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Quality Characteristics of Sikhye made with Berries
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ABSTRACT

This study compared the physicochemical characteristics, proximate composition, taste compound, and antioxidant properties
of Sikhye prepared with berries. Proximate composition and color were significantly different depending on the type of berry,
whereas crude fat content and pH were not. The highest brix degree was 18.92 °Bx in strawberry Sikhye. Total free sugar,
glucose, and fructose contents were highest in blueberry Sikhye. Titratable acidity, total acidity, and organic acid contents were
highest in raspberry Sikhye. Analysis of relative antioxidative properties indicated that bokbunja Sikhye had the highest total
polyphenol, flavonoid, and anthocyanin contents, highest DPPH radical scavenging ability, and highest reducing power and ferric
reducing abilities in plasma. Principal component analysis suggests that bokbunja Sikhye has strong antioxidant and sweetness

properties.
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Waxyrice (100g)
in 1L of water

falt powder (200 g)
in 1.8L of water or berry juice

for 10min at 121°C in Autoclave (1kg/cm?)

r v
Soaking Extraction for 2 hours at 25°%C
for 2 hours inshaking incubator by 100rpm

4 4

Dehydration Centrifugation

for 30min for 10min at 4°C (11,143g)
3 L

Hard-steamed rice Filtration

for filterpaper (whatman No. 41)

Fig. 1. The manufacturing process of Sikhye.
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Saccharification
for 4 hoursat 55°C
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Centrifugation
for 10 min at 4°C (11,1434g)
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Sterilization
for 20 min at 80°C

L 4

Cooling
for 1 hour at 4°%C

k4

Sikhye

Table 1. The operating condition of HPLC for free sugar USA)=
2718 Table 29} Zth

o]}k o] A& HPLCE ©]8-35to] 41313tk HPLC

1) Total Polyphenol &2f

% dl= -2 Folin-Denis H(Swain T & Hills WE 1959)°]]

w2t 43190 1 mg/mL A& 0.2 mLell Folin-Ciocalteu’s
phenol reagent 0.1 mL9} SF 1.4 mLE F7lste] £33
& 20% sodium carbonate 0.3 mLE 7}3te] bAoA 20483t
WX]3F T 765 nmoll 4] &4 (Epoch, Bioteck, USA)E- =748}

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

G}t EFEAZE gallic acidS ©]-8-3lo] kS AT
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Table 2. The operating condition of HPLC for organic
acid analysis

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

2) Total Flavonoid &2t

% ZetH 0| g2 Shen Y 5(2009)2] o2 5%
31 Th 1 mg/mL A& 0.5 mLol| 5% sodium nitrite 0.15 mL
£ 7kste] 53 WA F 10% AICL - 6H,0 0.3 mLe} 1 M
sodium hydroxide 1 mLE 7}3f] E83F & dolA 155 W
%3k & 415 nmol| 4 &3 =(Epoch, Bioteck, USA)E =73}

Ntk FFEARE cateching ©]-8-3te] k2 FASHAT

3) Total Anthocyanin &f2f

ZF FEAJoPA EEF2- pH differential method(AOAC 2005.
02)°l wah 43R tE 1 mg/mL A& 0.5 mLel] 0.025 M
potassium chloride buffer(pH 1.0)9} 0.4 M sodium acetate
buffer(pH 4.5)& 7}ste] #F F9 & 5 mL=E g T 510 %
700 nmol A ¥ o] FF=(Epoch, Bioteck, USA)E 712}

Z3sle] o9 2oz Ans Ak

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

_ AXMWxX DFx10°
eXl

A(absorbance value) =
(As10 5m — A 700 sm)PH 1.0 — (As10 am — A0 sm)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 xmol ! x c¢m ™!

| = pathlength in cm

4) DPPH Radical 2715

cold - g4 - o] -

HOoFA o} RATHEETE

DPPH(2,2-diphenyl-1-picryl-hydrazyl-hydrate) radical®l] T
3t 2724 S Brand-Williams W 5(1995)2] HPH 2 W33}
o 335k 70% olle-&el %<1 02 mM DPPHEY 1 mL
o] 1 mgmL Al 02 mLE ¥ol 2 &35 & 2221 ko]
A 3087E BFX3E TS 517 nmollA] &3 =(Epoch, Bioteck,
USA)E SHaIsith aAGA] & ofefj 2ol we} AlLksto] 9
TEE YRt

(A=DB)

i <100

DPPH radical scavenging activity (%) =

A : Absorbance of the control

B : Absorbance of the sample

5) Reducing Power

A2 Oyaizu M(1986)2] Wl whe}t Z3t%th 0.2
M sodium phosphate buffer(pH 6.6) 1 mL, 1 mg/mL A& 1
mL 2 1% potassium ferricyanide 1 mLE 7}8laL, o] E£3&
< 50CoA 2083 WEEAIZ] 3 10% trichloroacetic acid 1
mLE EUth vhgo] B £35S 1,000 rpmel| A 10 &3F
214152 (centrifuge 5430R, Eppendorf, Germany)sle] &
A5 2 mLot MBS 2 mLE ¥ il 0.1% iron chloride &Y

6) FRAP Assay

FRAP(Ferric Reducing Ability of Plasma) assay< Benzie
IFF & Strain JJ(1996)°l 2|3t ¥WH-S AF WA ste] =33}
STt pH 3.6 300 mM acetate buffer(3.1 g C,H;NaO, - 3H,0,
GH,0, 16 mL per liter)2} 40 mM HClol| €31%E 10 mM TPTZ
(2,4,6-Tris(2-pyridyl)-s-triazine), 20 mM FeCl; - 6H,0E 10 :
1:1H]EZ &35l] FRAP reagentS THETHARE A] 37
TE 719). 1 mgmL A& 0.1 mLoll ZF5 0.3 mLe} FRAP
reagent 3 mLE Z313F & A (A )0l 3083 WA A7)

< 593 nmol|A] &3F%(Epoch, Bioteck, USA)E =73}
th EFEAZE HE CE o] &3t 1Y S FA
sk

A== A 2FA|(Color-Eye 3100, Macbeth, New Windsor, N,
USA)E o]&-st] AlRE 103] whe Ssto] Hahe #A
3}t Hunter’s valueSl Y =E YUERH= Lik(lightness),
AN =S P25 YERE agh(redness), =] A=E U
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Wb 224 3RS 0.50~2.93% 2 B 2] 48 7t e )
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2 AT 38 dHE 1.67~4.20%= BR8] 7} 4.20
%= oA oz 7P Eon, SR E e 1L67%=E
olF oz 71 B Yebgt) wlglddls A S Al e
ARG ol A FF/ol whet oAl ApolE B9l oH(p<0.05),
il S| E ke BRI P A, E S
gtzu e 7 7P A, 22 ek B2 2] g
71 A vERstT) 28] e] pHE 4.50~5.79% g o
2 W] T/ 2 FJHQ AolE B oH(p<0.05), &
FHlE]Ad 5.15, BEAFAE 4.50, 2028 5.30, 27124
5.79, k=g 2lE] 4.65% G787 g em 4 =
ko, Jeong MS 5(2014)2] AFoA 3 wisda 7%
3 2&9] pH 5.999F A8

Sorle N

2. Mo|M¥&

wlglalgle] B gt f2ld-2 Table 49F 29Ut} 289
FeE SFu24d 15.15 °Bx, 3241418 15.21 °Bx, 2T
218 17.80 °Bx, B714&] 18.92 °Bx & #}=H|g]2l8] 17.71
°Bx =, @7]28|7} frold oz 7P & ghg vERITh Kim
AN & Choi SK(2015)2] dA7-ol|lA He] 75 &3t 43|
£ 1537~18.73 °Bx& Hasllom, o] & Ao w4
3| 15.15~18.92 °Bx}t FAKSE k5 UERth Kl TRE
g3t 2lde] GRE 10% A'S Hriste] Alzste] YEl
b ARZ E Aol Aupete] fAKgS HlEE o] &3
218 A=A wel7F A" g g FES 7S AAE
4 Stk

gl de]l #2]9d2 glucose, fructose, maltose %ol
fructose”} 714 ol =] AN (6.15~6.42 pg/mL),
FrelAQl Afol= Aot E702]4]8|(6.42 pg/mL)ol| 7HE
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Table 3. Yield, proximate composition and pH of Sikhye of five cultivars of berry

Proximate composition(%)

Sample” Yield (%) pH
Moisture Crude protein Crude fat Ash
BLS 25.73+4.48" 6.00+0.10¢ 3.30+0.10° 2.93+0.12° 1.67+0.06° 5.15+0.10°
BOS 12.72+3.39° 8.40+0.20° 11.50+0.10° 0.50£0.20° 4.20£0.10° 4.50+0.00°
MLS 22.76+1.33" 5.47+0.06° 5.40+0.10 0.57+0.06 2.83+0.06° 5.30£0.05"
STS 22,9442 58° 6.90+£0.10° 9.10+0.10° 0.50+0.00° 2.57+0.12¢ 5.79+0.00"
RAS 12.25+1.04° 9.40+0.10° 9.83+0.25° 0.63+0.06 3.50+0.20° 4.65+0.07¢

D BLS : This Sikhye was made by blueberry.
BOS : This Sikhye was made by bokbunja.
MLS : This Sikhye was made by mulberry fruit.
STS : This Sikhye was made by strawberry.
RAS : This Sikhye was made by rapsberry.

Data are mean+S.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 4. Taste compounds of Sikhye of five cultivars of berry

Free sugar (ug/mL)

Sample” SC? (°Bx)
Glucose Fructose Maltose Total free sugar’
BLS 15.15+0.00° 1.32+0.11* 6.42+0.16" 1.82+0.08° 9.56+0.12*
BOS 15.21+0.21° 1.2240.12® 6.32+0.21* 1.64+0.18° 9.18+0.17°
MLS 17.80+0.12° 1.05+0.10™ 6.20+0.14° 2.14+0.06° 9.39+0.10°
STS 18.92+0.41* 1.01+0.13% 6.15+0.14* 2.1140.24° 9.27+0.17°
RAS 17.71£0.24° 0.950.09° 6.2120.12° 0.00:£0.00° 7.16+0.07
D BLS : This Sikhye was made by blueberry.
BOS : This Sikhye was made by bokbunja.
MLS : This Sikhye was made by mulberry fruit.
STS : This Sikhye was made by strawberry.
RAS : This Sikhye was made by rapsberry.

2 SC : Sugar contents

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

Data are mean+S.D. of triplicate determinations.

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

29k} Glucose® 0.95~1.32 pg/mLE E-FH 2] 287} <
Ao 71 #A vebsta, etzwEErt fold o ® vt
2 2 ka0t Maltose= 0.00~2.14 pg/mLE 2+
zug]A] ol M & dstar A ekon, oAzt f<
Ho= 71 A vehgth Adle F f8de 7.16~9.56
pg/mLZ Jepgom, vl Fiel wal folH ] AjeolE B
gom E2H|7]48|(9.56 ng/mL)= & 583 ko] 713
=A UEFT) Kim KJ 5(20082)2] Aol 547 &%
of w2 2ol F Feld T 5.942~7408% H sl
o, ol& & A7 WA F feld T 7.16~9.56
pg/mLEh Gkt @k 7kl YER = fructose, glucose
g2 EFuEalE st 7P =4 JEen, Ade 71s
AE =Y F e 28 579 FE galFe B9 mal-
tose= 204 &7 7FF Bk, #2890 zole e
U @748 7 g o2 =7 gt 9k B ATl
glucose, fructose 2 & 2| g2 EFd2] 37| 71
=%on, oz R 7F A S ol T
st e Ao Azbdr

Hlglalde] Agate, kw9l f7)4ke] dHake Table 5
o} okt ALl FAEE 1.02~545 mL9 043~
2.41%% 2= E 7} 5.45 mLo} 241%=2 FelH oz 7}
Z w=okom, wlg] FHo wWE FolHQl AolE YERIT
(»<0.05). AL == EFHE 287t 1.02 mLE folH o=
7P gston FAEE eudE7t 043% = 7P BA U
E}StTY.

w2l 28| e] {714k

3L %

ff

rlr

S-S oxalic acid(148.74~665.01 pg/

mL)$} succinic acid(210.95~616.92 pg/mL)7} acetic acid(5.07
~205.11 pg/mL)S} citric acid(97.10~495.92 pg/mL)Et} B
o 3HrElo] dglew, wg] FiFel wWE FoA Q1 2ol 7}t vt
et gtz Asle BE 714t ko] oA o® vt
A=A Yeb o™, acetic acid THEH2 T2 w22 & Foll
H]3l] oF 1008 F = T Bo ?:}%OW A2 oxalic acid,
citric acid, succinic acid ZF%= F 28] o]} =A YERIT)
Choi C 5(1995)¢] ATelA= 04 Eag AFtE2 4]
succinic acid gl 0412 £ AGe] AFe= Aol & BE
ou, o] Hg]E o] &g Aal|o] Axr}t {7t TS =4

1) & E2juls, & Eft20|= & =1

Hlda el & EZeldls, & Eehiiecl= B F FEA0}
W L Table 67 29Tl £ Zelgs 9 23
A

215 30.45 mg GAE/g, B-%-x}2]4| 148.83 mg GAE/g, 2t
28] 62.62 mg GAE/g, B7]2]3] 36.96 mg GAE/g, 2+=H|g]
218 64.49 mg GAE/g, B4 37} 148.83 mg GAE/go. =
FoA o2 7 =JTHp<0.05). Jeong MS 5(2014)8] A+
ANA Fdl FRE A AEe] F ZejuledEol
258 pug GAE/mLZ 7P s9kon, 2 Ao HEAA4
148.83 mg GAE/gH.t} <F 5800 A= 9 dh5lo] e A
o= Husigrh

% ZHcolE e B8 7 52.04 mg CAE/g2.

™
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Table 5. Taste compounds of Sikhye of five cultivars of berry

Sample! Titratable acidity Total acidity Organic acids (mg/mL)

(mL) (o) Oxalic acid Acetic acid Citric acid Succinic acid

BLS 1.0240.01° 0.51+0.02¢ 271.620+5.51° 1044+ 5.28 97.10+13.16° 210.98+ 5.55°
BOS 2.95+0.02° 1.3140.00° 149.490+0.04° 30.36+30.51° 383.86+10.36" 210.95+20.44°
MLS 1.254+0.02¢ 0.43+0.014 290.160+9.69° 4432+19.17° 114.25+ 3.78¢ 246,01+ 8.82%
STS 2.17+0.00° 0.99+0.00° 148.7400.44° 5.07+ 2.53° 146.63+ 4.82° 294.43+18.63°
RAS 5.45+0.02° 2.41£0.01° 665.001+8.77° 205.1156.17° 495.92+39.15° 616.92+71.59"

D BLS : This Sikhye was made by blueberry.
BOS : This Sikhye was made by bokbunja.
MLS : This Sikhye was made by mulberry fruit.
STS : This Sikhye was made by strawberry.
RAS : This Sikhye was made by rapsberry.

Data are mean+S.D. of triplicate determinations.

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

Table 6. Total phenolics, total flavonoids, and total antho-
cyanins of Sikhye of five cultivars of berry

Total phenolics

Total flavonoids

Total anthocyanins

Sample’ g GAEY)  (mg CAEg)  (me CGEVIL)
BLS 30.45+0.56° 4.97+0.17 1.23+0.07°
BOS 148.83+1.12° 52.04+0.25° 61.61+0.08"
MLS 62.62+0.93° 17.90+0.13° 9.3320.11°
STS 36.96+0.50° 3.16+0.15° 0.60+0.14°
RAS 64.49+0.52° 10.84+0.49° 7.5240.21°

D BLS : This Sikhye was made by blueberry.
BOS : This Sikhye was made by bokbunja.
MLS : This Sikhye was made by mulberry fruit.
STS : This Sikhye was made by strawberry.
RAS : This Sikhye was made by rapsberry.

? Gallic acid equivalent.
3 Catechin equivalent.

9 Cyanidin-3-glucoside equivalent.
Data are mean+S.D. of triplicate determinations.
Values with the different superscript letter in each column are sig-

nificantly different at p=0.05.

2 7P =sk3, etA &7} 17.90 mg CAE/g, 2k=w] 223
7} 10.84 mg CAE/g, EFH 2237} 4.97 mg CAE/g, &7
2187} 3.16 mg CAE/g®] w22 W dfsla e
(p<0.05), W2l FFel wet F42Q1 zto]& =ZA YElth
Jeong MS 5(2014)°] ATrollA] FIv 2 Az 28 9] ZF
Z et ol =3#o] 5430 ug CAE/mMLE 713 E9kon B
Aol B-EA213] 52,04 mg GAE/gHE T} 1,0008] H & $&

FHE HATh

Z QEAoPd &Rk HEAAE 7T 61.61 mg CGE/LE
74 =9km, 2287t 9.33 mg CGE/L, 2t=H 2287}
7.52 mg CGE/L, E5H|2]2]3]7} 1.23 mg CGE/L, ©7143|7}
0.60 mg CGE/LY] o2 A dhiatar AU H(p<0.05),
w2l SRl wat fol2Ql 2ol & A yeplth Ak
d= & tEAloRd ko]l 7P W E@7]A o] H]el of
1004 ©]7%d =7 Yebsith

Hl2|2la o] gakst dE e HEA
7 = Yehon, tggo s ot folao s 3
Al YeRTE Jun HI 5(2014)2] Ao A 2}o} 9 tje
60% acetone ==l e F Zelds, FoEwolE
StEAloPd 3FEFS 244 pg GAE/mg, 29.9 pug CAE/mg, 0.
ng/mge} 41.8 pg GAE/mg, 35.5 pg CAE/mg, 0.6 ng/mgl. 2
2 AT AgEnt @ gk Belom, o) FE8ud ot
& Aol 2 AzEnh

W]

w2 1o Wil

SR

N
N
Ho

A

[ o

o )
Jo

oo}

2) DPPH Radical &~Hs, &2l2y 2 FRAPH

H2]4)&) 2] DPPH radical &A%, ¥ 2L FRAP assay
= Table 73 29%t}. DPPH radical 2752 EE2146|7}
87.71%% 714 =3ka1, 2u)2&|7} 84.54%, ek=H] 2]l 7}
57.31%, 22287} 39.25%, ©71218) 7} 37.04%2] o
2 9 gasta 0 em(p<0.05), Wig] FFol wek <
Al zpo]Z YeATE Kim JS(2012)9] ATollA o) &k
o wZ 2]89] DPPH radical &27% S 44.89~66.31%%
15% 20213 55.11%2F & A9 gf=ug]2l8] 57.31%<
FARSE 3 YERATE

w2 2a o] gl e B4 8| 7) 97.73 mg AAE/gO &
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Table 7. DPPH radical scavenging acitivity, reducing po-
wer, and FRAP assay of Sikhye of five cultivars of berry

Sample” DPPH .radical Reducing pzc))wer FRAP
scavenging (%)  (mg AAE”/g) (mg AAE/g)
BLS 39.25+0.94¢ 11.57+0.95¢ 20.86+0.06°
BOS 87.7142.06° 97.73+4.80° 126.33+2.15°
MLS 84.54+1.30° 35.47+0.72° 43.90+0.11°
STS 37.04%1.56° 12.90+0.72¢ 22.82+0.25°
RAS 57.31£1.10° 31.24+0.63° 38.87+0.43¢
D BLS : This Sikhye was made by blueberry.

BOS : This Sikhye was made by bokbunja.
MLS : This Sikhye was made by mulberry fruit.
STS : This Sikhye was made by strawberry.

RAS : This Sikhye was made by rapsberry.
? L-acsocorbic acid equivalent.
Data are mean+S.D. of triplicate determinations.
Values with the different superscript letter in each column are sig-
nificantly different at p<0.05.

71 =9kar, ©t14]8)|(35.47 mg AAE/R), Bt=H|2]2]8)(31.24
mg AAE/g), ©7]12]8)(12.90 mg AAE/g), E-Fu|2] 4] &|(11.57
mg AAE/g) 2.2 UERETHp<0.05). Jun HI 5(2014)°] &
TFol A BE=LeL 2T 60% acetone 5ol thal 3+
£ 870.6 pg/mg ECsy value2} 745.9 pg/mg ECso value®
ATelA FaAE 7t erfaEe] shdE B w2 Ae}
frAFetaA Tt

FRAPH S o|-&3 we]2ae] gitsle]e BialErt
12633 mg AAE/gC & 7P &3, 2v]43(43.90 mg
AAFE/g), &F=w2]4]8)|(38.87 mg AAF/g), B712]8)(22.82 mg
AAE/g), EF12]2]8(20.84 mg AAE/g) =S & YEhsith
(p<0.05). Cho KM & Joo 0S(2010)= FRAPHS o] &3 2]
glo] kst & e 2, Gt met 2ol 7t /UL
on|, B zte] SIS ksl Freltia B
slom, Lee HH 5(2014)9] A7olA 2 Ao <&
2717} 95.04 pg TE/gC & 7V =4 et

B AoA A wiglalde gitslsAde e TF
of wat o] ARl Aol & Blow, 58] wlE] F HuAlR
e Ao Fats i et datksiEo]l dA s g
, ol FEAY] dtsEAd o] el e R

4, A

2] 2] & ]
11.32~13.13,
35322 YElfom,

A== Table 82F 2kt 2l8|e] WA =(L)=
A (a)= 34.26~67.12, FAZ=(b)= 17.54~
Hﬂ/uh:q AT = Hﬂ;ﬂg} %_%oﬂ [q,g}_

=11 T

HOoFA o} RATHEETE

Table 8. The color value of Sikhye of five cultivars of berry

Sample” L (whiteness) a (redness) b (yellowness)
BLS 12.54£2.11° 45.12£1.37° 19.87+0.04°
BOS 11.3240.47° 57.12+1.74° 21.34+0.02°
MLS 12.24+1.25° 37.6042.02¢ 17.54+1.14°
STS 13.13+0.34° 34.260.98° 18.2142.10°
RAS 11.45+0.05° 67.12+1.34° 35.32+0.09°

D BLS : This Sikhye was made by blueberry.

BOS :
MLS

This Sikhye was made by bokbunja.
This Sikhye was made by mulberry fruit.
STS : This Sikhye was made by strawberry.
RAS : This Sikhye was made by rapsberry.
Data are mean+S.D. of 10 times determinations.
Values with the different superscript letter in each column are sig-
nificantly different at p=0.05.

frolAel o]l E HYTHp<0.05). WA == =728 7} 13.13
o8 7P 2 e vEhlla, A el S gk
2187} 67.129) 35322 7HE w2 32 UeERith 3 EE
gtzug]Adl & AlLlsta, ohE wE Tl e o4l
2o] S JERRA] ¢49kth Kim JS(2012)9] AFollA 20% <
o] H71e 2189 L, a 2 bkl 17.60, 32.36, 17.232.2 1}
ERY, B dA3e] ot 12.24, 37.60, 17.549F FAFSHAl L
Rtk Aale] Awrt o9l ate]lE Bl AL wg] ik
o] Ao] 25| Mol PaFE v H7] W] HOZ ARETh

5 FHE 24

HEj2lee] F4 54 Adshr] el T4 5= AA
3l A3}= Fig. 29} 2} Al FAAEPCHI A2 FAEPC2)
o] z}z} = WHE0] 49.44%9} 31.54%2 Asle] & WO
80.98% 5 AT A1 T3] Fo Wkl Fatd Al
S5 HEAE e gz R dakskEAd, 7714k
ARNE, TAE, A, GAE F1 3|, 2 b
o] F3lE A& & 4 U1, 52 Wl HolH AlsES
euAd|, EFEAE], @82 feld, G, wAas,
WA e 22 ) e o] FelEHAES & 3
Atk A2 FgEe] Fe] Wkl FolH AR5 HEA
g, EFugdE 2 JitstEA, fEld, 8 38 29y
ol A Fotd AS & F AaL, 9] Wk Fahd
ABZEE g2 dd, v, @782 2 /1714
AARAE, FAE, pH, A%, B8R, AW g e &
dol #=A F-shE| At

o|¢} o] FAE A AF, gz Ad= AR F
2gks Jepll = A3Ats, $4E, f714F 59 549 4
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Fig. 2. Principal component analysis(PCA) loading to 5
berries 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, b : Yellowness, TTA : Titratable acidity, TA : Total aci-
dity, Glu : Glucose, Fru : Fructose, Mal : Maltose, OA : Oxalic
acid, AA : Acetic acid, CA : Citric acid, SA : Succinic acid, TP
: Total phenolic content, TF : Total flavonoid content, AC : An-
thocyanin contents, RP : Reducing power.

5 'ﬂ:z} 2] €]
Frkst 540 53] ez A 7—?%?]—. Koca 1 & Kara-
denix B(2009)°] &7 HA o] bl A3 kst €4
o] IAE Lol AIME FLsHA e

o|9} & AXNZHE WA T HA e kst
7%l Fskal ©uts A= AE R, gzugdE s Al
s 7= e R, EFEdE s A8 el FrE vt
A= A= Az 7} g Aoz AztHEn.

2 AFddA e g FFol wE 2Ee] 4 545 %
7Feb7] fste] EFue], 8l o, 271, gz
o] QJukA B

. pH, A1, ket 54 8 A4S vlwstast
stalet. w2l Ajae] duk )
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Tt el 7P =t pHE

Ade F4 54 1015

s vehllen, wg] FRel whet o<l 2fe] & Hith
Angie] 4, fEe, AFAE, FAE 2 {7k o
=3 2o} & e 271487 1771 °BxE 7P =2 @)
< Yehd o, 2487} 15.15 °Bx 2 7P W3S
vetdleh fee e ERuEdErt Y w2 wE B
R, gzt 7 < YERh A=

7} )
TAE B f71A e gz AE)rt 7HY e s o
etk BEEAA e & Zeus, F Pl F <t
EAJold 3k 148.83 mg GAE/g, 52.04 mg CAE/g, 61.61
mg CGE/ge. = th& Hlg] g vlal 7} &= kst 4
TS Btk =3 EEA12)8) 9] DPPH radical &4,
3hlE 9 FRAPH S o] &3 34kl 87.71%, 97.73 mg
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