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Abstract

This study was performed to determine the total anthocyanin contents, DPPH radical scavenging activity, and SOD-
like activity of extracted anthocyanins from Bokbunja for analyzing the optimal conditions of enzyme treatment by
response surface methodology (RSM) based on three factors: concentration of Pectinex Ultra SP-L, reaction temper-
ature, and reaction time. The optimal enzyme treatment conditions of Pectinex Ultra SP-L concentration, reaction
temperature, reaction time, and overall desirability by analysis of multiple response surface methodology with the
same weighed value of each dependent variable were 0.5 mL/100 L, 20°C, 2 hr, and 0.63, respectively. Total antho-
cyanin content, DPPH radical scavenging activity, and SOD-like activity of the conditions stated above were 5.2 mg/
100 g, 61.3% and 30.5%, respectively. Meanwhile, those of the control were 1.1 mg/100 g, 11.8% and 1.1%, respec-

tively.
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M g
B X A (Rubus coreanus Miq.)= “& 7] E-(Rosales) “&v] 3}
(Rosaceae)"] SETEO R St GRA T, dE 5

Ao TSI lom dufj= 7-8 Yol dsEo] F2M0
2 oon Ha} fd F2M o2 HTHChoung & Lim, 2012).
Babe] gEo] e HEAloRd (anthocyanin) 3 2
AAE AT 7 de AAMLEA FES B glon
73t aksiargo] A Ag, o, Bk, A4 A% 5
9 X8 a7t Jv=E AFE A7 ATHKonezak &
Zhang, 2004).

Al-2F2] malonyl CoA®} gHEA}e] p-counmaroyl CoAol]
ofste] A = QFEAloPI A &AM 600 ] F ©]
Afo] HIAE|Q oM A 2P @ WS R = £
flavonoid 2} AZA 25 OJ'E/\] o} (anthocyanidin) il &3]
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olH PEAOIIH-2 flavyilium(2-phenyl-1-benzopyrilim)2] 7]
a7z ) EBe WEA77E AgHA e 725 Tt
ZItH(Choi, 2010; He & Giusti, 2011). E-EA}+= Aotz 3]
7h AA| 8 2025%F AAsH #AE 7k S A
HAAM &, 55, A4, 3 522 A|E3}E T JH(Choung &
Lim, 2012).

He

u'ﬂ]{;l_a —ZFEL ogrE, obMlE, dF FEol| Hlste] 7H7}
20, 50, 3% +& 3 u
<9 B4 wio] dRkFo=m Jes F
(Metivier et al., 1980). Z o]¢|e] F&W
ZFZ(Vatal et al., 2009), Z53 —rg(lvanowc et al., 2014),
nlo] I 2 o] H3Z(Teng et al., 2013) 5°] A7 EAERA
o 34 E o83 FEIHS FE FAI XTI AA
o]_Q_E] o]ou:] o]a].xq oz ,\]._Q_E] A= .ﬂlE];q_ =z

M e vleE (cell wall matrix)S 23S0 2A HEA ),
I FE 78, FEYE & 58 S7MZI S (Krammer et
al., 2005). 3l 2] & & (Macerating enzyme)Z4] pectiolytic,
cellulolytic, hemicelluloytic &4E8 E&3te] AMEsl= A
TE et ol Hde] #H, K] P FE pectin,
cellulose, hemicelluloseZ T/ E o] Jom o] FFo
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wheba] 1 o] ThE N AREE A= a40 TR o 4
g2 pH SOl 93-S 7] wEo]thDucasse et al,
2010). AFEAIOID & Aol 4 AA 215sle]of
3l glycosidase= QFEA|OPA S 7hRalate] A4 QH4
Aol EAE oF7] AZITkal &4 th(Wrolstad et al., 1994).
2 AFME 522 EAlol ] &8 2 A
S SFAF17] 915k Pectinex Ultra SP-L S 42425
AFESIE S Al 89040l 4TS W2 2 RESA|ZE
Z otEAJoldsrz DPPH radical 227 %, SOD-
d So] Wal2 N wEAET A8AAs 2
H (central composite design)oll 2]3te] dY3FH o tf
FALA O oJate] HZ ] FEAob mAA xR

i

Fll“

_4

W2 ek
W=

2 AF g3 HEEA= (F)F8F(Wanju-gun,
Jeollabuk-do, Korea)ollA] 43R0 EA o] AFE3F A
ke EF Sigmark(St. Louis, MO, USA)2|] &5 Al¢FS
A]’%“’]’Mﬂ'.
== 4 24x2| S5

i F& AL dHAAS St ek
acidic sodium metaphosphate ¥%=, 5 <% 2 F& 4|
e AAsslth A= 1g2 60% oleE 200 mLe}t )
sonicator (VC 601, Sonics & Materials Inc., Newtown,
CT, USA)E o] &3to] 40°ColA A7 &3 2™ pH
ZHAAZA 0.7%(w/v) acidic sodium metaphosphate & A}
gt 22 T S8 2 ALY FAL ekl
pectinase(Pectinex Ultra SP-L, Novozyme, Bagsvaerd,
Denmark)Z &4~ X2]& 3FH3L 2 T2 4000 rpmeZ 15
B2 94 Belsiel 45ole Aotk A5 A AR
S AA3BE7] 9130 ethyl ether : n-hexane (1:6, v/iv)&H O
2 AHS oy 1¥3]13%5571(BUCHI rotavapor R-124

and BUCHI water bath B 480, Flawil, Switzerland)=
40°CollA 20 Brix7}HA] & 3 SAAZSI ABE A}
&3ttt
AEAA

EZAE o83 A2 349 Azl dg 43
AAE S48 A 8 (central composite design)2 A3

o Zu|go] & Ppectinex Ultra SP-L(5,000 FDU/mL)2
manualoll Xl A activity B9+ 2 ATt 290
Al 7EEA A8t @4 %E(X,) 0.5-1.5(mL/100 L),
HES25(X,) 20-60°C, HHEAIZHX,) 2-8A17HS Sr]9 o
2 Astom 7k agld digh 72 Table 13} 2t} 7}

Table 1. Factors and levels of experiment for enzyme-assisted
extraction of anthocyanin from Bokbunja.

Code value
-1 0 1

Factors

Concentration of Pectinex Ultra
SP-L (mL/100 L) X 05 L0 1S

Reaction temperature (°C) X, 20 40 60
Reaction time (hr) X, 2 5 8

EYPHSTE $£29 3728 -1-1899 72 code
valueE 2V 2 B3 slslo] 241347 8ol whe} 1577k
2 4% é}o}]\‘il' TS o]E QoIS o8 ke W=

EHP(Y)EE F AdEA T $HEK(Y,), DPPH radical
iﬂ 5(Y,), SOD-like B4 (Y& At a4
T HA3}E s8] WHSEHEA W (response surface
methodology, RSM)& ARE-3l9lom 2z} Qlxle] 4= M3}

of Me BaA TAe AAE slste] PR, ol%}
SREATHA 2 SEARAY So A WS o8
atlem FAEA S SAS 935 ©]83HATHSAS Institute
Inc., Cary, NC, USA).

OPH'

CHEA|OH Bt

% SrEAJold TS Watada 9+ Abbott(1975)0]] wheh
A3 AT 65.1% AREste] T3} ZEe] st 4
Az B8 22 29 1.5N HCI-95% EtOH(15:85, v/
v) 50mLE 7}3}3 sonicatordll A 1A]7F &<t &5 &
AR sle] dolx HZHe 7+ &) 100mLE &

& & ALoA] 24 7F Aol RS T AFSAL 20 B)
3 4ske] 535 mell A FHEE SH A

DPPH radical 2H1s

ANFE 1gS Aol Y3 40mLe 95%(vAv)el ethyl
alcohol& 7hste] AE-&H-& A xst3det. o] §oll 02mM
2,2-diphenyl- l-plcrylhydrazyl(DPPH) L4 10mLe Y2
F2ollA 3087 vH-S-A1Z1 5 ULV. visible spectrophotometer
(OPTIZEN POP, Mecasys Co., Ltd., Daejeon, Korea)E ©]
galel s17mold FHEE SRl e A
Bl FH5E olgsld BAT WHoR FANAT 7
Alge] tigt Af#t)Z<?] DPPH radical 75 (%) ©F
A) 42 ol gslel Asiel

A
DPPH radical scavenging activity (%) = (1- B )x100

A : Absorbance of sample, B : Absorbance of blank

SOD-like &4
JdAFEe AE 02mL, Tris-HCl buffer(50mM Tris
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(hydroxymethyl) aminomethane+ 10 mM EDTA, pH 85% &
) 3mL, 72 mM pyrogallol 0.2 mLS FH7Fste] 25°Cel| A
1027 ¥H-3-A17]12 1IN HCl 1 mLE 7hsto] W3- A A
Ao ¥ESY F AFstE pyrogallol?] -2 420 nmol A
THEE 545U H SOD-like 42 A8 &9 7}
Foh w7 Aolel FHE Aol of) Aol ol3ia
ELR =y

E YeRfoi

SOD-like 4 (%) = (I-X& H7FFe 3%
T BFE))x100

SAXE

FAEAS SAS(Statistical Analysis System, version 9.3)
programS ©]&35F¥ o EAHEA(ANOVA)SH & p<0.05
=94 Duncan's multiple range testE 3} 2|+ 7+
o1 8L skalnh

T

& QIEA|O|! Et2F, DPPH adical A{s & SOD-like £

Al 7HA a9l C’EH BAFEE, W29 WAk

2 BER FEE9 & ¢EAolY &3 DPPH adical
&A% E SOD-like €4S #418t 23} Table 29 2.
B Rz F2 AdEAOIHL 6 7R ZH cyanidin 3-O-
sambubioside, cyanidin 3-O-xylosylrutinoside, cyanidin 3-
O-rutinoside,
rutinoside, dephinidin 3-O-glucuronide® &1 = %1 tH(Choung
& Lim, 2012). & SFEAJobd ko] 75 FA ] Alol=
1.10 mg/100 goll EFsti ot 2 Ao aaxg o] v

pelargonidin  3-O-rutinoside, dephinidin 3-O-

- 09 - 7Sl

i

™

g 7+ A Ao = otEAold ko] W=
2.93-8.77 mg/100 g2 YERTH 4% % 1.5mL/100L, ®F
S 40°C D WHSAIZE 2 hre] Z7o)A 8.77 mg/100 g =
7P =em FAE Al F FEAJoR kel 797%
Pectinase= A ZH ] FEIA-S galacturonic acid
7] v‘i’—'éﬂ ANRORA F2 A T AL A FEFE
3 EACldRFS Z/AITHE ATATT Ao
(Buchert et al., 2005).

DPPHE of~5EHIAN EFHE, polyhydroxy HW3FE3}
g, WIS ofRF Soll 98] FAaE ol Brldon
HYEE EAE At shdE ool wEk 2 Ao
ey A 2RE &

ikl

3L )t}(Jeong et
., 2009). DPPH radical /\ﬂ**-— —r?ﬂﬂ Alell= 11.76%

1 Bslgott EA%E 1.0mL/I00L, HHEeE 60°C

2 REEAIZE 8hro] 2N 65.17%E 7HE T A B

Rnem TZM Ale] 554% ol ATk, Cellulase, papain,
pectase & gﬂ;«z*e o]-g-3le] 2F7) 2] (alfalfa) 2 H-E]

O35S F£39] DPPH radical 2A% L =33 A3

21 *le LFEREA] °‘°k°ur 1.6 mg/mLe] E4%%
ANA = 87.9%=Z SAHUTHE AT+ZE A7 JTth(Wang et
al, 2013).

SOD-like &4 4FS-oA pyrogallol> &9 EA3tE
superoxide radicalol] <]3| } e dojup AMEd S
FA3IH o] & EFF A Z B33, superoxide E2HEHA
o] d&= EZo] EA Al pyroga11014 Abelg 7t grolR) =

Ae]Z 018519 superoxide EXFY L 7HHHoz =
g 4= 9t} wEbA SOD(superoxide dismutase)= A A
o| A superoxide®] A=Al FHst= EaolH FEAJoI

= oa

Table 2. Central composite design for enzyme-assisted extraction of anthocyanin and its dependent variables.

Coded levels of variable

Responses

X, X, X, Total anthocyanin contents (mg/100 g) DPPH radical scavenging activity (%) SOD-like activity (%)
0(1.0) -1(20) 1(8) 5.29+0.08" 33.10+4.49¢ 9.03+0.65°
0(1.0) 1(60) -1(2) 5.77+0.18¢ 51.52+4.09¢ 8.77+0.65°"
0(1.0) 0(40) 0(5) 3.43+0.09¢ 48.88+1.06% 8.25+1.75"
0(1.0) -1(20) -1(2) 3.98+0.09 51.39+2.85¢ 9.16+0.46%
-1(0.5)  0(40) 1(8) 2.93+0.04! 49.50+0.18% 10.32+0.09¢
-1(0.5)  -1(20) 0(5) 6.61£0.16° 55.27+£2.70¢ 12.90+0.61°
-1(0.5)  0(40) -1(2) 4.50+0.20" 51.14+2.49¢ 38.32+0.56*
0(1.0) 0(40) 0(5) 4.40+0.02" 42.74+1.54" 9.03+0.65°
1(1.5) 1(60) 0(5) 6.08+0.01° 56.52+2.00° 10.19+0.82¢
0(1.0) 0(40) 0(5) 3.30+0.01% 46.23+£1.62° 8.51+0.65"
1(1.5) 0(40) -1(2) 8.77+0.27° 61.16£2.91° 8.90+1.20°"
1(1.5) 0(40) 1(8) 3.81+0.03 60.27+1.52° 9.68+0.46%
1(1.5)  -1(20) 0(5) 5.08+0.128 52.14+3.91¢ 8.26+0.29"
0(1.0) 1(60) 1(8) 4.49+0.14" 65.17+£2.23* 12.00+0.80°
-1(0.5)  1(60) 0(5) 5.51+0.12¢ 49.50+1.59% 10.32+0.27¢

X,: Concentration of Pectinex Ultra SP-L (mL/100 L), X,: Reaction temperature (°C), X : Reaction time (hr)
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Table 3. Analysis of variance for the effects of three variables on total anthocyanin contents, DPPH radical scavenging activity and
SOD-like activity of enzyme-assist extracted anthocyanin from Bokbunja.

Factors Total anthocyanin contents (mg/100 g) DPPH radical scavenging activity(%o) SOD-like activity (%)
X F value 4.88 5.92 10.87
' Prob>F 0.0065 0.0026 <.0001
X F value 5.04 8.16 6.08
2 Prob>F 0.0056 0.0005 0.0023
< F value 2.97 0.84 8.34
3 Prob>F 0.0446 0.5156 0.0004

X,: Concentration of Pectinex Ultra SP-L (mL/100 L), X,: Reaction temperature (°C), X;: Reaction time (hr)

3} 7o) SOD-like 48 zte E4S AFATo=2A w3}
AA et & Atsly AslE Wejd 4= JTHCho et al.,
2007). SOD-like /49| 7% §4%% 05mL/100L, ¥H-
25 40°C ¥ HESAIZF 2hre] ZANA 3832%2 7HE =
ko T A(1.10%)2] 3484% G===0] At}

RAFE, Wewe} WA ue

BB} FE2E9 & etEAlold steF DPPH radical 47

of
e
wn
@)
v
&
o
o,
=)
Ni

o7 FAELI /A FHon wee
2 eI Al 7R 891 B 5%UelA e g At
YehAITh DPPH radical 27%5ol/E vhe-Lw7}
Hom AT, WA wollon RESAIZRE 5%
ol A felAd zbol7t gl%ith SOD-like 842 4%}
HRSAIZE) HkgexmrT & o2 yelgton Al 71X
8¢ BF 5%l fedxtelE Bt AE 8<1¢]
Fdd st FE5HE F EA ol $EF, DPPH

N
ol Mt |0 fo 1

Table 4. Regression coefficients of second degree polynomials for
total anthocyanin contents, DPPH radical scavenging activity and
SOD-like activity of enzyme-assist extracted anthocyanin from
Bokbunja.

Estimate

Parameters lotalanthocyanin  DPPH ra@ical SOD-like
contents scavenging N

(mg100g)  activity (%) VI (0)
Intercept 9.852 109.635 70.878
X,V -7.136 -55.136 -72.745
X,? -0.193 -0.945 0.354
XY 0.529 -9.359 -10.543
X, *X, 4.455 25.268 17.769
X,*X, 0.053 0.254 0.113
X,*X, 0.002 0.003 -0.007
X*X, -0.566 0.125 4.796
X*X, -0.011 0.133 0.014
X*X, 0.020 0.361 0.418

UX,: Concentration of Pectinex Ultra SP-L (mL/100 L), ?X,: Reaction
temperature (°C), ¥X;: Reaction time (hr)

Table 5. Determination coefficients and probability of second
degree polynomials for total anthocyanin contents, DPPH
radical scavenging activity and SOD-like activity of enzyme-
assist extracted anthocyanin from Bokbunja.

Regressions Linear Quadratic Cross ~ Total
product regress
Total anthocyanin R? 0.24 0.24 0.18 0.65
contents F value 4.59 4.64 342 422
(%o,dry weight) Prob>F  0.0134 0.0128 0.0369 0.0035

DPPH radical R’ 022 019 031 073

scavenging Fvalue 542 4.75 7.57 592

activity (%) Prob>F  0.0068 0.0116 0.0014 0.0005

SOD.ik R? 028  0.19 027 0.75
-11Ke

activity (%) Fvalue 747 5.14 713 6.58

Prob>F  0.0015 0.0085 0.0019 0.0002

radical 227%5 2 SOD-like 84S <lZ317] 913 oAt}
g3 A4 9] S|AAGE AL A3 Table 491 2t}
% otEA]old 3=k DPPH radical £271% % SOD-like &
Aol thate] ol xit}als| Al al o o] U xjr}a)s]| (linear),
o] 21t} e} 3] 7 (quadratic) 2 2x}8]F(cross product)e] 714
S5 AR A3 (Table 5) T AEAo o] 7o E=
o|xthe}s] 7, YApThas] A ¥ wWAS|H SO F UERG S
™ DPPH radical 2271%59] 7|9 =+ w23]4, o|xtt}a)3]
A 2 I3 Fol Atk SOD-like 84 7H=e= o
2rcaksl 7], waks] ] 2 o|x I =02 JEhs o
o|xirtata] A=A A 77 ellA 9l total regression>
B 5% ool felAd Afols Rt

SRS B SYS JESRR

o

4 Jor Nkg2wel §
AFEE S 9FES BAtKFig 1-G H, ). E44
o
o

)
M
P

ol response mean) &< 4.9 mg/
100 gol Atk E4E%, g% kA bl wE B
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Fig. 1. Contour plot for total anthocyanin contents (mg/100 g) of Bokbunja anthocyanin by enzyme-assisted extraction.
(Conc. of Pectinex Ultra SP-L, A: 0.5mL/100 L, B: 1.0 mL/100 L, C: 1.5 mL/100 L, Reaction temperature, D: 20°C, E: 40°C, F: 60°C;
Reaction time, G: 2 hr, H: 5 hr, I: 8 hr
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Fig. 2. Contour plot for DPPH radical scavenging activity (%) of Bokbunja anthocyanin by enzyme-assisted extraction.
(Conc. of Pectinex Ultra SP-L, A: 0.5mL/100 L, B: 1.0mL/100 L, C: 1.5 mL/100 L, Reaction temperature, D: 20°C, E: 40°C, F: 60°C,

Reaction time, G:

2 hr, H: 5 hr, I: 8 hr)

Ae gEubeaEde HAMHoEN TE I
(desirability function)& ©]-&3te] FHHTES] 7FHAE |
2 F3 TR0 Ad AxNFig 4) FH A =
AL 3AFE 050mL/A00L, WL 20°C B WkSA7E
2hre] E7olglewn ojue] F tEAJold 3EF, DPPH

adical 2A% 2 SOD-like B4 7Hzt 52mg/100g,

61.3% = 30.5%
£ 0.63°]At}.

ZulLA o] o=

N

oL

o oF
S =

=(overall desirability)

2 AT EAe] EAH S FET F FEE A
Y& o] &gS 8t Pectinex Ultra SP-LS ARE-3F3

on FAAYFHOEMN AiFE, W E T ukgA|7
of e HEA FEES F AdEARI 7, DPPH
adical 22715 % SOD-like /3 REGEHIEAH | 9|3}
of HAsledith T tEAo o] - a4 &
g oA o] W3- o (response mean) & 4.9 mg/100 g
olglon A (HET)E 1.1 mg/100 golAth A2 a2

2FE

HYzAew [ 14mL/100L, ¥F&-&% 60°C %
WA ZE 2hr € W 8.8mg/100 g2 EFSTE DPPH

adical 27159 7% WS HF e 51.6%°)N o hEF

= 11.8%°1}th #d SAXFXACZE §40F% 141 mL/
100L, ¥H-8-2% 56.69°C & WHS-AIZF 737hr A w 65.1%

L
fu

= Uetstth SOD-like 249 A%+ W gl
51.6%C100H tE2TE L1%OIAeh A gax 210
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