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Abstract

This study was conducted to monitor the quality characteristics Citrus unshiu ethanolic extracts by a response surface
methodology. In extraction conditions based on the central composite design with variations in ethanol concentration
(0~100%), extraction temperature(35~95C), and ratio of solvent to sample(20 mL/g). The maximum value of
yield was 36.31% at 93.18°C, 67.13% of ethanol concentration. The extraction yield and total polyphenol content
were improved with the increase of ethanol concentration than extraction temperature. Total flavonoid content was
improved with the increase of extraction temperature than ethanol concentration. The coefficients of determinations(Rz)
were 0.8646(p<0.1) and 0.9153(p<0.05) in electron donating ability and hesperidin content, respectively. Estimated
conditions for the maximized extraction including yield, total polyphenol content, total flavonoid content, electron
donating ability, and hesperidin content were 55~73% in ethanol concentration, 89~95C in extraction temperature,
and 20 mL/g in ratio of solvent to sample.
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Table 1. Level in extraction condition for Citrus unshiu peel based
on central composite design

Coded levels
-1 0 1 2
X Ethanol concentration (%) 0 25 50 75 100

Xi Independent variables

X2 Extraction temperature (C) 35 50 65 80 95

Table 2. Central composite design for optimization of extraction
condition for Citrus unshiu peel

Conditions
Exp. No. ) Ethanol Concentration(%) Extraction Temperature( C)

Xi) X)
1 75(1) 80(1)
2 25(-1) 80(1)
3 25(-1) 50(-1)
4 75(1) 50(-1)
5 100(2) 65(0)
6 0(-2) 65(0)
7 50(0) 65(0)
8 50(0) 65(0)
9 50(0) 952)
10 50(0) 35(:2)

"The number of experimental conditions by central composite design.
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% ZT)9E F%-L Folin-Denis(17)H ol wiet L& 53
A AFH T A8 1 goll 2081 FFHFE 718k 70T
A 307 FESHL ARS tF FEFY 05 mLol| 2N
Folin-ciocalteau reagent 0.1 mLE 7}l F-23] &3t
O 84 mLe] By SHTE 718t AolA] 387t WS-
A7l & 20% Na,COs; 1 mLE F7}atar Aox 147k
k2 A7l & spectrophotometer (Ultraspec 2100 pro,
Amersham Co, Sweden)E ©]-83}4] 725 nmoll A SH =S
=43t ol F Z|uE9] S tannic acid (Sigma,
St, Louis, MO, USA)S A @ste] 243 REH41 02

A 2bst .

& ERlE0|=EEE =X
& FotHco|E I 5742 DavisHoll whek(18) 508)
2 100 uLoll 1 mL diethyl glycols- E§Falo] 41204
B2 Hkg- A171 % IN NaOH 100 uL.9} £k 37°Coll A
Omin 7F W& A]Z] % 420 nmol|A] spectrophotometer
(Ultraspec 2100 pro, Amersham Co, Sweden)Z SHE=E
S48t F SR =0l = 32 quercetin (Sigma, St,
Louis, MO, USA)S A #Fsto] A3 REFA 024
AlRFakd et
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HABols 55

gatslss 43171 flg AAF52 1,1 diphenyl-2-
picrylhydrazyl (DPPH)9] ¢8-S o] &8st SA3 AT
(19). & DAE AT A= 1 goll 2089 S/
71sted 70Tl A 3083 53k S o FE4 200
jLoll DPPH -&<8(4x10* M DPPH, ethanol 100 mLol -&-3f)
800 LS 7}3F & absolute ethanol2- 2 mL H7}sk] 10%7t
&3 3 g AeoA 1587 BESAI7]1AL 525 nmol| A
FEEE SHIoH, AEE HUIEHA g g2
THE Aol WESE ARSI 2T 2= L-ascorbic
acidE g&Fsted AFFAE AAdste ALttt

EDA (%) =(1 - A/B) x 100
A : Absorbance of sample
B : Absorbance of blank

Hesperidin&f&F &4

Hesperidin #4312 Jung 5(10)2] *Hol| wel Waters
2690 liquid chromatograph (Waters Co, Milford, MA, USA)
£ o]&ate] EA3HAT ©] 542 methanol (A)¥ 0.5%
acetic acid B)E AFE-3}$1.2.H, 0~10min 7}A] A:15%, 10~
20 min7}A] A:30%, 20~35 min 7}A] A:40%, 35~50 min

Table 3. Yield, total polyphenol, total flavonoid and hesperidin content of Citrus unshiu peel extracts by Extract conditions

. i Ratio of solvent to sample Extracts Total polyphenol Total flavonoid .
Extraction conditions content (mLJg) yield(%) contents(mg/mL) contents(mg/mL) Hesperidin contents(mg/mL)

10 14.56 18.05+0.80 6.54+0.73 0.442+0.001

Hot water

(80, 4hr) 20 20.57 21.55+0.28 6.830.87 0.436+0.001
30 21.16 20.75+0.31 6.070.53 0.682+0.001
10 19.78 24424041 8.31£1.01 3.028+0.001

50% Ethanol

(80°C. 4in) 20 26.23 25.130.51 9.42+1.69 3.56140.001
30 2834 26.11+0.59 9.54+0.99 3.75840.001

Auto-Scaled Chromatogram
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Fig. 1. HPLC separation of ethanol extract from Citrus unshiu peel.
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7HA] A:65% 1)1l 50~60 min 7}A] A:15%2] gradient =71
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x 150 mm, Waters, Co, USA)S AR} AL, 745 1 mL/min
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Table 4. Experimental data on yield, total polyphenol, total flavonoid, electron donating ability, and hesperidin content of Citrus unshiu
peel extracts by central composite design for response surface analysis

Physicochemical properties

Exp. No.”

Tota(l%\)’ield Total polyphenol (mg/mL) Tot?rlngi\{ﬁl)ioid Electron dc()%a;ting ability Hesperidin content (mgfmL)
1 35.7840.53 13.35+0.70 6.38+0.18 31.050.49 2.802+0.001
2 27.30+0.35 10.21+0.36 4.48+0.10 26.85+0.57 2.225+0.001
3 2047+2.37 7.260.29 2.99+0.07 20.66+0.50 1.844+0.001
4 26.30+0.14 8.78+0.22 4.27+0.03 2037092 2.765+0.001
5 20.0742.30 6.50+0.68 330+0.09 9.92+0.20 1.107+0.001
6 25.6740.25 8.160.58 3.19+0.08 23.08+0.98 0.428+0.001
7 27.67+0.28 10.40+0.14 5.3420.15 28.56+2.65 3.13240.001
8 275340.15 10.59+0.36 4.98+0.17 25.3040.20 3.15640.001
9 30.00£0.42 13.40£0.16 6.670.40 32.87£1.14 3.82340.001
10 21.3740.18 7.1110.10 3.20:0.12 18.3010.81 1.254+0.001

"The number of experimental conditions by central composite design
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Fig. 2. Response surface for the effects of extraction conditions on yield, total polyphenol, total flavonoid, electron donating ability, and
hesperidin content of Cifrus unshiu peel by ethanolic extraction.
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Table 5. Polynomial equations calculated by RSM program for
extraction conditions of Citrus unshiu peel

Response Second order polynomial” R®  Significance
. Yy = 16302639+0.177181X,-0.026143X;
Yield 0 004351X,+0.005033X,X-0.000153%,” 08388 0090
Y, = 1961181+0.063795X,+0.102909X
Total polyphenol o195 240,001080X, Xe-0.000348%,. 08702 00644
Toal  Yr = OTA4ITH0SBBIXAO0664BK, (oocc 00405

flavonoid -0.000755X,"+0.000413X,X:-0.000220X,

Electron Y = 6.246875+0.156462X+0.331020X;

donating ability -0.004257X,2+0.002993X,X,-0.001 731X, 08646 0.06%

Hesperidin Yy = -5.313736+0.119607X,+0.130228K,
20.000952X,-0.000229X X,-0.000676%,. 00133 0.0288

contnent

"X,: ethanol concentration (%), Xo: extraction temperature (C)

Table 6. Predicted levels of optimum conditions for the maximized
and minimized responses of variables by the ridge analysis of their
response surface

Extraction conditionl)

Responsg Estimated
Xi X, responses  Morphology
(Max)
Total yield (%) 67.13 9318 36.31 Saddle point
Total polyphenol (mg/mL) 5947 9446 13.86  Maximum point

Total flavonoid (mgfmL) 61.01 9426 6.80 Maximum point
Electron donating ability (%) 5145 94.99 3348

Hesperidin content (mg/mL) 5148 94.98 347

Maximum point

Maximum point

X,: ethanol concentration (%), Xy extraction temperature (C)

Z Z¥sdE € F SR ol=gFe ¥

A5 de] Fx5Ho] Qe #HE=A E%22 phenolic
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e 7M. SAGA G o3t 1] oee &
ZA9 & Z2)¥=3ERS Table 49149k 20] 6.50~13.40
mg/mLe] MAFoH, Aol th3t WH-SEA 3729 R?
= 0.8702% 10%°H e} ool 174 = A TH(Table
5. Zt7te] 22 w2 F Zssgael] e vk
¥¥ d7%= Fg 20 Yeith & FE2EETE d&
Q2 T ] 1%-_9‘ 05]6}:2. HEO O o) A 01041;},. Park %_(22)_04
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FEZ E wWF] F e B4 2y =
H FLXANA &, 50% N2 100% ol g7 A
FZEA] 50% oler2olA 71 a3 o|qthal B sk

EFolE g Zetn o=y} ERse Aoz 4y
A Jow, AA71A] oF 604 Fo Zefr o=yt Fay]
R, 2 Ay BHo] ALFHog s ok
24). 79 ogts FExA e F ZEpR ol =g
3.19~6.67 mg/mL2| R 9131 S (Table 4), 27}l g+ vk
2 %W 372 R*E 0.89862 5%0|H 9] fro]4=ol A
1A= A tKTable 5). 17 552 F Zetol= &
o] d 38 AYHe HAdAY FelE Yehylen, &
Z7S 183t SAHEY Ay s 61.01%,
FELE 9426TY W H3> 6.80 mgmLE <S5 ATk
(Table 6). B3t F Fe}H o] =3 &S sRR}; 3
Z25d ¢ & 9L we= Ao 2 YERGTtHTable 7).

Table 7. Regression analysis for regression model of physiochemical
properties in extraction condition of Citrus unshiu peel

F-Ratio
Extract condition Total Electron .
Yield  polypheno otal, donating Hesperidin
flavonoid o content
1 ability

Ethanol concentration 372 2.20° 382 391 993"
Extraction temperatwre 276 649 7557 438 451

“Significant at 10% level ; ~significant at 5% level

AT A5 W3}t

AAF AT A gl AAE Tl AF Fo
A AkeE A|3kE B2 07 AFEEM, Q1A Wl A
© &4 gzl 93 =315 AT B o] 8E
3 ATK25). B AARRE-S QA AW} =55 WA
shed gies] 23 9ekS st ek AAyels =
Ao DPPH oz Aoz =43tH, DPPHWYHS
tocopherol, ascorbate, flavonoid 3}3&, Wk ol¥lR{,
Maillard® 2 YA &2, peptide 5] P43 248 e}
U= A2lEy B4 o) Edgoz A Ze zjpalo] whbay
e Az wt il s FATFTOE SHd=
oz deA UhQ2e6).

239 oghe FEZA WE AAF )5S Table 4]
e lon, [dx3os Halel] gk vH-E WS Fig.
20 YERNQIcE 22100 Qo] s 55, FE2250
w2 WAl sl sk vhgEH 3742 Table
59} Zom, Mgl digh 372 R2= 0.8646=
10%°1W 2] folgEollA fre]/do] A=A d5H 3
e AU FEE HANGS dESFE 5145%, F
ZL% 9499CY W 33.48% % o] =5 ]S H(Table 6), 2
¥ oeks 250 220 3 JFL e ErR
e 3% 259 B2 93-S B3-S st thTable
7). o]21gk A= Jeong F(23)9] HFO FEAR FEX
A A ARFo o] FELLo 3 2A FFS v
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Athe Hadh e Zge yehlidlon, Adgs Yt
e dee F57) 50~60% 2 FALEE ol ek

Hesperidin 3 2] W3}

Hesperidin> 7H2 9] #7]of vlw 3 thgo 2 i 5]
o] 1o, HIEY petar B2 A3 1 OoH, aglyconed}
hesperetin &=+ methyl reiodictyol} disaccharide, rutinoseZ
T4 % flavanone ¥l A ©]tH27). HesperidinS &5, 3
Abs}, B35 ehAlE 0l gk At S st 3o
2 LeiA) 21O, Lee 5Q8)2 hesperidin 3 THU3)
wol=A E250] QX Y AEFY S2AE IA
oo RS AAAE F Aes
23] of|gh-8 FZZ 7AW hesperidin $-S Table 4014
7o) 0428~3.82 mgmLe] HLIHoH, Arjol tfgh it
37249 R*E 091532 5%°1H <] Fol5FolA

ATHTable 5). 58 A4S Ao del =,
He NS EE 5148%, FE25E 94.98TCY W 347
mg/mLE |55 O (Table 6), 1] &S FE=2] F
x40 s 42 FELEEOE ofEEsEd B2
F&Fe T2 € F A(Table 7) FE257F S7HdF
£ BEFE 50~60%004 7HE Tel e SIEA
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Fig. 3. Superimposing contour map of optimized conditions for the
yield, total polyphenol, total flavonoid, electron donating ability,
and hesperidin content of Citrus unshiu peel as functions of
extraction concentration and extraction temperature by ethanolic
extraction.
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Table 8. Optimum extraction condition for response variables
yielding the optimum response by superimposing of the response
surface

Extraction conditions Optimum ranges

Ethanol concentration (%) 55-73
Extraction temperature (C) 89-95
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