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Abstract

In the present study, the effects of heat treatments on the phenolic components and antioxidative activities
of various rice cultivars (from Hwaseongbyeo, Keunnunbyeo, Hongjinjubyeo, and Heugkwangbyeo) were
investigated. Each brown rice cultivar was heated at six temperatures (40, 60, 90, 120, 150, and 180°C) for 15
min. The total polyphenolic content (TPC) and total flavonoid content (TFC) of 70% ethanol extracts from heated
brown rice were quantified using spectrophotometrical methods, and antioxidant activities determined using
DPPH, ABTS radical scavenging activities and reducing power. Hongjinjubyeo had the highest TPC (6.50 mg
GAE/g, DB) and ABTS radical scavenging activity (5.85 AAE/g, DB) at 60°C. Also, Heugkwangbyeo showed
considerable values for TPC (6.57 and 6.89 mg GAE/g, DB) and ABTS radical scavenging activity (6.29 and
6.11 AAE/g, DB) at 40°C and 180°C, respectively. Overall, the antioxidant activities of both Hongjinjubyeo and
Heugkwangbyeo extracts had a strong positive correlation (R*>0.916, a=0.01) with TPC and TFC. These results
indicate that heat treatment effectively enhances the antioxidant activity of Hongjinjubyeo and Heugkwangbyeo.
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Table 1. Extract yield (%) of rice cultivars from different
heating temperatures

Heating temperature (°C)
Control 40 60 90 120 150 180

Hwaseong 2.08 222 213 20 209 198 192
Keunnun 3.71 321 439 404 403 354 369
Hongjinju 3.09 3.06 311 279 293 282 281
Heugkwang  3.32 3.67 345 344 337 332 351
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Fig. 1. TPC (total polyphenol content) (A), and TFC (total
flavonoid content) (B) of ethanol extracts from various rice
cultivars treated with different heat temperature. Bar data are
expressed as mean=standard deviation (n=3) on a dry weight
basis. HS, Hwaseongbyeo;, KN, Keunnunbyeo, H]], Hongjinju-
byeo; HK, Heugkwangbyeo. “Significant difference compared to
control group at p<0.05.
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AzZrAc), o] 3k A7 Ay Pinto bean® Black bean©]
At 19k 27 A boiling ¥ steaming A2 E A=

F ZY9E, & ZY R x9]Z, condensed tannin %
monomeric anthocyanin 3] Qo] FE7F HolS YeR)
AE Xu$} Chang(27)9] AFoNAME B8 4= YA

= EflHL0|E szt
SHEEol=Es Ao YA e JFEE
anthocyanidines, flavonols, flavones, cathechins flava-—
nones &I §A AAA o ] EAlste E2o|th E4F
250 IE FEEEY F IR wolE =Y FHFS
Fig. 1B9} o™, mg catechin equivalents(CAE)/100 g
dry basisZ YEMATH FEEES] F FetE=olE T
2 FAvQl TRF1H(134.35~187.08 mg CAE/100 g), 3%
¥ (141.75~190.79 mg CAE/100 g)oll A 34 ¥ (22.17~36.51
mg CAE/100 g)E o} Hu] 84 o]e] &2 ks B
s e} SR E 40°CAA] 12~1.79] ZetHE o]
= e S7HE B 3 ol 7tE REAdAME FEF
o] Zaidte IS B, FXFH A= 60°Coll A FA
ol B oP@l 40% AEe] frol#Ql SR o= §He
F7HE B ¥ AP 257 SRS fAastaet], ol
g Wizt Dol oFg dl= eSS0l 257t SRl wet
A A H7] WEo g AYZFETH20). B3 SFH = BE
dx g Toll A FA o] HE e FEE o= T
S7He BaL, SXIFH A e} mizrbA & 40°Ce] A
25 A ¢F 35%9] HET EetR ol FEFY FUME B
RTH7E 40°C ool exol = FHgol tha aste B
< Bk 28y 180°CY & &% A= S o
Aol £ ZERxol= gaFo] 190.79 mg CAE/100 g7}+A
S7ht BE AaT F 7P =2 @ YERAH ol
g Ades dA gl g3 T s ol UK AA
H B ert e SR olE FetEe] HluA ve 25
o] dxjgel ozt HA &HAY] WEoE YztEr
T3k Woo *(29)-4 AT AT wEH FEAEZ ALEH
e $3VI9He) JAAS PO FGEA
A% 53 AF Q@ Aol mae] F Feldl=
5 = gago) 3u) o] 73hsia, DPPHS
ABTS 20 2705 591 948 B4 £8 A 2499
£ RIS, Bep 2 AT W I Hd e
= T STEol=9] gFo] thEA

W3l ol f g % ﬂ}E} ME e A8 284S /AL

DPPH ZIC|Z A0S &M
A2 &0 wet MsE 2l s = Al
2ol Wats FeA Fdsty] skl delok U=t



538 HAL - eAE - AUF -

120

9 Econtrol H40°C  W60°C
= m90°C  @120°C O150°C
2 100 4
S B180°C . .
© R TR
@ |
o 801
£
j=2]
5
> 60 A
©
o
12}
8 40
kel
g .
T 4
I 20
o
a

04

HS KN HJJ HK

Fig. 2. DPPH free radical scavenging activity of ethanol ex-—
tracts from various rice cultivars treated with different heat
temperature. Bar data are expressed as mean = standard devia—
tion (n=3) on a dry weight basis. HS, Hwaseonghyeo, KN, Keu-
nnunbyeo; H]], Hongjinjubyeo, HK, Heugkwangbyeo. *Signifi-
cant difference compared to control group at p<0.05.
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Fig. 3. ABTS radical scavengin activity of ethanol extracts
from various rice cultivars treated with different heat tem-
perature. Bar data are expressed as mean=standard deviation
(n=3) on a dry weight basis. HS, Hwaseongbyeo; KN, Keunnun-
byeo; HJJ, Hongjinjubyeo, HK, Heugkwangbyeo. “Significant
difference compared to control group at p<0.05.
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Table 2. Correlation coefficients among total polyphenol con-
tent, total flavonoid content, DPPH and ABTS radical scav—
enging activities, reducing power of ethanol extracts from
unheated or heated rice cultivars

Correlation coefficient

Factor”

TPC TFC DPPH  ABTS RP
TPC -
TFC 0.995" -
DPPH 0.963"  0.944™ -
ABTS 0994 0984 0972" -
RP 0924  0916™ 0.893" 0925 -

1)TPC, total polyphenol content; TFC, total flavonoid content;
DPPH, DPPH radical scavenging activity; ABTS, ABTS radi-
cal scavenging activity; RP, reducing power.

“Significant at 1% level respectively.

0.994, a=0.01) B & EetH=ol=
A g e e

FHeE(R*=0.984, a=0.01)%}
£ 7FAa 91914, DPPH & Z &A%

o] &3 Fatsty I F E2]¥E([R=0.963, a=0.01) %
Ze}R o] =(R*=0.944, a=0.01)9} 23 AAAA A )
UTHTable 2). & 83z, T Sdtixcl= 33} S
o] FaaA w4 el 9101*1" z+z} R*=0.924, R>=0.916(a
=0.0D)9] Hlu 3 F2 FuAAE Yoy Sy
AR o] DPPHY ABTS 2@}tz &7 Sl B3] 2
ol b dojAle AaE B Hsd SEES
First a3E yehlie i< sgEs EAgd e

oot

i?L

o\t o

—

e

o |4

57 shetEe]l S71E st WA Frs) G40l T
7hek Aoz Az, kst S AREE I Al 7HA]
Furste AW At 2534 OE AFE Hole A
& Zhzhe] FAR AHE 71 e 540] thEa Y]]
FEEd EAste Farg 2N Heehs A¥AET @
& &g AATY AolE Holy] ez AYzten

ayy Al 7ER By ko] AadA B Aol B 4
Aol ABTS #4 A= DPPH ¥4 ZA#e9} R*=0.972,
) °Je:h+ﬁ R*=09259] && AAAS 110511 DPPH® 3} &
A FpA Wk R*=

o ok

B A Aol Histe] EEjls o] Holuar &
Aatelo] g FEQ ST F3E o] F Eejdls
g B s s 9 SAEY NES fst 9
How, ¢ B 7L e SeH o dxF
29 SHE P Mm BAstth B4 An FAFHe
% 2euE I 60°Ce) DA 2ol 650+0.32 mg
GAE/g(Ul 219 ¢F 23%)°.2 7 =9ka1, S3H & 40°C

9} 180°Ce) ¥ g] 7oA 27t 657 mg GAE/g(t)Z <]
oF 14%)3 6.89 mg GAE/g(ZF9] oF 20%)9] && &
Eaﬁﬂi"] ks el AT T3 G A8 E A3 AR
o g3 & Talrico|t I P garsl B W= A



g
(@)
g
N
rlo
o
ﬁ

BT FAo QN E F FelslE §F B Ao 4G
3w FRBAS HAE AL FAstAh AFHA
Be A7ave] mew Ao e wee 48] TR
9 @A Pl e 4P 2 Aol ehinz ¥ 4
BolA AL88 GAe) WES Fatel FAFH 2 Sy
PAEo] 43 F7H AW A7 Aok WS gn e
Aoz AR ey FF B Agold Hold AAe
asg o Ggd dxe W, L% @ GAe A7
of e ATE F7HHoR AYFIW U ARAOE f
Dye] Zelols P2 B 5 e A0 AZHM, o
98 AuE Fal FAYIE HFNY) ol8T 5 e Ty
B Uere A & 9 Aoz YzEn
ZAtel 2
B ATE 0IHE $EAEY FYAFARGY pE

A5HGAQ Aol 28 SE ATk

MO
ol

1. Choi HC, Oh SK. 1996. Diversity and function of pigments
in colored rice. Korean J Crop Sci 41: 1-9.

2. Hartley RD, Morrison WH, Himmelsbach DS, Borneman
WS. 1990. Cross-linking of cell wall phenolics to arabinox—
ylans in graminaceous plants. Phytochemistry 29: 3705-
3709.

3. Temple NJ. 2000. Antioxidants and disease: More questions
than answers. Nutr Res 20: 449-459.

4. Kim DJ, Oh SK, Yoon MR, Chun AR, Choi IS, Lee DH,
Lee JS, Yu KW, Kim YK. 2011. The change in biological
activities of brown rice and germinated brown rice. J
Korean Soc Food Sci Nutr 40: 781-789.

5. Dewanto V, Wu X, Adom KK, Liu RH. 2002. Thermal proc—
essing enhances the nutritional value of tomatoes by in-
creasing total antioxidant activity. J Agric Food Chem 50:
3010-3014.

6. Choi Y, Lee SM, Chun J, Lee HB, Lee J. 2006. Influence
of heat treatment on the antioxidant activities and poly-—
phenolic compounds of Shiitake (Lentinus edodes) mush-
room. Food Chem 99: 381-387.

7. Woo KS, Hwang IG, Noh YH, Jeong HS. 2007. Antioxidant
activity of heated licorice (Glyeyrrhiza uralensis Fisch) ex—
tracts in Korea. / Korean Soc Food Sci Nutr 36: 689-695.

8. Chandrasekara N, Shahidi F. 2011. Effect of roasting on
phenolic content and antioxidant activities of whole cashew
nuts, kernels, and testa. J Agric Food Chem 59: 5006-5014.

9. Turkmen N, Sari F, Velioglu YS. 2005. The effect of cook—
ing methods on total phenolics and antioxidant activity of
selected green vegetables. Food Chem 93: 713-718.

10. Seo SJ, Choi Y, Lee SM, Kong S, Lee J. 2008. Antioxidant
activities and antioxidant compounds of some specialty
rices. J Korean Soc Food Sci Nutr 37 129-135.

11. Velioglu YS, Mazza G, Cao L, Oomah BD. 1998. Antioxidant
activity and total phenolics in selected fruit, vegetables, and
grain products. J Agric Food Chem 46: 4113-4117.

12. Zhishen J, Mengcheng T, Jianming W. 1999. The determi—
nation of flavonoid contents in mulberry and their scaveng—

- F - o148 - gl R -

—_
w

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

o144

ing effects on superoxide radicals. Food Chem 64: 555-559.

. Tepe B, Sokmen M, Akpulat HA, Sokmen A. 2006. Screening

of the antioxidant potentials of six Salvia species from
Turkey. Food Chem 95: 200-204.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M,
Rice-Evans C. 1999. Antioxidant activity applying an im-
proved ABTS radical cation decolorization assay. Free
Radic Biol Med 26: 1231-1237.

Mau JL, Lin HC, Song SF. 2002. Antioxidant properties of
several specialty mushrooms. Food Fes Int 35: 519-526.
Kim D]J, Oh SK, Yoon MR, Chun AR, Hong HC, Lee ]S,
Kim YK. 2010. Antioxidant compounds and antioxidant ac—
tivities of the 70% ethanol extracts from brown and milled
rice by cultivar. J Korean Soc Food Sci Nutr 39: 467-473.
Sellappan S, Akoh CC, Krewer G. 2002. Phenolic compounds
and antioxidant capacity of Georgia—grown blueberries and
blackberries. J Agric Food Chem 50: 2432-2438.

Sohn HY, Kwon CS, Son KH, Kwon GS, Kwon YS, Ryu
HY, Kum EJ. 2005. Antithrombosis and antioxidant activity
of methanol extract from different brand of rice. J Korean
Soc Food Sci Nutr 34: 593-598.

Lee SC, Kim JH, Jeong SM, Kim DR, Ha JU, Nam KC, Ahn
DU. 2003. Effect of far-infrared radiation on the antioxidant
activity of rice hulls. J Agric Food Chem 51: 4400-4403.
Francisco MLLD, Resurreccion AVA. 2009. Total phenolics
and antioxidant capacity of heat-treated peanut skins. J
Food Compos Anal 22: 16-24.

Ross CF, Hoye C ]Jr, Fernandez-Plotka VC. 2011. Influence
of heating on the polyphenolic content and antioxidant ac-
tivity of grape seed flour. J Food Sci 76: C884-C890.
Kim WM, Lee YS. 2007. A study on antioxidant activity of
bread with waxy black rice flour added. Korean J Culinary
Res 13: 178-185.

Hong M]J, Lee GD, Kim HK, Kwon JH. 1998. Changes in
functional and sensory properties of Chicory roots induced
by roasting processes. Korean J Food Sci Technol 30: 413~
418.

Rye KC, Chung HW, Lee GD, Kwon JH. 1997. Color changes
and optimization of organoleptic properties of roasted Poly—
gonatum odoratum tea. J Korean Soc Food Sci Nutr 16:
831-837.

Yu JS, Woo KS, Kwang IG, Chang YD, Jeong JH, Lee CH,
Jeong HS. 2008. Quality characteristics of Chrysanthemum
indicum L. flower tea in relation to the number of pan-—
firing. J Korean Soc Food Sci Nutr 37: 647-652.

Woo KS, Song SB, Oh BG, Seo MC, Ko JY, Lee JS, Kang
JR, Nam MH, Jeong HS. 2009. Antioxidant activity of etha—
nol extracts from horseweed (Erigeron canadensis L.) with
pretreatment conditions. / Korean Soc Food Sci Nutr 38:
1279-1283.

Xu B, Chang SKC. 2009. Total phenolic, phenolic acid, an—
thocyanin, flavan-3-ol, and flavonol profiles and anti-
oxidant properties of pinto and black beans (Phaseolus vul-
garis L.) as affected by thermal processing. J Agric Food
Chem 57: 4754-4764.

Woo KS, Jang KI, Kim KY, Lee HB, Jeong HS. 2006.
Antioxidative activity of heat treated licorice (Glycyrrhiza
uralensis Fisch) extracts. Korean J Food Sci Technol 38:.
355-360.

Woo JH, Shin SL, Jeong HS, Lee CH. 2010. Influence of ap—
plied pressure and heat treatment on antioxidant activities
of young leaves from Achillea alpina and Solidago virgaur-
ea subsp. gigantea. Korean J Plant Res 23: 123-130.
Choi Y, Kim M, Shin J], Park JM, Lee J. 2003. The anti-
oxidant activities of the some commercial teas. J/ Korean



EAY 2o mE A s FEE9 FAAs AT 2 24 H 541

Soc Food Sci Nutr 32: 723-7217. cancer activities of hull and bran extracts in different col-
31. Lee SH, Lee YR, Hwang IG, Woo KS, Kim KH, Kim K], ored rices. Kor J Breed Sci 43: 218-224.

Jeong HS. 2009. Antioxidant activities and quality charac- 33. Duh PD, Yen GC, Yen W], Chang LW. 2001. Antioxidant

teristics of germinated rough rice tea according to roasting effects of water extracts from barley (Hordeum vulgare

temperature, time and leaching condition. Korean J Food L.) prepared under different roasting temperatures. J Agric

Sci Technol 41: 386-391. Food Chem 49: 1455-1463.

32. Shin SH, Chung NJ. 2011. Variation of antioxidant and anti—
(20129 11€ 269 H4 20139 1€ 219 A=)



