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Abstract

This study was undertaken to evaluate the quality characteristics and antioxidant characteristics of commercially available
mixed grains in Korea. The quality characteristics of mixed grain products studied were the mixing ratio, water binding
capacity, water solubility, swelling power, and pasting characteristics. The antioxidant characteristics assessed the total
polyphenol, flavonoid contents, DPPH and ABTS radical scavenging activities. The mixing ratio of commercially available
mixed grain products consisted of 5~25 kinds of grains, with maximum products containing 15-grain products. The water
binding capacity, water solubility, and swelling power in commercially available mixed grain products were 99.83~122.83%,
6.91~39.26% and 7.76~86.92%, respectively. The peak, trough, breakdown, final and setback viscosity were 31.53+20.17
RVU, 25.24+13.22 RVU, 6.29+7.43 RVU, 50.27+25.84 RVU and 18.74+8.68 RVU, respectively. Total polyphenol and
flavonoid contents were 817.14~2,524.29 ng GAE/g and 06.36~1,099.09 ng CE/g, respectively. The DPPH and ABTS radical
scavenging activities were 31.91~151.70 mg TE/100 g and 28.09~119.92 mg TE/100 g, respectively. Products with high
phenol content and radical scavenging activity were found to contain greater proportion of brown rice, colored rice, barley
and soybean.
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Fig. 1. Water binding capacity, solubility, and swelling
power of commercially available mixed grains.
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Table 1. Continued
Factors Mean+S.D. Max Min Count
Rice 27.33+16.71V 69.93 8.33 37
Brown rice 2543+ 9.78 50.25 3.88 35
Colored rice 1291+ 8.32 54.20 249 36
Barley 17.97+ 7.06 34.10 6.52 33
Soybean 7.37+ 6.23 28.91 1.13 33
Adzuki bean 3.88+ 2.87 11.02 0.55 31
Sorghum 3.62+ 2.56 12.13 0.60 31
Foxtail millet 3.38+ 3.06 15.21 0.87 30
Proso millet 2.78+ 1.27 5.57 0.65 26
Adlay 229+ 2.11 7.31 0.47 11
Corn 2.65+ 1.41 5.15 0.56 10
Mung bean 2.02+ 1.31 428 0.38
Wheat 9.44+ 5.86 13.58 5.29
Oat 4.04+ 0.33 4.04 4.04 1
Buckwheat 2.97+ 0.25 2.97 297 1

D Each value is meantS.D. (n=3).

Table 2. Water binding capacity, solubility, and swelling power of commercially available mixed grains

(unit: %)

Factor Water binding capacity Water solubility Swelling power
MeanS.D. 111.09+4.55" 15.72+5.91 35.83£14.39

Max 122.83 39.26 86.92

Min 99.83 6.91 7.76
White rice 187.31+£2.46 5.35+0.16 162.37+ 4.04

Y Each value is meantS.D. (n=37x3).

< vlmsto] A AYFEE L 5 ek sgom,
Lee & Kim(1992)¢] AFo]A] BE L AHo| S35, =1

=, gmet YU WAS A0, AR B B YA
o) npaTEe] FEet HUol A G WA Brkn A
gahgieh

3. EEEE MEC RVA &

A% 9F AT A SHEHL AEAEZHA
(RVAE /\]*—g—O]-Oi 2| M = (peak viscosity), Z]#]7=(trough
viscosity), 7351 =(breakdown viscosity), 2|57 =(final viscosity),
X9 =(setback viscosity), & 32 = (pasting temperature) 5
o =43 A7}, Fig. 2 U Table 37} Zro] 2H2F 31.53420.17,
25.24+13.22, 6.29+7.43, 50.27+25.84, 18.74+8.68 RVU 9 5.64+
052802 Uehgth Wu(de] HTAELE 160.50:0.66
RVUO| G om, AT AZ L 547~111.53 RVUZ Uepgd
o 7 28 ATHEE Bl FEL 36W A E(111.5242.50

I.I-II: EA
=
AL

RVU)o|QoH, 7} e A E-L 22 (547+0.09 RVU)©| S
o} HAH 9] 7-¢ Wu|(Ag)= 108.58+2.55 RVU o] gl o,
ST AEFL 4.94~7022 RVUE Yt 7 =2 3
AREE 23l AF EF 361 AE(70.22+1.06 RVU)°| S
o, 7F e AEL 22H(4.94+0.13 RVU)o|Qth - E

140 “IPeak viscosity HTrough viscosity EFinal viscosity

Pasting characteristics
(Rapid visco units)

Mottt il

1234567 8 910111213141516171819202122232425262726293031323334353637

E—

Fig. 2. Peak, trough, and final viscosity of commercially
available mixed grains.
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Table 3. Pasting characteristics of commercially available mixed grains
Factor Peak Visc?)sity Trough viscosity Breakdoz;fn Final viscosity Setbacl; Peak.time
(RVU) RVU) (RVU) RVU) RVU) (min)
Mean=S.D. 31.53+20.17Y 25.24+13.22 6.29+7.43 50.27+25.84 18.74+8.68 5.64+0.52
Max 111.53 70.22 41.31 138.31 45.36 6.93
Min 547 4.94 0.39 7.81 2.33 393
White rice 160.50+ 0.66 108.58+ 2.55 51.92+1.94 223.22+ 2.60 62.72+1.94 6.05+0.04
D Rapid visco units.
2 Peak viscosity minus trough viscosity.
% Final viscosity minus peak viscosity.
9 Each value is meantS.D. (n=37x3).
o AAYE Fuo ol A obUms  vo) JUT  FA PR BAFS AHAm, 54 B phenolic
AE 7K, 7H 9 &, Aol gt Ade =2 4 hydroxyl7] 7} S} h2 Ao Exkete] 23e 3 &
4 Hol:(Chun 5 2005; Lee 5 2009) Z5H4=] A9 9 Ask ek L F7 59 A7|5L /AL oz dein
(AP = 51.92+1.94 RvUo|l o, E3ha=t A& 0.39~ 91 0 m(Rice-Evans 5 1997), Z-Fof| $-7-F o] %l+= polyphenolic
4131 RVUZ UePdeh 71 2 ZolEs BA AR B SgHBEe 958 82 /s Ao gaiA ol

eF 368 A|F(41.31£1.50 RVU)o|low, 7P 22 A& 20
H(0.39£0.05 RVU)E Z(16.08%), &1](22.42%), A0
(3.91%), X )(13.54%), F-(22.96%), (10.30%), R(5.24%), &=
F(1.94%), &57(1.00%), E2.61%) F°] FrEf U
. FEAEo AL wu|(Abd) 223.20+2.60 RVUO| YO
o, 3T AZL 7.81~138.31 RVUE Yehytch 7P &=
L AZAEE B AE E3F 361 A=(138.31+1.25 RVU)
ojlem, 7 R AFL 227(7.81+0.27 RVU)°| itk A
29 k3t AgS vrgste AN EE ol 245 =37t
A JYE= 7}\% Z3H(Chun 5 2005; Lee 5 2009).
H“‘Jl(“ﬂf)«l AUHEL 62.7241.94 RVUO|QloH, &3zt
2 2334536 RVUR Uehdt) 71 =2 AuEes
ol AE E35F 321 AZ(45.36£1.75 RVU) 2.2 ZHRH(13.75%),
FHn)(25.09%), S-A41](18.53%), H.2](25.93%), F(3.29%), &
(0.94%), 2(8.12%), 7]74(2 16%), $25%(2.20%) S°| 5= o]
Qgon, 7P Yo AEL2 221(2.33+0.36 RVU) o|git}. ¥
H(3Hh Y TIAITEE 6.05H0.048 02 YEty, ST
AEFL 3.93~6.937 02 A= I 71 71 SIS Bl
AE ®3 9H AZ(6.93+0.07) 02 FBH1535%), &n|
(18.95%), -S-20m|(14.32%), 2 2](20.08%), F(14.90%), TH2.71%),
Z(2.81%), 717H3.98%), $24=(4.05%), 2442(2.85%) So| TH&
sof Qo 7MY #e AEL 268(3.9310.128) 0.2 3
(69.93%), &1|(3.88%), -FM1](16.17%), F(1.91%), Z(3.01%),
Z(1.46%), (3.64%) 5°] TFHo AT

= AE

st

4.

%

SRS MBS HE HES
g =

SRME2 Al 28 225 3le 222 o

(Middleton & Kandaswami 1994). A|& % S A&
kst B S 4% 23 Fig 3 9 Table 49 2]
% ZaWs RS 817.14-2,524.29 ng GAE/ge] HY 2
ERg i, u)(AH = 713.57+14.87 g GAE/go. 2 el A
AR ST AlFo| 2 TFFe et & &9

W gl 7 = Al E-2 298(2,524.29+10.10 ng GAE/g)
°2 33|82 T20.01%), B1](23.25%), G-A1](19.99%),
Ha(21.50%), E(7.27%), B(2.43%), Z(2.04%), A(3.51%)
ol FRE AT Bd F EvE ol =2 AF
o2 31¥ A|E(2,174.29+35.95 nug GAF/g)S 3H(16.65%),
HAu|(35.12%), G- 1](14.25%), B.2|(14.31%), F(4.56%), T
(1.08%), Z(2.38%), 717H2.79%), $24(2.91%), WU (2.97%) =
o] goxlo] 91l 88 A|=(2,167.14+11.66 ng GAE/g)
Z(15.23%), B 1](28.59%), 3-201|(16.34%), B 2)(14.15%), £
(9.68%), B(3.38%), Z(1.62%), 7] 3H4.26%), 44(3.11%), &

B(066%), HF2.98%) Fo| FiEof qlgich v, & S

C Total polyphenol contents (ug gallic acid equivalents/g sample)
2,500

m Total flavonoid contents (ug catechin equivalents/g sample)
2,000
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2345
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Fig. 3. Total polyphenol and flavonoid contents of com-
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Table 4. Total polyphenol, flavonoid contents, DPPH and ABTS radical scavenging activities of commercially available mixed grains

Radical scavenging activity’

Factor Total polyphenol contents" Total flavonoid contents” - -
DPPH radical ABTS radical
Mean+S.D. 1,580.03+£325.95" 461.30+200.27 75.83+25.33 58.37£16.30
Max 2,524.29 1,099.09 151.70 119.92
Min 817.14 106.36 3191 28.09
White rice 713.57+ 14.87 51.82+ 4.55 19.12+ 4.91 20.29+ 0.80

Y g gallic acid equivalents/g sample.
? ng catechin equivalents/g sample.

® mg trolox equivalents/100 g sample.
9 Each value is meantS.D. (n=37x3).

& gtego] 71 WS A1E-S 364(817.14443.25 ng GAFR/g)2
2 ZR64.77%), Au](10.65%), S-H1](5.60%), H2](15.02%),
Z(0.87%), 7173.09%) S°l =l AT
% Zalr - o|E RS Fig 3 2 Table 49} ZHo] 106.36~
1,099.09 1g CE/g®] M2 Jelgon, Wo|(Agh)is 51.82+
4.55 ug CE/gol it} & St eo|E ggfo] 7P =& Al
o 6%1(1,099.09+14.59 pg CE/g) AZTo2 0L &
(10.90%), Fu|(31.16%), B-MMu](6.93%), Hz|(31.52%), F
(10.64%), (3.03%), 2(1.64%), 713H(1.63%), 4=5(1.22%), <
F4(1.34%) Fol THEo] AT B F St olE 3}
o] =2 AEFS = 108 A|E(1,022.73+46.42 g CE/g)2 %
R(14.88%), &A1](25.54%), S-u|(14.95%), E2)(15.31%),
(9.93%), TH(5.06%), Z(4.47%), 525(5.23%), 24292(4.62%)
o] 6‘°El°1 ARt WY, & St ol o] 7 W
L AEL 2 Zos k) IR 2 361(106.36+26.89
ug CE/g)E?n ZALE| QI 0|9} o] & ElHE W SR
LolE F HiE A&Y FFE dn], 40, 2e, F 59
ZHmo] w2 Y AFo] 2 AR AERICH

ojn off m¢ o

EEES MEQ| radical AHEN

S5 U AB) WA BHE FAeE B0
ghelslo] e Aol GugE o ksl B A
52 £ 1 AE-E3 9= DPPH radical A4
H(Nieva 5 2000)Z} A}o)|A ABTS radical®] EF=7} &
2t o] o8l AA| == Aol 71=3ske] 7HAE ABTS radical
2AZAHAHKIm 5 20092 FFEZQI Trolox$} H| w3}
mg TE(Trolox equivalent antioxidant capacity)/100 g sample=
UER T AAs e A dHitske] dAajutgol o
3l AFSHAY B4 free radicalol] HAAE Fodsle] AMSLE o
AX 7= A&7t =™, free radical> A ol A zHE A
I Az e3E dor|BR AE FEE FolA A
2 ALY 5 Qe 2% A BaAo] YthKim F

rlot o

2 lo
o & > o

2009). =32+ A& 2] DPPH radical 24 &AL Fig. 4 9
Table 49} Z+o] 31.91~151.70 mg TE/100 g H = Lyehygt
t}. uiu|(4F=h) 2] DPPH radical A4 ZA1-2 19.12+4.91 mg TE/
100 gol=dl, AAH o2 ST Aol #& 84S o
el 9ith. DPPH radical 2A&A o] 7H =2 A&L& 2993
(151.70+2.90 mg TE/100 g)©. 2 Uebdth E3 =2 S
HQl A& 179(125.08+3.98 mg TE/100 g) o2, E3H| &2
ZHR(10.71%), S 1](28.57%), -G 1](54.20%), .2)(6.52%) =

o] =] U em, 31 AE(123.07+2.88 mg TE/100 g)
= ¥ 84S vehfioich ¥, DPPH radical 47 8Hg0]
7MY e A EL2 36O R 31.9145.58 mg TE/100 go] &4
< ey

ABTS radical 2#Z4H-2 ABTS®} potassium persulfate S
Qhzoll WAIse] ABTS - o] JYEY FEB0] Ao 42
o &Jaf] ABTS' - o] AA=|0] radical E-§-2] M2l HEMo] &
M), oS FHE GO Uehiol 242 E 24
o JTHKim 5 2009). &2 A& ABTS radical &A%
A2 Fig. 4 @ Table 49} 7Fo] 28.09~119.92 mg TE/100 g2]
HYZ Yelytth Wu)9] ABTS radical 2A4EA4-2 20.29+0.80
mg TE/100 g & Vet o, A& §5 A|E2] ABTS radical
2AGA o] 7P 2 AlF-2 DPPH radical 27 8/d 7} upgt

FU

F

ol

160 |  TDPPHradical WABTS radical

123 8

Fig. 4. DPPH and ABTS radical scavenging activities of
commercially available mixed grains.
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7R 2 29¥(119.92+0.84 mg TE/100 g) o & Jehgdth E3
314 A3(88.27+0.80 mg TE/100 )3} 8 A|E(87.55+0.52 mg
TE/100 g)= & 245 YehH It ¥, ABTS radical 4
Aol 7H F2 A &L DPPH radical &84 7} npxt
7}A & 36%(28.09+0.38 mg TE/100 g) A|E o2 ZAE Y
=3

e G R o), S48, Re, B 5

o] £& AT & YL Holk Fo7 2AE L 4
AR Foll WHE HAEY PAst FHL BA radicalo]
AAE Foloki, AF F AW H2E At B4
2 A3 G, QA Wel Al B radicalo] O3t w32

6. SIS MEQ ZSREM, Hi=ME1 radical 2HE

o
AT AEY FEEA, =88 radical A
78] A AE B4R 23, Table 59 22 235 YEl
At} 42 3 (water binding capacity) ¥ F I+ kel r
Zko] 03512(p<0.05)2 A o] AHTHS 2 9.0, 8] =(solubility)
o} & 3H9-2K0.8980, p<0.001), T F-32K0.5661, p<0.001)T}
B 4| WA Be(swelling powenS F T
(-0.7167, p<0.001), B QK -0.5344, p<0.001), SH=
(—0.8182, p<0.001)&} FO] FhE Hol= ALz Yelth
Z| I = (peak viscosity)= & TR - 0.6450, p<0.001), &
SHa-3H( - 0.4972, p<0.01), £33 =( - 0.6894, p<0.001)2} 2]
Aoe B, B{2(0.9454, p<0.001)3} Fo] s ER
o} Z A A Z(trough viscosity)«= & -3 - 0.6937, p<0.001),
B 3-82K - 0.5091, p<0.01), LI ( - 0.7389, p<0.001)2} 2
o] 4TS BT, B (0.9497, p<0.001), FITHE(0.9873,
p<0.001)¢} o] s HArh 75H T (breakdown)= 2
SHEEK0.3614, p<0.05), BL(0.8775, p<0.001), HTLHE
(0.9591, p<0.001), HAAE(0.9018, p<0.001)T} H o] TS
BT, F TR~ 05174, p<0.001), B FHGK( - 0.4443,
P<0.01), £3E(-0.5575, p<0.001)9} 20| AFuhe 1T}
27 % (final viscosity)'= & SRS - 0.6194, p<0.001), T 3
QK- 0.4925, p<0.01), B3E(-0.7332, p<0.001)2} E9] A}
7S BT, WST(0.9437, p<0.001), I E(0.9586,
p<0.001), ZAAZ(0.9609, p<0.001), 73+ E(0.8935,
p<0.001)2} o] TS B} 29 E(setback)= @Ar] 3+
92K0.5008, p<001), R FHIEK04130, p<0.05), BL

o

A2 - QAT - T4 A F Y FEE A
(0.6122, p<0.001), LA E(0.5297, p<0.001), X A]H%=(0.5662,
p<0.001), 7388 %(0.4309, p<0.01), ZEAE(0.7493, p<0.001)
o Ao e H, B (- 0.3944, p<0.05), F T
(- 0.3451, p<0.05), B F-3=F(-0.3110, p<0.05), L3 =
(-0.5511, p<0.001)e} FO] & B et & EguE TF
2 Ju] F-53H0.4282, p<0.01), S| 3-3-2K0.3949, p<0.05),
A9 E(0.3963, p<0.05)¢t Ao s HAN, B FFF
(—0.7466, p<0.001), HITAE(-03318, p<0.05), ZA}H=
(-0.4018, p<0.05)9} Ho] AFe Hrh & ZglHol=
TFE T T HE 06139, p<0.001) H o JahS B
AL, & FHSEH - 0.4408, p<0.001), ZF3HE=( -0.3670, p<0.05)
o Fo] A Hich DPPH radical 24842 Av| 3
2504407, p<0.01), S-M1] FH5-5K0.5367, p<0.001), XEHHEE
(0.4635, p<0.01), = Z&] 9% 32K0.9369, p<0.001), Sat=
o|& 04718, p<0.01)t H o] e B, &
(- 0.6488, p<0.01)T} Fo] ¢S B G ch ABTS radical 4
AZYE dr] FR-(0.3940, p<0.05), FAH] H7-3H0.3544,
p<0.05), WA E(0.4283, p<0.01), = Za]|d= TH0.9544,
p<0.001), Sa}E o= F}eK0.5020, p<0.01), DPPH radical
27844(0.9399, p<0.001)3t o] g BN, & T
(-0.6491, p<0.001)T} Ho] AryhS H gt}

o OF
S 9|

SHHTY A A, FEEA, 3IEAL FY &4
4% HsAdE T, radical A 59 FAEEAS
ARt 23 754 7% A =g RS A 712
A7 2 &8317] A8 Aol 3= e SR 374
F2 7Yt THES AR 23, 5-257HR| 9] Ao
2 FA4E] dlen, 157] ZHgo] &3 AlFe] 13702 7t
2 Ao AT TR AlEY sRAYE, &
= 2 Pog.e 717k 99.83~122.83, 6.91~39.26 L 7.76~86.92%
o W2 Yyt uyE, HAHE, s, S,
AErA == 747} 31.53420.17, 25.24+13.22, 6.29+7.43, 50.27+
25.84 9 18.74+8.68 RVUE Uelyth S3at2 A|Zo & &
29 RS 817.14-2,524.29 ug GAFE/g2] W& Uehyta
% ZalR L o|E FEFS 106.36~1,099.09 ug CE/gS] ¥z
Uehgth &3 &2 DPPH radical &84 3191~
151.70 mg TE/100 g9] HYZ YEF S ™, ABTS radical 44
AL 28.09~119.92 mg TE/100 g2 L2 Uepyitt s A
B 3} radical 27 EA0] L AEEL A, 0], B

1=}
g, T 5 AEY ol w2 AlEo] ¥2 AR A
o},
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