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Abstract

Oxidative changes in the rice lipids under accelerated condition were studied by measuring
the changes in weight gain, total carbonyl compound, malonaldehyde, and fatty acid compo-
sition. Rice lipids were prepared by extraction with either n-hexane or ethanol from polished
rice grain and purified by Folch’s method. The lipid preparations were either incubated in
dark at 40°C or irradiated with ultra-violet light for a period of 55 days. Weight gain by
oxygen absorbed sharply increased within 3 days in the rice lipids under UV light irradiat-
ion. However, with the rice lipids at 40°C incubation a moderate increase in weight was
observed only after 45 days storage. Their induction periods were one day (hexane extracted,
under UV light), 2 days (ethanol extracted, under UV light), 30 days (hexane extracted,
at 40°C), and 40 days (ethano! extracted, at 40°C) respectively. Oxidative rancid odor
appeared at the end of the induction period. Total carbony! compound and malonaldehyde
markedly increased within 7 days, and decreased in the rice lipids under ultra violet light
irradiation, while at 40°C incubation they were continued to increase slowly through out
the storage. The hexane extracted lipid were less stable than ethanol extracted lipid on the
basis of oxygen absorption, malenaldehyde and other carbonyl compound formation. With the
hexane extracted lipid during 55 days incubation at 40°C, the contents of linoleic and linol-

enic acids decreased, while the oleic, stearic, and palmitic acids increased.
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Table 1. Analytical data of the polished rice sample

Component : Percent (%)
‘Moisture l 13.8
Ether extractable [ 0.60
Chloroform-methanol (2: 1) 0.75
extractable
Total nitrogen 1 1.20
Ash ‘ 0.50

2] N, bubbling-g& 2047 #sted w3l
WEERE BESA .
2. RBHE

7b. Bkte) AR

Skiol B/BE Fig. 13 ol AAss, HET 2E
5°Cz 479 B2 2@ A% A=, 94 0.5em 3
w9 $AE g9 BilRdA A2 RBEAS 4K
SEEo] 14.040.2%7 2 Az AzAZ. o8
Zro] WIEET W 4 2,000g 4 & 2@ KMETE
wo] Y3, ool FHEE KK 4,000miy Y E

rie
g
fid
i

Rice !

|

i
Selection & grading

Washing (with 5°C watér, 2 times, within 5 min)

Drying {with electric fan, at room temp, final moist. cont.: 14.070.2%)

Extraction (Ethanol or n-hexane, for 72 hr)

Filteration

l

| ——— i
| .
| Extracted rice |

Extracts [
N

{
Purification (by Folch’s method)
|

Lipid |

Fig. 1. Sample preparation
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Table 2. Amounts of rice lipid fractions extracted from the whole grains by solvent immersion

| . e Total Extraction rate to
Treatment | Non-lipid (%) Lipid (%) extractable (%) total c?;/;igz fat ®
n-Hexane 0.003 0.410 0.413 68.8
Ethanol 0.040 0.342 0.382 63.6

a: By Folch’s purification method

b : Ethyl ether extractable, obtain from rice flour (60 mesh)

Table 3. Fatty acid composition of the polished

Table 4. Operating condition®"for gas chromatog--
raphy

rice lipid preparations (wt %)

Hexane | Ethanol

| extracted | extracted
Miristic acid, Cyu:o 0.30 1.27
Palmitic acid, Cie:0 17.60 17.70
Palmitoleic acid, Cie:q 0.49 0.60
Stearic acid, Cis:0 1.85 1.12
Oleic acid, Cis:y 32.50 32.10
Linoleic acid, Cys:, 46.20 46.60
Linolenic acid, Cis:3 1.06 0.61
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irradiation and incubation at 40°C
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Hexane extracted ! Ethanol extracted
Days

uv 40°C ] uv 40°C
1 0.9R)@ ¢ 10.2 0

2.0 — 0.6(R)@® —
5 3.6 0.1 2.9 0.1
10 1.2 — 3.8 —
15 4.1 0.2 3.9 0.1
30 4.2 0.5 3.9 0.3
45 — 1.1(RY @ — 0.7
50 — 2.0 P — 0.8(R)
55 — 3.7 | — 1.5

o 1 0 |2 10

a : 200 mg of samples of rice lipids

b : UV light irradiated, 40°C incubation

¢ : The induction period was the time(day) required
for the sample to gain 0.5% in weight

d : R, definit rancid odor

e : Weight gain, 4 mg/100 mg substrate
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UV light irradiation and incubation at.
40°C
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Fig. 4. Malonaldehyde production during autoxi-
dation of the polished rice lipids under
UV light irradiation and incubation at

40°C

Table 6. Changes in fatty acld composxtmn of

A d9 ¢ T4 FHG 3 A
& fed, ol carbonyl {L4Mpe]l 4ol peakd
ol % ¥ A%A MILREA o8 BBE-HE -5
B Fo2 2 At 2255 A Eoln, olze] &R
2ax @A Zr] HEelHz LK€, ot L
ENE BHEHMED A% F2% #Hmst ¥de Fig. 2
o BEWKA o BEEHBRFIAET A2 i
7k,

& FERE 36E) ethanolfifiilifol 4 B.okx hexane
R A Bl ©l el o of wia B{LEETT

w2} carbonyl (&% 2 EBHERIKBFig. 2 3zx) o
FeE Rl 2 9l xv], o] linolenic acid(Cyg:3)2]
§rekol hexanefliliihifiol 4 =& ¥4 °M 2} (Table 3

ZAz) kR HBLHHES HHFRC MlsEd <
2t HRY Aolns FARMLIFHA Moz 4% &
Rol ohdrt 4% .

3. EEMEAR Wt

Hexane o & i # %9 i 359 @
ﬁE(40°C Al A 55 B2k, % Fig. 2014 BRIk 931

of Fakol WA Fd Fo EbmiE)dl AR IRY
AN S $32 A3, Table 6 @ Fig. 58 7.

fhiiE %o HBV@@B‘Q palmitic acid7} 17.69%, oleic
acid 7} 32.5% =2.2] 3 linoleic acids} 46.2% 5 4 Z4%9)

the pohshed rice hpxds durmg storage &% (wt %)

.
RET

Clﬁ 1]

—

Cm 1
17.60
32.30

0. 49

55 days 1.70

0.41 |

| e |

‘ 1.85

C18 1

32. 5
48.00

106

T

46.20
5.22

12.37

a: Hexane extracted lipid

96% o4& AAd Q. olud HRE
acid 38.8%, linoleic acid 18.0% & B % Lugay® S o
WA HEY 28 Qo WuWd Yasumatsy@
T WA A28 HUY mEs oz gd. @
40°Coll 4] 5587 A A3 B{LIEE-L palmitic acid 32.
3%, stearic acid 5.22%, oleic acid 48.0% =24 % =
Fol w3t @A8 Frlstdc. Kol linoleic acid:
46.20%90 A 12.37%% 2A BAHG oo HmHE®
1.06% 78ty linolenic acidx: trace & /bstolc}.
-ol e HRE —Hfo & linolenatel= linoleatex ct
1.5~2f%, == oleate X.o} 16~254% w2l Mftd
%5002 v 3o vol, hexaneo T iM% il
40°Col A 5587 thin film (0.3~0.6 mmA £ 9 F
AVREBE A Zad ELA st XRKkte linolenic
9 linoleic acid® KR F& - EHEvc AL
it & 4 Qosl, T ER AN o9
22 3A ¥pudon KEH=E oleic acid $o} #m

[ oy

palmitic

e

e

El

b: Stored at 40°C

CHRESH POUISHID R.CE LpiD

,,
i

Cis 2
RN N

i - e
Con 1124 sl g :
N SO A N, VAL Y

- - 1 -
2 a0 ) 3o 35

OXIL.ZED

PCLISAED RICE Li9 2 .
avi oAt oovaTa Sow

\ Cian AT

AN ! \/\___x / v

26 25 s
FETENTION TIME. WINUTES

\
‘LCiO 3

.;5

Fig. 5. Gas chromatogram for methyl esters of
polished rice lipids



Vol. 4, No. 3 (1972)

oz 48"

AREGo] A9 7ol kol A RHHT GlEE BB
Franstel BEEETESY RIFME 298 #RT IR
A BEsS 2agon, 3¢ 2dE FREE, B
T Aol A FHET s MEEERS BLE 48 2
A}, LIHEWAA 22z HWEES T2 ERRNE
F¥o) A 27 linoleic D linolenic acid & HABI&E
ot w . ol 2 HEE KEolA HHT 2
mige mibEe] 4ol afiss v & WmiEFES o

60~70% (Table 2 R z)ol sk} MMHMES BLigie
Az FPSSE & 5 40
2 9

Hexane 3 ethanol& FifBsted 294 CkE) 2 9
HE S Folch’s Hiol el Rgisls, ol &%

%“f«%ﬁ%‘—

SHEES == 40°CEEFTel A abel Amfgel ML
e Srpmes 4s ¥ oo, e e $HRE A
2wk

1. EEnikd 98 BERMMESS #AREHA 9
shel, BE 33 LRl dAT EREEMN (TR ZBER
9 0.6% <14)F Bdov, 40°CaERlAE 45 R Ll
#el vz AANY BEEIMOL A BEAEHN F
MR hexane M BAREHAAE L H,
40°CHERTol A & 30H 019l =, ethanol iR 5+
BREN AL 28, 40°CHERol A+ 40813129, he-
xanedhH iig T ethanoliitihit v ot 2 L@kl ot
wrotel, @ 2 A w3 e FEMARR S 4 %
A EQl =gt

2. &Mz #carbonyMb {4 % malonaldehyde
(M.ADS BibE 25 3w, BABEHEN A £ carb-
onylE7t 2~4HA, MA. £ THGEA 2AKE #47
S ol Fod7t g4 wsEdz, 40°C BERTel &
= carbonyl f ¥ M.A. A& 48] 55H7HA] KT
f#inst A =t

3. A Ao ¥ol hexane i iHAE7} ethanolfhiii
e g Bl o ko ol MEFMER 2 K
R HECWEY FEd AT wigkes 8=
o, s SARESE o=l g = i whils
9 mEE FA3 REAANT A

4. Hexaneo] ol&f Hii®l Smifis MlEHS 40°C
559 7t FrREEEE S o MRESEEER S 47 £ vl linoleic
2 linolenic acid 7} HA 3 WPz, HEMCE

.oleic, stearic, palmitic acid %o} i@pneld .

BRG] 9 stel mE 2oke) MEMSS Mt

(211)

1) Houston, D. F., Hunter, I. R. and Kester, E.B.: J.
Agr. and Food Chem., 4 (11), 964 (1956).

2) Houston, D. F., Hunter, I. R,, McComb, E. A. and
Kester, E. B.: J. Agr. and Food Chem., 2 (232,
1185 (1954).

3) Lee, T.C., Wu, W.T. and Williams, V. R.: Cereal
Chem., 42, 498 (1965).

4> Yasumatsu, K., Moritaka, S. and Wada, S.: Agr.

Biol. Chem., 30 (5), 483 (1966).

Folch, J., Lees, M. and Sloanestanley, G.H.: J.

Biol. Chem., 226, 497 (1957).

6) Am. Associ. of Cereal Chemists’: Cereal Lab.
Methods(6th ed.), Am. Associ. of Cereal Chemists’,
Inc., St. Paul (1962).

7) ReRdE, AUfE : mLB®(BE), 14, 167 (1965).

8) Tarladgis, B. G., Watts, B. M. and Younathan, M.
T J Am. Oil Chemists Society, 37 (1, 44 (19
60).

g) Oleott, H. S. and Einset, E.: J. Am. Oil Chemists’
Society, 35 (4), 161 (1958.

10) Metcalfe, L. D., Schmitz, A. A. and Pelka, J. R.:

Anal. Chem., 38 (3), 514 (1966..

Sallee, E. M.: Official and Tentative Methods of

the Am. Oil Chemists., Society (2nd ed.), Am. Oil

Chemists’ Society, Chicago (1964).

12) BEACEEE  WHCEHBOH 9, AERAEIL,
B, 13 (1965).

13) Lugay, J. C. and Juliano, B. 0.: J. Am. Oil
Chemists’ Society, 41, 273 (1964.-

14) Wu, W. T. and Williams, V. R.: Proc. Rice Tech-
nical Working Group, Houston, Texas, Feb. 21~
23, 26 (1962). (Houstin, D. F. and Kohler, G. O.:
Nutritional Properties of Rice: N.A.S. Washington,
20 (1970)>.

15) Lundberg, W. O.: “Mechanism”,
Foods: Lipid and their oxidation, Schultz, H. W. et
al ed., the AVI Publishing Co.,
36~42 (1962).

16) BME, &H® : ¢34
971).

17) Kummerow, F. A.: Fats and Oils, in Proceedings
of Flavor Chemistry Symposium 1961, Campbell
Soup Company, Cadmen, pp.109~115 (1961).

w
N~

11

-

in Symposium on

Inc., Westport,

Za435 7, 3(3), 178 (1



(212) 4% 4.3 9 9 @34 385 A

18) Swern, D.: “Primary products of olefinic autoxi- 20) R : {L83F Tk 4, 8(2), 137 (1968).
dations,” in autoxidation and antiozidants (II), 21) Yasumatsu, K. and Moritaka, S.: Agr. Biol.

Lundberg, W. O. ed., Interscience Publisher, New Chem., 28(5), 257 (1964).
York, pp.44~45 (1961). 22) Kawahara, F. K., Dutton, H. T. and Cowan, J..
19) Kwon, T. W. and Watts, B. M.: J. Food Sci., 29 C.: J. Am. Oil Chemists’ Society 29, 633 (1952)..

(3), 294 (1964).



