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Abstract

Microwave treatment was studied to investigate the antioxidant ability of rice hull and rice bran. The color
changes were related to the intensity of microwave and to the treated time on rice bran. However, the electron
donating abilities of rice hull and rice bran extract were not much affected by microwave intensity. Rice hull
extract treated with a 100 W microwave showed 80% inhibition of lipid peroxidation when fish oil was treated
with H202. Also inhibition activity against lipid peroxidation in rice hull is more stable than that of rice bran
when treated with microwave. Overall, rice hull extract showed better antioxidant activity than rice bran. It seems
that rice hull contains higher antioxidant components as well as the browning reaction products having anti-

oxidant activity during microwave treatment.
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AHEE] 2-thiobarbituric acid, butylated hydroxytoluene(BHT),
tannic acid, fish oil, 1,1-diphenyl-2-picrylhydrazyl(DPPH)
€ Sigma AHSt. Louis, MO, USA)Z®-¥ ¢3¢ i, mal-
ondialdehyde his(diethyl acetal)-2 Aldrich AHMilwaukee,
WI, USA), maleic acid, H2O»+= Junsei AHTokyo, Japan) #| &
4 2}-8-319 2, Tween 203 FeCl:¥ 2+ Shinyo AHOsaka,
Japan)®} Yakuri AHOsaka, Japan)¥] 1% AES +Y3}
of Aol Alg-stedc). 1o AGER 15 o142 AoF
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Microwave # 2]+ 714 & 1 2b#] <1 x| (RE-M20, Samsung
Co., Korea) & o] -&3}o] Z3(100 W, 200 W, 440 W)& =&
shod A 7hE (0%, 1%, 3%, 5%, 108)2 A5t}
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A A (CR-200, Minolta Co., Japan)-& A}-8-38to] = % (Light-
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Oil emulsion?| M=
0il emulsion-2 0.1 M maleic acid buffer(pH 6.5) 8 mLel|
B i}zﬂ(Tween-ZO) 50 uL, fish oil 0.5 mLE- 41 15%7F At
% KOH 0.02 g 27 150 mLE & 7}sle] awkslwd A
0.1 N HCIZ pH 657} %% ZAlstcH19).

HESAlE H=

214 9l 413LE 221817 3 AaF A E2A HOE
A3t7] ¢l 8] 40 mM H:00%, 02 & ¥ A A1 7171 48 50 ppm
FeClZ, - OHE Asl7] 98141 40 mM Hx0:2} 50 ppm
FeClyE 1: 12 4o A AH-8-3}31 oH(20). Oi] emulsion 0.5 mL
of A4aF A 0.1 mLe} ohekgt 279 kg ke
2% 01 mLE 7lste] 752 A A7 1 mLrt &4 A7t
31 E2TFE F2F dald & AHriste] Abgskslch
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Lo 10 mLE 7HeF ¥ 10 5 A&z, 1087 434
A 525 nmol| A FBEE 2 5k¢ o) AR 5L A8 Ao}
7o F3= FA)FH T FEE FBE 01%5}04
th-g Alof| A 2} ZFo] Alalsted W& 2 F A8 , Al
1 9le 4 d4siA el BHTE 23822 A}%—s}gj 5,
e AlRRE HolElA] o2 §9-8 AMg-Etelrt

EDA (%) = [(A-B)/A]x100

Thiobarbituric acid reactive substances(TBARS) &4
TBARSY 2 Buege}t Aust®] ¥4(22)¢l w2} 1 mL H&g
E§Eo] AMAA A AS 37°C FRAA 147 F &4
7]31 7.2% BHT 50 pL& A] 2o H7}sle] A8 A=
Al7]1 3, TCA/TBA A°F 2 mLE 7}ete] BE EolA 158
27N 7) F, FE A AE] AL 3,400 X goll 4] 1587 U4
%8 ¥ 532 nmelld F3x2E FAsch 249 ap4tst 4
7he A Abael o)) ks A Ao Ak E xR
niale] o7} A FEFo] oA 3= ¥ & EA % inhi-

bition> 2 }ebulig] o},

Z mi=gEr 3

Z A5 TS Gutfinger(23)9] 8-S M3 3le] 245
Ak 5 E 1 mLel 2% NaCO3$9 1 mL-& 7}38}e] 383}
Hkzl ¥ 50% Folin-Ciocalteau A2 0.2 mL& 7}t 30% 7t
A&l A vhA] skl et 13400 < g, 1087 A2l F 750 nm
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3 FAEe 2 A2 f A Bl == el ksl 53] Sl
HIE4A 2w g 5] AAEIE 3oh(24). velot=
uhg-o] A2 A == reductone TR EA L F41EH L
FYR) A qE, Féro] L B A AbgLE 2R 8k o] FH ] A A
< Bl = eH@25). =3 AT 9] F& A x| ule} Ao
EAsle 43 H o] Mg oiE Rax gluh26). £ AF
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Sl vl = F e 2A1sbr] Y3t A wsE 434
tH(Table 1). Aubd e 2 W x [Z2 microwave 3¢ ¥
7 Al Azte] S8 $HA 2 v} Bl A haE)
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AEZHE 2213 A 3HFig. 1), 200 We} 440 We] £33 2.8 A
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Z}z} 346559} 22.322 4 FAT AA7E SA =9 o whEkit A
<o) A=) o)) A2 AL v 7tel] M) % mi-
crowavet 200 W, 440 W] 281 & 2t & vjehdl= 4
o] WEtr} 2] Al zbel] vl 3lo] S8l 1, o] = vlefok
2 u}-2 A A Eo] microwave A2l E A} v]7}re] A3}
Holl Foidt 5 9158 AALT) 12, 440 Wl &3 o)
Al 5% ©]4] microwave M2l A9} w7k A FHolgd
W 2 Qg ®h3lE stk
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Microwave® ] 2]3}A] 92 75, 472 A} g 50|
76.52%2.4] w17+2] 70.18%¢l Bl & B} $-53F garslsS
veb ol ch(Fig. 2). 9 £3F BHT(10 mg/mL)94 R
91% 84 & Hebi gl Microwave A2l € 7% 9+A 9} vl
7t oAl 219 microwave 28 3} 22} A zbellA] A}
FodFe] A9 wWarh el

o] bzl ol Ao WAl FAEEAR] -
tocopherol® oryzanolel] 2}&3t= o2 ez k).

Table 1. Effects of microwave treatment on the color values of rice by-product

. Microwave Microwave treated Color value
Rice by-product power (W) time (min) L a b
0 70.60%£0.08 -2.65%0.06 19.83%0.10
1 70.84%0.31 -260%0.15 19.67£0.08
100 3 70.46%£0.05 -2.64%0.04 19.63+0.19
5 69.15+0.25 -2.42%0.08 20.03%0.14
10 70.43%0.26 -2.56%0.08 19.38+0.19
0 7060£0.08 -2.65%10.06 19.83£0.10
1 70.74%0.15 -2.59£0.01 19.45+0.14
. 3 68.95%0.19 -2.4210.08 20.26+£0.13
Rice hull 200 5 67.34£0.28 ~1.94+0.07 21.09%0.84
10 62.47%0.34 -1.03%£0.18 22.72+0.09
0 70.60%0.08 ~2.65+0.06 19.83:£0.10
1 69.16£0.14 -2.47%0.16 20.21x0.07
240 3 68.11+0.16 ~2.28+0.17 2119018
5 36.70£0.91 0.300+0.09 13.85+0.58
10 17.86+0.19 -0.69%+0.28 0.61£0.04
0 65.58+0.38 -297%0.12 19.69%0.11
1 65.30£0.28 -2.96%0.03 19.50+0.06
100 3 65.23+0.09 -2.78£0.06 19.26 =0.04
5 65.06%£0.13 -2.76+0.11 19.14*0.05
10 63.74*+0.19 -2.56*0.08 19.68*+0.16
0 65.58+0.38 -2.97%£0.12 19.69+0.11
1 62.1810.24 -253%0.17 19.80£0.04
Rice bran 200 3 63.80£0.26 -2.50%0.01 20.04£0.05
5 63.15%0.19 -2.22£0.10 20.21£0.15
10 54.09+£0.57 -0.47%*0.19 19.96+0.16
0 65.58+£0.38 297012 19.69£0.11
1 63.10+0.30 ~2.55%0.04 19.93%0.11
440 3 60.770.27 -1.69+0.16 20.76 £0.59
5 43.66L2.83 0.04+0.30 16.71£0.92
10 1867x0.51 -1.14£0.67 0.551+0.27
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Fig. 1. Change of A4E of rice by—-product extracts in color value.

O:100 W, [1:200 W, A1440 W
(a) Rice hull, (b) Rice bran
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Fig. 2. Electron donating activity (EDA) of rice by product extracted by methanol.
EDA (%) = [{A-B)/B]* 100, where A is absorbance at 525 nm of control, B is absorbance at 525 nm of sample.

C:100 W, [J:200 W, A1440 W
(a) Rice hull, (b) Rice bran.
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Fig. 3. Effect of rice by-products extract reacted with hydrogen peroxide (H:0:) on lipid oxidation in oil emulsion.

O 100 W, 10 200W, A 440 W
(a) Rice hull, (b) Rice bran.
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Fig. 4. Effect of rice by-products extract reacted with superoxide (Oz) on lipid oxidation in oil emulsion.

O 100 W, 0:200 W, A1440 W
(a) Rice hull, (b) Rice bran.
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(a) Rice hull, (b) Rice bran.

o}, z# v} 9|7 g microwavex Bl= O 2 59 7
Abstell tigt AA|H o vl £ gL vAS 4 5 Udd
th 100 W &3 2.2 M| g]& wolli= v Wiy} glod,
200 W2 A 3& doll = 5% o] F2 A 2] A 7ol A 7}4ks}
A Ho) FAB) FH4sd T, 400 WE A el 32 g 3
2] A7t upe} ZhAslohr) obA] Srhehe A S Hidd) of
+ microwave 2] & g} vl 7ol WAE ] 43} £l
2] #}3] 9} hatslH & shR = 2w vk B gt Ee QA2
AAA QA 3Fist5o) ‘3171}3}7“ W3t ghg o v gl

- OHell i3t sH4ksl o Al 52 7= 2| -2 4
& 36%, vl7-& 46% 2 A =gl o n, wl7}e]
3}%-& ¥ 9 oH(Fig. 5). 28} microwave 21?/]—4
ol Op ofl tfat Ao} f-ASHAl A H 4
Fo] A2 ubd 7o) A foll= 2EFHQ 440 W
3L o - OHell 3t pAks} g Al2jo] w5 i’ﬁ% Réii
2 & islet o= YA FH isovitexine] A
ZALel 93] A= - OHell W%} radical scavenger® 2}H-§
slod WM B R i Arbe}l A A FHeh28).

ooz ErlFg RALE9] §Ab3lFol thE microwave
2] 9 o 3kg A o) Al A 2 977 w7k e} micro-
wave ol dsle] kA3 AL s Mg e, ol |
# 8] 2] of kst EAeo] Fgol iy o m 54
i} o]2) 3k 43+ microwave M2 FA o] AL BALE
o] o] 84 thekEtE A%t 7H Wl o]-8d 4 deS
gt

lo
=

o
bl

2

Microwave 2|7} @743 AR 2 WAl st= A9 v
7Fe] FAEso VX E= 93-S A skl ek 100 W, 200 W,
440 W8 &% © 2 microwaves 3ty & o, 243} A

FAbEe garstee Wst 1031

(b)

60 t

Inhibition of lipid peroxidation (%)

10

Treated time of microwave (min)

radical ( - OH) on lipid oxidation in oil emulsion.

2] Al Zbel] wiesle] Zal-g Vel e A=) wWslr} Falks
Ak zelvh, gAY v 7ke] Aakged s AR W e
Al microwave @ ol s & W55 Ro)x]| ofghct B4
22%(HoOz, Oz, - OH)E A A A o] §-2] FAbstel g o
A e} w|7}e] ksl A S 2AR A3 Ak o2 9A
7} #1738 o} microwave Ao} kA S BHc} 53], H0;
of] tht shA ] A4S A AL )7k nisle] wf$- £A4] &
A=k o) 4e] AR 47} v wc gakst 24U o
o] grfrgte gy vAnc) £ HAF FikslsE& ey
a7, %%} microwave M 2] & s
= 2| 9k it E A & vhA] = 2 wkg A Eo] A Ee] o
78] 7-%-ell& microwave X 2]l sl & A 2] vk o
+& o F UMt #ebA, microwave A2 FAH LS FAG
oi7ke] dhakslag o] 43 71 Whlol o] 88 5 35S 9
13hc}.

o

d

o]
[A8

1. Cross, E.E., Halliwell, B.B., Borish, E.T., Pryor, W.A., Ames,
B.N., Saul, R.L. and McCord, J.M.:Oxygen radicals and
human disease (clinical conference). Ann. Intern. Med., 107,
526-545 (1987)

2. Adelson, R., Saul, R.L. and Ames, B.N. : Oxidative damage
to DNA : Relation to species metabolic and life span. Proc.
Natl. Acad. Sci., USA, 85, 2706~2708 (1988)

3. Fridovich, L : Superoxide radical : An endogenous toxicant.
Ann. Rev. Pharmacol. Toxicol., 23, 239-257 (1983)

4. Niwa, Y., Yoshiki, M., Koichi, I. and Tadshi, K.: Why are
natural plant medicinal products effective in some patients
and not in others with the same disease? Planta Med., 57,
229-303 (1991)

5. Niwa, Y., Kanoh, T. and Negishi, M. : Activation of antiox-
idant activity in natural medicinal products by heating, brew-
ing and liphilization. A new drug delivery system. Drugs
Exptl Clin. Res., 14, 361-372 (198%)

6. Kahlon, T.S., Chow, F.I, Sayre, R.N. and Betschart, A A.



1032

10.

11.

12.

13.

14.

15.

16.

17.

18.

: Related articles cholesterol-lowering in hamsters fed rice
bran at various levels, defatted rice bran and rice bran oil. J.
Nutr., 122, 513-519 (1992)

. Osawa, T., Narashima, R., Kawakishi, S., Namaki, M. and

Tashiro, T. : Antioxidative defense system in rice hull against
damage caused by oxygen radicals. Agric. Biol. Chem., 49,
3085-3087 (1985)

. Muramoto, G. and Kawamura, S.: Rice protein and anti-

hypertensive peptide (angiotensin converting enzyme inhib—
itor) from rice. Nippon Shokuhin Kougyo, 34, 18-26 (1991)

. Ramarathnm, N., Osawa, T., Namiki, M. and Kawakishi, S.

* Chemical studies on novel rice hull antioxidants. 2. Iden~
tification of isovitexin, a c-glycosyl flavonoid. J. Agric. Food
Chem., 37, 316-319 (1939)

Giese, I.: Advences in microwave food processing. Food
Technol., 46, 118-123 (1992)

Charles, R.B.: Microwave Cooking and Processing. Van
Nostrand Reinhold Publising Co., New York, p.5-53 (1993)
Mudgett, R.E. : Dielectric properties of foods. In Microwave
in the Food Processing Industry, Decareau, R.V. (ed.), Aca-
demic Press, Orlando, USA, p.15 (1985)

Datta, A.K. and Hu, W. : Optimization of gquality in micro-
wave heating. Food Technol., 46, 53-59 (1992)
Rosenberg, U. and Bogl, W. : Microwave thawing, drying, and
baking in the food industry. Food Technol., 41, 35-40 (1987)
Lee, S.B., Lee, G.D. and Kwon, J.H. : Optimization of ex-
traction conditions for soluble ginseng components using
microwave extraction system under pressure. J. Korean Soc.
Food Sci. Nutr., 28, 409-416 (1999)

Byun, MW, Lee, LS, Lee, K.H., Yook, H.S. and Kang, K.O.
: Changes of ascorbic acid contents induced from gamma
irradiation, heating and microwave treatments. J. Korean
Soc. Food Sci. Nutr., 28, 954-957 (1999)

Kim, EM. and Joo, K.].: Oxdative stability of fatty acids
and tocopherols in the fats and oils during microwave heat-
ing. J. Korean Soc. Food Nutr., 24, 234-241 (1995)

Rhee, ].S. and Yoon, H.N. : Stabilization of rice bran by mi-
crowave energy. Korean J. Food Sci. Technol., 16, 113-119
(1984)

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

WMAE - AR 2 Al E - TS ol

Blois, M.S. : Antioxidant determinations by the use of a sta-
ble free radical. Nature, 181, 1199-1202 (1958)

Lee, Y.J. and Han, J.P. : Antioxidative activities and nitrite
scavenging abilities of extractis from Ulmus devidiana. J.
Korean Soc. Food Sci. Nutr., 29, 893-899 (2000)

Bondet, V., Brand-Williams, W. and Berset, C. : Kinetics and
mechanisms of antioxidant activity using the DPPH - free
radical method. Lebensm.-Wiss. u.-Technol., 30, 609-615
(1997)

Buege, J.A. and Aust, S.D. : Microsomal lipid peroxidation.
In Methods in Enzymology, Academic Press, New York, Vol.
52, p.302-310 (1978)

Gutfinger, T. : Polyphenols in olive oils. J. Am. Oil Chem. Soc.,
58, 966-968 (1981)

Maria, C.N., Monica, A., Maria, T.P,, Silvia, F. and Carlo,
R.L. : Loss and/or formation of antioxidants during food proc~
essing and storage. Cancer Letter, 114, 71-74 (1997)
Monika, P., Francesco, R., Ursula, G. and Theodor, S. : Ass—
essement of the antioxidative and prooxidative activities of
two aminoreductones formed during the Maillard reaction
: effects on the oxidation of B-carotene, N “ -acetylhidtidiene,
and cis-alkenes. J. Agric. Food Chem., 46, 2945~-2950 (1998)
Nicoli, M.C., Anese, M., Manzocco, L. and Lerici, CR.:
Antioxidant properties of coffee brews in relation to the
roasting degree. Food Sci. Technol., 30, 292-297 (1997)
Chun, H.S., You, J.E., Kim, L.H. and Cho, ].S. : Comparative
antimutagenic and antioxidative activities of rice with dif-
ferent milling fractions. Korean J. Food Sci. Technol., 31,
1371-1377 (1999)

Ramarathnam, N., Osawa, T., Namiki, M. and Kawakishi,
S. : Studies on changes in fatty acid composition and con-
tent of endogenous antioxidants during y —trradiation of rice
seeds. J. Am. Oil Chem. Soc., 66, 105-108 (1989)

Barry, H. and John, M.C.G. : Free Radicals in Biology and
Medicine. Oxford University Press Inc., New York, USA,
p.17-21 (1999)

Chai, D.S. and Ko, H.Y.: Food Functional Chemistry. Ji-Gu
Publishing Co., Seoul, Korea, p.29-38 (2000)

(2001d 94 6 H)



