Food Eng. Prog.

Vol. 18, No. 1. pp. 25~31 (2014.02)
DOI http://dx.doi.org/10.13050/foodengprog.2014.18.1.25

==X

b
12
02

NEE ed+

Study to find the Optimal Purification Processing Conditions of

Anthocyanin from Bokbunja Byproducts
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Abstract

This study was performed to determine the purification yield, color value, and total anthocyanin content of purified
anthocyanins from Bokbunja byproducts for analyzing the optimal conditions of purification processing by response
surface methodology (RSM) based on HCI or trifluoroacetic acid (TFA) concentration as an acidulent and ethanol
concentration as an eluent. From the results of purification yield, color value, and total anthocyanin content of the
purified anthocyanins, it was shown that HCI was better than TFA for purification processing from Bokbunja
byproducts and the optimal concentration range of ethanol was 60-75%. The optimal purification conditions for HCI
or TFA, ethanol concentration, and overall desirability by analysis of multiple response surface methodology with
the same weighed value for each dependent variable were 0.84%, 73.12% and 0.77 for HCI acidulent and 1.00%,

60.75%, and 0.96 for TFA acidulent, respectively.
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AAE AT F e AAMELEA F5S oL glo
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u], & #Zuo} So]tklJeong & Seo, 2009). 4] & ol A
600 o F o]Fo] WA U= AFEAJoPI-S BT QFEAJo}
Y (anthocyanidin) ¥ G ZA] FEAJOPU T2 flavyilium(2-
phenyl-1-benzopyrilim)®] 7|20 $4H7] = w5477}
AgH o)l FFEE 7P THChoi, 2010; He & Giust,
2011). BEA = Aot} 3 7b AA o] 20-25%5 214
Sl A% F 4E A4S AAN &, 28, A4, § 5O
2 AESET Uk BRAY HF FYelN BYHE B
AL upe] AR AFRR o] §H 3 ot thE 575w
A= A7 o]ti(Choung & Lim, 2012).
FEAlOP FEHHORE F2 5
HES F52 Jdus, oME, €
20, 50, 73%°] & S7F A7 Ao AFoM = vk
<9 54 wie] Iy oR ogkg F
(Metivier et al., 1980). 2 o]2]2] FEHWHoOZH YA
FZ, 299FE, FAREE 35, volARY o HEE
o] A BIHATHRyu & Kwon, 2013). SFEAJo}d
23004 GF, 4714, 9 o] BAld] F2Po
A A (purification) g o] Q7% o Xt} Qg A
HH © 2 = countercurrent chromatography(CCC), medium
pressure liquid chromatography(MPLC), high performance
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chromatography(HPLC) 5] S8 (Castaneda-Ovando et
. 2009) d¥rAo® AAGE A R AANHoR

O]% §‘r—,—7<] (ion exchange resin)§2 AR5l otEAJold
ZFZES o2 FHAA v dEEo|y eSS o
&3} % ]7]‘:}

H AFoME A QEEAlOId S Ao w
% 3l7] fJste] FAPH S ER MCX SPE cartridgeS &
2HA)| (sorbent) 2 AFE-3FH oW pH ZEA| 24 HClI &
trlﬂuoroacetlc acid(TFA)2] %= W3} 2 &&A| 24 ethanol
Sk Wstl e 7§, A 7t H F dEAMd 3 55
EAAY. A AAl= 2 H(full factorial design)©ll
olate] st om thE RS EHEA ol o] ste] A <] <k
Exjopd ZA 2718 A8kt

Il

W=

B 430 Alget Bzl B
gun, Jeollabuk-do, Korea)ol]A] ﬂ%“‘% LC’_E 2% & qf
2gE A Zom Ao ARSSE Aok B Sigmark(St.
Louis, USA)®] 55 Al %S AMS-3F3 T
FE= ¥ YN 33

82 AR & AL 1g5 60% olere
200 mL%} 3] sonicator(VC 601, Sonics & Materials Inc.,
Newtown, CT., USA)E ©]&3}e] 40°CoA 1A]7F F&3
T& FHE #5t pectinaseZ &4 A E SFATH
2 AR 2 AT 8L duEdRS Bl A 21E
Srom™ pectmase(Pectmex Ultra SP-L)&%= 1.5mL/100L,
84 AP &% 40°C, &4 A A7 247 2 3Tl v
4000 pm o2 15387+ A4 e ste] A4S AU A
Nl A TS A A3E7] 9180 ethyl ether:n-hexane(1:6, v/
vgdoz M g 733735 57]|(BUCHI rotavapor
R-124 and BUCHI water bath B-480, Flawil, Switzerland)=
40°CoA] 20 Brix® &3 5 deep freezerol|] E#ste] AR
stttk B8 FEE9 HAAFTAH LS MCX SPE cartridge
(6 mL, Waters Corp., Milford, USA)E sorbent® 3§ 3}5 3L

H ZdA 2 HCl =+ trifluoroacetic acid(TFA)E A3}

_Ui L-EA| 2= ethanolS A3 T

T2 0
TAL

Wt

BRZ 2Z2ES o] 43 StEAOIIA FA T HA

st= 913k A3 AAle 81 (full factorial design)yS
o] &39S ™ MCX SPE cartridgeE sorbentZ 3§ 3} 2
ol 8912 F X ZA HCl EE TFAS F=(X)%
ethanol®] &%= (X, )E AREsFl e Zh @]l 1’44?& T
Table 13} 2t} 2t SHHUSE FE2 3 7HAZS] -1~1
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Table 1. Factors and levels of experiment for anthocyanin
purification from Bokbunja byproducts.

Code value
Factors
-1 0 1
Concentration of HCI or TFA (%) X, 010 0.55 1.00
Concentration of ethanol (%) X, 60 75 90
W9l 7F code valueE: ZHeE AFI)slgth Ea 27

Z7d w2 HA 3} J—ﬂ"qzﬂt : E-S-3EH A
surface methodology, RSM)S- ©]-&-3}d F=9 b
A HA 2718 kg EHEA g ol o ste] 2ot
7} Q1] i Wisto] wE QFEAJoPdA A
HZ3sts #lstod v‘f—’&%@., o] }r}as] 7412 9
AR 5o A W °]-&s
9.3 ©]-8-3FHTHSAS Instltute Inc., Cary, N

2
AA &L ol F2ld 95t A& T

Yield of purification (%) = x 100

_Cc
A+ B)
4714, A: ZHell A

71 N8, B: StEAOP] &
Al ARE-SE Sl 3, C: AAE

FE7F 03~0.79] ®L7F HES pH 3.09 F
AAIUEF ¢H5AE 7H8te] 100 mLE 3+ Z1& Al
oz sglon 94 Relstel 2 45 9L AHed

H 3.09) 40 Qo EE g3l g oz 9o
0}04 4 F 1em, 3¢ 500~540 nm F-2o] =
oA AlF fAMe] BFE AS A S TR 29
2} 2 7} (color value)S 33t

> &
=2 ot
£

Ax10

Color value (EIO%, 1 (:m) = m

& QtEAOf B

% StEAJold A S Hosseinian et al(2008)2] pH
differential method®l] W} SA3IAY. 72 FE= 0.5 mLel
0.025M potassium chloride buffer(pH 1.0)2} 0.4 M sodium
acetate buffer(pH 4.5y 7}ste] HE 9 E S5mLE 3 ot
& 510 2 700 nmell ARG ofe] FFEE 747t S48t

olgfjo] Ao & AE AT}

A x MW x D x 1000

Total anthocyanin content (mg/kg) = P

7],  A(absorbance value) = (As;gumAgomm ot o~ (As1onm™
Asoumpiiess  MW(molecular - weight of - cyanidin-3-glucoside)
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=449.2, D(dilution factor) = dilution ratio of sample, &(cyanidin-
3-glucoside molar absorbance)=26,900 M'cm!, V =final volume
of sample

2ot D
o[

StEAlold A FG oA MCX SPE cartridgeE sorbent
Z ARSI F 7] 8182 pH ™A ZA HCI &=
= TFAS] E5(0.1-1.0%)9F &34 2 A ethanol®] 5 1=(60-
90%)° W& HAE tEAlohd o] ¥ ARl Fig. 13}
2t} MCX sorbent= 748t Yol w3y} JA4F F2- 2}
&(reversed phase adsorption)®] SA4S XYL o
chokeberry 2 F-E1¢] QFEAJobd GA|FA o A optimized

1% TFA

1% HCl

Fig. 1. Appearances of purified anthocyanin from Bokbunja
byproducts depending on HCI (A) or TFA (B), and ethanol
concentrations.

lobd A=A 27

C18, original C18, LH20 % HLB 52| sorbents XU} &
< SEAI & ¥ 3FsS dAve AT A
E‘r(He & Giusti, 2011). GA|F7g ol A 2] SFEAo} A
9&te] pH 2AAZA HCl =& TFAS AFEEIt
FEAJOPAS pHoll whebx] A4do] wiste =t pH 1°lA]
= H2 A4S YER AL, pH 2404 = FE A4S 1ol
3, pH 5-6014 = FA13L7E o] FoA] ™, pH7E 7 o] el A
+= aldehyde®} phenolic acidZ - 3)] & th(Fleschhut et al.,
2006). pH7}F @&45 HF24S YA He A2 red
ﬂavyilium ionol] 7=ty 1Y r4—(Cooper-Diver 2001).
Zol AHgEE Ao R ek, WEE, SHT 5O O]
%E]J— now =43 FEE TSt A FAG A=
2 ofgkgo] ARSET FElE FEAJobd Y] A é‘?ﬂ"ﬂ
A #AFZHOZ HCIo] TFARY H240] 7331921 HCl
o F=Tt 1%, &E0 o] 8= A& 0.75% 2]
FMo] 7 X18HA e

ﬂll

- 7}7‘] il
o mE A

o
= A
Ao Brare 22

% & CHEA|OH ek

24 HCl =& TFA9 =9} ethanol®]
AR FEAOPAL] &, AL 9 F E
Fgt A3} Table 29} % ”:} QFEA]opH €]
&uf ZFol FANA MCX SPE
cartridge®l] F3E FEEE 531 42 ZAES] FA
H&2 Jeifiglon, A7t A4S dirdo = 3-0-
glucosylated StEAJoPAS] Ho &4 i<l 510-530 nm
E(He & Giusti, 2011) o] &3AY & 317342 24 malvidin
3-O-glucoside®] ] &5 3¢l 540 nm (Guillotin et al,
20092 SHAIRT B Ao = AEHHEFTANA 9
g #<Ql 500-540 nme] S thell Mo FEER 2
A3ttt HCIO 9ol 2 AFe Iugy 7+ 48
Aol A o] &2 HCl 1%, ethanol 60%<] ZZ1o]A]
63.47%% 7FF =%om 7= HCl 1%, ethanol 75%<]

(e} = = I
TE AL FEEY

o o

_ll}lv

Table 2. Full factorial design for anthocyanin purification and its dependent variables.

Coded levels of variable Responses
HCl TFA
X, 2 . Color value Total anthocyanin . Color value Total anthocyanin
0, 0,

Yield (%) (£10%, 1cm)  contents (mgkg) 199 (£10%, 1em)  contents (mg/kg)
-1 -1 63.40 0.274+0.00 4.30+0.32 63.24 0.30+0.00 4.82+0.27
-1 0 57.64 0.56+0.00 16.79+0.18 57.50 0.57+0.00 12.31£0.69
-1 1 54.50 0.59+0.00 11.84+0.32 54.24 0.4440.00 9.77+0.81
0 -1 63.36 0.6140.00 11.49+0.05 62.91 0.76+0.00 15.44+0.29
0 0 57.83 0.8240.00 18.43+£0.37 57.15 0.58+0.00 11.92+0.66
0 1 54.87 0.7140.00 19.34+0.69 54.43 0.59+0.00 13.55+0.68
1 -1 63.47 0.574+0.00 11.84+0.90 63.39 0.70+0.01 14.19£0.19
1 0 57.68 1.00+0.00 19.69+0.63 57.73 0.81+0.00 16.86+0.40
1 1 55.03 0.71+0.01 18.39+0.60 54.59 0.59+0.00 12.76+1.01

X,: Concentration of HCI or TFA, X,: Concentration of ethanol.
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Table 3. Analysis of variance for the effects of three variables
on yield, color value and total anthocyanin contents of purified
anthocyanin from Bokbunja byproducts.

HCI TFA
Factors
X] XZ Xl XZ
Yield Fvalue 296 261538 2.86 1299.72
Prob>F 0.1986 <.0001 0.2055 <.0001

Color value F value 23.79 26.18 11.31 2.92
Prob>F <.0001 <.0001 0.0008 0.0774

Total anthocyanin F value 18.66 40.57 9.55 2.50
contents Prob>F <.0001 <.0001 0.0017 0.1088

X,: Concentration of HCI or TFA, X,: Concentration of ethanol

27914 099602 7P w2 g BATh F FEA}
S HCl 1%, ethanol 75%<] Z7oA] 19. 69 me/kg
o=

7 =gkt HbHo| TFAS] 7 $oE 88 TFA
1%, ethanol 60%°141 63.39%°]0 o™ M 7}= TFA 1%,
ethanol 75%° 4] 0.813, &= SFEAJold 2k TFA 1%,
ethanol 75%°14] 16.86 mg/kgS & 7V =2 S UE

WA A E QtEAlold ] &, A7 9 F QtEAJold
Fee A9 A3 pH 28A2A HCIO] TFAEﬁ} &5
SHA YR o &EA 2 A1) ethanol®] FEZE 60-75%
Feo] M 2 A5 AU

OIRITFE3IHZ A

Zn|dd QroA] HCl & TFAS] BE9} ethanole] =

Lol mE A AEAoPHe] &, AM7F F QFEAJold
ol mA s A=E B4 £4% A3} Table 33 7t
pH ZAAZA HCIE AHE-SE A5 &, A7 3 F e
Aohd FHakol| njx)= éff}% ethanol®] =% W3}7} HCI
‘/] 5= ﬁﬁ'ﬁ-q T ]’]'E]' 1:}- EthanOL/] e

A7 g ?_}E"]O}ﬂ ShFol Al 25 0.1% ool
Al o AfolE EAt pH Zxézﬂi’ﬂ TFAE A&
A= TEAAMT ethanol®] T= W7t TFAS] v% H
Rt & Ao 2 Yeht 0.1% olWolA folA zfeol=
BHel vt Aytel F QtEAJobd koAM= ethanold] &
% ¥slET TFAS] % WSl o] & o2 Yeyt
oh. QEEAJopd AlA-o] GA|FA oA o] pH 7o W 7}
T 2 A AT AEE AAE YE = QFEAoRd
A Zso] B4 71918t HClelW 714 H7hebe QHE
Alopd M= dWbd o7 pHYL Y4 E F5 88 T
-Fralttal gl A Atk(Fuleki & Francis, 1968; Jackman
et al, 1987). A2 821¢] FFol| thate] THHFRA 78,
A7E g F QEEAoP RS of| 53517] 9% o]xjt}a)s]
AFA o] SAAFE ALte A3 Table 49F 2t} 8,
A7E 8l F QEEAlopd SheFol| thate] o] xrtaka] 7] =414
ol 9] U =}t}heks] A (linear), ©)XFe}Hat3] 7 (quadratic) B .2}
3] #(cross product)®] 71=E A s ZA3IK(Table 5) pH
ZAAZA HCl = TFAC #AIRle]l &, A7t ¢ 3
SEAlOM e Vs B dATEs] A, o & a3
A 2 wA3H £O 2 e o™ o] xprtals] A A2 A

Table 4. Regression coefficients of second degree polynomials for yield, color value and total anthocyanin contents of purified

anthocyanin from Bokbunja byproducts.

Estimate
Parameters HCl TFA
Yield Color value  Total anthocyanin contents Yield Color value Total anthocyanin contents
Intercept 114.467263 -5.714338 20.163333 113.252593 -2.079614 14.616667
X, -0.678601 1.352870 2.695000 -1.833333 1.372284 2.840000
X, -1.221926 0.157112 3.556667 -1.789407 0.063359 0.001667
X, * X, -0.3292018 -0.474074 -2.815000 1.407407 -0.0353086 -2.000000
X, *X, 0.017037 -0.006981 -0.512500 0.007407 -0.009148 -1.645000
X, *X, 0.006170 -0.00981 -5.220000 0.005956 -0.000399 -1.845000

X,: Concentration of HCI or TFA, X,: Concentration of ethanol

Table 5. Determination coefficients and probability of second degree polynomials for yield, color value and total anthocyanin

contents of purified anthocyanin from Bokbunja byproducts.

HCl TFA
Regressions
Linear  Quadratic Cross product Total regress Linear  Quadratic Cross product Total regress
Vield R? 0.9656 0.0335 0.0005 0.9996 0.9676 0.0315 0.0001 0.9992
Prob>F <0.0001  0.0012 0.1538 <.0001 <.0001 0.0037 0.6067 <.0001
Color value R? 0.5226 0.3689 0.0283 0.9238 0.5554 0.1320 0.0765 0.7638
Prob>F <.0001 <.0001 0.0565 <.0001 0.0007 0.0697 0.0722 0.0018
Total anthocyanin R? 0.5862 0.3451 0.0052 0.9364 0.4736 0.1449 0.1059 0.7244
contents Prob>F <.0001 <.0001 0.3435 <.0001 0.0025 0.0793 0.0529 0.0043
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g HAANA L total regressionS EF 1% ool &

o1 2ol & EAT

MsE =X st

HCl =& TFAS %9} ethanold] =] W& A=
StEAJole] 8o HX|= YIS v aHEAHOZ B
3t A3} Fig. 29} 2t} B8R 5 A 9= AA
71E o] &35ty StEAJOIAS AuA} 4 519 S w <t

EAlebd(1.36 g/100 g) Bt} =2 3F3F2] uronic acid(41.88 g/
100 g)E W] &3} glucose, glycerol, succinic acid, citric acid
5o] 3 FEHASHW(Ku & Mun, 2008) B5-=S £33
| FE3 AEA OIS B £EE Fol7] At =
AAF7gol dasitt SFEAoPd AAFA A HCl e
TFAS] FEH T ethanole] F%xo] FaFS A e A
S & 5 ANeH ethanol®] FE7F Eobgel] webd &
& B3 STk A= vEsth pH 2EA A HCIE
T WH3le} §EA| 2 ethanol T WH3lol| w2 GAH oF
EAolde]l 88 ukg ¥ EA 3 Azt HCl 041%,
ethanol 60% & W7} #& Z7ASZ 63.45%2 dZF AL
W TFAS] 799l TFA 1.00%, ethanol 60% < wj
63.34%=Z A== ATt A E StEAJopd o] Al 7o) mx]=
FEFS FAgE A3 Fig 33 2™ HCIZ ethanol®] &
Lol w2 W3kFig. 3-A0IHE F 82lo] Ayl fA}st
A GES vAE AS & F JRS™ TFAS} ethanol2]

To W& WM3l(Fig. 3-B)oIA= TFAS] Fx Wsle o
gol] f & A= YEEth HCIF ethanol §%
slol] W& HAE QFEA LIS A7te] HA 2L
HCI 0.84%, ethanol 77.58% < w 091Z o Z= %o
TFAS] 739+ TFA 1.0%, ethanol 68.16% & o (.78
o S AT BAE AEAoPHL] F QPEAJoP gk
nAe JEFS A% A3 Fig 490 Zow HCIH
ethanol?] X0l w2 W3KFig. 4-A)° A= ethanol®] =
7} 9ol 7101 TFAS} ethanol®] F=2] H3kKFig. 4-
B)llX= TFAS] F=7F F&go] o & o= Yehsith
2 A0S =Z HCl 0.44%, ethanol 73.81% ¥ wj AA|¥
FEAJOH O] Z QEEAJoP $Hg-2 19.69 mgkg® ol 5]
ot W TFACS] A-$-= TFA 1.0%, ethanol 70.06% <
g 16.12mgkg= ASEATh HCl = TFAS F%
ethanol®] &0 WE AHA|E tEAoPI] =& M7} &
ZF AEAIA S ek AP oZN
TH= gh4(desirability function)S ©]4-3le] FHHFES
TEAE 1R 1 FEHoR ddd A3 pH 2AA 7}
HCI?l Z--(Fig. 5-A) HZ AA =72 HCl 0.84%,
ethanol 73.12%2] Z 70| o AUkl W= (overall
desirability)= 0.77°11T}. TFAYIA 9] (Fig. 5-B) & AA)
Z7ALE TFA 1.00%, ethanol 60.75%2] Z71o|om Auk

A9l Y= 0.960] At

(A) 10 (B) 10
Yesd Yield
s < 550 ] < 55.0
5 550 - 575 = - 575
g 03 W s55- 00 £ - 60,0
> W 00 - 625 9 - 625
) m > 625 k] > 625
§ 0.0 §
5 £
[ £
g 05 g
3 £
S S
-1.0 o
-1.0 -0.5 0.0 0.5 1.0 -1.0 0.5 0.0 0.5 1.0
Concentration of HCl Concentration of TFA
Fig. 2. Contour plot for yield of purified anthocyanin from Bokbunja byproducts. A: HCl, B: TFA.
(A (B)
Color Color
walue value
< 03 < 04
0.4 04 - 0.5
0.5 MWos - 06
0.6 HWos - 07
0.7 = > 0.7

> 09

Concentration of ethanol

"o w05 00 05 10
Concentration of HCI

Concentration of ethanol

"o 05 00 05 10
Concentration of TFA

Fig. 3. Contour plot for color value of purified anthocyanin from Bokbunja byproducts. A: HCl, B: TFA.
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" 12 - 15
- mi1s - 18
§ N 18 21
g . m > 21
E
8
-1.0
-1.0 -0.5 0.0 0.5 1.0
Concentration of HCI

®
—
-]

Concentration of ethanol

-1.0
-1.0 -0.5 0.0 0.5 1.0

Concentration of TFA

Fig. 4. Contour plot for total anthocyanin content of purified anthocyanin from Bokbunja byproducts. A: HCl, B: TFA.

A (8)
" HCI Ethanaol : TFA Ethanal
Tor ) il il 5| R e
ur LU AUES) et 1) s ] Cur . =L S50
077377 Lo -1.0 -1.0 086101 o -1.0 -1.0
Vield Vield
Targ: 63.0 Targ: 63.0
y = 58.3533 agp g y = 62.9397
d = 0.48370 \ d = 0.99996

Color va Color va
Targ: 0.90 Targ: 0.60
y = 0.8985 y = 0.7604
d = 0.99792 d = (193406

total an  f----= e =l total an
Targ: 19.0 / Targ: 16.0
v = 18.3963 y = 15.4025
d = 0.95975 d = 095021

Fig. 5. Response optimization for multi-response surface of
purified anthocyanin from Bokbunja byproducts. A: HCl, B:
TFA.
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StEA ol THEFS AMurdom B Az} pH ZEA =
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