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Abstract

This study was carried out to analyze the pasting and antioxidant characteristics of cooked mixed grains consisting of
germinated millet and rice with varying addition rates and cooking methods. In this study, we chose two foxtail millets:
glutinous (‘Samdachal’) and non-glutinous (‘Samdame’), along with a glutinous proso millet (‘Ibaekchal’). Cooked mixed
grain rice-added germinated millet was cooked by general and high pressure cooking methods, with and without fermented
alcohol. The peak and trough viscosity of germinated millet were decreased significantly with increasing amounts of
germinated millet. The phenolic compounds and radical scavenging activity of cooked rice-added germinated millet increased
significantly with the addition of germinated millet (p<0.05). The total polyphenol contents of cooked rice-added germinated
Samdachal, Samdame, and Ibaekchal were 127.74~194.11, 128.20~192.56, and 128.88~171.28 ug GAE/g, respectively. The
total flavonoid contents were 13.79~30.23, 14.77~25.99, and 15.28~29.56 ng CE/g, respectively. DPPH and ABTS radical
scavenging activities were 3.31~5.73 and 6.31~9.69 mg TE/100 g for cooked rice-added germinated Samdachal; 3.14~8.58
and 6.05~10.19 mg TE/100 g for Samdame; and 3.37~7.45 and 6.27~9.27 mg TE/100 g for Ibackchal, respectively. In this
study, phenolic compounds and radical scavenging activity of cooked mixed grain rice-added germinated millet with different
addition rates and cooking methods can be used as basic data for manufacturing processed products.
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Z(foxtail millet, Setaria italica Beauvios)= X< 4]E&2] 7]
Fol 22 FAlolA 7134, 7154, Azd 7lse= &
REHA HEA F5S L2 Iti(Amadou F 2013; Ko &
2011a). = YoM AFolu Bro] kA= ZA|T v
e HEs] sho] ¥n|E AYsta, i dethHa &
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FeoMotoll A Fad HEA AP ti(Choi 1992; Jong
S 1995).

Zo} 714 ENGOR AGET Yot ol g4 FAL
Slak AT wol Fob 4 gitk B3 7154 FAL 93
Wolg X ATBL WolAlzko] uheh sfebyRel Wat

webd 2 ATl AL o) xeh e W wel 4
uloh 7154S EolaAt sto] Hrbulgst Augde gl
sfo] ke Az, BHEAT GASE S BASG
E Lee SQ0160)9) AT T2 FF 4R A g3
29| H7H= bound-forme] 0] HelE golsh| 3 Fof
71%540] FAEGT BUFHGOH, ol 7|22 o} xe}

=
=

o 2 &IE ATt

13

FEH

Mz 3

0

MSTE U LORET X
Aol AHSH ARt SEANTH FYAFaeteo]
201690] e FES o §5HA0m, Wull AOnza

[}
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1.
=

Samdamae)@} AFthEH(ev. Samdachal), 7|32 o) ¥l 2N Panicum
miliaceum L. cv. Ibaekchal)S ]85}t Wu|= A& 7](Model
SY88-TH, Ssangyong Ltd., Incheon, Korea) & A u]7](MC-90A,
Satake, Hiroshima, Japan)& ©|-&3}o] AP 2 & A| 25t
28} 7132 A¥E AA7|(SY8S-TH, Ssang Yong Machine
Ind., Inchon, Korea)Z HZAZ-E A|A35}o] ol A2 A}
&tk Hop s Alxe AE(Ko 5 20112)¢] B whet
FUEA ) 7](SC-9000A, Shinchang INC, Busan, Korea)E- 30°C
2 AA = k7] (DS-13MCL, Dasol Scientific Co., Ltd., Hwa-
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o= AASIH £48 ARE Al23 o2 85%
o] WolE & W& shylen, =& 16A7L 7132 12A13F
oAt Al&& 4T $are] AAsHEA AR, A
2 EAS 93} Vibrating sample mill(CMT Co., Ltd., Tokyo,
Japan)& Faf5to] ARg-sHITH
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Hol = 9l 717 HF7Hl&(, 5, 10, 15 9 20%) S3H54
< Kim 5(2012)¢] o]l &sto] A4 =57 A(Rapid Visco
Analyzer, Model RVA-3D, Newport Scientific, Warriewood, Aus-
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g= AFste] gFulw A 7] FYstaL, 25 mLY S/
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o|gstReH, 7t Al A ARFA 7= 124,
£ 120 mLE F7tsto] Fukelleh £3F IR0 SAZA &
L& A7V} 7167d0] FdElE AHLee T 2016b)E 7=
2 o H7F F=he 7154 S8 e dasy A
7hETE gelstaAt sl HaFy Hrlkste] FHurd 7
= A AEE ot AR Arhles dAsilen, &
100 mLo} WEFR 20 mLE Pol Fwsianh AT
Ao AL A7) B -255(Cuckoo, CR-0671V, Seoul, Korea)
7} A 7| reHl(Cuckoo, EHS035FW)E AFE3HQ T, A7)
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3t A& AAE 80% e Y31 homogenizer(HG-15A,
Daihan Scientific Co., Ltd. Wonju, Korea)2 #23A[7]1 &, A}
204 24X|7H5<t A gEZE(WiseCube WIS-RL010, Daihan
Scientific Co., Ltd.)g} Th2, No. 2 ] 3}X](Advantec, Toyo Roshi
Kaisha, Ltd. Tokyo, Japan)2 oji}ste] -20C WEaro| it
StHA E48 AlRE ARSIt &5 tigt F &2
& 9 Zehaieo|s P Lee S0I6)e] WO Ba5}
Atk & EYHE S FEE 50 ulof 2% NayCOs 89
1 mLE 7}et & 387 W51 50% Folin-Ciocalteu reagent
(Sigma-Aldrich, St. Louis, MO, USA) 50 uLE 7}tk 302
%, N ¥ = g 750 nmof| A S5, #EEE
Q1 gallic acid(Sigma-Aldrich)E& ARESte] AFAES ZAISHA
o, A7 g 59 ng gallic acid equivalents(GAE, dry basis) 2
YERIth & S iolE S FEE 250 uLo] S/
4= 1 mL} 5% NaNO, 75 uLE 713t o2, 58 & 10% AIC; -
6H,O 150 pLE 7}3}e] 68 =Fx|3taL, 1 N NaOH 500 pLE
AH7yshaL, 113 & ¥4 9] 53 3hE 510 nmol| 4 S35}
A thLee 5 2016b). FFE212] (+)-catechin(Sigma-Aldrich) &
gl WAL AYHGON, AR g 59 g catechin
equivalents(CE, dry basis)2 e ATH

5. &0} x=et 7|2 MIH|SY FEt g F&29| DPPH
U ABTS radical 2H&NM &3

ol 29} 717 M7kl FHub v 55 g Fakst
242 DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma-Aldrich) 2
ABTS(2,2'-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic acid, Sigma-
Aldrich) radical 27832 24315 tHLee S 2016b). DPPH
radical &7 &AL 02 mM DPPH £9%(99.9% ethanolo] &
3f) 0.8 mLof] Al& 02 mLE FH7FeE ¥ 520 nmoj| A &3]
305 To| BT FANZ 25U ABTS radical 47
A2 ABTS 7.4 mMI} potassium persulphate 2.6 mM= 35
ok Qo] WAIslo] ABTS Fol&g BHAY F ol golL
735 ol Ew gho] 14-157 HES B FHAR-
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ABTS §1 1 mLol 359 50 1LE 7}olo] FH=o| Wsts
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Table 13} Zro] Yelgth Y72 AREEH winj(alhe] & &
s FE 597.38 ug GAE/go| gl o, 4tk Wol A 5o
Z+7} 127429 9 1,107.14 ug GAE/g, Ath| = z+2- 1.217.14
2 865.71 ug GAFE/g, o|® 22 791.43 9 842.86 ng GAE/g2)
RS UEt ik dotol] whaba| AbthEat Aot o A2,
drol & & E8julE ko] FYH R AL, oWt
< 375t AEE EATHp<0.05). Y52 AR Wiu|(4
ol & ZTtR o= gk 39.86 ng CE/gollo, At
Zh dhol A %of] 242} 175.07 9 336.40 ug CE/g, Avivl= 2+
111.07 % 63.07 ng CE/g, o]92k& 339,07 & 323.07 ng CE/g
S UEt Sl wote what AopEe] F EetR o]
FFE FYH R Frtskes AFS B Avde #
ooz 7tastH on(p<0.05), o|HE- St FAFG O
U 7932l Aol= STk Ko F(2011b)2] K irof ost#
HopA 7| 2] gF2 a2t =371 F Edus &
L ZF7F 0.82 D 0.69 mg/g O 2 H 13ty o m, 25T of|A] Hrot
|2 22} 0.78 2 0.50 mg/g, 30ColA oAl 7]l A=
F2F0.78 9 0.44 mg/g O 2 oto] what f-o)H o2 k7t
e Ao g Husigr)
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100 go & vjebytt}. Alchzt whol A5 o] DPPH radical 47
8Hd- ZH7) 32.95 9 14.03 mg TE/100 g, Atchol= Zhz) 34.28
2 11.87 mg TE/100 g, o9& 1137 @ 17.15 mg TE/100 g2
E4& Ve Qi) Wotof whah Atk Abtid el DPPH
radical 2AZHLS FHo 2 Fadhe FAFS BoH,
oML GolH o7 FUtete AFE HATHp<0.05). Attt
2 dro} A &0] ABTS radical 27 3H-& 7H27} 48.90 L 39.36
mg TE/100 g, Ache|= z+z) 39.42 & 3591 mg TE/100 g, ©]
Wz 3925 @ 27.69 mg TE/100 g T4e vrebygich
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Table 1. Phenolic compound contents and radical scavenging activity of the ethanolic extracts on ungerminated and

germinated foxtail millet and proso millet

Total polyphenol

Variety Treatment

Total flavonoid Radical scavenging activity”

contents" contents” DPPH radical ABTS radical
Ungermination 1,274.29+30.899 175.07+£10.07° 32.95+1.48" 48.90+2.40°

Samdachal
Germination 1,107.14+32.18° 336.40+34.64° 14.03+3.11° 39.36+1.49°
Ungermination 1,217.14+45.29° 111.07+8.33° 34.2842.74° 39.42+1.52°

Samdame
Germination 865.71£17.93¢ 63.07£2.31¢ 11.8742.35° 35.91+3.09°
Ungermination 791.43+12.78° 339.07+32.08" 11.37+1.27° 39.25+2.51°
Ibaekchal ' ‘
Germination 842.86+15.65¢ 323.07+16.17° 17.15+1.63° 27.69+1.10°
Samkwang White rice 597.38+12.95 39.86+1.33¢ 8.30+1.25¢ 38.45+0.51°

D g gallic acid equivalents (GAE)/g sample.
? ng catechin equivalents (CE)/g sample.

* mg trolox equivalents (TE)/100 g sample.
9 Each value is mean£S.D. (n=3).

% Any means in the same column followed by the same letter are not significantly (p<0.05) different by Duncan's multiple range test.

Wroto] whet Arhaa} o]ul o] ABTS radical 248/
oJF o g fadh= A HALH(p<0.05), ArHle ot
Fastgont F207 Q1 Aol= Sl Ko 5(2011b)9] H1
of &gt oA 7R ¢S a2 k=eE7 e ABTS
radical &~A&4Jo] Z+Z} 6.50 & 6.82 mg AEAC/gO 2 K 1138}
gom, 257TollA] Wolk|7l AlF 2}z 621 D 547 mg AEAC,
30CoAA Lobr|Z] AR ZHZ 5.92 U 4.94 mg AEAC/go
2 Popof| w2t Fo)F o ot Fadts A o2 Hisl
2 A7 FARE AS BT

2. WORR HylISY S3184

Z(AFR, Atthal)el 71l Hobul gl e &
35S B4 23, Table 29} o] eyttt ol 29}
71789] F7HE0] 0, 5, 10, 15 R 20%2 F71ekol w4t
Z, At A ojuiEe] XY E(peak viscosity)= 242}
195.00~174.83, 195.00~142.00 2 195.00~164.25 RVU, X *&
E(trough visicosity)= Z+z} 127.89~101.58, 127.89~89.66 L
127.89~95.34 RVUZ Yol H7pn|go] 271848 o
HoZ TAadsk= AlRZ YENGTHp<0.05). 73518 = (break
down)= Z}ZF 67.11~73.25, 67.11~52.33 2 67.11~68.92 RVU,
2|2 =(final viscosity)x= Z+Z} 251.97~202.19, 251.97~196.86
9 2519720230 RVUE Uehton], xubdcl 747t
61.55~27.36, 61.50~54.86 % 59.69~38.06 RVUZE L }EFyITE
Ha 5(2006)0] oJstd Am]|7} ¢33t FE552 HLP=S
FFHETE w1, ol BT otdE e A0t RO AAFPAE
Holm, ofl = @ A Jhgfo] W JFoA Au7t o & A
olgtal sttt & ATAT, AL E ofdE oA FHgo]

E2 AouoA Hudeet HFPErE B2 BFS e
ol Atholut ojizto] A7t o £ Ao didHh
AP EE HTHEd HAGE 71 2po|2 HE EAHe
Aujgol ozt & st ol o3 vehy, FEeE
w3} AL onjdttiLee 5 2016a). webs £ A1}
ob H7hu o] Zradte Ao R Hol w3} Fgo] A
g Zeg ddEn, oo ws] Arhtolu ojuzks
7k wro] w3hxley =7 21dE Aor Qe

3. WORKT Z7MIS U S0l 1 Siashe siz
Wol e Hrbshe] AxT WY & Eojuls W Zehn
wolS PFL Fig. 133 Zo] Azhulgol F7hge] wet
gF o F78ke BFL BYrkp<005). Wulo] B A7t
st dumeoR HWSS B9 F BeldE gL
120.03 pg GAE/go]QaL, ¢relul<e 11895 ug GAF/g, 10% 2
BFRS WAL A5, QuED g 27
119.89 2 120.11 pg GAE/go 2 et wWnm)of &4 H7}
sfo] AuhirET) gEEold F Eefriols gL 7

7} 1576 2 1542 ng CE/go|Q1a, 10% 2raZ4L A1ty
= B5= 47 1574 9 15.69 ng CE/ge 2 Yehyitt Wo}

ArhEe driet W & E2vs 9 EShE kol g
Fig. 13} o] ztz} 127.74~194.11 pg GAE/g 9 13.79~30.23
ng CE/go] MR Hrhu&o] S71gl wet fojxos 3
7Fhe Ao UEth(p<0.05). 7F w2 e B A
gle & ETvs A2 dob AvhE 20%e] 10% TEF
& A7hste] dubihEo R FuHE A4]2](194.11 ug GAE/g)©]
1, F Sk 0| = ke wof Ak 20%0] 2%t Hrtst

l
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Table 2. Pasting characteristics of cooked rice with mixing ratio of foxtail millet and proso millet
Variety Mlxmg rat)io of Peak viscg)sity Trough viscosity Break down® Final viscosity Set back”
millet (%) RVUY) (RVU) RVU) (RVU) RVU)
0 195.001.38%Y 127.89+2.49" 67.113.88" 251.97+2.30° 56.97+3.64°
5 186.05+2.18° 125.78+2.29° 60.28+0.13° 247.61+2.31° 61.55+0.89"
Samdachal 10 182.75+0.22™ 115.31+0.75° 67.44+0.71° 231.50+1.81° 48.75+1.59°
15 180.89+2.26° 104.39:1.50° 76.502.10° 213.9242.21¢ 33.03+2.38¢
20 174.83£2.69° 101.58+2.45° 73.25+1.52° 202.19+1.27° 27.36+1.47°
0 195.00£1.38" 127.89+2.49° 67.11+3.88" 251.97+2.30° 56.97+3.64°
5 177.56+2.48° 115.08+3.22° 62.47+3.00° 239.06+3.56° 61.50£2.41°
Samdame 10 164.80:£0.46° 103.08+2.43° 61.72:£1.99° 221.78+2.77° 56.97+2.33°
15 153.03+1.79¢ 95.86+3.08° 57.1741.32¢ 210.47£2.71¢ 57.4440.93"
20 142.00+£2.07° 89.66+1.66° 52.33+0.65 196.86+2.00° 54.86+0.75
0 195.00:£1.38" 127.89+2.49° 67.11:£3.88" 251.97+2.30° 56.97+3.64™
5 183.44+1.61° 120.92+45.65° 62.53+4.14° 243.14+6.35 59.69+4.76°
Ibackchal 10 178.11£1.92° 109.20+3.24° 68.92:2.92% 2029.78+3.24° 51.67+2.51°
15 173.64£1.51¢ 101.58+2.32¢ 72.05+3.70° 216.31+2.48° 42.67+3.68°
20 164.25+1.73¢ 95.34+1.28° 68.92+2.99% 202.30+0.29° 38.06+2.01°

Rapid visco units.

Peak viscosity minus trough viscosity.

Final viscosity minus peak viscosity.
Each value is meantS.D. (n=3).

O General rice cooker (water)
240 OHigh pressure rice cooker (water)

- B General rice cooker (10% alcohol)

E— 200 mHigh pressure rice cooker (10% alcohol) b b a._ a 2 3
g8 c  lemd ||
£3 160 c =
oF d dgd
o5 1 d
52 elle e e
c3 120 =1
£F
E; [)
sZ 80
2%

Eo
5% 40

o

=]

2 9

0 5 10 15 20

Mixing ratio of germinated foxtail millet (S. italicaBeauv. cv. Samdachal, %)

Any means in the same column followed by the same letter are not significantly (p<0.05) different by Duncan's multiple range test.

40 0 General rice cooker (water)

OHigh pressure rice cooker (water)
35

EGeneral rice cooker (10% alcohol) = a
a " a
10 BHigh pressure rice cooker (10% alcohol) . a 4 .
a
m b (e
25 b
c b e

20

15

Total flavonoid contents
(ug catechin equivalents/g sample)

10

10 15 20
Mixing ratio of germinated foxtail millet (S. italica Beauv. cv.Samdachal, %)

Fig. 1. Total polyphenol and flavonoid contents of the ethanolic extracts of cooked rice with mixing ratio of germinated
foxtail millet (Setaria italica Beauv. cv. Samdachal). V' Any means in the same bar followed by the same letter are not

significantly (»p<0.05) different by Duncan's multiple range test.

of guhrEo 2 FUgh A]2(30.23 ng CE/g)= Uehsttt &
o} At E 71z} F Evls W EetEeolE I
& Fig. 29} Zro| zz} 128.20~192.56 ng GAE/g 2 14.77~
25.99 ug CE/ge] W$I2 A7l o] Z7hete] whet go)80

2 F7hHe 202 dethp<005). 71 e dHe 2
3 A= T Eduls FF2 dof At 20%01 10% E&
F3E Hrlste] dubrEo 2 Hukeh A 2](192.56 ng GAE/g)
0|11, F ZetH o= 2 ol Atk 20%0] BT H7b
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o2 FHRE 22(25.99 ng CEg)= YETh
47ket el & Zeluls W Sepu ol 3
7o) Z+7h 128.88~171.28 g GAE/g & 1528~
CE/g4 Wiz Arhgol Zrkeol wet felne
ekt AR JeTp-00, 7 e g
Aele & Euls T2 ot o HE 20%0l| 10%

B2 A7t tEfulEo® Fukgh A 2(171.28 ng GAE/g)
0|1, F St 0|t S ol o WE 20%0] & 7}
shof olubie o= Fulsh X2)29.56 ng CRg2 Lehgteh
20 ¥ FFPESL free radicalS SHAZAZ £ QY=
phenolic ring®] 310 =2 HASIEA]E 71X H(Middleton &
Kandaswami 1994), % 3}3HE2] phenolic hydroxyl7]7} At
B1o} Adtsle] thopst gkl kot 9l gk S9] Al
2 7= Ao Z & A QrhRice-Evans 5 1997). T3 =+
59 Bepwiwo|ol 22 ohEAoh]Y, Sehni SohR,
7HIZl 2 EEhhe 522 A E 312‘31, 3 gz w=t

Tm

]

:‘ mlo i
¥ o

[ General rice cooker (water)
240 O High pressure rice cooker (water)
= mGeneral rice cooker (10% alcohol)
E- 200 mHigh pressure rice cooker (10% alcohol) a a 2 a
b b 2 :

£2 160 becte E
]
'-;E die e e c dd d
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£
g )
sz 80
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Fig. 2. Total polyphenol and flavonoid contents of the ethanolic extracts of cooked rice with mixing ratio of germinated
foxtail millet (Setaria italica Beauv. cv. Samdamae). ) Any means in the same bar followed by the same letter are not
significantly (p<0.05) different by Duncan's multiple range test.
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Fig. 3. Total polyphenol and flavonoid contents of the ethanolic extracts of cooked rice with mixing ratio of germinated
proso millet (Panicum miliaceum L. cv. Ibaekchal). Any means in the same bar followed by the same letter are not
significantly (p<0.05) different by Duncan's multiple range test.
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Fig. 4. DPPH and ABTS radical scavenging activities of the ethanolic extracts of cooked rice with mixing ratio of
germinated foxtail millet (Setaria italica Beauv. cv. Samdachal). ' Any means in the same bar followed by the same letter
are not significantly (p<0.05) different by Duncan's multiple range test.
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Fig. 5. DPPH and ABTS radical scavenging activities of the ethanolic extracts of cooked rice with mixing ratio of
germinated foxtail millet (Setaria italica Beauv. cv. Samdamae). ' Any means in the same bar followed by the same letter
are not significantly (p<0.05) different by Duncan's multiple range test.
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Fig. 6. DPPH and ABTS radical scavenging activities of the ethanolic extracts of cooked rice with mixing ratio of
germinated proso millet (Panicum miliaceum L. cv. Ibaekchal). ¥ Any means in the same bar followed by the same letter
are not significantly (p<0.05) different by Duncan's multiple range test.
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