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Optimization of extraction enzymolysis process of fig juice of
Ficus carica L.by response surface method

SUN Xiaohua'*,MA Yanhong”,CUI Jin*, HAN Deguo' ,CHENG Guo',
DOU Hongzhe' , YANG Guohui'

(1 Horticultural Garden College , Northeast Agricultural University s Harbin, Heilongjiang 150030, China;

2 Institute of Agricultural Products Processing » Jiangsu Academy of Agricultural Sciences , Nanjing,Jiangsu 210014 ,China)

Abstract: [Objective] The optimum technological parameters for the extraction of fig juice by double
enzyme method were obtained to provide foundation for the preparation of fig juice and the brewing of fig
wine. [Method) The effects of four factors including cellulase addition amount, pectinase addition amount,
enzymolysis temperature, enzymolysis time and their interaction on fig juice yield were studied by single
factor test and response surface method (RSM). Regression equations were established and analyzed by
significance and variance. The optimum technological parameters of enzymolysis were then obtained and
verified by experiments. [Result] The optimum conditions of single factor experiment were 1. 5% (mass
fraction,the same below) cellulase addition amount,0. 3% pectinase addition amount, 55 ‘C enzymolysis
temperature and 90 min enzymolysis time. The optimum conditions of enzymolysis by the response surface

method were cellulase addition amount 1. 56 % , pectinase addition amount 0. 28 % , enzymolysis temperature
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53 °C sand enzymolysis time 90 min. The juice yield under optimal conditions was 72. 15% , which was basi-

cally consistent with the theoretical value(73.99%) and was increased by 75. 46 % compared to that of un-

treated figs. The interactions between cellulase addition amount and enzymolysis temperature, cellulase ad-

dition amount and enzymolysis time, pectinase addition amount and enzymolysis temperature, pectinase ad-

dition amount and enzymolysis time, and enzymolysis temperature and enzymolysis time also significantly

affected the juice yield. [Conclusion) The optimum processing parameters for extracting fig juice by double

enzymatic method were obtained by response surface method, which greatly increased the juice yield.
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Table 1 Factors and levels of RSM test for enzymolysis extraction of fig juice
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k¥ U MR R % SRR VR / 2% A Ut 2/ C Tt A i [ /miin
Level Cellulase addition amount  Pectinase addition amount Enzymolysis temperature Enzymolysis time
A B C D
—1 1.0 0.1 50 60
0 1.5 0.3 55 90
1 2.0 0.5 60 120

1.3 HiEAIE

ToAE R TR = (o R FIE W s/ o AE R R
) X100 %,

A g A 3 RAFAT L 5 R IBCE 408 i 5L
#i R EXCEL 3 #4758 1150 #7

2 AR5

2.1 ZRERRAHBERNIZHERZAEER
2.1.1 “H4gEmimIaa WE PR, ML
Ak KGR IRAE 0~ 1. 5 Y% I, JCAE S T R & 21
A 2% T S TS v 1S O TR ELAE AT 4 R S
15 Y0 T R e a8 B 70, 806 5 M AT 4 R IR
KT 1Y, Byt A TR E. X6
S ROl — A 2T 4k 2R T B N T A M RE A5 A

75

70

Ht /%
Juice yield
o
wn

(=N
S
T

554

50 . . . . . )
0 0.5 1.0 1.5 2.0 275 3.0

T REERINE/ %

Cellulase addition amount
Pl 1 27 4 2 VR I B X A St T B B
Fig. 1

2.1.3 BB EWN®EA WE 3 PR, YRR

Effect of cellulase addition amount on fig juice yield
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Table 2 Design and results of RSM test for enzymolysis extraction of fig juice

B FARBEMRE R AR BT ] P
) ‘ﬁtgﬁéﬁ = Cellulase addition Pectinase addition Enzymolysis Enzymolysls Tuice
Test number amount amount temperature time .
A B C D yield
1 —1 0 1 0 59. 69
2 0 1 0 1 60. 19
3 0 0 0 0 72.50
4 0 1 1 0 63. 44
5 0 —1 0 —1 62. 86
6 —1 0 0 —1 60. 00
7 1 0 1 0 66. 44
8 0 —1 —1 0 68. 69
9 —1 1 0 0 62.08
10 0 1 —1 0 62. 83
11 —1 0 —1 0 69.72
12 1 0 0 —1 70.97
13 —1 —1 0 0 64.42
14 1 0 —1 0 68.33
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‘ FREMEME R A T A B T P
K55 G 5 Cellulase addition Pectinase addition Enzymolysis Enzymolysls Tuice
Test number amount amount temperature time .
A B C D yield
15 0 0 0 0 73.78
16 0 0 —1 1 69. 28
17 0 0 —1 —1 66. 81
18 0 —1 1 0 61.61
19 0 1 0 —1 63. 86
20 0 0 0 0 74.33
21 1 1 0 0 66.53
22 1 —1 0 0 66. 28
23 0 0 1 1 61.00
24 0 0 0 0 73.19
25 1 0 0 1 62.22
26 0 0 1 —1 64.53
27 —1 0 0 1 67.08
28 0 0 0 0 73.50
29 0 —1 0 1 64. 94
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Table 3 Variance analysis on regression equations for enzymolysis extraction of fig juice

J5 22 K 8 7 B ¥ 5 2% BT
Analysis of Sum of Degree of Mean ‘F fii P i Statistical
variance squares freedom squares F value P value significance
FE A Model 554. 70 14 39.62 66.56 <0.000 1 % %
X 26. 34 1 26. 34 44, 26 <20.000 1 * %
X 8.12 1 8.12 13. 64 0.002 4 * %
X 69. 84 1 69. 84 117.33 <20. 000 1 * %
X, 1. 56 1 1. 56 2.61 0.128 3
X1 X, 1.68 1 1. 68 2.82 0.115 4
X1X3 16. 56 1 16. 56 27.83 0.000 1 * %
X1 X, 62.65 1 62.65 105. 24 <20.000 1 * %
X X5 14.78 1 14.78 24. 84 0.000 2 * %
X, X, 8.27 1 8.27 13. 89 0.002 3 * %
X3 Xy 9.00 1 9.00 15.12 0.001 6 * %
X7 79. 54 1 79. 54 133.61 <<0.000 1 % %
X3 196. 60 1 196. 60 330.28 <20.000 1 % %
X3 87.62 1 87.62 147. 20 <20.000 1 * %
X7 146. 61 1 146. 61 246. 29 <20. 000 1 % %

B 2 Residual 8.33 14 0. 60 »
ST Lack of fit 6.48 10 0. 65 1. 40 0.400 1 . jl?g%[iance
#fi % 2% Pure error 1. 86 4 0. 46

B Cor total 563. 03 28

Voo x BB P<0.01, R?=0.985 2,R, ' =0.970 4,
Note: * * extremely significant at P<0.01. R2=0. 985 Z,Ridl =0.970 4.
R 3 B X0 Xo )Xo X Xsy Xo Xoy o AR R R A — R TR R AR A X T AR R T
XX XX Xo X XD VX3 XS XD X E R It R R 2T A R TS 0 T A R
FE S W A S 2 U R 2 4 2R S 0 i SR R T S 2T Y 22 VS 0 i 5 I A B ) L SR R A A T A



%1z

PN L S5 R 7 T % D8 A TG A6 2R SR T A SR B AT Y 63

TR SR R S 0 5 T A T ) R AR S T A
(] 4 58 AR FORE T AR SR 7 38 A B 2 5

2.2.3 ramaad @HESATLUUAELFE6 D H
T AR An] 2 > 28 TH PR ER 1 e 7 TR S A B A s T
Y 2 TS I (XD 5 AR R (X)) 27 4 R S

-
AN
-ttt

(=)
s
i

Hit %/%
Juice yield

Ht /%
Juice yield
[=))

(o)}
A=)
< T

H v 2/%
Juice yield

i (X B g I 8] (X0 R R AR I (X, ) 5 i
T RE (X R RS IS i i (X)) 55 8 A I ) (XD il
fife-Jik (X5 ) 5 T Ak TR X, ) o i, TR TR 39 3 2
BB U+ 1 BT 0 52 EL AT 6T JEAE R T AR R
M A% 2 25

H T #/%
Juice yield

=
ll];

H T R/%

Juice yield

H i 2/%

Juice yield

g — B |

120<_ / D Y P> 60

1087 5o 8

4, S 7 .
Ly By, sy Ot T e

'z 2 =52 3 o

Vg, /‘9,7/011;1 6050 @J@%\e pet®

“ tilhe E(\lﬂ “\O\Y ’

B 5 PR MBS AR F X TCAE SR T A A 52 e

Fig. 5 Effect of the interaction of factors on the juice yield of figs
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