BHxtX|(Korean J. Crop Sci.), 62(4): 352~360(2017) ISSN 0252-9777(Print)
DOI : https://doi.org/10.7740/kjcs.2017.62.4.352 ISSN 2287-8432(Online)

Original Research Article

Quality and Antioxidant Characteristics of Cooked Rice with Various Mixed Grains in
Korea
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ABSTRACT This study evaluated the quality characteristics, polyphenolic compounds, and radical scavenging activity of
cooked-rice added to commercially available mixed grains. L-value of cooked-rice with various mixed grains decreased compared
to that of cooked-white rice; however, a- and b-values increased. Hardness and elasticity of cooked-rice added to various mixed
grains were significantly lower in the pressure cooker compared to the electric cooker. There was no significant difference in
adhesiveness and stickiness between rice from the electric cooker and pressure cooker. Total polyphenol and flavonoid contents
of cooked-rice added to various mixed grains were significantly increased. The average total polyphenol content of cooked-rice
added to various mixed grains cooked in an electric cooker and pressure cooker were 16.50 = 3.86 and 15.88 + 3.52 mg gallic acid
equivalent /100 g, and flavonoid contents were 1.58 &+ 0.00 and 1.55 + 0.02 mg catechin equivalents/100 g, respectively. The
average of 1,1-diphenyl-2-picrylhydrazyl radical scavenging activity was 9.27 + 2.62 and 8.72 £ 2.41 mg trolox equivalent
(TE)/100 g, and 2,2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging activity was 22.89 + 4.60 and 23.07 +
4.49 mg TE/100 g for cooked-rice added to various mixed grains cooked in an electric cooker and pressure cooker, respectively.
Phenol content and radical scavenging activity of cooked rice was in proportion to the amount of added grains, such as brown rice,
colored rice, barley, soybean, and sorghum.

Keywords : antioxidant characteristics, cereal crop, mixed grains, quality characteristics
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A Fof digt d77F HuEo] glom(Awika ef al., 2004;
Dykes & Rooney, 2006; Grimmer et al., 1992; Kil et al.,
2009; Woo et al., 2010; Woo et al., 2014), 7132 Z|Htt
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meter, CR-300, Minolta, Osaka, Japan)& ©]-8-5}0] 4 W=
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#&80°| DPPH ¥ ABTS radical £7{&4 &3

FE=o gt F4atst 42 DPPH (1,1-diphenyl-2-
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A2AGAE 245FAHWoo et al., 2015). DPPH radical 4~
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Fig. 1. The chromaticity of cooked-rice added to commercially available mixed grains. [A]: electric cooker, [B]: pressure cooker.
DSample number used in the cooked rice with various mixed grains.

Table 1. The chromaticity of cooked-rice added to commercially available mixed grains.

Factor L-value a-value b-value
Electric cooker  Pressure cooker Electric cooker Pressure cooker  Electric cooker Pressure cooker
Mean+SD 56.86+6.58" 52.16+6.56"" 4.00+2.15 4.43£1.78" 5.2043.25 5.98+2.70"
Max 68.63 66.83 8.00 7.97 18.03 13.71
Min 42.32 38.72 -2.51 -0.89 1.28 1.64
White rice 68.24+2.42 70.46:0.46 -1.68+0.15 -2.19£0.10" 1.36£0.27 2.58+0.43"

L-, a-, and b-value of standard was 97.38, -0.02, and 1.66, respectively.

YEach value is mean = SD (n = 37 products x 3). p < 0.05, “p < 0.01, and

Hokok

p < 0.001; a paired #-test comparison of different

cooking methods (electric and pressure cooker) in the cooked-rice added to commercially available mixed grains.
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+ texture analyzer, texturometer 53} FAFSHA ¥ A=, 24.84+9.65 9 25.56+7.182 FHF7]H7to] §-9&Ql Z}o]
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Fig. 2. Palatability characteristics of cooked-rice added to commercially available mixed grains using a rice taste analyzer. [A]:
electric cooker, [B]: pressure cooker.
D Sample number used in the cooked rice with various mixed grains.

Table 2. Palatability characteristics of cooked-rice added to commercially available mixed grains using a rice taste analyzer.

Hardness Elasticity Adhesiveness Stickiness
Factor Electric Pressure Electric Pressure Electric Pressure Electric Pressure
cooker cooker cooker cooker cooker cooker cooker cooker
Mean£SD  122.12+44.06" 55.09+10.62""  66.90£17.91 46.67+4.22"" 24.84+9.65 25.56+7.18 37.53+7.45 46.33+9.33""
Max 175.66 92.34 105.31 54.98 42.20 43.25 58.40 70.63
Min 47.22 36.05 42.57 38.58 8.62 12.99 23.21 28.10

dkok

White rice  74.69+3.58  37.54+3.22 58.05£1.89  43.03£0.92"  23.25+7.19 39.14+£7.79" 45.89+8.71 71.34+2.80"

DEach value is mean + SD (n = 37 products x 3). p < 0.05, “p < 0.01, and ""p < 0.001; a paired r-test comparison of different
cooking methods (electric and pressure cooker) in the cooked-rice added to commercially available mixed grains.
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QubieT} GreuleolAl b2t 25.3840.73 % 23.9440.56 3 A eyl 15T o= AzHch

=] =
mg GAE/100 g0 2 74 & @& thehfglch. iyt
e e R AR Wo] £220 F BelolS  EFET HJh M @ 2520 radical A7EY
TS 717 15820.00 % 1554002 mg CE/100 g22 A A% 5 ERHF A7} 20 i ofeg 2324 g
GHEOR AU AT A0 Ok A et radical A4S FASHERo /9] o) D A
(p<0.05). AFHE TIAT A 2k 22 661216 o] FAHORK A BAY AYTol5S Y o

9 6.54+1.85 mg CE/100 g& & dupgk&o 2 Hukst 7-$- A& 31 Q)= DPPH radical A~724J(Nieva et al., 2000)
7F OFF ESkou o AQl Aol= qldith EetHolE ¥} @40l Al ABTS radical o] F3%=7} 3HAtaA| o] ofsff <]

TFol w2 AFo 2 dEY A9 17H AFo= A== Aol 71z38ke] 7dE ABTS radical 427 2J(Kim
11.54+0.38 mg CE/100 g0 & T3] 80 2(10.71%), & er al., 2009y =43t A7} Fig. 4 2 Table 49} 7+o] Lje}
1](28.57%), +AH1](54.20%), H.2](6.52%) °I U‘%ﬂ“ﬂ Sk AR5 A H ALY AfRbgofl THofdt= free

AL (Kim ef al., 2017b), FHRES] - 291 A& radicalof] AA-E F-oisto] 4SS AIA7]= H =7 =,
2 10.36+£0.21 mg CE/100 g& =2 YEeT) A=A L*E] free radical S Q14| UjofA] A} HEo] 315 Ao
IS HluA kel o R A 7Y, l“’i e FEE Solld PR A8 o e =2
phenolic hydroxyl7l 7} ehl A o AvjEAel Agtsl & gheldd "a o] rkKim er al., 2009). QubilE} ¢

o] gratzl ghet 9 g S9o] 71548 7R thRice-Evans Eﬁ,‘?} O 7 Fukst wiu] 2&5-2] DPPH radical 474848
et al., 1997). 3 370 #l54 a4 F4sE 247 3.1540.04 2 3.71+0.07 mg TE/100 g 02 efif&o
AL 7= Ao 7 HarE|o] ¢QltiMiddleton & Kandaswami, 2 Ukt AL §ojzog =8 AL 395} tHp<0.001).

P

1994) ufeAA ERYRE Yol Bi0f] SO YA T NFRE SUUR Bk A US 4 927260 3 8720
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Fig. 3. Total polyphenol and flavonoid contents of ethanolic extracts from the cooked-rice added to commercially available mixed
grains. Red line is the control value.
YSample number used in the cooked rice with various mixed grains.

Table 3. Total polyphenol and flavonoid contents of ethanolic extracts from the cooked-rice added to commercially available
mixed grains.

Factor Total polyphenol contents" Total flavonoid contents”
Electric cooker Pressure cooker Electric cooker Pressure cooker
Mean+SD 16.50+3.86” 15.88+3.52 6.61+2.16 6.54+1.85
Max 25.38 23.94 11.54 10.36
Min 7.56 7.93 2.31 3.24
White rice 12.0620.05 11.78+0.10" 1.58+0.00 1.55+0.02"

Ymg gallic acid equivalents/100 g sample. mg catechin equivalents/100 g sample. YEach value is mean + SD (n = 37 products
x 3). 'p < 0.05, and “p < 0.01; a paired #-test comparison of different cooking methods (electric and pressure cooker) for
the cooked-rice added to commercially available mixed grains.
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o= o7t = YERGTHp<0.05). FWt & DPPH radical 4~
AZA o] =8 AF-S UukkEo] 79 25W(16.38+1.29 mg
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Fig. 4. DPPH and ABTS radical scavenging activities of ethanolic extracts from the cooked-rice added to commercially available

mixed grains. Red line is the control value.

YSample number used in the cooked rice with various mixed grains.

Table 4. DPPH and ABTS radical scavenging activities of ethanolic extracts from the cooked-rice added to commercially

available mixed grains.

DPPH radical scavenging activity"

ABTS radical scavenging activity"

Factor
Electric cooker Pressure cooker Electric cooker Pressure cooker
Mean+SD 9.27+2.62% 8.7242.41° 22.89+4.60 23.07+4.49
Max 16.38 13.88 33.68 33.49
Min 4.29 4.40 9.57 11.23
White rice 3.15+0.04 3.71£0.07"" 6.62+0.31 5.14+£0.10"

Ymg trolox equivalents/100 g sample. ?Each value is mean = SD (n = 37 products x 3). p < 0.05, and ~““p < 0.001; a paired
t-test comparison of different cooking methods (electric and pressure cooker) for the cooked-rice added to commercially

available mixed grains.
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Table 5. Correlation coefficients among chromaticity, palatability characteristics, total polyphenol, flavonoid contents, and radical

scavenging activity of the cooked-rice added to commercially available mixed grains.

Factor a-value b-value Hardness Elasticity Adhesiveness Stickiness Polyphenol Flavonoid DPPH  ABTS
L-value -0.679™" 0.269°  0.095 0.107 0.004 -0.147 20533 <0547 03447 -0.536"
a-value 1.000  -0.492"" 0.158 0.180 0.043 -0.100 0.584™"  0.534"" 0368 0.512"
b-value 1.000  -0.143  -0.168 -0.079 -0.062 0.000 -0.034 -0.375™" 0.117
Hardness 1.000  0.928™ 0251 -0.210" 0.269" 0.147 0.134  0.133
Elasticity 1.000 0.353" -0.196 0.264° 0.136 0.120  0.135
Adhesiveness 1.000 0.527""  -0.032 0.027 -0.095  -0.075
Stickiness 1.000 -0.265" -0.109 -0.018 -0.218"
Polyphenol 1.000 0.841""  0314™ 0.915™
Flavonoid 1.000 0323 0.7417
DPPH 1.000  0.355"
NSNot significant. Significant at “p<0.05, “p<0.01, ~p<0.001.

A E 2 7He) ATAIE 243 23} Table 59F o] H
Vet Als -5 S 7 el s (L-value)= &
ME(0.679, p<0.001), & Za]|i FHK-0.533, p<0.001), 2 A= FH AlFolA sl e SR Al
Zalwieo = BHEH-0.547, p<0.001), DPPH (-0.344, p<0.01) == a/Fstel Fik & S454 jﬂf e T, radical
2l ABTS radical 4:78H4(-0.536, p<0.001)3} 2] Abykat 2ADAE st =5 aH|ARe] a0t S g T
AS Yehyo] gAlsIAo] = o %kato] 7]olat 7 Pl AAS A zARRE EEstaAl SHAITE AT 1+
APHE) Aoty 3 EOPYe G0, poon, 5 U AE Bh A sl Bt wolef v 1
Zabu o) T 5H2K0.534, p<0.001), DPPH (0368, p<0.001)  Or =t AMmeh e S7hohe B3 At 4=
2 ABTS radical A78-4(0.512, p<0.001)TF Fo] Ay oF Do A froHom Woom, sapda 2
= Yehfglig| ol Wxo} njzivlA 2 o), AR 2 7= ARbbE o elEo A Fel Al Zfol 7t gldith &
2= o zrao] ¢Jolol Ao AlzHET) ﬂE(hardness) T A7bol| wet ¥ Zejvls 9 SetE ol ARRE &
= 5421(0.928, p<0.001), E-24(0.251, p<0.05), & Ea]) o o2 Frstelom, Alefa Sob=at A7 FNE | o
= 5120269, p<0.05)TF A O] A 27](-0.210, p<0.05) e 2259 F Evs o duhisdt ‘Q%%%Oﬂ
o} 3o ATHS W olr). el (Elasticity) S B 24(0.353, A ZF7F 16.50+3.86 2 15.88+3.52 mg GAE/100 go|3lil %
Zoth o]t RS 7hzt 1.58+0.00 2 1.55+0.02 mg CE/100

p<0. Ol)ﬂ]r T E9HE 70.264, p<0.05)7 O] kS
B HzFA(adhesiveness)S 2H7](0.527, p<0.001)2} &
o] TS W om, 2|(stickiness)= & Za|vE g
(-0.265, p<0. 05) 9 ABTS radical 4~7#24(-0.218, p<0.05)
3 2o g eholeh % Belsls 9 Bepuiols
Sk ABTS radical 274247 2H2}F r=0.915 (p<0.001)
4 1=0.741 (p<0.001)= e} =& Ao JHiAE vt
Wol radical A2 AAEC] Z3E0] = HEidw
o 7]Qlsto] radical 2AZIS U= AR & wj(Choi
et al., 2007), 3R A7} 6k Hho] AlEA o] wol 7]
ofsh Aoz AzhEL.

=}
Hh HE ofehe =259 DPPH radlcal /\7%32“4 o 7P7P 9.27+
2.62 4 8.7242.41 mg TE/100 g& = AWigr&o 2 FHukst
ALt oy o g okt =9)t}. ABTS radical AAZAL
77} 22.89+4.60 & 23.074+4.49 mg TE/100 g©& & AeitE&o
2 FHuksl A9} k7l E=9ko) Golxel ol ¢l
Hul, galn], BE, F, 4 5o o s

AEL] 3t 5 e radical 471840 A Uepid.

[‘

A2 5le.g0]
A=

Al AL

H B0 =253 AGENDA AZLAL(ATIS ZHA4|H
3: PI01175402)2] x| Yof 2Jsf o]Fojx A4l
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