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TECHNIQUE FOR EVALUATING FRYING OIL

No single test can thus be expected t o reflect the t o t a l
decomposition pattern or t o determine, accurately and
precisely, a sharp "endpoint" beyond w h i c h the frying
oil is t o be rejected. The accuracy and/or precision ob-
t a i n e d if two tests are used, as proposed above, will
naturally depend on the accuracy and precision of t h e s e
two tests.
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& I n d i a n Ricebran Lecithin
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In view of the high potential of ricebran oil in India,
lecithins recovered from crude and dewaxed Indian rice-
bran oil were analyzed and different classes characterized
with the objective of effectively utilizing this valuable
by-product. Lipid classes and individual phospholipid
components were identified and estimated. Dewaxing was
found to have a considerable effect on composit ion of the
derived lecithin. T h e lecithin obtained from crude or
dewaxed Indian ricebran oil consisted mainly of phospha-
tidylcholine, phosphatidylethanolamine, phosphatidyl-
inositol and triglycerides, along with carbohydrates, free
f a t t y acid, sterols and w a x e s (in case of crude oil). T h e
major fatty acids of individual phospholipids were found
to b e palmitic, oleic and linoleic. Analytical characteris-
tics of ricebran lecithin were shown to b e comparable to
local soybean lecithin. I t can be expected that the gummy
materials in the oil, presently lost with the soapstock dur-
ing refining, could find important applications.

Some 0.15 million tons of ricebran oil are recovered in
I n d i a annually, and the untapped potential is a b o u t four
t i m e s this figure (1). The present potential of ricebran
lecithin {which amounts t o roughly 1% of the oil) is ap-
proximately 6,000 tons; this will rise with the planned in-
creases in rice production. The objective of this investiga-
tion was t o assess the suitability of upgrading this highly
valuable by-product of ricebran oil t o edible g rade . Since
all lecithin used in India is imported, this locally produced
product would be attractive.

Egyptian workers have studied the phospholipidrange
{1.2-1.94%} of local solvent extracted ricebran oils and
composition of the isolated lecithin (2). F a t t y acid com-
positions of t o t a l phospholipid and cephalin and lecithin
fractions were determined.

The objective of the present study was t o determine
more completely the composition of ricebran lecithin.
Lecithin obtained from c r u d e and dewaxed ricebran oil
of Indian origin was analyzed for the different lipid classes
present. Each class was identified by different techniques
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and estimated. S ince phospholipids constitute the most
important class, the phospholipid components were fur-
ther resolved, identified and quantified u s i n g TLC
techniques.

F a t t y acid compositions of the t o t a l lecithin and each
individual phospholipid also were determined. Finally,
analytical characteristics of ricebran lecithin were deter-
m i n e d and compared with t h o s e obtained with local soy-
bean lecithin and with U.S. specifications.

MATERIALS AND METHODS

A commercial ricebran oil I obtained t h r o u g h Hindustan
Vegetable Oils Corporation Ltd. was used throughout the
investigation and had a phosphatide content of 0.6%
(AOCS Method} (3).

The oil d r a w n from ambient temperature s t o r a g e
{30-33 C) was centrifuged t o r e m o v e impurities like
sludge, mucilage, tissue particles and fibers.

For dewaxing, the clarified oil was mixed with n-hexane
in 1:1 r a t i o (v/v) and kept at 10 C with occasional mild
stirring for 4 hr, filtered free of wax, and the oil desolven-
tized (4).

TABLE 1

Composition of Ricebran Lecithin (wt %)

From crude oil From dewaxed oil

Phosphatidylcholine 20.4 23.1
Phosphatidylethanolamine 17.8 20.2
Phosphatidylinositol 5.8 6.6
Other phosphatides 9.4 10.8
Trig|ycerides 39.2 35.2
Wax 3.1 --
Carbohydrates, sterols, FFA 4.0 3.8
Moisture 0.3 0.3

'Characteristics of the oil: acidity, expressed as % oleic acid, 8.4;
color (1/4" cell, Lovibond), 1.2 R/18.0Y; fatty acid composition,
myristic and lower, 0.5, palmitic, 16.5, stearic, 1.5, oleic, 44.5,
linolenic, 36.0, linolenic, 0.1, others, 0.9 (wt %).

JAOCS, Vol. 63, no. 10 (October 1986)



1368

S. ADHIKARI AND J. ADHIKARI (DAS GUPTA)

The clarified and dewaxed oil was next h e a t e d t o
5 0 - 6 0 C, hot water (95 C) a d d e d (the a m o u n t b e i n g close
t o the phosphatide content, max. 2%, v/v} and stirring
continued at 250-300 rpm for 10-15 min at the same
temperature. Hydrated phosphatides were r e m o v e d by
centrifugation of the oil-water m i x t u r e at 2000 rpm
(RCF X g = 700) for 10 rain.

Composition of lecithin obtained from ricebran oil. The
crude lecithin (50-60 mg) was separated into lipid classes
by preparative thin layer chromatography (TLC) on silica
gel G in band form u s i n g hexane-diethyl ether-acetic acid
(80:20:1) (5). The components were identified by compar-
ing Rs values a g a i n s t standard samples and by reaction
with various spray reagents. Identified components were
eluted with chloroform:methanol:ether (1:1:1, v/v/v),
desolventized and weighed. Compositions of the crude
lecithins obtained from both c r u d e and dewaxed oil are
shown in Table 1.

Separation and identification of phospholipids. The
acetone-insoluble portion was precipitated from the crude
lecithin by the standard m e t h o d of Cocks and van Rede
(6). The precipitated phospholipids were further purified
by column chromatography.

Identification of resolved phospholipids using spray
reagents. The isolated phospholipids were resolved by
silica gel TLC of the m i x t u r e u s i n g either (a) chloroform-
methanol-water (65:25:4); (b) chloroform-methanol-28%
ammonia (65:25:5), or (c) chloroform-methanol-acetone-
acetic acid-water (6:2:8:2:1). Spots were visualized u s i n g
the following spray reagents: (a) iodine vapor, revealing
all lipid materials; (b) ammonium molybdate-percholoric
acid reagent, specific for phospholipids; (c) ninhydrin
specific for amino-groups, and (d) Dragendorff's reagent,

specific for cholines (Fig. 1). The phospholipids were iden-
tified from the response of the spots t o the spray reagents
and by comparing their R~ values with literature data (5).

Identification of phospholipids from hydrolyzed prod-
ucts. Different phospholipid classes were subjected t o
s t r o n g acid hydrolysis for the liberation of b a s e s and
glycerol or inositol, so as t o have further confirmation
r e g a r d i n g identity of the phospholipids. The hydrolytic
products were identified u s i n g TLC and compared with
literature R/values.

Quantitative separation. Phospholipids were separated
into individual classes by preparative TLC (Silica gel G,
0.5 mm, CHCL3-MeOH-H20, 65:25:4). B a n d s were visu-
alized with iodine vapor, scraped off from TLC plates, and
extracted u s i n g solvent (2:1 CHC13-MeOH). The solutions
were filtered, desolventized and phospholipid components
determined gravimetrically (Table 2).

TABLE 2

Individual Phospholipid Composition of Phosphatides (wt %)

Ricebran Indian soy
phospholipids phospholipidsa

Phosphatidylcholine 38.0 34.8
Phosphatidylethanolamine 33.2 23.6
Phosphatidylinositol 10.9 33.8
Phosphatidylglycerol 8.6 4.5
Lysolecithin 5.7 2.8
Phosphatidic acid 3.6 1.5

aUnpublished data.
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FIG. 1. Thin layer chromatogram of phospholipids. Spots 1 and2,
dewaxed ricebran oil; spots 3 and 4, Indian soybean oil. Solvent
system 65:25:4, chloroform-methanol-water. Ammonium molybdate
detection agent; charring, 120 C.

TABLE 3

Fatty Acid Composition of Ricebran Oil Phospholipids

Fatty acids (wt %)

16:0 18:0 18:1 18:2 18:3

Phosphatidylcholine 46.0 4.8 38.3 10.4 0.5
Phosphatidylethanolamine 24.7 2.6 17.4 55.0 0.3
Phosphatidylinositol 27.9 3.2 20.8 47.9 0.2
Phosphatidylglycerol 25.1 3.5 20.4 50.5 0.5
Lysolecithin 47.2 4.9 31.6 15.0 1.3
Phosphatidic acid 11.8 4.3 39.8 39.7 4.4

TABLE 4

Fatty Acid Compositions of Commercial Ricebran
and Soybean Lecithin

Fatty acids (wt %)

16:0 18:0 18:1 18:2 18:3

Ricebran 18.1 4.0 42.8 33.6 1.5
Soybean 10.8 3.9 24.2 54.8 6.3
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TABLE 5

Character is t ics o f Ricebran Lec i th in and I n d i a n Soybean Lec i th in
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U.S. soy lecithin
Analysis Indian ricebran Indians o y b e a n specification

Acetone-insoluble ~%} 63.0 65.0 62 {min}
Moisture {%1 0.3 0.5 1 ~max)
Benzene-insoluble (%} 0.1 0.1 0.3 {max}
Acid value, expressed as % oleic acid 20.8 27.0 30.0 {max}
Color Comparable to imported 10 {max)

soybean lecithin on Gardner scale
Viscosity, poises at 25 C Matches that of imported 150 (max}

soy lecithin

F a t t y a c i d c o m p o s i t i o n . Crude lecithin and its various
phospholipid components were converted into methyl
esters of fa t ty acids b y trea tment with 0.5M sod ium
methoxide in methano l for a b o u t 30 min a t 50 C {7}.

Fa t ty acid compositions were determined u s i n g a
Varian 3700 gas-liquid chromatograph with flame ioniza-
tion detector. A 6-ft by 1/8-inch stainless s t e e l column
packed with 3% E G S S - X supported on A e r o p a k
30{80/100} was used. Oven temperature was maintained
a t 160 C. In jec tor and FID temperatures were 200 C and
230 C, respectively. Carrier gas {N2} flow rate was 25
ml/min. The weight percentage of different fa t ty acids
was calculated with a compute r data s y s t e m CDS 111
{Tables 3 and 4}.

A n a l y t i c a l e v a l u a t i o n . Acetone-insoluble and benzene-
insoluble materials , moisture, and acid va lue were deter-
mined fo r the lecithin p roduc t obtained from dewaxed
ricebran oil by published me thods 16}. Corresponding
values for lecithin produced from Indian soybean oil were
compared. Color and viscosity of the p roduc t were com-
pared with those of a n imported soy lecithin sample
{Table 5}.

RESULTS A N D DISCUSSION

Dewaxing o f c rude r icebran oil has a considerable effect
on composition of t h e lecithin product der ived b y hydra-
t ion . Crude undewaxed oil yields a lecithin containing
about 3% wax iTable 1), which is absent in the lecithin
obtained from dewaxed oil. Fur ther , the triglyceride con-
tent is sl ightly g rea te r{39.2%} in t h e lecithin from crude
oil t h a n t h a t {35.2%} from dewaxed oil. The t o t a l phos-
pholipid content is considerably {7.3%} lower in t h e
lecithin derived from crude oil. The lecithin p roduc t from
dewaxed oil has increased phospholipid proportions:
phosphatidylcholine, 23.1%; ethanolamine, 20.2%, and
inositol, 6.6%. The appearance of lecithin improves con-
siderably by dewaxing the oil.

Phosphatidylcholine ~lecithin} I38:0%) and ethanol-
amine {cephalin) {33.2%} are the major phospholipids
present {Table 2}. L e s s e r phospholipids present are phos-
phatidylinositol {10.9%}, phosphatidylglycerol {8.6%},
lysolecithin 15.7%} a n d phosphatidic acid 13.6%}. The
phosphatidylinositol content o f ricebran lecithin is 10.9%,
compared t o 33.8% in Indian soy lecithin {unpublished
data}.

The major fa t ty acids in all the phospholipid classes are
palmitic, oleic and linoleic {Table 3). Palmitic acid is high

in phosphatidylcholine and lysolecithin, followed by oleic
acid. The linoleic acid contents of phosphatidylethanol-
amine, phosphatidylinositol and phosphatidylglycerol are
in t h e range o f 47.9 to 55.0%, and those of oleic acid 17.0
t o 20.8%. Phosphatidic acid contains less palmitic acid
t h a n the o t h e r fractions, a b o u t 40% each of oleic a n d
linoleic acids and 4.4% o f linolenic acid, a considerably
h ighe r figure t h a n in the o t h e r fractions {0.3-1.3%}
{Table 4}. This commercial r icebran lecithin has a h ighe r
proportion of sa tu r a t ed acid {22.1%1t h a n does Indian soy
lecithin {14.7%}. The o t h e r major differences in fa t ty acid
composition are h ighe r percentage of oleic acid {42.8%,
24.2%} and lower percentage of linoleic acid 133.6%,
54.8%} in r icebran t h a n in soy lecithin. The lower level
of linolenic acid {1.5%, 6.3%} should give ricebran lecithin
grea te r resistance to autoxidation and development of off-
flavors than soy lecithin.

The analy t ica l characteristics of Indian r icebran a n d
soy lecithins are comparable. Both conform t o U.S.
specifications for soy lecithin.

It appears t h a t the g u m m y materials containing
valuable phosphatides, which presently are lost in t h e
soapstock when cruder icebran oil is refined, have poten-
t ia l t o b e upgraded to commerciallecithin for useful food
and non-food applications.
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