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Abstract

8Bix reagents (water, citric acid, phosphoric acid, oxalic acid, acetic aphydride and maleic
anhydride) were evalunated for their effectiveness in degumming rice bran oil. All chemical
reagents tested were found io be sigrificantly more effective than water in removing
rphosphatides from crade rice hram oil. Especially acetic anhydride and phosphoric acid were
effective i reducing phosphorous levels (32.5% and 93.83% removal, respectively). Nonhydratabie
phospholipids, lysophesphatidyi choline, were removed more effectively by the chemical
reagents than by the water degumming. The major phosphelipid(PL) components were
phosphatidyl choline. Oleie, linoleic and palmitic acids were the major fatty acids of PL in rice
bran acetone insclubles(Al). The Al recovered by acetic anhydride degumming produced the
most stable emulsions. However, the Al obtained from phosphoric acid or oxalic acid treatments

had very poor emulsifying properties.

Kev words: rice bran oil, de ing reagents, lecithin, acefone insclubles
4

INTRODUCTION

Commercial lecithin is a complex of phosp-holi-
pids (PL), glycolipids (GL), neuiral lipids (NL) and
non-PL compounds obtained during the refining of
erude vegetable oils. Lecithin is used in foods
primarily as emulsifer. Because the surface active
properties of lecithin depend on its composition as
well as physical structure, the degumming efficien-
¢v of various reagents could modify the PL compo-
sition to a point where ernulsification properties
are affected.

The PL compositions of sovbean®?, sunflower?,
canola? ?, rapeseed” and rice bran lecithing® have
been reported. Very few papers, however, have
been published on the degumming reagents and
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conditions for rice bran 0il'? and on the changes in
composition of rice bran lecithin depending on the
degumining reagents.

The objectives of this study were to investigate
the changes in the composition of rice bran acetone
insolubles(Al) prepared with six degumming rea-
gents and to compare the emulsification potentials
of all prepared Al

MATERIALS AND METHODS

Materials

Crude rice bran oil was obtained from Shinyang
Rice bran Qil Co.. Phospholipid standards, phosp-
hatidyl choline (PC), lysophosphatidyl choline (Ly
PC), phosphatidyl ethanolamine (PE), phos-
phatidyl glycerol (PG), phosphatidic acid (PA) and
phosphatidyl inesitol (PI), were purchased from
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Sigma Chemical Co.(USA).

DPegumming

Crude oil was heated to 60T with agitation of
200rpm. The levels and procedures for adding the
degumming reagents were given by Diosady™. After
the degumming, the oil was cooled to 407C and
centrifuged 2,000rpm for 15min. The degummed oil
was separated from the gummy lecithin residue by
decantation.

Isolation of AI

Al were precipitated from the crude lecithin by
the method of ACCS™, PL in the AI were sep-
arated by silicic acid column chromatography'®,

Composition of phospholipids

The isolated PL. were separated into individual
PL components on silica gel G TLC plates(2004m
layer, Merck Co.) using chloroform-methanol-water
(65 : 25 : 4, v/v/v). The components were identified
by reaction with Dittmer and Lester spray reag-
ents™ and by comparing Rf values against stand-
ard samples.

The contents of individual PL were determined
by using the TLC Scanner (Shiamdzu Model CS-
900). The operational conditions were as following
slit 1.25 % 1.25mm, wavelength 540nm and refl-
ection by zig-zag mode.

Phosphorous analysis

Phosphorous in the crude and degummed oils
were determined using the AOCS method™.

Fatty acid composition

The fatty acids were rapidly methylated by using
BFs methanol solution™.

A gas chromatograph (PYE UNICAM model 4500)
equipped with a six-fi glass column{4mm ID.x
2m) packed with GP 10% SP-2330 on chromosorb
WAW(100-120mesh) was used for fatty acid
analysis. The oven temperature was maintained at:
2007 and the injection port and detector temp-
eratures were 250%. The flow rate of nitrogen
carrier gas was 50ml/min. Peak area was calcul-
ated with an integrator without consideration of
FID response factors.

Emulsification

0Oil and water emulsions were prepared by
dispersing 0.05% Al in 60ml soybean oil with
constant stirring and heating. Forty ml of water
was added to this mixture and the emulsion was
prepared by homogenizing for 5 min at 10,000 rpm.
After the emulsions wer stood for 60 hours in room
temperature, phase separation was measured us-
ing mess cylinder to obtain a relative assessment of
the emulsion stability.

RESULTS AND DISCUSSION

Degumming effectiveness

The efficiency of degumming was evaluated
directly by comparing residue phosphorous (P) in
the deguramed oils. The results show that all
chemical reagents used in this study were sig-
nificantly more effective than water in removing
from the crude rice bran oil (Table 1).

Table 1. Degumming effectiveness of various degu-
mming reagent

Degumming Reagent added ppr Pin
reagent (g/kg oil) degummed oil
Acetic anhydride 25 50
Maleic anhydride 2.5 55
Phosphoric acid 1.7 45
Oxalic acid 2.0 5
Citric acid 25 l 60
Water — ’ 120
Crude oil — 670

According to Smiles et al®. an effective degumm-
ing reagent showed reduced P content in degumm-
ed vegetabie oils to below 50 ppm. In our experi-
ment phosphoric acid and acetic acid treated rice
bran oil contained 45 and 50 ppm of phosphorous,
respectively. Accordingly, phosphoric acid and
acetic anhydride succeeded in producing acceptable
P levels in crude rice bran oil. Based on the total P
content of the crude undegummed oils and the sub-
sequent reduction of P with water degumming, rice
bran oils were shown to contain about 18% non-
hydratable PL (NHPL).

Quantitative TLC analysis of PL in AT

The TLC chromatograms of PL in rice bran Al are
shown in Fig. 1, and the relative compositions of
individual PL in A] are shown in Table 2.
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Fig. 1. TLC chromatogram of phosphelipids in
acetone insolubles degummed by various
reagents. 1:acetic anhydride, 2 ! citric acid,
8:maleic anhydride, 4 : oxalic acid, 5 :
phosphoric acid, 6 : water, PE : phasph-
atidyl ethanolamine, PG : phosphatidyl
glycerol, PC : phosphatidyl choline, PA :
phosphatidie acid, PI: phesphatidyl ino-
sitel, LPC : lysophosphatidyl choline.
Solvent system : chioroform-methanol-
water(65 1 25 : 4, viviv)

Table 2. Relative phospholipid composition of ace-
tome insclubles

' 7Degu.mming

,,,,,, Phospholipid (46)
__reagemt PR PG PC PA Pl LPC UK

Acetic anhydride © 102 39 511 43 177 103 25
Citric acid 1144 31 502 40 173 90 20
Meleicanhydride , 10.2 1.3 485 3.1 156 114 89
Oxalic acid (140 26 481 34 198 100 21
Phosphoric acid | 125 3.7 491 36 142 158 1.0
Water 111 45 504 39 152 55 04

PE : phosphatidyl ethanclamine, PG : phosphatidyl
glycerol, PC : phosphatidyl choline, PA: phosphatidic
acid, PI: phosphatidyl inositol, LPC : lysophosphatidyl
choline, UK. ; unknowns.

The resulis indicated that the chemical degum-
ming reagents did not greatly alter the PL profiles.
Phosphoric acid has been known for its ability to
promeote hydration of those PL consid-ered to be
nenhydratable (Lyso PC and PA). Also citric acid
was found to be significantly better than water in
removing PA from sovbean and sunflower oils®.

In the case of hydratable PL, all chemicals were

shown to be similar in PC removal. Oxalic acid was
the most effective among the treated reagents in
extracting Pl and citric acid in extracting PE.

~ These results showed that although the PL were
removed to a greater extent when using chemical
degumming reagents than with water (Table 1),
the relative compositions of the individual PL
components were not substantially changed.

When the PL compositions of rice bran Al were
compared to other oil seed Al using the results
from water degumming, PC content in rice bran Al
(48-b1%) was higher than those in soybean Al,
canola Al and sunflower AI (about 88-35%). This
result may be come from the fact that the band
identified as PC on TLC chromatogram was not a
sole band but a mixture band of PC and pho-
sphatidyl serine (PS). The fact that PS was cont-
ained in PL of rice bran il was also found in the
report by Ryu and Cheigh'®,

Fatty acid composition

The different degumming reagents did not affect
greatly the fatty acid composition of PL, but some
minor variations were noted (Table 3).

Table 3. Fatty acid composition of phespholipids in
acetone insolubles

Degumming ‘ - Fatty acid (%)

reagent ' 16:0 18:0 18:1 18:2 18:3
Aceticanhydride | 180 18 441 844 07
Citric acid 227 14 428 326 05
Maleic anhydride | 21.3 15 435 33.0 0.7
Oxalic acid i 24,4 20 418 3i5 05
Phosphoric acid | 234 17 44.1 304 34
Water [ 4 13 431 343 04

The major fatty acids of PL in rice bran Al were
oleic, linoleic and palmitic acid in decreasing order,
regardless of the kinds of degumming reagents.
When the fatty acid profile of PL from rice bran Al
wag compared with to those of other vegetable oils,
unsaturated fatty acid content was similar to those
of PL from soybean and sunflower Al (77-78%), and
the fatty acid profiles were similar to that of PL
from canocla Al (oleic acid 46.2%, linoleic acid 36.1%
and palmitic acid 11.3%)%.

Emulsification properties of Al

Emulsion stabilizing ability of rice bran acetone
insolubles degummed various reagents are shown
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Emulsion {%)

Degummming Reagents

Fig. 2. Emulsion{(80 : 40, oil/water) stabilizing abi-
lity of rice bran acetone insolubles degum-
med by various reagenis. AA : acetic anhy-
dride, CA : citric acid, MA : maleic anhydr-
ide, OA : oxalie acid, PA : phesphoric acid

in Fig. 2. The results show that Al obtained from
acetic anhydride produced the most stable
emulsions, Water, citric acid and maleic anhydride-
extracted Al produced emulsions with similar
stability, whereas the emulsifying properties of
oxalic and phosphoric acid-treated Al were gen-
erally poor, even though their PI. compositions
were similar to those other chemicals-treated Al
Smiles et alv, reported that charged anjonic PL (i.
e. PI and PA) are responsible for improving the
emulsification properties of the lecithin mixture.
This study, however, showed that the level of PI in
phosphoric acid-extracted Al was lower than that
found in water-degummed Al, while the level of PI
in oxalic acidtreated Al was significantly higher
than that found in water degummed Al The levels
of PA in all the degumming reagents-extracted Al
were not significantly different from one another.
The results of poor emulsion stabilities of exalic
and phosphoric acid-treated Al were in good agree-
ment with the report of Smiles et al". They thou-
ght that traces of phosphoric and oxalic acids were
not completely removed by twice acetone washings.
Therefore this study indieated that although the
PL. composition of Al did not vary dramatically,
emulsion stability was affected by the various
degumming reagents. Apart from the Al extracted

with water degumming, those Al recovered with
citric acid and anhydride reagenis showed poten-
tial as food grade emulsifying agents.
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