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Physicochemical Characteristics and Antioxidant Effects of Cooked
Rice-Added Foxtail Millet according to Cooking Method

Kyung Ha Leel, Hyun-Joo Kiml, Mi-Jung Kiml, Jee Yeon Koz, Seuk Ki Leel, Hye Young Parkl,
Eun-Yeong Sim', Dong-Hwa Cho', Sea Kwan Oh', and Koan Sik Woo'

IDepartment of Central Area Crop Science and ZDepartment of Southern Area Crop Science,
National Institute of Crop Science, Rural Development Administration

ABSTRACT This study was carried out to analyze the antioxidant components and activities of cooked mixed grain
rice-added foxtail millet with different addition rates (5, 10, 15, and 20%) and cooking methods. The two foxtail
millet varieties used in this study were non-waxy foxtail millet, ‘Samdame’, and waxy foxtail millet, ‘Samdachal’.
Cooked mixed grain rice-added foxtail millet was cooked by general and high pressure cooking methods with and
without fermented alcohol. Except for breakdown viscosity, pasting characteristics of foxtail millet were reduced with
increasing amounts of foxtail millet. Water-binding capacity and swelling power significantly decreased with increasing
amounts of foxtail millet, whereas water solubility index significantly increased. Total polyphenol and flavonoid contents
increased with increasing amounts of foxtail millet. DPPH and ABTS radical scavenging activities also increased with
increasing amounts of foxtail millet. Moreover, foxtail millet cooked by general cooking method with fermented alcohol
showed higher antioxidant effect compared to other cooking methods. In this study, antioxidant components and activities
of cooked mixed grain rice-added foxtail millet with different addition rates and cooking methods can be used as

basic data for manufacturing processed products.
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7]t ukE(EHS035FW, Cuckoo)S AFE-38FQ L, A7) H-&
WrET A7 EHES Abs &2%hE 1583 58 50l
FRbol] AL-g-s}3lTh
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FEE0 U3 gaksl &42 1,1-diphenyl-2-picryl-
hydrazyl(DPPH; Sigma-Aldrich Co.) ¥ 2,2’ -azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS; Sigma-—
Aldrich) #tt2 227 &S S43F3Iti16). DPPH =ty 2
27 242 0.2 mM DPPH € 9(99.9% ollgk-&el £l 0.8
mLo A& 0.2 mLE 7}k 3 520 nmoll A &3] 30+

Tl FFE FAAE AT ABTS gtz 427 &4
& ABTS 7.4 mM¥} potassium persulphate 2.6 mM-<
SHF B9t o] WAske] ABTS dol2g AN F
o] gHS 735 nmol A FHE Fro] 1.4~1.57 HEE =
FFA5(e=3.6x10" M 'em HE ol g-ato] olerew 34

S 84E ABTS €9 1 mLoll %9 50 ulLE 7}3}e]
T3 WeE A3 308 Fol FAselth. DPPH 2
ABTS #tz 27 24& A8 100 g9 mg TE(Trolox
equivalent antioxidant capacity)® 3% &3} T}
SH=A
Zy o] ZAH kS SPSS F A X 213 (Statistical
Package Social Science, Version 18.0, SPSS Inc., Chi-
cago IL, USA)E o] &3t 7t &4 o F 7 xTHA}
A& o Student’s ~test E EAFEA (ANOVA)
D}%‘ﬂé—&@ A (Duncan’s multiple range test) 2. & A& 7t

o folge AFsA.

10.25+£0.06 % 10.16+0.08 g/100 g, =ML 6.
9.20+£0.01 % 9.114+0.11 g/100 g, =A< 1
3.70£0.06 % 4.23+£0.01 g/100 g, &3&2 80.64+
0.14, 75.61£0.12 ¥ 74.90+0.22 g/100 go.2 YE}% T}
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Table 1. Proximate compositions of white rice and foxtail millet (Setaria italica Beauv. cv. Samdamae and cv. Samdachal)

(unit: g/100 g)

Variety Moisture Ash Crude protein Crude fat Carbohydrate
White rice 11.30:£0.09" 0.71£0.02 6.15+0.04 1.20+0.05 80.64+0.14
Samdame 10.25£0.06" 1.24+0.16° 9.20£0.01"" 3.70+0.06 75.61£0.12"
Samdachal 10.16£0.08" 1.59+0.04™" 9.11£0.117" 4.23£0.01"" 74.90£0.22""

])Each value is mean+SD (n=3).
'P<0.05, "P<0.001; Significantly different by Student’s #-test between white rice and foxtail millet (Samdame or Samdachal).
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Table 2. Mineral contents of white rice and foxtail
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millet (Setaria italica Beauv. cv. Samdamae and cv. Samdachal)

(unit: mg/100 g)

Variety K Ca Mg Na
White rice 123.38+36.38" 9.59+2.13 63.43£17.44 16.35+5.50
Samdame 73.27422.65™° 5.36+1.16 53.29+14.12 8.26+2.56
Samdachal 130.60+6.94™ 10.26+0.91 83.09+5.63 11.91+3.09
YEach value is mean+SD (n=3).
NS: not significance between white rice and foxtail millet (Samdame or Samdachal) by Student’s r-test.
I 7R o] AfolE UERE AL AR 7] Afol 8 £57F Add AR A7
oF AHIAI 7], AR, B 5o AjEE Zolol A 7)<l
g Aoz AZLETH1S). HE 3 MIHIEE 24, 4 Y S8
FRAGHLS ARYAe T FHHAY WRE A
HE 9 HIHHIEE S3Ed FEE 29 S S35 3oz AE Ry ofye
Arche e Abehe] v ol i Sst54S EAete] Y HAE O35 5 e A& 93ste] Z2AATH22). 3,
R 2 th(Table 3). &9 "]&<] 0, 5, 10, 15 & 20%= AEYA o] 2z o] A& ol 9Fe Fo 2F A=
7 el wret Atoheof Atk el i ke 747 195.00 7h ZFe A Bao] gAEY FEES diEY] S,
~65.53 2 195.00~66.61 RVU, HA M= 22 127.89~ Fe 2 Aeel WHs #AE 7FRTH23). & HUF vE
57.69 % 127.89~63.92 RVUZ YElWt} Zatd=e 7t W FRAREe & HUE0] O, 5, 10, 15 B 20%= F7F
7} 75.08~7.83 % 73.39~2.69 RVU, HEHEE 717t S5 Ahvhvof Ach el A 22t

251.97~136.25 2 251.97~79.56 RVURE UEel o, X
W == 247 70.72~49.42 2 57.97~12.95 RVUZ Y&}
Wt Kwon 5 (19)3 Ha 5(20)°] &t Aw]7} &gk
FTES AHESY HFHEIF B ol BT oldEL
228} Fo] AHRAAE Holw, o} DR 0 A Fhefo] vke T F
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Z Z7M)&o) 0, 5, 10, 15 2 20% % F71a4= At o}
AhEo) A 247; 162.37~97.57 2 162.37~36.68% = 5
oF o g AT v geles Z FrH|&o] O, 5,
10, 15 ¥ 20%2 F718<% Avd e} sz zhz)
5.35~6.47 @ 5.35~11.70%% &4 o7 7}ttt o
A Fo o] TIESE FEATE Y Pieo] e

ol Much grlH o A4 el ki, A Gl

T 2= T
we i 24 Zpolel| &3k Aotk (17). 28y & 7}
sfRA 27k 7kl el Bg 3ol 2 Aol 3l A
_1?__

o

-

o] wg o ) 834 et
Z7he Aoz AZATH(24).

Table 3. Pasting characteristics of with mixing ratio of foxtail millet (Setaria italica Beauv. cv. Samdamae and cv. Samdachal)

Variet Mixing ratio of Peak viscosity Trough viscosity Breakdown®) Final viscosity Setback”
Y foxtail millet (%) (RVU") (RVU) (RVU) (RVU) (RVU)

0 195.00+1.38*4” 127.89+2.49° 67.11£3.88° 251.97+2.30° 56.97+3.64°

5 186.78+2.77° 111.69+1.13° 75.08+1.95" 236.19+3.73° 49.42+4.63°

Samdam 10 175.00+1.75° 105.25+1.16° 69.75+2.23° 228.05+2.36° 53.05+1.28"

¢ 15 164.22+1.39¢ 101.64+0.70° 62.58+1.21° 219.2242.14¢ 55.00+0.82°

20 155.14+1.00° 96.42+1.43° 58.72+0.43¢ 210.92+0.50° 55.78+0.84°

100 65.53+1.14° 57.69+0.34° 7.83+0.82° 136.25+1.38" 70.724+0.38°

0 195.00+1.38" 127.8942.49" 67.1143.88° 251.97+2.30° 57.97+3.64°

5 183.92+1.97° 113.33+0.96° 70.58+1.88% 229.14+2.90° 4522+3 35"

Samdachal 10 176.50+0.95° 103.11+0.48° 73.39+0.88" 209.55+0.96° 33.06£0.39°

15 170.80+2.80° 99.7242.64° 71.08+1.04% 199.14+2.99¢ 28.33+1.25¢

20 164.56+0.75¢ 95.47+0.61° 69.08+0.14" 188.83+1.51° 24.28+0.78°

100 66.61+£0.27° 63.92+0.22° 2.69+0.24% 79.56+0.43° 12.95+0.41°

1)Rapid visco units. ?Peak viscosity minus trough viscosity.

*Final viscosity minus peak viscosity. “Each value is mean+SD (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.
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Table 4. Water binding capacity, swelling power, and solubility of with mixing ratio of foxtail millet (Setaria italica Beauv. cv.

Samdamae and cv. Samdachal)

Mixing ratio of

Variety foxtail millet (%) Water binding capacity (%) Swelling power (%) Water solubility index (%)
0 187.31£2.46*D? 162.37+4.03° 5.35+0.16°
5 163.35+4.39° 159.49+6.01° 5.58+0.16°
Samdam 10 164.07+5.84° 158.37+6.02° 5.48+0.10°
amdame 15 157.41+4.51° 145.02+1.39" 5.99+0.06"
20 146.18+3.07° 134.9245.26° 6.33+0.33"
100 96.01+0.88° 97.57+7.60° 6.47+0.11°
0 187.3122.46° 162.37+4.04* 5.35+0.16"
5 120.25+2.25° 151.89+4.18° 5.87+0.12°
Samdachal 10 120.39+1.79° 143.77+5.26° 6.00£0.20°
amdacha 15 118.38+1.76™ 139.04+5.34 5.9940.29"
20 115.12+0.85° 135.33+2.44¢ 5.99:+0.19"
100 106.47+3.95¢ 36.68+3.90° 11.70+0.95

YEach value is mean=SD (n=3).

2)Any means in the same column followed by the same letter are not significantly (P<0.05) different by Duncan’s multiple range

test.

Table 5. Palatability characteristics with mixing ratio of foxtail millet (Setaria italica Beauv. cv. Samdamae and cv. Samdachal)

using a rice taste analyzer

Mixing ratio of

Variety foxtail millet (%) Appearance Hardness Stickiness Balance Palatability
0 4.75+0.07*"% 7.18+0.05° 4.36+0.07° 4.59+0.08" 45.39+0.94°

5 4.5240.26" 7.09+0.15° 3.91+0.30° 4.45£0.31° 39.88+2.70°

Samdame 10 3.43+0.07° 7.79+0.06" 2.90+0.14° 3.23+0.14° 30.00+0.00°
15 2.90+0.34° 8.22+0.29° 2.75+0.18° 2.80+0.36° 30.00+0.00°

20 2.77+0.05° 8.29+0.03° 2.56£0.15° 2.624+0.07° 30.00+0.00°

0 4.75+0.07" 7.18+0.05° 4.36+0.07° 4.59+0.08" 45.39+0.94"

5 4.67£0.21° 6.85+0.15° 3.89+0.24° 4.71+0.28" 39.16£2.21°

Samdachal 10 3.09+0.35° 7.51+0.21° 1.8840.38% 3.03£0.41° 30.00+0.00°
15 3.46+0.03° 7.17£0.06" 2.18+0.10° 3.56+0.02° 30.00+0.00°

20 3.1240.09™ 7.25+0.07° 1.75+0.06° 3.30£0.09"™ 30.00+0.00°

YEach value is mean+SD (n=3).
»Any means in the same column followed by the
test.
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of Astel= A = - Ao #Wm] 100%9 = H7F 5%
Abelelli= frol A9l Abol & #Ee 4= Sl ook e A
F& WA T FARRE S Bl o, A} Av]
A= 2 5% H7brl A ATk oA o sl
Hhd o] H7pH el S7bEE Fnbv) o] e SUhet
ATt ukebA Fnkwlef Au] v} i) 100% & H7F 5%
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same letter are not significantly (P<0.05) different by Duncan’s multiple range

= H7hIgE
25 A7k el & EvE Fe Avhiel Avha

B 9] Hgo] F7hgol

(Fig. 1. Aehel= 27k wlgo] 10% o]l B9

Aolelel dugrEo R AMaAS 4% 1775

ug GAE/go.2 71 29k3, 15% o)) 29

A7bake] AuiitEo® HWElAS 49 211.75~222.30

ug GAB/gO.2 & F32 ehygich Ahae A7h &
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Total polyphenol contents
(ug gallic acid equivalents/g sample)

50 r

I O General rice cooker (water)

[0 High pressure rice cooker (water)

[ m General rice cooker (10% alcohol)

Mixing ratio of foxtail millet
(Setaria italica Beauv. cv. Samdame, %)

+ M High pressure rice cooker (10% alcohol) b a5
b b b BEd
cc =
C . d g d =
e d cd
0 5 10 15 20

el
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Fig. 1. Total polyphenol contents of the ethanolic extracts with mixing ratio of foxtail millet (Setaria italica Beauv. cv. Samdamae
and 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. 2. Total flavonoid contents of the ethanolic extracts with mixing ratio of foxtail millet (Setaria italica Beauv. cv. Samdamae
and 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. 3. DPPH radical scavenging activities of the ethanolic extracts with mixing ratio of foxtail millet (Setaria italica Beauv. cv.
Samdamae and 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. 4. ABTS radical scavenging activities of the ethanolic extracts with mixing ratio of foxtail millet (Sefaria italica Beauv. cv.
Samdamae and 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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