. GL and PL were quantitated by total sugar esti-
mation (15) and phosphorus estimation (16), respec-
tively. NL were separated by thin layer chromatography
(TLC) with hexane/diethyl ether/acetic acid (80:20:1,
v/v/v) as the solvent system. Individual components of
NL were identified by comparison with the standards
and quantified by photodensitometry (17). GL and PL
were separated on TLC with chloroform/methanol/ace-
tic acid/water (60:40:10:4, v/v/v/v) as the solvent sys-
tem. Individual components of GL and PL were iden-
tified by comparison with authentic standards and by
specific spray reagents (18,19). Quantitation of different
components of GL and PL on preparative TLC was ef-
fected by estimation of sugar (15) and phosphorus (16),
respectively.

Fatty acid methyl esters (FAME) were prepared by
acid-catalyzed transmethylation (20) of the lipids. The

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

Fatty acid composition (%)

Lipid Wt.
Variety class® % 12:0 140 160 161 180 181 182 183 20:0
TL 22.8 0.4 0.4 21.2 0.3 3.0 419 311 1.1 0.6
NL 88.1 04 04 228 - 26 406 319 1.0 0.7
Rathnachoodi GL 7.0 01 01 278 2.8 02 383 3086 0.1 -
PL 4.9 04 61 219 1.0 0.2 405 358 0.1 -
TL 21.9 0.1 0.6 255 0.2 0.3 374 332 2.7 -
NL 89.2 0.2 05 262 - 03 361 343 24 -
Jaya GL 6.3 - 01 295 1.3 - 359 33.0 0.2 -
PL 4.5 - 0.2 23.0 0.8 - 36.8 39.0 0.2 -
TL 23.0 04 04 222 0.3 2.0 392 329 2.2 04
NL 88.5 0.4 04 235 - 18 378 337 19 0.5
Madhu GL 6.9 0.1 01 284 2.8 0.1 358 325 0.2 -
PL 4.6 0.4 01 220 1.0 01 378 385 0.1 -

aAll values are means of three replicate analyses.

bTL, Total lipids; NL, neutral lipids; GL, glycolipids; PL, phospholipids.

*To whom correspondence should be addressed.
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TABLE 2

Neutral Lipids of Rice Bran and Their Fatty Acid Composition®

Fatty acid composition (%)

Neutral Wt.
Variety lipid® % 12:0 14:0 16:0 18:0 18:1 18:2 18:3 20:0
TG 83.0 0.6 0.6 27.2 2.8 50.9 16.0 1.1 0.8
sn-1,3-DG 16 0.1 - 36.9 0.3 399 22.5 0.1 0.2
Rathnachoodi  sn-1,2(2,3)-DG 1.9 - 0.1 275 0.1 421 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 -
SSE+H 3.0 - - - - - - - -
TG 85.5 0.3 0.8 29.9 0.3 48.6 17.3 2.8 -
sn-1,3-DG 1.8 - - 37.2 - 38.8 23.7 0.2 -
Jaya sn-1,2(2,3)-DG 2.1 - 0.2 28.3 - 39.3 32.0 0.2 -
MG 59 - - 364 - 38.1 25.1 04 -
FFA 24 - - 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-1,3-DG 1.7 0.1 - 374 0.2 38.0 23.8 0.1 0.4
sn-1,2(2,3)-DG 2.0 - 0.1 27.6 0.1 40.0 32.1 0.1 -
Madhu MG 6.3 - - 34.9 0.1 39.0 26.0 0.3 -
FFA 2.1 - - 33.9 0.1 35.9 36.0 0.2 -
SSE+H 3.1 - - - - - - - -

@All values are means of three replicate analyses.

brg, Triacylglycerols; DG, diacylglycerols; MG, monoacylglycersls; FFA, free fatty acids; S, sterols; SE,
sterolesters; H, hydrocarbons.

FAME were analyzed on a Shimadzu GC 9A gas
chromatograph equipped with flame ionization detector

RESULTS AND DISCUSSION

(FID); stainless steel column (152.4 ¢cm x 3.17 mm)
packed with 20% diethyleneglycol succinate on 80-100
mesh Chromsorb W support, at a column temperature
of 180 C, the injection port and FID at 210 C, under a
nitrogen flow rate of 40 ml/min. The peak area and
relative percentage of FAME were obtained with a
Shimadzu integrator. The component of each peak was
identified on the basis of retention data with those of

Total bran lipids of Rathnachoodi, Jaya and Madhu rice
accounted for 21.9 to 23.0% of the bran (dry basis) and
consisted of 88.1-89.2% neutral lipids, 6.3-7.0%
glycolipids and 4.5-4.9% phospholipids (Table 1). Fatty
acid analysis of the TL (Table 1) showed that oleic was
the predominant fatty acid, followed by linoleic and
palmitic acids in bran from all three varieties of rice.
The TL from the Jaya variety contained only 0.3%

authentic standards. stearic acid as against 3 and 2% in Rathnachoodi and

TABLE 3

Glycolipids of Rice Bran and Their Fatty Acid Composition®

Fatty acid composition (%)

Glyco- Wt.
Variety lipid® % 12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3
ASG 512 0.2 0.1 40.9 2.8 0.4 33.7 21.9 -
Rathnachoodi DGDG 42.8 - 0.1 28.2 2.0 - 385 30.7 0.5
MGMG 6.0 - 0.3 36.3 3.0 - 35.3 24.8 0.3
ASG 49.1 - 0.1 40.8 14 - 34.1 23.6 -
Jaya DGDG 43.9 - 0.1 29.6 1.0 - 34.8 33.5 10
MGMG 7.0 - 0.3 36.0 1.6 - 32.8 28.7 0.6
ASG 50.0 0.2 0.1 41.6 2.4 0.2 31.6 23.9 -
Madhu DGDG 44.4 - 0.1 29.7 2.0 - 355 32.2 0.5
MGMG 5.6 - 0.3 36.1 3.0 - 32.2 27.8 0.6

@All values are means of three replicate analyses.

bASG, Acylated steryl DGDG, digalactosyldiacylglycerol;
monoacylglycerol.

glucoside; MGMG, monogalactosyl-
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Madhu, respectively. The TL of Rathnachoodi contained
1.1% linolenic acid as against 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-
tinct differences between the rice varieties in fatty acid
composition were observed for NL, GL and PL. The fatty
acid profile of NL reflected largely that of TL. GL and
PL fractions had the highest content of palmitic and
linoleic acids, respectively, compared to TL and NL.
Palmitoleic acid was detected in both GL and PL. Lauric
and stearic acids were not detected in GL or in PL of
bran from Jaya.

In regard to the neutral lipid fraction, triacylgly-
cerols (TG) were found to be the major component (Table
2). Monoacylglycerols (MG) were the second largest
component regardless of the variety of rice, which is
unusual for cereal lipids (21) or seed lipids (22,23). The
amount of sn-1,2 (2,3)-diacylglycerols (DG) was slightly
higher than sn-1,3-diacylglycerols and was similar to
that observed in peanut 0il (22). FFA of the lipidsranged
from 2.1-3.7%. The fatty acid composition of different
components of NL, except hydrocarbons, sterolesters
and sterols, is presented in Table 2. Oleic, palmitic and
linoleic acids were present in high amounts in different
components of NL regardless of the variety. Myristic
and arachidic acids were detected in TG and srn-1,3-DG.
Lauric acid was present in TG and sn-1,2 (2,3)-DG.

TABLE 4

Stearic acid, which was present in all the components
of NL Rathnachoodi and Madhu, was found only in TG
of Jaya. Linolenic acid was present in the different com-
ponents of NL regardless of the variety.

The glycolipid fraction was resolved into acylated
steryl glucoside (ASG), digalactosyldiacylglycerol
{DGDG) and monogalactosylmonoacylglycerol (MGMG)
by TLC (Table 3). The major glycolipids were ASG and
DGDG, while MGMG was present in small quantity.
The fatty acid analysis of these GL (Table 3) showed
that MGMG and DGDG contained high proportions of
palmitic, oleic and linoleic acids. However, a high level
of palmitic acid was present in ASG.

The phospholipid fraction was resolved into eight
components by TLC (Table 4). The major phospholipids
were phosphatidylcholine (PC), phosphatidylethan-
olamine (PE), phosphatidylinositol (PI) and phos-
phatidic acid (PA) in a decreasing order of concentra-
tion. Phosphatidylglycerol (PG), lysophosphatidyl-
choline (LPC) and lysophosphatidylethanolamine
(LPE) were present in small quantities. Traces of
acylphosphatidylethanolamine (APE) were detected in
lipids of all three varieties of bran. Fatty acid compo-
sition of individual PL (Table 4) showed that high pro-
portions of palmitic, oleic and linoleic acids were found
in all the components of PL. Myristic, lauric, stearic
and linolenic acid were present in PC, PE, PI and PA.

Phospholipids of Rice Bran and Their Fatty Acid Composition®

Fatty acid composition (%)

Phospho- Wt.
Variety lipid® %o 12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3
PC 35.0 0.3 0.1 25.5 1.2 0.2 359 267 0.1
PE 272 0.3 0.1 47.1 0.9 0.2 31.2 201 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
Rathnachoodi PG 1.8 - 29.6 1.0 - 40.5 28.9 -
LPC 15 - 38.2 0.1 37.2 23.5
LPE 14 - - 45.3 1.0 29.1 24.6
APE 0.8 - - 33.2 0.6 - 336 326 -
PC 384 - 0.1 25.8 0.9 - 349 290 0.2
PE 29.0 0.2 4786 0.6 30.0 214 0.2
PI 21.0 0.2 445 0.6 345 200 0.2
PA 7.2 0.1 33.3 0.4 41.6 24.3 0.3
Jaya PG 1.6 - 30.5 0.8 - 36.5 322 -
LPC 1.0 - 39.1 0.1 33.0 270
LPE 1.0 - - 44.2 0.6 296 254
APE 08 - 33.2 0.6 - 336 328 -
PC 36.0 0.3 0.1 25.1 1.2 0.1 339 292 0.1
PE 278 0.3 0.1 47.3 0.9 0.1 306 206 0.1
PI 22.0 0.3 0.1 44.0 0.3 0.1 38.6 16.5 0.1
PA 9.6 0.9 0.1 31.3 0.6 0.3 44.2 221 0.5
Madhu PG 14 - - 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 - 346 319 -

@ All values are means of three replicate analyses.

bpc, Phosphatidylcholine; PG, phosphatidylglycerol; PE, phosphatidylethanolamine; LPC, lysophos—
phatidylcholine; PI, phosphatidylinesitol; LPE, lysophosphatidylethanolamine; PA, phosphatidic acid; APE,

acylphosphatidylethanolamine.
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phospholipids regardless of the variety.
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