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Optimization of Extraction of Bitter Element from Lemon
Peel using Response Surface Methodology
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Abstract: In this study,45 °C dried lemon peel was used as raw material to extract the bitter element by ultrasonication
using ethanol as extraction solvent. The effects of ethanol concentration, liquid solid ratio and ultrasonic treatment time on
the extraction yield of bitter element were studied. The response surface methodology was used to design experimental
program. The optimized extraction conditions were obtained as follows: the ethanol concentration was 70% , liquid solid
ratio was 15 ;1 and ultrasonic treatment time was 35min. Under these conditions , the average extraction yield of bitter ele-

ment was determined to be 1.721 mg/g with good reproducibility. The results of this study provided reference data for

the extraction and utilization of limonin.

Key words : limonin ;lemon peel ;response surface methodology ; ultrasonic extraction

MG KR F ] 27 = K B B2 5 A 7 iy, 1
NEFe EATE K R A T2 2z — , B e A
A 5 2RI A ST A A 2SR . AT X2
VUGS K SR Y F2 A 7 et 2 — , U1 22 05,
TE = = AR T iR MR R A5, B8 O rp AT A
2%7, WILBA R IR 13 77 w7, KA
TARBUAFTIERAL AN 23 T3 R, S EIE 18 20T,
PITTIRA PRk 1 Al 3 50 5%, T B &E 40 T
RGZEEE S 100 U7, MIAHEG SR B 2 A AG2E
AR T B R BRI, 20 7 BN SR T 25% ~
40% , I VT R 2 SR A AR 77 A2 24 25 ~ 40 R J7 I
AR BT o AL GE R Ak BT 35 A L B
AT Z 5 SR NI I TS bR AEREE R £85F

e B 4 :2013-04-09 %% H11.2013-09-10
FLAIH :2012 AR L TLITIE 2B # A 00 H (12NJZ01) 5 DU 1148 %
AR RRIE SR B B TR E L
* W IA/EE E-mail ; liaolimin523@ 126. com

A EE T, AR AN 2 AN PR iff PR R A,
TR S, 45 IR K T i, [N itk
MRS B £ R RIS S s BRI ) RO 255 24
FII A5 G ARAPIRBEHRIE 04 R o

FriE i o A A R SR R A
TR TR VEY) T, % H A B A B 4 Tk
i MIIRBERL AR o APy R AP — R =Ry
JF g A L BT W SR PO R
AH SR H RO 2 R SO By
W EEATKARE T A AL R IBOE T Rl
CO, ZERUE"™ M SR BOE" R 13 ik 4
RS L R B B ), SR R 7P e 4 JBUFT Ak B
WP R, O A R L i T A DA T2 %
1, DU R A B v iy 3R AR, DT A AR 26
BB B R RY BRI A 525

1 SEEERS



1712

KIRF=YIBE R 5T K

Vol. 26

1.1 UE5HE

UVmini-1240 248 0] 504366 BE 1 (B A B 1t
3w)) s KQ-400KDB #Y i 2y 5 45 45 7 P T vk A ( B2
LT 75 A A BR 23 7] ) 5 CP22028 HL 43 A1 K AT
(FERF A (Jb ) ARRAR) .

FEEEs R bR AE (VH LI R A4 TR A R A,
R, TERTEHT 98% ) s K OB P EE . —
Ol DT 3T N L Ve S i B o S Vi T
A Rk A 1)1 2
1.2 IEWAHE
1.2.1 #HEREEFHRR

PRI R 5 g, BRI P I — € i il —
TE WP 1) 2T (P OREE R A/ 1) ,50 °COR M I
(400 W) ZbPE— g i (B, b3S $h g, /D& R
VRS, T VR — It 8, DR 46 = 1, H124 40
mL TS B AR T B AR, A5 2 50 mL 25
T A e A R ZI AR R O’

1.2.2 Ax#EEFAREREOH &

o ff B T 2 05 2 A ME i 10 mg (O ) 2]
0.00001 g) , =S H e s i JF e 45 & 50 mL, 15 51
HUREEN 0.2 mg/mL PR MERS W . 0 3 U A
HFRMEH1.0.2.03.0.4.0.5.0 mL F 10 mL %

x1
Table 1

R, e A A AR UE R SR FE 43
0.02.0.04.0.06.0.08.0. 10 mg/mL, HX 1.4 mL
0. 10 mg/mL AFF 4w R AR VA W T 048 b, A
0.4 mL 0.02 g/mL FHEE LB IRAR RS, S
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R ETFNE O EE , THE AT R R EUR, T
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Factors and levels of experiments

it {H Unicode

[ 2 Factors

1 0 1
W L (A) Liquid solid ratio (A) 10: 1 15:1 20: 1
RT3 80(B) Ethanol concentration (B) 45 70 95
PEHAF[E] (C) Extraction time (C) 20 35 50

2.1 RWERFHIELE

2 BR5iHR
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% 2 Box-Behnken i%it 75 £ R MM &
Table 2 Box-Behnken experimental design and response values
= N, . 2 b BB [ U
e W LIRS . ek
No. Liquid solid ratio Ethanol concentration( % ) time (min) Extraction yield (mg/g)
! 1501 95.00 20.00 1.223
2 20:1 70. 00 20.00 1.275
3 10: 1 70.00 20.00 0.965
4 15:1 45.00 20.00 0.768
5 15:1 70.00 35.00 1.698
6 20:1 95.00 35.00 1.415
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7 10:1 45.00 35.00 1.368
8 10:1 95.00 35.00 1.105
9 20:1 45.00 35.00 1.379
10 15:1 70.00 35.00 1.725
11 15:1 70.00 35.00 1.734
12 15:1 95.00 50.00 1.397
13 20:1 70.00 50.00 1.402
14 10:1 70.00 50.00 1.279
15 15:1 45.00 50.00 1.047
16 15:1 70.00 35.00 1.727
17 15:1 70.00 35.00 1.723

F Design Expert 7.0.0 #fR 3% 2 frikg dicsls W 3. i3k 3 mIAn, 16 vk H A ASS 4 vy 32 1 = (P
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(A) CBEMRPBE(B) RN (C) B R Z Il SR LA S D50 5% FRE S B0 A B i v 3R A
VETRSETRD o Xof i S S ) W) 7 A6 PR A5 5 25 90 #, 4 FEHLo
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Table 3 Analysis of variance for regression model

75 S A 7 A F ¥7 F{H Py R RE
Source Sum of squares df Mean square F value P value Significance
LT Model 1.23 9 0.14 7.05 0.0087 HEREP =0.01)
5% 7 Residual 0.14 7 0.019 - - -
eI Lack of fit 0.13 3 0.045 - - -
4lii% 7% Pure error 7. 532E-004 4 1. 883 £-004 - - -
S0 Cor total 4.36 16 - - - -

TR R A A I A R AR 4, liR 4 RIC B (P<0.01) , HALREE(P>0.1),
AL ASAL— R A C # (P <0.1) , ki B
R4 EHEAERRAHBEHRR

Table 4  Analysis of significance for regression coefficient

[ -5 EVEEY' A FAg P1H e

Factor Regression coefficients df F value P value Significance

Intercept 1.72 1 - - -
A 0. 094 1 3.67 0.0969 R
B 0.072 1 2.16 0.1853 NTE
o 0.110 1 5.16 0.0573 LTE
AB 0.075 1 1.15 0.3182 ENTES
AC 0.047 1 0.45 0.5231 ENTE S
BC 0.026 1 0.14 0.7171 FNTE
A? -0.140 1 4.36 0.0752 LT
B? 0.260 1 15.06 0. 0060 nE
c? 0.350 1 26.59 0.0013 I
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IR
Effects of liquid solid ratio, ethanol concentration and

their interactions on the extraction yield
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Effects of liquid solid ratio, extraction time and their

interactions on the extraction yield
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Fig.3  Effects of ethanol concentration, extraction time and

their interactions on the extraction yield
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tual extraction yield
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