J East Asian Soc Dietary Life 44
26(1): 44 ~54 (2016)
http://dx.doi.org/10.17495/easdl.2016.2.26.1.44

2osFY Hololl & Ao F2 54

OFX

o

FEAFAT 7SN FATEY, (AR FATA ASAGATEY, 3|t sta 9147398

rj_g

1. MM
OO -

¢
AL
|
N
Q
o
o
In
9..'.'
oh
>
Fl
N
o
N
Jol
w
N
Q
re

Quality Characteristics of Sikhye added with Mulberry (Morus alba L.)
Fruit Concentrate
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ABSTRACT

This study compared the physicochemical characteristics, proximate composition, taste compounds, and antioxidant properties
of Sikhye prepared with mulberry fruit concentrate. Analysis of the physicochemical characteristics of Sikhye added with
mulberry indicated that sugar content and titratable acidity increased significantly with increasing mulberry concentration,
whereas pH decreased significantly. The whiteness index (L) was 36.77~51.40, which significantly decreased with increasing
mulberry concentrate. The redness index (a) was —0.90~1.97 and highest in Sikhye sample containing 4% mulberry concentrate.
The yellow index (b) was 0.03~1.90 and highest in Sikhye sample containing 1% mulberry concentrate. Analysis of the
antioxidant properties of Sikhye added with mulberry indicated that total polyphenol content and flavonoid content increased
significantly as the amount of mulberry concentrate increased above 1%. Total anthocyanin color also increased significantly
with increasing mulberry concentrate. The mulberry Sikhye sample containing 8% extract showed the strongest antioxidant
properties based on DPPH radical scavenging activity, reducing power, and FRAP assay. Evaluation of the sensory properties
of Sikhye added with mulberry revealed that the most preferred flavor, color, and taste were observed in Sikhye samples
containing 2%, 4%, and 8% extract, respectively. However, the highest overall preference was observed in Sikhye sample
containing 2% extract, indicating that 2% concentration was most suitable for Sik/ye and that flavor and aftertaste were more
critical than taste. Analysis of the storage characteristics of Sikhye added with mulberry indicated that total bacteria count
increased across all samples with increased storage period. However, total bacteria count in the added mulberry concentration
group decreased in comparison to the control group as the amount of added mulberry increased.

Key words : Quality characteristics, Sikhye, mulberry fruit, antioxidant
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Fig. 1. The manufacturing process of mulberry fruit Sikhye.

7] ¥ E ke 2ulE 10 mLE 4,000 rpmof|A]
587 91452 (centrifuge 5810f)3te] AL AsdS F=A
(ATAGO, Tokyo, Japan)E ©|-83l] =319 0H, 38| Hhe
Agsle] HEghs o9 pHE pH meter(Model 320,
Thermo Orion, Beverly, MA, USA)E o]&3}o] AR5 =4
sAth AR EE 204F 10 mLE pH 8.037H4] S-3HA]
7l=t &85 0.1 N FABIERS] do g 33k
e eH4d 5 mLE Fote] SR/ 45 mLE 7HE §
30%7F 1 &3kaL, 4,000 rpmel| A 1087 YA Ee)sto] e

S 10 mLol 0.1 N NaOH= pH 8.037}A] AAsta, 1
2 &S £ 1 mLoll o] U citric acid®] Fo2 X

A== AFA|(Color-Eye 3100, Macbeth, New Wind-

sor, NY, USA)E o]-&3lo] A|5Z5 =7%3lo] Hunter’s value?l
Ha=S YeERE Lak(lightness), A =S PS5 YeR)
+ afk(redness), S EO] HEE YERNE bik(yellowness)
o2 Yepdth o] AFS-E ZEWTe] Lk 98.75, adke
—1.02, b#t2 1.100]31tk

1) Total Polyphenol &f2f
% 9% 32 Folin-Denis H(Swain T & Hills WE 1959)
o e} =435kt A& 0.2 mLell Folin-Ciocalteu’s phenol

reagent 0.1 mL$} 57 1.4 mLE 37l £33 T 20%
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sodium carbonate 0.3 mLE 7}8}0] aollA] 2083 #FX]3h
T 765 nmol| 4 &3 =(microplate spectrophotometer, Epoch,
Bioteck, VT, USA)E 733}

£ o] &3t ke FAEITh

. ATEH 2= gallic acid

2) Total Flavonoid &2t

% ZeHwol= S Shen Y 5(2009)2] How =
ZskAtk AlE 0.5 mLol 5% sodium nitrite 0.15 mLS 7}3}
o 58 WS &, 10% AICL - 6H0 0.3 mLeF 1 M sodium
hydroxide 1 mLE 7Fote] Z9gh § harellA 158& WA g
T 415 nmollA FF=(Epoch)E 39T TT-EAEE
cateching ©]838to] &=FS FAIBIATh

3) Total Anthocyanin &f2F

% otEAlold $Fe pH differential method(AOAC 2005.
2yl wel S 2 =8 0.5 mLel| 0.025 M potassium
chloride buffer(pH 1.0)2} 0.4 M sodium acetate buffer(pH
455 7ksle] HE B9 5 mLE 3 o 510 2 700 nm
ANA ¥k o] F3F T (Epoch)E 2t S35t ofefje] 4)e
2 AE At

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

_ AXMWXDFX10°
exl

A(absorbance value)
= (As10 nm - Az00 nm)PH 1.0 — (As10 nm — A700 am)PH 4.5

MW(molecular weight of cyanidin-3-glucoside) = 449.2 g/mol

DF{(dilution factor) = dilution ratio of sample
e(cyanidin-3-glucoside molar absorbance) = 26,900 molar
extinction coefficient, in L xmol ! x cm !

| = pathlength in cm

4) DPPH Radical 2=

DPPH(2,2-diphenyl-1-picrylhydrazyl) radicalell ™3} AA
242 Brand-Williams W 5(1995)2] WS W& slo] =3
SIS TE 70% ol Eh2o =91 0.2 mM DPPH-E< 1 mLol Al
502 mLE ¥o] & 23k 5, A9l daellA] 3081
217k B2 517 nmol| A F3=(Epoch) 2 4 a13ith. 242
/& ol Aol wiet ALksle] WEE&2 U

DPPH radical scavenging activity (%)
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A : Absorbance of the control

B : Absorbance of the sample

5) Reducing Power

A3 Oyaizu M(1986)2] ¥yl whet 24819t 0.2
M sodium phosphate buffer(pH 6.6) 1 mL, A|& 1 mL % 1%
potassium ferricyanide 1 mLE 7}8laL, o] EEES 50 Coll
A 2087F 9H-2-A171 3 10% trichloroacetic acid 1 mLE ¥ %1
o} Whgo] B EFES 1,000 rpmoll A 10 £3F L4l e
(centrifuge 5430R)3}0] A2 45 2 mL}t WEHE 2 mLE
231 0.1% iron chloride £ 0.1 mLE ¥ % 700 nmell 4]
EH=(Epoch) S =33ty EFEZ ZE L-ascorbic acid
£ ol&ste] oG dEe FAISA

6) FRAP Assay

FRAP(Ferric Reducing Ability of Plasma) assay+ Benzie
IFF & Strain JJ(1996)°l] ©]&t ¥IH-& AF ¥ ste] 743}
STt pH 3.6 300 mM acetate buffer(3.1 g C,H;NaO, - 3H,0,
C,H;0; 16 mL per liter)2} 40 mM HClol 831€ 10 mM
TPTZ(2,4,6-tris(2-pyridyl)-s-triazine), 20 mM FeCl; - 6H,0&
10 : 1 : 1 ¥]&2 &3519] FRAP reagent® THEJTHALS-
Al 37CE 71E). A& 0.1 mLol =75 0.3 mL2} FRAP
reagent 3 mLE &3 & AA(A2)oA 3083 WAAIZ]
thS- 593 nmollA] 3% (Epoch)S 2463t EFE4A =
£ L-ascorbic acid® o] &3dle] e S FA|Sth
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At Holl 7+ X2l 2] AR 10 mLA S ¥ il 0.85% saline
solutions 90 mL 7}ste] 38:3F 2H-9-738t= 7 1003]2] wwk
g &, AH vjER st diAlETE SIS
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THAE Fsta, AE3e] Apold T AR EAHEA
(ANOVA)Z A18-3}1 2™, Duncan’s multiple range testl|
o&l p=0.05 FollA oS AT A=l e o
2l 545 a%ati, 540 wet AlRES FEs] $laiA
% 4 (Principal Component Analysis; PCA)S 2 A&}
Fom, XLSTAT(XLSTAT version 2015, Addinsoft, New
York, NY, USA) Z2188 AFgalit).
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o FENE Ak @2 HElE BT oR gl &
O 559E TR 0.5%, 1%, 2%, 4%, 8% H7Het ot
Aol =elgtetd 545 vwstuat edAdel 784
NFE, pH, 4FAE 2 A=E 243 A= Table 12 2
o 71 B E, APNEE FHYe AUkl SUMEs
5 folHer 76, pHE froldos sl

74ed 13 E RS tlzTe] 1347 °BxE 7HE Sgke
H, o w5 AUkl S71eel b felHor Srtst

HOoFA o} RATHEETE

o (p<0.05), 8% ST FZHS H7FeE 2al|olA] 16.37 °BxE
e o= Lee JH(2011)9] 2m|=} 218, Kim JS(2012)
o ool frakgh Agkellen ol Qrd thEke
glucose$} fructoseS THiata 9lo] o3k Z2x= Yepd
Aoz fF5Erh Kim MR 5(2002a)°] H.a1gh |22 <]

GE 187 °Bx2E £ ATARED thA =9ty 551 &
FHE A %3 4d 9 FEE 843~10.00 °Bx(Kim EO 5
2008a) = ¥ AFAHHET} Wokth o]2f gk Afol= A AL
&3 SUUE 7H9k o] el whet gt & e A 2
o](Nam SJ & Kim KO 1989), A &S AF&-&1x] o o
g AT Hriste] dukE el e S 2 &8
gt Ve Frksta AvAte] VSR E TEAIL

JE A 525 NEE F UdF ez J|gEch

pHE tZTo] 59602 713 Eghon, ot F&d 3
7hgo] @AIA o8 ST what fo A o & BHolA](p<0.05)
5799014 5.17= ATt ol Y] w2 714 FF
off 7|3k Aoz FAEH, Lee JHQ2011)2] 21|} 214,
QTS 713 QT2 E(Sung M & Choi HY 2014), 2t] ]
o]Z(Lee MA & Byun GI 2013)9] AT ZAI} X% FA}3H
A7} B ok

egade] AFrtes gzTe] 7 dken, oY
9 H7hgo] S7He whet folA o g S8t thp<0.05).
o]+ Sung IM & Choi HY(2014)¢] @t] @F2E, Cho JL
0119 ot Exr] FdH fARgE 295 ZHRT

eoage] HL)e M= 36.77~51.40= YEISLS
tjzo] 51.40°0.2 71 A Ve THp<0.05). HEE £
TEY FHgo] TUHEFE Ao R s Tthp<0.05).
AT (@) WY tETolA —0.90014 veElion, 49
ot w5 A7 A7t 1972 frelder b wA et

Table 1. Physicochemical properties of Sikhye added with different amount of mulberry fruit concentrate

Sample” ssc? Titratable acidity Color

) BY) pit (mL) L a b
0 13.47+0.06 5.96+0.00° 0.43+0.02 51.40+0.56" —0.90:£0.20° 0.40:£0.30°

0.5 13.73+0.06° 5.79+0.00° 1.54+0.01° 45.93+1.44° 1.43+1.17° 1.80+0.70°°
1 13.83£0.06° 5.69:+0.06° 1.62+0.01¢ 43.27+0.40° 1.030.55® 1.90+0.60
2 14.20+0.00° 5.44+0.00" 2.09+0.04° 39.67+1.30° 1.10£0.82 1.23£0.15®
4 14.800.00° 5.3120.00° 2.2040.02° 39.40+1.74° 1.9740.15° 1.03+0.31%
8 16.37+0.00° 5.17+0.06" 3.98+0.04° 36.77+3.08° 0.03+0.68"™ 0.03+0.32°

D0, 05, 1, 2, 4, 8 : Added concentration of mulberry fruits according to the percent(%).

? SSC : Soluble solid contents.
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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%L, 0.5% A7) AslolA 1.43, 2%E 1.10, 1%4+& 1.03.2
2 43 A%E JeEA &8kt E=3 o wE59e 7}
7 @ol A7k 8% 7} AlelolAE 00302 ot &AL
A7rek A8 7 7P Ee FE JERth SR E(b)e] |
A= 0.03~1.900.2 1% oY 5 A7} 287 fel4d e
2 7MY B2 @ YERa(p<0.05), 26 F59 HrhEol
/WS AR BHA 2lEe] FAErt Holxlom, 8% 7t
e A e npRrA 2 FAEr) 0.0302 Yebth

Lee JH(2011)2] 2u]z} 23], Kim JS(2012)2] 2] 2
Cho JL 5(2011)9] 2t] Em7| kde] HEsh= FARH 4
oS BRI AAEe} garo] Aufo = Adolgh g
< Yehitk Kim JS(2012)8] t)d & 9te] xjol= Fala}
JHE 20 & Hrlste] 23 & Axdte T olA B A+

sh Alol2 wel ehd Agtz Alzdd

2. g5l B4

1) & &2dls, & E220|= Y & tEA|ob &gt

evAde] F Fejuls, F S et Bl F HEAJoL
3 Table 29} ﬂt} & Zevs e oY w59
< HrketA & Ade 0.5%9] ef 59s A 4
& 122, 142 ng GAE/mgC. & f2]# 9l z}o]S Holx]| &

}ko‘Jr 1% ol’de] v w59 H7F 289 Zelus g
£ 222~75.6 ng GAE/mge.2 2] F39o]

o
N
N
N
o
o
o|N
N
N

Table 2. Total phenolics, total flavonoids, and total an-
thocyanins of Sikhye added with different amount of mulberry
fruit concentrate

3ol wa} folA oz F718H thp<0.05).

edAae] & FefieolE e o w5
Al e At 05%9] o] F5YS ke Hal= 232,
2.78 pg CAE/10mge = oA Ql Afo]& Holx] ggtort
1% ©1’3e] eH w59 A7t 2de Fevs T 435~
12.35 pg CAE/10 mgo.2 2t w5 o] 7ol Z7lgol
gl folFoz IS ol oo ghHE FET
B3 ZetEo|=rt AE AR oYy wEd A
o2 AYgHr) Park NY(2014)2] A9t FE2E2 A%3
2de] Ao Mz FAE S eI

oudEel etEAlopd AMAT e orjd o9& vehd
Arg ot FFAq9 Hrlero] SV wet folHon
=7}l A THp<0.05).

[o

Wk

oaai%m

2) DPPH Radical &%, &2/2 2 FRAP H
2289 DPPH radical 2274%, 393 2 FRAP assay
£ Table 33} 234t} 2t]4&2] DPPH radical 2A%52 &
%‘«l A7Ygo] SV E oA o2 F7FFATHp<0.05).
Qm| 2} FZ(Lee JH 2011), 2U(Kim JS 2012)Z ©]
o AaA| et 2ol Alm 7ol F7FEE DPPH
radical 2275°] S7Fk= A3 AR Aoks 7R
3113 2 reductone®] A F3H= AU A7} free radical AF
Taltomm Alten, g33% 2] 27 Al 8o £
= Y, =2 g S 7WL EAYTE =
=

1, T

Qiele] B0l e8 BAAE BAHE Faa o)

- IEH

Table 3. DPPH radical scavenging activity, reducing po-
wer, and FRAP assay of Sikhye added with different amount

Sample” Total phenolics Total flavonoids Total anthocyanins ;
(%) (mg GAEZ)/g) (mg CAE3)/g) (mg CGE4)/g) of mulben'y fruit concentrate
0 12.220.19° 2.32+0.01¢ 0.000.00" Sample”  DPPH radical ~ Reducing power FRAP
(%) scavenging (%)  (mg AAE”/g) (mg AAE/g)
0.5 14.2+0.32° 2.7840.00¢ 0.4240.05°
| 2t 1 4354005 | 2550014 0 14.9246.14" 3.63+1.20¢ 15.88+0.82"
2+1. . .05¢ 2540.
0.5 26.48+0.64° 12.27+1.34° 23.17+0.32°
2 38.4+0.97° 6.78+0.02¢ 4.2140.01°
1 35.47+3.26° 25.3542.55% 30.29+1.04¢
4 55.3+0.60° 9.1240.07° 7.5420.01°
2 51.98+0.29° 30.32+0.62% 49.18+0.07¢
8 75.6+0.35° 12.35+0.11° 10.57+0.01°
4 68.15+0.18° 39.51+0.32° 62.4242.06°
1) . . . g
0, 0.5, 1, 2, 4, 8 : Added concentration of mulberry fruits accor: ] 84.5040.21° 552041 32° 759541 24

ding to the percent(%).
? Gallic acid equivalent.
) 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
significantly different at p<0.05.

D0,05, 1, 2, 4, 8 : Added concentration of mulberry fruits accor-
ding to the percent(%).

? L-acsocorbic acid equivalent.

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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5
7hek Ea7] opde] 2ot faketaith 18], Cho MK &  EHE H7ME oW, w5514 2 FEEC vlole] 1¥=
Joo 0S(2010)¢] ATelA = GA|te] S7H8E S44 o] BE AgAF oA o] Folil A7 Hl&} v ast
T4 F=9 *‘oﬂH %@1 o] E=A YEhstth 7] oleff-elet AAEk
FRAP assay+ S 52| pHolA akstAol] olsf Fe3-
TPTZ E3HA7} @@]—3: At Fer TPTZZ $H5|o] FHE=Z 4. M E4d
EX5l= Y2lo|H(Benzie IFF & Strain JJ 1996), 2.t]2]3 QU] T2l 8 Aylsle] A Z2E AlE|e] A 7|7t w2
o] FRAP &% A= w599 Hrbee] S7HErE 194 n o] WsE wEsty] ffsl AFFHA AAIE LRk
o2 Z7FIthHp<0.05). Cho MK & Joo 0S(2010)2] A+ o 2 thagde] B2yl wlel 4Tl 1447 Aa}
MM e Gt FUHESFE SEFTFE FE2Y A WAl AFg A= Table 59F 2oh 2 ATollA] 1447 A
FRAP gto] =7 Jebsith AT A3, oyate] Wske Holx]| ggkon, it
o]fe] A Atz ot Zq7?“1 7V E ksl i e T A7 e Faae] WskE 0
B FgakstE o] Srkekl on, ol U7t AEo it o= A Eo] AEHA Lot A7|Tto] S7gtol w
S VKA 715748 259 LA €8 & 5 UdTh 2} T S7FEIATh el g o] w5 H7h
o] Fwre AL, oY w599 Hrtee] S
3. #sH 54 5 FuTe o gasielth o9 22 Ade oY w59
ouagel #52H EAo| Bat A= Table 49 2y o FFo] oSS AA7IRto] A AAE HoAF
orslel gl tiel AlEnE or) Faag 2y, WS ACE, o U GEAChT 2e Behiiol= M)
w71 =A JeRgon, Tdsbe] 218 A veldth 7t SJ8li(Kim HB & 2005b) Pl Ee] AlEE AL
ool Mol et 7T EE 4% AlaTolA bt we FEETh Kim JS(2012)—4 o] FZE7 Park NY(2014)9]
A= 7o, 2%2] AEFA P B Ans i AT He AT A, Hrbe] SRS SEaUE At
o} ouald el wo] ik 7| TR 8% Aladte] g = T A¥FE Ho B AT AR 23S THTh
o kS Uehgt) Aukdel erjalae] 7 srE AvkE 2% ol ot FEAdel HArle Hae] AL kol 5
o] A|BZAA 7HF e ke Jehith olake] Adtad o 9 S EoFE 988 @ Aoz A4H
O w59 o] 275 U] 7ake Eohxl oy, 3t
Frle A7 w5 ol 2% l*o‘ AW 23]e 7S 5 Fd= =4
LIt oA, e 49 H7bd A l 7V 713 =7} E9uT oS ik e 2] o F4 545 vl
Lee JH2011)9] Qu|z} Gull &9 Myl deldt  sto] AWslr] e S s A 23+= Fig 2%
214 <] OJ?LOM% 10% Algo] AAARl 715 kol 2 A2t eoAdd ek =23ty 54, kst 54 2 #
Aoz 7P =2 7S Jehythy B uste] 2% 7FY = T8 BEAS F4E X (principal component analysis; PCA)
< B2 AT Aete AolE Bk v o] HdwkAl gt A}, Al 157:8(PCHE A 25773 8(PC2)°] ZH2} 63.58%

Table 4. Sensory evaluation of Sikhye added with different amount of mulberry fruit concentrate

Sample" (%) Favor Color Taste Residual taste Overall acceptability
0 4.97+0.45° 4.9740.35° 5.00£0.30° 5.00£0.10° 5.000.30™
0.5 5.17x0.51% 4.80:£0.46™ 4.93+0.40° 5.27+0.21° 5.13+0.15
1 5.67+0.25% 4.87+0.21% 4.90+0.20° 5.77+0.21° 5.33£0.25%
2 6.07+0.40° 4.37+0.15° 4.83+0.06" 6.07+0.21° 5.67+0.31°
4 5.7340.21% 5.20+0.30° 5.03+0.15" 5.7740.25° 5.37+0.35%
8 5.13£0.21% 4.67£0.21% 5.37+0.42° 4.97+0.25° 4.67+0.35°

D0, 05, 1, 2, 4, 8 : Added concentration of mulberry fruits according to the percent(%).
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 5. Change in total viable cell of Sikhye added with different amount of mulberry fruit concentrate (unit: CFU/mL)

Sample" Day

(%) 0 2 4 6 8 10 12 14
0 ND? 0.5x10? 1.9x10? 7.5x10° 4.1x10° 4.9x10° 1.5x10° 6.3x10°

0.5 ND 0.4x10° 1.8x10° 6.5x10° 3.5x10° 3.4x10° 0.9x10° 5.9x10°
1 ND 0.4x10? 1.5x10? 5.1x10° 3.3x10° 2.9x10° 0.5x10° 5.2x10°
2 ND 0.4x10? 1.4x10? 4.9x10 2.9x10° 2.3x10° 0.1x10° 5.1x10°
4 ND 0.3x10? 1.2x10? 4.0x10 2.5x10° 2.0x10° 9.5x10° 4.3x10°
8 ND 0.3x10? 1.1x10? 3.4x10? 2.1x10° 1.7x10° 8.7x10° 3.9x10°

D0, 0.5, 1, 2, 4, 8 : Added concentration of mulberry fruits according to the percent(%).

2 ND : Not detected (1x10' CFU/mL).

Values with the different superscript letter in each column are significantly different at p<0.05.
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Fig. 2. Principal component analysis (PCA) loading to
mulberry fruit Sikhye and their characteristics.
0, 05, 1, 2, 4, 8 : Added concentration of mulberry fruits
according to the percent(%), SSC : Soluble solids contents, L :
Lightness, a : Redness, b : Yellowness, TPC : Total phenolic
content, TFC : Total flavonoid content, AC : Anthocyanin
contents, RP : Reducing power, TA : Titratable acidity
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