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Application of Response Surface Methodology to Optimize Extraction Process for Nomilin from
Orange Peel with Supercritical Carbon Dioxide

ZENG Xiang-yan, ZHAO Liang-zhong*
(Department of Biology and Chemical Engineering, Shaoyang University, Shaoyang

422000, China)

Abstract: In the extraction of nomilin from orange peel with supercritical CO, four operating parameters including time,
temperature, pressure and entrainer (anhydrous ethanol) amount that affect extraction yield of nomilin were investigated using
response surface methodology (RSM). A mathematical model describing the relationship between them was set up. The
operating parameters could be ranked in decreasing order of influence as follows: time, pressure, temperature and entrainer
amount. Response surface analysis of the developed model showed that the optimal extraction conditions were 2 h, 50 'C,
30 MPaand 1.51 mL/g entrainer amount. Under the conditions, the predicted and experimental extraction yields of nomilin were
54.26 mg/kg and 53.87 mg/kg, respectively, showing no significant difference. Moreover, the experimental data were well fitted
with the developed model.
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Fig.1 UV-visible scanning spectrum of nomilin standard
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Table 1 Coded and corresponding actual values of the optimization
parameters used in central composite rotary design (CCRD)

: ) KF
s Aomhy Oy —2 —1 0 1 2
B a] /h X1 X1 0.5 1 1.5 2 25
RUGRE 1'C X2 X2 35 40 45 50 55
AR F7 IMPa Xa Xa 15 20 25 30 35
Jeaiti 7 & /(mL/g) Xa Xa 0.5 1 15 2 25

o xo =X — 1.5)+ 0.5; x2 =(X2 — 45)+ 5; xs =(Xs — 25)+ 5; Xs
(Xa—1.5)=+0.5.
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Table 2 CCRD layout and experimental results

RS KR o HOREE C AHUR ) /MPa KA R (mLg) A& (mglkg)
1 0 0 -2 0 39.41
2 -1 1 -1 -1 4115
3 1 -1 -1 0 46.13
4 0 0 0 0 50.12
5 -1 -1 -1 1 4252
6 2 0 0 0 48.73
7 1 1 -1 1 49.72
8 -1 1 1 -1 45.89
9 -1 1 -1 1 45.05
10 0 0 0 0 47.11
11 0 0 0 0 46.20
12 -1 1 1 1 54.48
13 0 0 0 -2 3841
14 1 1 1 -1 47.84
15 -2 0 0 0 43.93
16 1 1 -1 -1 44.26
17 1 -1 1 1 49.52
18 0 0 0 0 50.21
19 1 1 1 1 53.27
20 0 -2 0 0 42.40
21 1 -1 1 -1 44.20
22 0 0 0 2 50.23
23 0 0 0 0 50.29
24 -1 -1 1 1 48.23
25 0 0 0 0 50.08
26 -1 -1 1 -1 43.04
27 -1 -1 -1 -1 36.69
28 0 0 2 0 49.81
29 0 2 0 0 50.41
30 1 -1 -1 -1 42.25
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Table 3 Analysis of variance for CCRD experimental results

J5 R S AhE By F 1 P BEM
MR 527.97290 9 58.66366 42.12493 << 0.0001 ***
Xt 188.38407 1 188.38407 13527398 << 0.0001 **=*
X 84.75042 1 84.75042 60.85720 << 0.0001 ***
Xs 147.51042 1 14751042 10592361 <<0.0001 ***
Xa 36.85282 1 36.85282 26.46310 << 0.0001 ***
XsXa 11.83360 1 11.83360 8.49742  0.0086 ok
X2 32.67514 1 32.67514 23.46322 < 0.0001 ***
X2 8.91806 1 8.91806  6.40384  0.0199 *
Xs? 28.47843 1 28.47843 20.44966  0.0002 *x
Xi? 9.51420 1 951420 6.83191  0.0166 *
k7 27.85223 20 1.39261

SR 10.89114 15 0.72608  0.21404  0.9910

4i%%  16.96108 5 3.39222
MM 55582512 29
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Fig.2 Response surface plots showing the interactive effects of the
studied variables on extraction yield of nomilin
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yields of nomilin under optimized process conditions



X LA

86iltl=

2011, Vol. 32, No. 22 69

W Bl AR, R R % DR R AT A
73 AL B I 5 BB AR UG B2 rh b i 25 I e T
SEMNAETURT R 2h . FRGEE50°C. FERUE N
30MPa. i FI & 1.50mL/g, {EMLAAE T, bk
FINHREE Jy 54.26mg/kg, 1T SEBRBEEE %) 53.87mg/kg,
PS5 S bR 2 M AR 2% 8 0.72%, ERAR
=, FHERER,

3 & #

31 ISt CO2 B HUH AP IUAG Ke o Ik by 7 25 54k
Yy, Gk EA LB N PR B SORE, ART R
P A 25 A TR ) I I AR I 2 SRAR U (] L ARG
JE RIS R0 g s ) e b s R AR R
Wi, B KNR T e S TR) > AR ) > A B >
ey 7 H & .

3.2 R RS B v S RDE T, A9 R I
Tt AR AR BURG R rh b 2 AL Y = 49.00 +
2.80x: + 1.88x2 + 2.48xs + 1.24Xs — 0.86Xaxs — 1.09x:2 —
0.57x2> — 1.02xs2 — 0.59x.2, [T Z %K 0.9499, Fi{E
55 S5 B Al AT B A

33 MIHEIABIAY, 13 H & T 25 1 o ZH )
2h, ZEUREZ 50°C. UL S 30MPa. Ji 1 &
1.51mL/g, TEMEAAE N, b = IEEHUGR Y 54.26mg/kg
1M SEBRHE R 53.87mglkg, FRAGAE 5 SEBR 2 17 HIH
XIRZEN0.72%, ERARE, FHEELIEK.

5% Wk -

[ AR E. MG ML dbst: o E R Rk, 1999.

[21 UK, R frT m R TS N R[], ik ik
¥, 2008, 11(1): 4-7.

[81 B, SedltoR, EAERR. MRS R AT R RS WIS E (D).

M

[l

[6]

[

[8

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

h[E 2455, 2007, 18(36): 2860-2862.

SUN Chongde, CHEN Kunsong, CHEN Yang, et al. Contents and
antioxidant capacity of limonin and nomilinin different tissues of citrus
fruit of four eultivars during fruit growth and maturation[J]. Food
Chemistry, 2005, 93(4): 599-605.

LAM L Y, HASEG K T, LAWA S. Effect of citrus limonoids on
glutathionc S-transferase nativity in mice[J]. J Agric Food Chem, 1989,
37(4): 878-880.

P e, MRk SCTS . RS SR SE T R A DT LR 5
Y[I). HWFAR, 1996, 38(4): 326-328.

JITPUKDEEBODINTRA S, CHANTACHUM S, RATANAPHAN A.
Stability of limonin from lime seeds[J]. Environ Agric Food Chem,
2005, 4(3): 30-38.

R, 2GS MRS DhRetE e DAL [I). D& i 5 R
f¥, 2004(4): 1-7.

KHALILA A T, MAATOOQ G T, EI SAYED K A. Limonoids from
Citrus reticulate[J]. Z Naturforsch, 2003, 58(3/4): 165-170.

ISHII T, OHTA H, NOGATA Y. Limonoids in seeds of lyo tangor[J].
Food Sci Technol Res, 2003, 9(2): 62-164.

SAWABE A, MORITAB M, KISO T, et al. Isolation and characteri-
ation of new limonoid glycosides from Citrus unshiu peels[J]. Carbohy-
drate Research, 1999, 315(1): 142-147.

ENE, ARERIT, 5 EAR, S5, BB 5 S Al Al b (kA s e 22 3]
BT A 5L T, 2010, 26(3): 256-263.

NI, BREAR, BRI, 55 MG A S b RO 2 FK AR
PRI S S AIN]. b i 2R, 2004, 4(1): 6-10.

BUEZ, SR, W, OB BRI RS R LSS
[3]. “F £ i 2441, 2009, 9(4): 96-101.

YU Jun, DANDEKAR D V. Supercritical fluid extraction of limonoid
glucosides from gapefruit molasses[J]. J Agric Food Chem, 2006, 54
(16): 6041-6045.

TSI, e, JTIAT, A5 IR St CO: 43 2 REHUALHA S AN BRIA )
JRIIBIERTF]. Bk AR, 2009, 30(8): 201-203.

PRI, T8 k. IS A% b 2 A R 23 D6 B i 3] 43
HrIR 243, 1999, 18(5): 45-47.

FHAE, R IR R ST ML Jbat B E AR LR
HifR AL, 2003.

HEER, MEETC, YEI A, A8 R A A R I 5 A R AR I
A S TSR 1 T ER T[], B Tk AHY, 2010, 31(2): 208-
214.



