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ABSTRACT

This study compared the physicochemical characteristics, proximate composition, taste compound and antioxidant properties
of Sikhye prepared with pigmented rice. Proximate composition showed a significant difference depending on the type of
pigmented rice except crude fat contents and pH, color was a significant difference depending on the type of pigmented rice.
The highest brix degree was 15.07 °Brix in red and black rice Sikhye. Each highest value of reducing sugar and free sugar
content showed milled rice and brown rice Sikhye. Titratable acidity and total acidity of the pigmented rice Sikhye were highest
for black rice Sikhye, free sugar content were highest for green rice Sik/ye. Analysis of their relative antioxidative properties
indicated that black rice Sikhye had the highest total polyphenol, flavonoid, and anthocyanin content, the highest levels of
DPPH radical scavenging ability, and the highest level of reducing power and ferric reducing ability of plasma scores.
Principal component analysis suggested that black rice Sikhye had a strong association with antioxidant properties, brown and
red rice Sikhye had the strongest association with the sweetness and unique flavor.
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Fig. 1. The manufacturing process of Sikhye.



Eu

832 o329l - 7

—80Col BAAZ ¥ 52 AZXPVTED 100R, Ilshin, Korea)
9 gikst 54 A AR

3

DRI AOACH (2000)l] 3k & 105T gt
B3-S 600T 12} 3)38h, 22 Auto-Kjel-
2 Soxhlet FEH o7 =431t

= pH meter(Model 320, Thermo Orion, Beverly, MA,
golo] Zgelglon, 35 Wi Aslel Bitgk

o f

g
=
i
R
ok

F=E AlF 10 mLE 4,000 rpmellA] 587 914 F-2](cen-

trifuge 5810f, Eppendorf, Germany)dle] 42 A5d S =
A(ATAGO, Japan)E ©]-&-3te] Sl om, 38] whi g

ste] FoakS Tsksleh
3k dinitrosalicylic acid (DNS)H(2000)°l <3l =73

W2 & S/ 3 mLE ¥ol 43 F 546 nmellA]
= (Epoch, Bioteck, VT, USA)E 73421 glucose
(Sigma-Aldrich) & FFEAZ A&319)

FeEge BUA R 5 go] F5E 71813, homogenizer
(Ultra-turrax T8, IKA, Staufen, Germany)Z vFaj|ste] wvE &
AEAIA 100 mLE 83 T 3,000 rpmell A 303 HAE
2 (centrifuge 58100)3FATh. AA4EE] 8t A5 & #3to] Sep-
pak C;3o. 2 HAAIA 0.45 um membrane filter(Millipore Co.)
2 of3gh A3 HPLCE o] -85t 418kt HPLC 4]
Z21& Table 17} 2t}

ARAEE= A7 10 mLE pH 8.037H4] F3H117]=H &

Table 1. The operating condition of HPLC for free sugar
analysis

HOoPA o} RATHEETE

85 0.1 N FslERe] gor SHste] 33] vk 4
gstod Hghs otk

AMesE AR 5 mLE #Hoke] S/ 45 mLE 73k
ZF Ak, 4,000 pmel A 1057 YRl sle] A&
1 10 mLol] 0.1 N NaOHE pH 8.037H] ZAstar, 1
£ 1 mLell &FE]

o ok

AE citric acid®] Fo=

714k AR 5 goll SF/FE 718kl homogenizer(Ultra-
turrax T8)= wlafsle] wwt & AEA|A 100 mL= % -8-3F

5 3,000 rpm|A] 304 ¥4 E-2](centrifuge 581003 T
AR Z F5A S 3] Sep-pak Cis 22 FAIAIA 0.45
um membrane filter(Millipore Co.)Z <] 3}g+ oS- HPLCE
o] g3t} BA519th HPLC 271& Table 29} 2T},

1) Total Polyphenol &2t

% ¥= =L Folin-Denis$(Swain T & Hills WE 1959)
o upg} =3t th AlE 0.2 mLol| Folin-Ciocalteu’s phenol
reagent 0.1 mL9} S/ 1.4 mLE H71ste] £33 & 20%
sodium carbonate 0.3 mLE 7}t hArol|A] 2057t kx| gk
% 765 nmoll A FF=(Epoch)E St FFEHARE

gallic acidE ©]-8-dte] FdF& HAISHA

i

2) Total Flavonoid &zt

Z ZElH o]t ke Shen Y 5(2000)8] WHog =
AstAth AlZ 0.5 mLell 5% sodium nitrite 0.15 mLE 7}3}
o] 587 A3 3 10% AICL; - 6H,0 0.3 mL9} 1 M sodium
hydroxide 1 mLE 7}ate] &31gh & oA 158 WA gh &
415 nmol| A FB=(Epoch)E 543t ETEAZE cate-

chin& ©]-8-dte] FF& HASH

Table 2. The operating condition of HPLC for organic acid
analysis

Item Condition
Instrument Waters associates M 510
Detector M 410 RI detector
Column Sugar-pak column (300 x 0.8 mm)
Column temperature 90C
Solvent H,O
Flow rate 0.5 mL/min
Injection volume 30 pL

Item Condition
Instrument Waters associates M 510
Detector UV 486 detector 220 nm
Column Rspak KC-811 column (300 x 0.8 mm)
Column temperature 30C
Solvent 0.2 mM KH,PO,
Flow rate 1.0 mL/min
Injection volume 20 pL
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3) Total Anthocyanin &f2F

% QtEAJold &8-S pH differential method(AOAC 2005.
02)°l wet &3tk 7t 55 0.5 mLol 0.025 M pota-
ssium chloride buffer(pH 1. 0)9} 0.4 M sodium acetate buffer
(PH 4.5)Z 718lo] 2% B9S 5 mL2 3 g2, 510 2 700
nmel| A} ¥h-g-oo] 53 ‘:(EPOCh)?. Z}zk S sto] ofefe 4
o2 ARE Atk

Anthocyanin pigment(cyaniding-3-glucoside equivalents, mg/L)

_ AX MWX DFX 10°
eXx|

A(absorbance value) = (Asio nm — A70 sm)pH 1.0
— (As10 nm — A70 am)pH 4.5
MW(molecular weight of cyanidin-3-glucoside) =
449.2 g/mol
DF(dilution factor) = dilution ratio of sample
¢(cyanidin-3-glucoside molar absorbance) =

26,900 molar extinction coefficient, in L x mol’ x cm’
| = pathlength in cm

4) DPPH Radical 275

DPPH(2,2-diphenyl-1-picryl-hydrazyl-hydrate) radicalell ©
3t 22724 Brand-Williams W 5(1995)2] W& W33}
=23t th 70% oo =9 02 mM DPPHEY 1
mLo| Al& 02 mLE Yol & :;U}z. T, A2 A 30
F bz 3k o2 517 nmollA] &3 =(Epoch)S =4 sl3ich
A2 ot Ao whet 741”0}0% WE-g2 Ve

2

T
[-N

B

(A-B)
1 x 100

DPPH radical scavenging activity (%)=

A : Absorbance of the control
B : Absorbance of the sample

5) Reducing Power

3k 82 Oyaizu M(1986)2] ®Hol wel =431 Th 0.2
M sodium phosphate buffer (pH 6.6) 1 mL, A& 1 mL % 1%
potassium ferricyanide 1 mLE 7}8la, o] E3&E2 50T
2] 208-7F WH-8-A171 3 10% trichloroacetic acid 1 mLE %
ol wkgo] i E3ES 1,000 rpmell A 1083 AAE
(centrifuge 5430R)5t] L& A5 2 mLo}t uﬂ e 2 mLE

23 0.1% iron chloride € 0.1 mLE Y& & 700 nmel| 4]
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6) FRAP Assay

FRAP(Ferric Reducing Ability of Plasma) assay— Benzie
IFF & Strain JJ(1996)°l ©]&t ¥H-& dF ¥ ste] %3}
STtk pH 3.6 300 mM acetate buffer(3.1 g C,H;NaO, - 3H,0,
C,H40, 16 mL per liter)2} 40 mM HCIoll &38]l¥ 10 mM
TPTZ(2,4,6-Tris(2-pyridyl)-s-triazine), 20 mM FeCl; - 6H,0E
10 : 1 : 1 ¥]&2 &3310] FRAP reagent® THEJTHALS:
Al 37CE 719). Al& 0.1 mLell 554 0.3 mL$} FRAP rea-
gent 3 mLE E3RF & AA(A-2)ollA 3087 XA th,
593 nmol| A 3 =(Epoch, Bioteck, USA) =235k &
TEd2E U CE ol8ae] 9T IS FA skt

6. ML

AN = A 2}A|(Color-Eye 3100, Macbeth, New Windsor, NY,
USA)E o]&-3le] AR5 573l Hunter’s valueQ! U=
£ Yehl+= Lil(lightness), AN =S J =5 Y= o%k
(redness), Ao FE=E YER &= b3 L(yellowness) oz
Rt olu] AlgE EFEW ko] 1ghS 98.75, afkS —1.02,
b3ke 1.100]13]th

7. SAHAMe|

Algof tigt A& A7} += SPSS Program(version 20.0 SPSS
Inc., Chicago., IL, USA)< o|-&3le] 7} Adwe] H 7} &
2R P, ARgte] AolHZe Leux B
(ANOVA)S AF8-3191 2™, Duncan’s multiple range testoll
oJ&ll p=0.05 FFolA Frolde Stk Algo] e o
2] 545 aofsta, 54 wat A RES TR flEiA
XLSTAT(XLSTAT version 2015, Addinsoft, New York, NY,
USA) L2735 o]8-ale] F4H E-2(Principal Component
Analysis; PCA)= A3

Zn o 1@

1. Letd =1t pH

23] YW E-2 Table 33} 2k Ww] 2a]o] =53
& 3.60%= JERon, Galn] A o] i SRS 443~
720%=, 0] A&7 fFeH oz g w2, 51 He
7P Gl vebdt, 29 SRS 6.40~11.50% % 2 TH
o mteh el ez el 2ot zlem, dnjof Zn] 24
e =u)9) An) AF Rt 2o ko] =9ty o) 2ol
win) Alg|e] ekl geke 27k A2 Vehych ZA]4k 3
22 0.10~0.23%2 Z1| A&l 7F 7H Egko A& 7F &
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Table 3. Yield, proximate composition and pH of Sikhye of four cultivars of pigmented rice

: Proximate composition (%)
Sample” Y(l)eld pH
(o) Moisture Crude protein Crude fat Ash
MIS 20.36+1.497 3.60+0.10° 8.67+0.25° 0.13+0.06® 1.60+0.10° 5.94+0.01°
BRS 13.85+0.70° 5.43£0.15° 11.50:£0.20° 0.100.00° 2.90+0.10° 5.75+0.00¢
GRS 15.80+3.24° 4.43+0.06° 7.00+0.00¢ 0.17+0.06® 2.30:0.00¢ 5.81+0.01°
RES 13.37+1.02° 6.30+0.20° 6.40+0.10° 0.17+0.06™ 3.30+0.10° 5.65+0.01¢
BLS 13.21£1.03° 7.20+0.30° 10.10+0.10° 0.23+0.06* 3.70+0.10° 5.58+0.01°

D MIS : This Sikhye was made by milled rice, BRS : This Sikhye was made by brown rice, GRS : This Sikhye was made by green rice,
RES : This Sikhye was made by red rice, BLS : This Sikhye was made by black rice.

? Data are meantS.D. of triplicate determinations.

3 Values with the different superscript letter in each column are significantly different at p=0.05.

o AQl zfol & VERA] gFskt). f-Am] Algo] S| ek F27le] Aold 7191 oz AzbE)
2.30~3.70%= Wn] A H} 25 28] o]} =A UEEe

H, o] Win|ET} fanlo] A Fo] u dolglr] wjEl 2. Mojd&

Aoz AZHET fA0 Hele 22 A Qg I T

oA FFol el §AQ AolE HAom(p<0.05), = 1) Alslel S, =gt ¥ Re|et g2t

W Fe An] Hart 7P B4, 7 2AE B 3R 28e] g, ghld 2 2| 2 Table 491 23U

dFe Sn) A& 7F 7P A YERsTh Alge] FeE wnl 2187} 13.93 °Bx, &7 2]8] 14.31 °Bx,
218)9] pHE 5.58~5.94% <SS Yehion, A =0 218 13.47 °Bx, An] 218 15.07 °Bx 2 Zw1] 218 15.07

THol W2 972l 2olE B thp<0.05). Wn] A& <] °Bxi, An|e} Zw| A7}t o)A o P w2 ke UE
pHE 5942 f2u] 2&|e] pHEL} =9k2H, Jeong MS 5 Wtk Kim KJ 5(20082)¢] AT-ollx S| A& 843~
(2014)9] AFoll A @ mezz 23k A8l pH 5999  10.00 °BxE, Jeong MS 5(2014)2] ATold &= A&
A Y 23U Kim KJ 5(20082)] Aol dEn| 2 5.67~12.50 °BxE H 113} oH, o] & A9 FAn] 2
Az 28] pH 5522 ¥ Ao 7P @& pHE ekl & 9%Ql 13.93~15.07 °BxETH W #g eI 9=
3] 2189 pH 5.58 T} Bk, o) Ad Az Al Az £ AE Ax A Gy o] #skeE oy A 83 =

Table 4. Taste compounds of Sikhye of four cultivars of pigmented rice

sc? Reducing sugar Free sugar (ug/mL)
Sample" o og &

(°Bx) (o) Glucose Fructose Maltose Total free sugar’
MIS 13.93+90.22%Y 4.12+0.09" 0.49+0.45° 5.60+0.30° 1.97+0.13" 8.05+0.83
BRS 14.31£0.22° 3.65+0.11° 0.97+0.26" 6.12+0.14* 2.20+0.17* 9.29+0.55
GRS 13.17+0.22° 3.11£0.13° 0.79+£1.05° 5.67<1.17° 2.19+0.76" 8.65+£2.94°
RES 15.07+0.22* 3.67+0.23° 0.80+0.11° 5.96+0.10° 2.13+0.30% 8.88+0.49°
BLS 15.07+0.22* 3.63+0.27° 0.70+0.25" 5.77£0.16" 1.93+£0.15% 8.41+0.46

Y MIS : This Sikhye was made by milled rice, BRS : This Sikhiye was made by brown rice, GRS : This Sikhye was made by green rice,
RES : This Sikhye was made by red rice, BLS : This Sikhye was made by black rice.

2 SC : Sugar contents.

% Total free sugar = glucose + fructose + maltose + sucrose + lactose

¥ Data are meantS.D. of triplicate determinations.

% Values with the different superscript letter in each column are significantly different at p=0.05.
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Table 5. Taste compounds of Sikhye of four cultivars of pigmented rice

Titratable acidity Total acidity

Organic acids (mg/mL)

1
Sample) (mL) (%0) Oxalic acid Acetic acid Citric acid Succinic acid
MIS 10.97+£0.58* 4.24%0.01° 0.68+0.01° 0.22+0.01° 0.08+0.01° 0.45+0.00°
BRS 19.78+0.01° 8.910.00° 0.18+0.00° 0.18+0.00%° 0.08+0.03" 0.49+0.03°
GRS 14.55+0.01¢ 6.54+0.014 0.61+0.02° 0.17+0.01° 0.09+0.00° 0.34+0.01°
RES 23.86+0.01° 10.73+0.01° 0.23+0.00° 0.16+0.00° 0.05+0.01° 0.36+0.03"
BLS 26.49+0.02° 11.93£0.01° 0.20+0.03 0.160.02° 0.09+0.03* 0.40+0.02°

D MIS : This Sikhye was made by milled rice, BRS : This Sikhye was made by brown rice, GRS : This Sikhye was made by green rice,
RES : This Sikhye was made by red rice, BLS : This Sikhye was made by black rice.

2 SSC : Soluble solids contents.
% Data are mean+S.D. of triplicate determinations.

9 Values with the different superscript letter in each column are significantly different at p=0.05.
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Table 6. Total phenolics, total flavonoids, and total antho-
cyanins of Sikhye of four cultivars of pigmented rice

o) Total phenolics  Total flavonoids Total anthocyanins

Sample

(mg GAE?/g) (mg CAE”/g) (mg CGE"/g)

MIS 2.78£0.03 0.09+0.02¢ 2.17+1.74°

BRS 4.66+0.48° 0.44+0.01° 3.56+0.84°

GRS 3.6140.12¢ 0.310.03¢ 2.06+2.56

RES 5.7740.15 0.98+0.03 4.0142.26°

BLS 7.1240.15° 2.32+0.04° 142.948.16°
Y MIS : This Sikhye was made by milled rice, BRS : This Sikhye

was made by brown rice, GRS : This Sikhye was made by green
rice, RES : This Sikhye was made by red rice, BLS : This Sikhye
was made by black rice.

? Gallic acid equivalent.

3 Catechin equivalent.

9 Cyanidin-3-glucoside equivalent.

% Data are meantS.D. of triplicate determinations.

9 Values with the different superscript letter in each column are sig-
nificantly different at p=0.05.
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Table 7. DPPH radical scavenging acitivity, reducing po-
wer, and FRAP assay of Sikhye of four cultivars of pigment
rice

faml 2 Az Aalel olsjela B gl

Sample” DPPH 'radical Reducing pz())wer FRAP
scavenging (%)  (mg AAE”/g) (mg AAF/g)
MIS 3.41£70.93% 2.63+0.08° 2.23+0.02°
BRS 25.4442.16° 4.40+0.09° 3.48+0.06°
GRS 11.90:2.54° 3.4440.17 2.86+0.04°
RES 41.46x0.77° 5.84+0.94° 4.57+0.08°
BLS 84.25+0.81° 8.75+0.12° 7.32+0.17°
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Table 8. The color value of Sikhye of four cultivars of pig-

mented rice

Sample” L (whiteness) a (redness) b (yellowness)
MIS 88.47+20.06™ 0.97+0.06° 10.97+0.15°
BRS 83.90+0.17° —0.07+0.06° 9.67+0.06°
GRS 80.53+0.06° —0.73+0.06° 7.67+0.06°
RES 76.17+0.15° 2.47+0.06° 12.07+0.06
BLS 61.47+0.06° 8.430.06" 4.97+0.06°

D MIS : This Sikhye was made by milled rice, BRS : This Sikhye was
made by brown rice, GRS : This Sikhye was made by green rice,
RES : This Sikhye was made by red rice, BLS : This Sikhye was
made by black rice.

2 L-acsocorbic acid equivalent.

9 Data are meantS.D. of triplicate determinations.

9 Values with the different superscript letter in each column are sig-
nificantly different at p<0.05.
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Fig. 2. Principal component analysis (PCA) loading to 4 pigmented rice Sikhye and their characteristics.
MIS : This Sikhye was made by milled rice, BRS : This Sikhye was made by brown rice, GRS : This Sikhye was made by green rice,
RES : This Sikhye was made by red rice, BLS : This Sikhye was made by black rice, SC : Sugar contents, L : Whiteness, a : Redness,
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acid, CA : Citric acid, SA : Succinic acid, TP : Total phenolic content, TF : Total flavonoid content, AC : Anthocyanin contents, RP

: Reducing power
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