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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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2155 o]t Ahn DK 1998; Park EJ et al 1997). 2}&|9] 7%
A A A7 WE A5 v RKLee JH 2011), 37U
Aul(Kim HH ez al 2007), 14H(Hur SS 2007), Zg(Kim GS
& Park GS 2012), ¥ (Jeong KY et al 2012b), 27](Min
SH 2009), =2F<(Jeong SI & Yu HH 2013), S5 4
(Cho MK & Joo OS 2010), 7134kPark NY 2014b), }=
(Kang MJ et al 2013), 352 Ann YH et al 2011) 5°] X1l
=oldth

AES FE GG B 715 SA 7HHE Fa A
o8 AFEo] o) HZd ol2eA e AFe YA A
710l 28e T 715 A7t @Ee] RaE L 9tk(Joe
AR & Ahn SY 1996; Chang YK et al 1994; Suh HJ et al
1999; Kim JH et al 2007). 2 7154 2] F] ot #Alo]
Zobglo whet wel /el AH7F S7kstkar it wE(Berry)
© gui7t Bol 2o shel H FHE fAlske R
G E Tk AAE 2R3, ERE oheket A&
< o|F 1 Ytk wgF{ = @Hao] e Z2R2E Vaccinum
Z3(cranberry, blueberry)@ RubusZi(raspberry, blackberry) &
o] slom eyl = B7|(strawberry) 2 E-F-ZHRubus
coreanus)7} F& AR % 3L THChoi YJ 2013). HZ, HAlEA
318 & (phenolic compounds), 53] ¢FEAJobd o] FH-3lo] 3
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3t E37) Hold 3lo] Ll wet EFu ey oo
H| % 27} 3 9tHKang HH 2009). ¥l2lF& aFetal 3
= 59 AH ol FgAA EHE JE I 2 tHJeong
HJ 2012, Nam H et al 2013, Yang H et al 2015, Hwang ES
& Nuuan DT 2014, Lim JD ef al 2014). ¥|2] 7] <=3t 7]
s/do] WalAWA] ofe] 71A] 7hgA Fell g &M 2 AlE
et vreket o ?7} ire] = glom, wel{FE o]
83 A= = E2ug] QT 2E =94 (Lee WG &
Lee JA 2012), E2u2] A(Cho WJ er al 2010) E-Fwg] =
H(Hwang SH & Ko SH 2010), ©7] F7](Lee JH & Ko JC
2009), B7] 13%H(Kim HJ & Lee JH 2009), B7] 2] Z(Lee
GD et al 2003a), 22 H(Han SK et al 2006), 22} QT
2ZE =#4(Jung SJ et al 2011), BEA} F5(Han MR & Kim
MH 2007), B-22} f3HLee MS et al 2008a), S.t]& 7}
Az9 golo] o] A (Park HM er al 2008) So] Hi1¥] o]
AT

ubs] 2 AFee v FY FrPERE F3A7
Aee5EQl “011011 715585 Fosh] 918 712 AT E W
‘T’:‘—rOﬂ w2 A& s xﬂééﬂ a3 WE, kst 54,

o2 b rL

=40, g=ulE)(UsA)el W vlElFot
A7 B(FHY)L o|nfEANA T3t
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108] slFetls S/HTE YL 307 ]
% 2] 304 Bt %}%“-:—_z AlZ1 B2 autoclave(DS-60, =4
938}, Korea)oll A 1 kg/em® FH 0.2 10 E3F FA}81e] A%
st 2l S(EFH 1?4, 22 2, 271, gtzue)E A
2] 300 goll 74 1.5 LS ¥11 3= 2(HMF-3150S, Hanil,
Korea) 2 mixingdte] ¢35ttt A7|& FE2HL S7|&

7HE 200 goll WlglF 1.8 LS YL 25T E FAlehaA] 2413
&< 100 rpm o2 wHkel § FA R o ettt 13T
Wl o de 4T, 11,143 gollA 1083 LA E2](centri-
fuge 5810f, Eppendorf, Germany)d+ ¥ ] 2}x](Whatman No.
41)E o] gato] oAFgk ojFtolrt. A7l ;FRtel] 10u]¢] G

718 FEAS FuF £33lo] 55T water bath(BW-B,

Coll 4] 2413F 5k 2

R =
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Lab Companion, Korea)ol| 4] 44|13t 53t Bslslsich &5}
£ 47T, 11,143 gollA 1083F 941 Ee] e+ & of 7bx](Whatman
No. 41)E ©]-&3tq o Fatqint. o2
TR & Fuste] AAE BEdst
oJ(Lee WJ & Kim SS 1998) F=
shld Aol AHg-eksinh
H|2]2]8] & 5,943% gol|A] 1087 A4 %ﬂ(cenmﬁlge 5810f,
Eppendorf, Germany)st] “dsd-a 80T 24Xz +
A ZAZPVTFD 100R, Ilshin, Korea)E A &350, A

WY R, fElg, 47140 B ke 54 A9 sk

3. AdutdFot pH &H

AU E-2 AOAC(2000) ol F=ate] 82 105T A7
AN, Z3| 8-S 600T ﬂ*‘ﬁﬁ} Zehm o Auto-Kjeldahl
H %2 Soxhlet FEHoz S HAth

pHT pH meter(Model 320, Thermo Orion, Beverly, MA,
o]-&3le] A3t on, 33 WHE Agsle] Htak

FEE AR 10 mLE 5,943x gollA 583 9452 (cen-
trifuge 5810f, Eppendorf, Germany)3dle] 42 A5d&
Al(ATAGO, Japan)E ©]-&3st] S35 om, 33] vy
sto] Haks Fshth

e B9AE 5 gofl S/FTE 718k homogenizer
(Ultra-turrax T8, IKA, Germany)Z v} gle] wyl &
7 100 mLE 783 t}2- 5,943 gol| A 304 14152 (centri-
fuge 5810f, Eppendorf, Germany)3}$ith. 94l &3t 35
< #3Ske] Seppak Ciz2Z HAAIA 045 pm membrane
filter(Millipore Co., USA)Z oI #}gt oJ & HPLCE ©] &3}

i ofl
o k1

AZA

o] BA3lgth HPLC B4 ZAL Table 13 #th
AP ZE= AlE 10 mLE pH 8.037HA] Z8A17]=H 4

85 = 0.1 N FAsJEE
dato] Fdgke Tk
FAEE AR 5 mLE #H3 S/F
3087 Mgk, 5,943x goll A 10 % QA BT Ele] A
359 10 mLol| 0.1 N NaOHZ pH 8.037}4] &HAslx, 21
22 89 1 mLol| FFE U= citric acid?] Fo

Fo| o Zgste] 33 w2 A

HU

Fr ]’1‘}—?: A& 5 goll SFFE 7F8kal homogenizer(Ultra-
turrax T8, IKA, Germany)Z vHj5te] wHlt & HZA|A 100
mLE 783+ Th3- 5,943 gollA]| 303 Y41E-2](centrifuge 5810f,
Eppendorf, Germany)3}5ith. YA E-2]3t “45H-& # 3k Sep-

pak C;3 o2 HA|A]A 0.45 um membrane filter(Millipore Co.,
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Fig. 1. The manufacturing process of Sikhye.

Table 1. The operating condition of HPLC for free sugar

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

USA)Z ]33t o 8-S HPLCE o] &-3f] £33t} HPLC
Z71& Table 29} 2t}

1) Total Polyphenol &2t

% 9% %2 Folin-Denis H(Swain T & Hills WE 1959)°]]
w2}t 4319t 1 mg/mL A& 0.2 mLel| Folin-Ciocalteu’s
phenol reagent 0.1 mL9} 57 1.4 mLE H7lste] &£3tst
& 20% sodium carbonate 0.3 mLE 7}5te] Aol A 2087
W23 3 765 nmell A S-3%=(Epoch, Bioteck, USA)S =743}
Atk ATEAZE gallic acidE o]-&-3te] IS TSI
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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 &zt

% Zg}E o] 3RS Shen Y 5(2009)2] WHo 2 =3
AT 1 mg/mL A& 0.5 mLell 5% sodium nitrite 0.15 mL
£ 7lske] 553 WX gk & 10% AICL - 6H,0 0.3 mLe 1 M
sodium hydroxide 1 mLE 7}3f] £&3F & drol|A] 158 W
|3t & 415 nmol| 4 &3 =(Epoch, Bioteck, USA)E =% 3}
At} ZFEAZE cateching ©]&38to] TS FAISIAT

3) Total Anthocyanin &2t

Z tEAJoPA &2 pH differential method(AOAC 2005.
02)°l wt S43FATE 1 mg/mL A& 0.5 mLel 0.025 M
potassium chloride buffer(pH 1.0)¢} 0.4 M sodium acetate
buffer(pH 4.5)% 7}elo] % 29 5 mLE 3 TS 510 2
700 nmol A ¥ o] FF=(Epoch, Bioteck, USA)E 712}
Z3sle] olgle] 2o AFE AT

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

_ AXMWxX DFx10°
eX |

A(absorbance value) =
(A510 m — A 700 nm)pH 1.0 — (A510 am — A0 nm)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

HotAloh ARl

DPPH(2,2-diphenyl-1-picryl-hydrazyl-hydrate) radical®l] T
3t 24242 Brand-Williams W 5(1995)2] WH S &35}
of STt 70% gl =<1 0.2 mM DPPH-E-<Y 1 mL
o 1 mgmL A% 02 mLE ¥l 2 E313E & 41221 ]
A 30%7E WX 3F Ul 517 nmollA] &34 =(Epoch, Bioteck,
USA)E Sttt &AL & ofefj2] ol whet Alitste] #
TEZ YERITh

(A=DB)

i <100

DPPH radical scavenging activity (%) =

A : Absorbance of the control

B : Absorbance of the sample

5) Reducing Power

122 Oyaizu M(1986)2] Wl whe} Z43t%ch 0.2
M sodium phosphate buffer(pH 6.6) 1 mL, 1 mg/mL A]& 1
mL % 1% potassium ferricyanide 1 mLE 7}3laL, o] &%
< 50CollA 2087 WEEA1Z] 3 10% trichloroacetic acid 1

£ ¥k whgo] B E3HES 1,000 rpmol Al 10 #3F
Y4152 (centrifuge 5430R, Eppendorf, Germany)sle] &-&
74 2 mLo} vlEE 2 mLE ¥l 0.1% iron chloride -
0.1 mLE ¥ ¥ 700 nmol| 4] &33=(Epoch, Bioteck, USA)
£ SHsolth FTEEEE HE CE ol g3t o

FFE BT

|

il
of

6) FRAP Assay

FRAP(Ferric Reducing Ability of Plasma) assay Benzie
IFF & Strain JJ(1996)°l ©]¢F ¥IH-& dF W3 ste] 43}
ST} 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]E&2 &35l] FRAP reagentS THEUTHARE A] 37
CTZ 719). 1 mgmL A& 0.1 mLoll S5/ 0.3 mL2} FRAP
reagent 3 mLE Z33 & dA(A)0lA 3081 WHAIZ]

S 593 nmell 4] &3 %(Epoch, Bioteck, USA)ZS =431
th EFEAZE HET CE o] &3t 1Y g FA
5k

6. MT

A== A 2HA|(Color-Eye 3100, Macbeth, New Windsor, N,
USA)E o83l Al5E 103] W S435to] Fitgts B4
3} t). Hunter’s value®l WA =S UER= Lk(lightness),

o mI-=
AN EE A2 YERHE agh(redness), =2 A=E
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Bl = bik(yellowness) 02 LERHTE oju] Alg-H EEwwh
o] L& 98.75, aZtS —1.02, bFtS 1.10°]Uth

7. SHIXE

Al g2 gk A& A3} += SPSS Program(version 20.0 SPSS
Inc., Chicago., IL, USA)< ©]&3ft] 7zt A& o] Hd} 3%
FAE o, AR AT LA
(ANOVA)Z A18-3}91 2™, Duncan’s multiple range testo]]
oJal p=0.05 FFolA IS ASATE Al whE o
2l 542 a%ata, 54 wet AlgEs FESH] f1siA
FAF E2A(Principal Component Analysis; PCA)S 2 A&}
o XLSTAT(XLSTAT version 2015, Addinsoft, New
York, N.Y., USA) ZZ13-8 A}-2381¢]}.

dn o o3

2] s o] ANk E-S Table 33} 2u). wj2)ala|e] 1
e 2] Fol met oAl Aozt vehsiow, 547
~9.40% Fr=lo] ARl Sz Ad= 9.40% 2 frol4
o2 7P wshon, euHEE 541%E frolA s g vt
A eptth 29 gk 330~ 11.50%2 Mg Ef/el ut
& el o SRkl Aozt Zla, HEAREE 8.40%
2 7P wsker, R ElE 330%2 7P B yE
Wk A S 0.50~2.93%2 B e 487} o v
glfelel Hia ov H= wston, SRl dEE Aol
A& AR Aol & YehliA] @8t ol &FHEv}
ohe gl Eoh gdo] gle F4g welFelr] WEel Ao

A F2

< 1011

A

2 AT 38 S 1.67~4.20%= BEA2]E 7} 4.20
%= frelHos 7P ko, Sl ddle 1.67%%
Aoz 71 @A dehdth Wi dde 2A0E A

=
oA 3 ke B ETE Y =, R g
< gzl AErt g A, AW g B alE
7} 78 =4 YRt A8 9] pHe 4.50~5.79% oFid o
2 uE] F70] e FoF<l AfolE B oH(p<0.05), &
FHlg)aE 5.15, BR8] 4.50, 2]l 5.30, 27144
5.79, e=mlg 2 4.652 B71AE 7 oz Y =
kom, Jeong MS 5(2014)2] AellA] & wlS2= 2|z
3 218 9] pH 5.999} fAFskSIT

2. Yo|Md&

w2l ald e B e} 2l Table 49F Z3Uth 28
FeE B9 g4 15.15 °Bx, EEA124] 1521 °Bx, 2T
218 17.80 °Bx, B7]44] 18.92 °Bx ¥ =g 2]d] 17.71
°Bx %, 871487} freldem 7 e gk VeIt Kim
AN & Choi SK(2015)2] el He] FTR/RE 2l 43
£ 15.37~18.73 °Bx & Halslgl o, o]= & o] wz]4]
&l 15.15~18.92 °Bx%} frAkeH ¢k UERTH Hel TRE
23t 2lEe] TR 10% RS Hriste] Alzste] et
b ARZ E Ao el Aapeto] FARg HlE] & o] &3
28] A zA] HlE7l A" tgo g 25 7S AlALE
T Ut

g dge] Feld2 glucose, fructose, maltose Zl|A]
fructose”} 714 ol dfEo] AN (6.15~6.42 pg/mL),
FrelAQl Afol= ot 78] 4] 8|(6.42 pg/mL)ell 7HE

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 12.7243.39° 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° 5.300.05"
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° 1.3240.11° 6.42+0.16 1.820.08" 9.560.12°
BOS 15.2140.21° 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 17.7120.24° 0.95+0.09° 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.

wott). Glucose® 0.95~1.32 pg/mL= E-FH| 2287} £-2
Ao 7P A vebska, gzl Er roF o= Tt
2 A geta 919ltt Maltose® 0.00~2.14 pg/mLE 2}
zug] 2 sl M= FHratar A Fskom, EEW*?-‘%M e
How 7 A vetstth A8e] & felde 7.16~9.56
pg/mLZ Jepgtom, wie] Fiel ueh f94Ql Aol B
gom E2H|2]48|(9.56 nyg/mL)= & 523 ko] 71
=7 YEPGTE Kim KJ 5(2008a)2] AtoA E4n] 35

of w2 Aol & | kS 5.942~7408 % H sl o
o, ol & A7 wlElEe] F freld el 7.16~9.56
pg/mLE} goktt @k 73sHAl Y= fructose, glucose
e BRI A e 7P =4 el e, “61]94 715
AE =Y & e 28 559 FrE "alFe 99 mal-
tose= 0237} 7HE wkon, oAl XME fne
v &@7128 7 thg o2 A Feta ATk & ATl
glucose, fructose & & F2|d -2 EFHE] A&7 71
Eskon, ol EFHlgA a7t ARA TS Bol
st e AR Azbdr

Wz 2a o] A4te, FAE B f7]4ke] FHES Table 5
o} okt AFAELL FAEE 1.02~545 mLe 043~
2.41%= =223 7) 5.45 mLQ]— 241%2 FoAo = 7}
Z =gkon, g F7Fd ARl Aol & Yebith
(p<0.05). A = %%Hﬂw—l 7} 1.02 mLE frolH o
7P wokem Fatee e A7l 043%E 7P WA o
E}StTY.

w228 o] 7714t e 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)5t} &
o] Fhtrlo] dglem, Mg Ffol e FolZQl Atol7t v
el gkzueA s e e f714E k] felAow vt
= JUEskem, acetic acid S TFE M2l 48] 7ol
vlaf] < 1008] F= o Eo] giakar Ao oxalic acid,
citric acid, succinic acid TF%= F 28] oAt =A e
Choi C 5(1995)2] AAtelAe 0d HASH ABts2E <]
succinic acid grge] 0412 £ Ao Aiel= AolE B
= WEE o] &3 2E9] AxTt frIAt e =4

1) & Baluls, & B2ke0|= U & ShEAOM B2

218 30.45 mg GAE/g, Z]/‘] &) 148.83 mg GAE/g, 2t]
218 62.62 mg GAE/g, ©7]213]] 36.96 mg GAE/g, 2}=H|2]
213] 64.49 mg GAE/g, E--AH218l| 7} 148.83 mg GAE/gC. =
o)z o7 71 =3 th(p<0.05). Jeong MS 5(2014)2] AT+
ANA Fl FeE AxE Ao F Zejlsdel
258 pg GAE/mLE 7} Egrom = 0#:,L9] EB243
148.83 mg GAE/gH.t} oF 580v] F= A ghf=lo] = A
o=z Husigrh
ZF Zofi ot FEe HEAAE 7] 52.04 mg CAE/gS



HelF=2 Az Ao 4

A

25(6): 1007 ~1017 (2015) % 1013

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

Organic acids (mg/mL)

Titratable acidity Total acidity

1
Sample” (mL) (%) 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° 148.740+0.44° 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° 205.11£56.17° 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"

(mg GAE”/g) (mg CAE”/g) (mg CGE"/L)
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 36.9620.50° 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 =9ka, ot)E|7) 17.90 mg CAE/g, 2F=H 224
7} 10.84 mg CAE/g, 5121487} 497 mg CAE/g, 27|
2187} 3.16 mg CAE/ge] w22 3 diata e
(p<0.05), W2l FFell wet F42Q1 zto]& A Vet
Jeong MS 5(2014)2] ATol|A] St 2 Azt &) F
ZglH wol=3lgko] 5430 pg CAE/mLE 7} &9kon, 2
Aol HEA2E 52.04 mg GAE/gEt} 1,0008) H &= e

FAE BEAT

ZF UEAoI e BRI E| 7} 61.61 mg CGE/LE
7% =k3, 2u)2E 7t 9.33 mg CGE/L, 2=u2]2l& 7}
7.52 mg CGE/L, E5H|2]2]8]7} 1.23 mg CGE/L, €714]3)|7}
0.60 mg CGE/L9] o2 7 gfsta A 2™(p<0.05),
2] Fqel wet fo]4< ztolE A JepAth EEAH
= & tEAoRd ko] 7Y e |@rAEel Hlel of
1008 ©]% =A e

wg] g o] aks} gt ke EEAErl fejH e s
71 =A Jehdon, theo® oty fojowr =
A YERTh Jun HI 5(2014)2] 7oA E-Exle} Qt]<)
60% acetone FZ=°| g F Zs, Tt ol ¥
StEAlod 3HEHS 244 ng GAE/mg, 29.9 ng CAE/mg, 0.8
ug/mgs}t 41.8 ug GAE/mg, 35.5 pg CAE/mg, 0.6 ug/mgo 2
B ooAge] AutEc) v ghe Helom, o] FEguld u}
2 Ao| 2 AZHrh

2) DPPH Radical 2715, 222 2 FRAPH

2] 2]&©] DPPH radical 2275, $H1% 3! FRAP assay
= Table 73} 3t} DPPH radical &7 52 S-541414)7}
87.71%= 7V =9ka, Qu|2 &7} 84.54%, ef=ul2] 28] 7}
57.31%, E-FH2)2]8 7} 39.25%, E71218 7} 37.04%2] 2.
2 S et R em(p<0.05), Mgl FFl wet o
ZQl #po]E YR LE Kim JS(2012)2] ol et ghaf
o] w2 A&l DPPH radical 27%< 44.89~66.31%%
15% 26218 55.11%<F & A7) =g ald 57.31%<F
AR S YERAT

wg]2la) o] ghele e B4 8|71 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.

7V =9k, 2)44|(35.47 mg AAE/g), 2k=Hl2] 24| (31.24
mg AAE/g), B7148(12.90 mg AAE/g), &FHl2]48l(11.57
mg AAE/g) £2.2 YERFTHp<0.05). Jun HI 5(2014)¢] <

Toll A BEA 26]9] 60% acetone FEEol U3 g

£ 870.6 pg/mg ECsy value2} 745.9 pg/mg ECsy valueZ &
ATellA FaAE 7t etfaEe] shdE g =& Ae
FrAFSFA T

FRAPH S o] & w2]2ae] aikste & EEak a7t
12633 mg AAE/go 2 7P =%k, 26]2]3(43.90 mg
AAFE/g), 2t=12]24]3)|(38.87 mg AAE/g), ©712]8](22.82 mg
AAE/g), B-F12]4)8)(20.84 mg AAE/g) o2 Uelyitt
(p<0.05). Cho KM & Joo OS(2010)E FRAPH S o]-&-3 2]
glo] kst S S g A, Gt whet 2tolrt A
ou, G| Tte] FTHEFE A E St B
aF10m, Lee HH 5(2014)9] A7<llx 73 Hsjo] g
27171 95.04 pg TE/go 2 714 =4 Yebsith

2 AFoA Al Wl As|e] gAakstEAdL wEl F
of wat o] ARl Aol & Blow, 53] wiE] & Ak
st st kst o] A 71

3
R (<]
Egron], ot BEAe] PUEH] 5] Mo

R

4. Mz

2] 28] 9]
11.32~13.13, A E(a)= 34.26~67.12,
35328 UEp o, iAo A e =

A= Table 8324 294Th 2]8e] WAl w(L)=
AT (b)E 17.54~
Hjgle] Ffol wat

HotAloh ARl

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 11.32+0.47° 57.1241.74° 21.34+0.02°
MLS 12.24+1.25° 37.6042.02¢ 17.54+1.14°
STS 13.13+0.34° 34.26+0.98° 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 : 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 10 times determinations.
Values with the different superscript letter in each column are sig-
nificantly different at p=0.05.

gkl 2]
237k 67.129F 35327 7 =L 3 VRt 3N EE
F=u A8 S A L5k, T W] 2/ o2 S99
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Bl B Are] o 4lE 12.24, 37.60, 17.549F fAFHAl Y
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UERE B
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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.

Q1 glucose} fructose 52| 543
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—‘?‘_E @7—}.)1]- Koca I & Kara-
denix B(2009)2] “&3}F
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