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Physicochemical Characteristics of Sikhye (Korean Traditional Rice Beverage)
Using Foxtail Millet, Proso Millet, and Sorghum

Mi Seon Jeong, Jee Yeon Ko, Seuk Bo Song, Jae Saeng Lee, Tae Wook Jung,
Young Ho Yoon, In Seok Oh, and Koan Sik Woo

Department of Functional Crop, National Institute of Crop Science, Rural Development Administration

ABSTRACT This study was carried out to compare the physicochemical characteristics and sensory qualities of Sikhye
(Korean traditional rice beverage) prepared with foxtail millet, proso millet, and sorghum. The cultivated varieties
were Setaria italica Beauv. cv. Samdamae (SDM) and Samdachal (SDC), Panicum miliaceum L. cv. Ibaekchal (IBC),
Sorghum bicolor (L.) Moench cv. Nampungchal (NPC), Donganme (DAM), Oryza sativa cv. llpum (IP), and Baegokchal
(BOC). The brix degrees of SDM, SDC, IBC, NPC, DAM, IP, and BOC Sikhye were 9.53, 8.63, 5.67, 7.57, 6.27,
12.50, and 12.27°Bx, respectively. There were no significant differences in pH (5.99 ~6.10) among the groups. The
highest turbidity was 1.07 in DAM Sikhye. The L-value, a-value, and b-value were 30.85~41.11, -0.34~2.52, and
2.56~5.67, respectively. Total polyphenol contents of SDM, SDC, IBC, NPC, DAM, IP, and BOC Sikhye were 241.52,
213.69, 202.34, 258.25, 193.24, 160.81, and 170.31 pg GAE/mL, respectively. Total flavonoid contents of Sikhye
were 19.21~54.30 pg CE/mL. The highest DPPH and ABTS radical scavenging activities were 16.85+0.39 and
64.75+2.92 mg TE/100 mL in DAM Sikhye, respectively. Finally, the sensory evaluation results indicate that there
were significant differences in appearance, aroma, and taste between the groups, and SDM Sikhye was similar with

IP and BOC.
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2 Ao ARSE AR 20139 S A= E Y V)
ARAEREE D ADAA AvlE Z=(Setaria italica
Beauv.), 713 (Panicum miliaceum L.), 55=(Sorghum bi-
colorL..) Moench)& °]&3l3l e, Z+= Athv(cv. Sam-
damae, SDM)9} 4Ft}h2H(cv. Samdachal, SDC), 71742 9]
Wl 2 (cv. Ibaekchal, IBC), 4~ &<tv(cv. Donganme,
DAM)$} @3 Z(cv. Nampungchal, NPC)S A48} 1 of
ZT2 WA AE(Oryza sativa cv. llpum, IP)3} 2l
WS 2 (Oryza sativa cv. Baegokchal, BOC)= ©]-83}9]
of. x9F 713e A8 AA7](SY88-TH, Ssang Yong
Machine Ind., Inchon, Korea)Z 2@ A& A AR
FE= AdgE =AH7)(SY2009-MMCMT, Ssang Yong
Machine Ind.)E ©]&3}4 20%S =4t A 5= AFE-3}
Rt AlmE 4°C WAae] AgstHA AMEsHla, 98
i 48 98] Vibrating sample mill(CMT Co. Ltd.,
Tokyo, Japan)® &3fate] AM&-3HGITE 74 &2 105°C
davtaxizio s FA4siglon, 3§ 550°C 4
Felgior FAsqich. 9ild =2 Kjeldahl %3
(KjeltecTM 8420, Foss Tecator, Huddinge, Sweden)&
ol-g-ato] Aatglom, At e A A (Soxtec
2050 Analyzer Unit, Foss Tecator)& ©]-&3}o] A3}
th grstE 3% 100 SEolA G, 3, g,
S W A2 AT

20| O|5HatN S £
[

HIE2 0|88t A§ ME ¥ olglsld EH 2N

23 AxE A AVES AT F8HIL AE AF
(= 70%, &9 30% 7)< FHs ARkl e, 4
7l THY 10M= S 3583t 7] 1529 &9
Q75 9ol 1A FE3a At & A E& AL
33 FE3I8lth Q7lE FEAS 4°CY W ad 12413
WA & AERES Helo] A& Al ARgs T s
300 g #H3l] 22+ &9 53] AlFT & 3083+ HA st
5%-7F @skalth. o7]o] & 330 mLE #7lete] A7|nkE
(CR-0632FV, Cuckoo, Yangsan, Korea)©. & FWs}aL 2]
3 F Q78 FEE 1,500 mLE F71ske] 60°ColA 5413t
e FEAA AEE AxUT AxE A e
3} T A (Master-2T, Atago Co., Ltd., Tokyo,

sl S =49
Japan)Z %7 3}0] °BxZ AT AlzE A& 8=
= Ryu 5(8)9 W] wg} UV/Visible Spectropho-—
tometer(Cary 3E, Varian Inc., Palo Alto, CA, USA)E
o]-&3te] 600 nmoll A FHE=E S48 o, pHE o7
A& pH meter(Model 320, Thermo Orion, Beverly, MA,
USA)E o] &3t 5433t Me= AX}IA (Color-Eye
3100, Macbeth, New Windsor, NY, USA)E o|&3}o] &
=5 Yehf= Ltdightness), A= AE=E YEl =

agkt(redness), FA o A= el E= bik(yellowness)
2 YERIATH9).

2 Y TZ AMFe| siet ME L radical &7 2
Faps|

A5 2 Ao gk FEE dgk F = dFe
Folin—Ciocalteu phenol A 2F& AL8-3le] Za|dl=4 33
Eol o] gy Ay Egrd FAMor whAGtE A

A2 B TH10). 418 50 uLeol 2% NaxCOs &4 1
mLE 7}t & 383 WA g & thA] 50% Folin-Ciocalteu
Al 2F(Sigma—-Aldrich, St. Louis, MO, USA) 50 uL.& 7}3}t
a1 30%7F ¥Hg - 750 nmell A FFEE S35 ol
X FE 29l gallic acid(Sigma-Aldrich)& AF-&3lo] A=
AE AL, TS AR @9 g B mLY mg £
ng gallic acid equivalent(GAE)® et & Z811
wol= g2 Dewanto 5(10)9] W] wig} F&E 250
pLell $74 1 mL9} 5% NaNO; 75 uLg 7}g+ thg, 58
% 10% AICl3-6H20 150 pL.& 7}ste] 6% WX|slar 1 N
NaOH 500 L& 7}8tar 1148 & vkg9 o] F4%= g 510
nmel A =A3A . FFEAQ  (+)-catechin(Sigma-
Aldrich)& AF&3te] ARAE Ao, §%S A8
GHel g = mLY mg B
sample® WERN ST
ds 2 A& radical &~ 42 DPPH(1,1-di-
Sigma-Aldrich) % ABTS
(2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic
acid, Sigma-Aldrich) radical &4 @4<& =489t
(11). DPPH radical®] 27 #7442 0.2 mM DPPH £}
(99.9% ethanololl €3) 0.8 mLell A& 0.2 mLE #7138k
< 520 nmollA A3] 307 Foll F3d = #HaAE SA
Ak ABTS radical®] &~A &4 ABTS 7.4 mM3} po-
tassium persulphate 2.6 mM< 315 5t Aol Wx|s)
o] ABTS ¥ol2S A F o] &S
= el 14~157 955 & F3A5(e=3.6x10" M
cm DE ol &dte] THEE 343t} 3AE ABTS &
N 1 mLell = 50 uLE 7stod 3= ®3E A9
30% Foll 5433tk DPPH % ABTS radical®] &7 &
Ao A8 w9 100 ¢ =+ 100 mLE mg TE(Trolox
equivalent antioxidant capacity)® E 33} t}.

g catechin equivalent(CE)/g

phenyl-2-picrylhydrazyl,

T Mslol BEHA W SAHHE

AT 0T A3l ol A, %, B, ANH 7 BES
A7hel7] S1skel W5AAE AAA BePAE A
159% tgo Age] B4 #isH F4 048 Q)
AFEs WEF F, /| EH 2] Wek ] 44 FEE 7H
A 33 3 Ak, 0% mEolTh, 33 )% Frhe
2 A4S, RE delE: 33 v Sgsglon

meantSDE X H3IATH 3 Ao s TAZZ
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W (Statistical Analysis System, version 9.2, SAS Insti-
tute, Cary, NC, USA)S o]-&3s}o] Z+7fe] W=of ujst 54
g BAsgem, 7 AT o] AE Aolo] tia Fel4

=
A& Duncan's multiple range testZ ©]83}o] /X0.05
Fod v F9& 27t AdE AeR TSIk

Znt W o3

K

23 Azl AU E-S Table 13 o] & 3hgko]
9.94~12.66 /100 g¢] E¥Z B, YF3} WL 2o
i gheko] 747 12,66 2 11.31 g/100 go.2 =4 JElbs:

3l °F 10 g/100 go.& fFAFSH 4]
¥ W zke] 3 gEFe 0.30 2 0.24
Wby = 8= 5 1 g/100 g oAt

2 Ho= ey
wl A sheke o]ulzH(7] o] 13.69 g/100 gl &4 thE ¢
soll vl A vEbgen, 1 o g (Gt Attt
Zh), FeCeetd], FE ), e, dF Fo=2 YEikth
2 £ 3.29~4.17 g/100 go. & Ya¥a T8 2}
o7} it ¥t ES U3E(80.62 g/100 g)olvt W&z
(80.33 /100 g)oll H]a] FH=to] e s wolon, o)

2

°o]-&

A3 olshstd 54 1787
Zo] 70.44 g/100 go = 7 F kT,

GAE/gell o, 1 9 AdF2S v3d 3= d8olA=
A=,

SR o= S T EAQ cateching AFE-3le] 7
FAS A9, 3] AAL y=0.024x(R*=0.9898)9} 2
t} & ZoE ol Feko A% Fehd| 7l 2.03 ng GE/go
2 7P 9o I 9] 97 94E 0.20~0.61 ng GE/g<
2 et} Ascorbic acid, tocopherol, polyhydroxy
&L 313HE, WIS ofyl Fol siA B A A
ol galgl o gy Fitsl Aie] ATl TS SAHT u AL
£%31 9% DPPH radical 27 ZH(10)S o] 43514 4]
3 A= 9] a3t &AS Troloxs Hlaaste] ebd 23}
Fig. 1(B)&} o] Yelwth &<tvl7} 270 mg TE/100 g2
2 Yeh 8.08 mg TE/100 gl ¢3&R ) oF 33u|o)] o
womr thgow WEZo] 117.18 mg TE/100 gl & =4
Uebth. ABTS radical A&7 &4 &E3F Fobml 7} HAHSH
FAE JeEpdnh ggoz GEE, Ao, slthzol

Table 1. Proximate compositions of cereal crops varieties (g/100 g)
Varietyl) Moisture Ash Protein Fat Carbohydrate
SDM 9.9440.19° 1.3440.00° 10.69+0.00° 3.70+0.13° 74.34+0.25°
SDC 10.10+£0.07° 1.46+0.02° 10.31+0.00° 3.53+0.04 74.59+0.05°
IBC 10.04+0.08° 1.67+0.01° 13.69+0.09% 4.16+0.06" 70.44+0.08°
DAM 10.48+0.20° 1.2140.02° 9.78+0.04° 3.29+0.20° 75.24+0.35°
NPC 10.79+0.07° 1.24+0.01¢ 9.84+0.13¢ 4.17+0.06" 73.96+0.19°
P 12.66+0.33° 0.30+0.01" 5.94+0.04" 0.47+0.06° 80.62+0.18"
BOC 11.31+0.09° 0.24+0.01% 7.66+0.04° 0.46+0.18° 80.33+0.18"

YSDM: Setaria italica Beauv. cv. Samdamae, SDC: Samdachal, IBC: Panicum miliaceum L. cv. Ibackchal, DAM: Sorghum bicolor
(L.) Moench cv. Donganme, NPC: Nampungchal, IP: Oryza sativa cv. llpum, BOC: Baegokchal.

PEach value is mean+SE (n=3).

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

0 Total polyphenol contents (mg GAE? /g)
m Total flavonoid contents (mg CE®/g)
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Radical scavenging activity
(mg Trolox equivalent/100 g sample)
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Figz. 1. Total polyphenol and flavonoid contents, and radical scavenging activity of cereal crops varieties. 'See the legend of Table
1. ?Mean of triplicate determinations expressed as mg gallic acid equivalents (GAE) per g of sample (dry weight basis). Mean
of triplicate determinations expressed as mg catechin equivalents (CE) per g of sample (dry weight basis). 4)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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100 mg TE/100 go. & H|u3 =& gz el
Az 9] gatsl AR S radical 24 FAS 4
E AdoA] Fot|7} 37 & X2 YER

= u—ﬁ;‘do] sl—A]_gl_aﬂo] .,,]011‘,_]— e ?:,_

9 ABTS radical 59 &7 €42 dAlsfu Setieol=
EZd 71lste] datsl A4S YERE Ao = & w(13)
T 7L Akl Eado] 2 AR Febdldl &

A 2 ZgRwols ko] g

BT Mslol 2H £X
Az Az Hale] olaey B4 542 ¥AT A

\I

T"f‘__——l
T} Table 29} 2t} Kim 5(14)2] Az 23k Al 23
el Hlalgh Aol wEw AlE AF 65 FEE ]
12.5°Bx&E HILE Q7] o] -] uﬂzxLJ)r =) Z%E_/] O
= 9% 12.50°Bx, M2 12.27°Bxs} & =

A% A% 5 YA AW G 8D Aol
Aehl, Ao, olwz, Bk W dE o] 27 953,

8.63, 5.67, 7.57 & 6.27°BxZ YEI} A& o] &3k AR
o Gk ket 23 Aalel A iAoz Avst At
o] w7 Ueh} 22 o] 88 Hal7h W) B o g3
Aalol GEsk A4 ke A om thehEth pH 5.99~
6.100.% el §9142) Aol S molA] gz Ao Ll

¢

EJ

St ZE 1.072 7H g3 o ek
L8 RE *]E M 0.19~0.432.% 0.5 ©]ate] e
L}EhHOiE} AAAE o] &ato] 489 L(HE), a(HA%
2 b(FANE) e AT 2y, Bk Latat agtol
41113 2522 7+2 e} 714 vt HAS mj= Aoz
el o, bgkol A= atvie} abrpzel 7b7h 5673
5.630.2 Yeh} A ErL AjH oz 7Hg Edeh Wl
Aol 25622 M W FAE YERo] Y3te] JEs
Aoz FAE A} Kim 5(15)¢) - Ay wp=w
o7 Azx3 Ao L, a & bgko] 44.62, -1.66 =
52 YER} 2 AT A7(32.7, -0.34, 2.56)% X}OM
Aoz sttt o= 23] Aol Wt Q7] E
wWstetel uhal GEfAy gtah Siv)Ee] el o3 g3k
Actal ®Bi(16)" vkl 7]e Aoz o 4= Qlrt

1w e m
H{H rlo

oo
\&}

F\F

[e}

2 0

el

3

1a}
% I

Alo] gHatst A

o
O AT AEe] & E2H
7] 0]

3

o

_ﬁ
oo
o
2
oy

EFEAQ gallic acidE A
0.0199, R*=0.9982)< Zd8tgith. Ade & ZdE &
o

AN o

3

2 Fig. 2A)9F 2ol Y8Rt} =271 H 4 25004 H )
48w 74 ZA Bol AL & 4 Ak Fetwleh A
= 747} 258, 240 pug GAE/mL o]A 3H+3te] & Zeld=

Table 2. The brix degree, pH, turbidity, and chromaticity (L-, a-, and b-value) of the Sikhye with cereal crops varieties

Variety" Bru((ongree pH (ODT;:bé%I(;ynm) L-value a-value b-value

SDM 9.53+0.06" 6.07+0.02° 0.29+0.00" 31.68+0.12% -0.1240.09% 5.67+0.26"
SDC 8.63+0.06" 6.10£0.01° 0.30+0.00°¢ 30.85+0.67° 0.34+0.04° 5.63+0.03
IBC 5.67+0.068 6.0120.01° 0.29+0.00° 31.18+0.11% 0.23+0.01° 4.81+0.06°
DAM 7.57+0.12° 6.08+0.01° 1.07+0.00° 41.1120.07* 2.524+0.27° 47120.15°
NPC 6.27+0.06 6.00£0.06" 0.43+0.01° 30.93+0.18° 0.76+0.20° 3.85+0.23°
P 12.50+0.10° 6.10+0.05 0.2740.01° 32.70+0.57° -0.3420.11° 2.56£0.55¢
BOC 12.27+0.06° 5.99+0.02° 0.19+0.00° 31.85+0.13° -0.08+0.08" 3.40£0.17°

)See the legend of Table 1.
Each value is mean+SE (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.

A 350 | OTotal polyphenol contents (ug GAE? /mL)
23 W Total flavonoid contents (ug CE® /mL)
£ 300 |
1 4 a
b
§ & 250 | - i
2E ¢ d
§. E 200 e e
©
g =2 150
o 3
€8
@ . 100
ST
X a
o L
£3 % b c e
£3
o L
SDM SDC IBC DAM NPC IP BOC

Sikhye produced cereal crops”

Radical scavenging activity (mg w
Trolox equivalent/100 mL sample)

o
o

0 DPPH radical
W ABTS radical

70 a
60 |
50 |
40 |
30 |

20

SDM SDC IBC DAM NPC IP BOC
Sikhye produced cereal crops”

Fig. 2. Total polyphenol and flavonoid contents, and radical scavenging activity of the Sikhye with cereal crops varieties. See

the legend of Table 1.

Mean of triplicate determinations expressed as pg gallic acid equivalents (GAE) per mL of sample (wet
ba51s) Mean of triplicate determinations expressed as pg catechin equivalents (CE) per mL of sample (wet basis).

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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Table 3. Sensory evaluation of the Sikhye with cereal crops varieties
Variety” Color Aroma Taste Overall quality
SDM 0.73+1.28%2% 0.47+1.06° -0.20+1.15 0.20+1.21%
SDC -0.60+1.30° -0.07+0.88% -0.40+1.35" -0.47+1.13°
IBC -0.07+0.96" 0.20+1.08™ -0.73+0.96° -0.40+1.30°
DAM -0.40+1.59° -0.40+1.06° 0.00+£1.25" -0.47+1.06°
NPC -0.73+1.28° 0.13%0.74 -0.67+0.98° -0.67+0.72°
P 1.07+1.33° 0.40+0.63° 1.60+1.40° 1.47+1.13°
BOC 0.80£1.15™ 0.33+0.62° 0.47+1.13° 0.87+0.92%

1)See the legend of Table 1.
Each value is mean+SE (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.

ol 7HE wmokem, A Ay MRS ko] AiHe  wls) i e A Sy e, =AY S E
2 Atk A SEe HES skl sto| =547 ghtt. dm=ro] & Eejols Bl Eehneoln ke Fobv
(-OI7F Adtat sigt=S dA& Ao Sitrd =& 7F d53 M2 Ry 2u) o] F %9k, DPPH 3 ABTS
Al DNA, MZ4d gl gl gao] 48 B5shs it radical 27 &4 T3 Sotv7} =4 Vel Fada
s B A8 & T Ao g sk B9 ¥ s Az Asl|e] pHell M= 2 4] Zfel7F glglon, B
ol SRS kst &g 22 Aol St O 0.5 ol ko] #t& ekl vk wobe= 1.072 )
Tl Basa Qek(17,18). F EEtueols e BA4E yEiwth G daa P Hia veton 7%,
flel == 4 cateching A8kl %4 (y=0.0025%, % w02 Yehdth WEe AanE Bt 7 =3
R*=0.9894)& AHgstion, & Svhhcol= g =¢ & AL, FHEE =dNE e Aurt & XS B
Eelvl ARt v AEe] ekt gaeg Axd Ao F Eeds e wokvieh A A7 747t
AeEe] A MEEE Az Al vE & o 258 9 241 pg GAE/mLE =7 Yetgon, Sehheol=
wolr gheol ¥ wotor, gotvlE Al A= 5430 2 wobv] 487 54.30 ng CE/mLE #3tth. Ad <]

pg GE/mLE e} 19.21~27.85 ng GE/mL H9l 9] o=
I A Az oF 2] A% Hol giE A&

ol Eokom, WM&y AdFAd dis|A= ¢F 10~ 154]

2 £ 845 eERSITY ABTS radical 24 &4 4F 2ol =

oi ¢} sotul 7t 442 64.82 2 64.75 mg TE/100 mL=

I F&T WL Bl &ido] 2v) o] A YERET =)
o

S £ d £

AAE 7Hg e Ae F 5 :
Aol QFel e AEEst e AE A9

A}
H
4 912t} DPPH radical 27 42 Fig. 2(B)9} #o]
ot 7} 16.85 mg TE/100 mLZ th& 3ol Bls] 2]

DPPH radical &7 &4 & Zotd 7} 16.85 mg TE/100

gelg mLE t& gl nls) 2wl ol weren, Wt o

7NEE 2 7

SR

W7k HE ol

E
A PJ009359)¢] Al o)

Zako] e = ¢ 10~15 8 & TS Jeuidt.
ABTS radical &7 &AL F<Hd7) 71 Holwko Aot
oh wlebA 2 9@ gre] dubgR g
j_;q oLo}o uq xL_Tv_ OJ eg], 70—:'_ /\laﬂ ]}\1 Eo]-uﬂ

zﬂzd 2187} 713 &4kalE] | radical 22715 0] Ho %S

o % itk He) FRow Axw Hale] BBt
A Akt QFs W) A3} ol fASE B
eI B E B0 @ A0S nekste] 4

=R 2753 AGENDA ATFAFI(ATIS A S:
o] F o)z A,
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