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Abstract :In order to investigate enzymolysis-ultrasonic-assisted extraction of total polyphenols from degreasing Cinnamo-
mum caraphora (L) Presl leaves , Box-Behnken design coupled with response surface analysis based on the single factor
experiments was adopted to study the effects of influencing factors including cellulase dosage (X, ) ,ethanol concentra-
tion (X,.)_and liquid-solid ratio (X;) on the extraction rate of total polyphenols. Antioxidant activity of extract of total
polyphenols was estimated by testing DPPH radical and hydroxyl radical scavenging ability. The results showed that the
effects of above factors on the extraction rate of total polyphenols from degreasing C. caraphora leaves were in the follow-
ing order: liquid-solid ratio (X;) > ethanol concentration (X,) > cellulase dosage (X, ) ,and the optimal extraction
conditions were as follows:1% as cellulase dosage,55% ethanol solution as extraction solution,30 mL/g as ratio of lig-
uid to solid,50 °C as enzymolysis temperature, 1.5 h as enzymolysis time,30 min as ultrasonic time ,45 kHz as ultrason-

ic frequency,360 W as ultrasonic power,70 °C as ultrasonic temperature. Under the optimal conditions,the mean value
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of extraction rate of total polyphenols reached 22. 08 mg/g,which was close to the predicted response value. Therefore,

the quadratic regression model can be used to predict the enzymolysis-ultrasonic-assisted extraction conditions of total

polyphenols from degreasing C. caraphora leaves. Exiract of total polyphenols exhibited a dose-dependent scavenging ac-

tivity against DPPH radical and hydroxyl radical. Its half maximal inhibitory concentration (ICs,) were 0.36 and 0. 15

mg/ml, respectively , which suggested extract of total polyphenols had high antioxidant activity.

Key words : Box-Behnken design;degreasing Cinnamomum caraphora leaves ; enzymolysis-ultrasonic-assisted extraction;

total polyphenols ; antioxidant activity
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Table 1  The volume of solution added into the reaction system
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R2 MR E AR & ERMAKE
Table 2 Factors and levels of RSM
JilE I X, LR IE X, WORLLE X5
K . . ruidesolid rati
Level Cellulase dosage Ethanol concentration Liquid-solid ratio
(%) (%) (ml/g)
-1 1 40 20
0 2 50 30
1 3 60 40

F3 MEEEIRIZITHAREREEER
Table 3 The experimental design and results of RSM
No. X, X, X; Y (mg/g)
1 0 1 1 21.06
2 1 0 1 20.60
3 0 0 0 21.19
4 -1 1 0 22.20
5 1 1 0 20.67
6 0 0 0 22.28
7 0 0 0 22.14
8 1 1 0 20.16
9 -1 0 1 22.12
10 1 -1 0 19.50
11 0 -1 1 20.18
12 1 0 -1 18. 83
13 0 1 -1 18.34
14 0 -1 -1 18.05
15 -1 0 <1 18.79
16 0 0 0 21.03
17 0 0 0 21.32
2.3.1 ZREZAEEPERGEIRIEZTESMN

1 A “ Design. Expert-8. 0. 67 SZ 86 1% 11 5 430 #1 4K
7, X133 RS B A T TR IS, 45 2R

M 4, D2 W R R 5 & 25 5008 5 (1) LR H AL
HIANF .

Y =-19.971 + 2.559.X, +0.877 X, + 0.956
X,-0. 022 X, X,-0. 036 X, X, 4 0.002 X, X,-0. 212
X3-0.008 X3-0.014 X2

Fr eI AR S 2 B R® =0. 9747, P <0. 0001
AT HUSE AL 5 25 377 R0l G B R A5 (5 R LE Ad-
eq Precision = 16. 859 >4 3 B [n] 9 J5 18 0] {5 J& 45
s AU P =0. 1223 >0. 05, A &g 355 LAY AL IE
MIZCREL Ry =0. 9421, 6 WA 12455 80 i it B 94. 21
%o M AR S Ak . 235 b, ) T2 ASE AU T e fii 5 25 i
s v S 2 1 1 Tl - RS i B B BT 2 R Ak
JEAATHY . R4 WIH T FE A R AR E VAT, 2%
B 22 X6 6 22 B SR IR s ma G 7 - X > X, > X B
WORLLE > SRR BE > B &L, Seitor g SRR .
X, (BgHH) X, ( SBRED) 19 PHY/NT TR
o a(0.01) , U B PN PR 22 A 5 B 3 55 X,
CRCEHEL) B P AE/NT 8 2 1K «(0.001) , 1561
ZH RN E S 2 B X X, X X, XX, 1 P
EIR T REMEAKF «(0.05) , i A 22 B35 1 T
FHR YO X X5 B P EENT B EKE o
(0.01) , AR I $6 — YRI5 A5 =) J3E I 35 5 i 5 — YR 0
X1 PAER T8 E MK «(0.05) , P % kI
pRIE S Al

F4 EAFITSTER

Table 4  Result of regression statistical analysis

AR T ik 1)y F i P BHHE
Source Quadratic sum Degree Mean square F-value Pvalue Significance
of variation of freedom
%) Model 29.48 9 3.28 29.91 < 0.0001 S
X, -1}t Cellulase dosage 1.56 1 1.56 14.22 0.007 .
X, -Z,FEH E Fthanol concentration 2.51 1 2.51 22.91 0.002 * x
X; Wik} Liquid-solid ratio 12.28 1 12.28 112.11 < 0.0001 *owow
XX, 0.19 1 0.19 1.73 0.2301
XX, 0.5 1 0.5 4.6 0.0691
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214% 4 ( Continued Tab. 4)

AR B ey o
5 SR A A B2 iy F i P i i
Source . Degree .
. Quadratic sum Mean square F-value P-value Significance
of variation of freedom
X, X5 0.12 1 0.12 1.09 0.3318
x? 0.19 1 0.19 1.73 0.2301
X3 2.9 1 2.9 26.46 0.0013 ® ok
X,? 8.39 1 8.39 76. 66 < 0.0001 W %
2% Residual 0.77 7 0.11
JPUME Lack of fit 0.56 3 0.19 3.63 0.1223
4% Pure error 0.21 4 0.051
2% Cor total 30.24 16

TP <0.05, BEVE; ¢ P <0.01, R B2VE: * © " P <0.001, #0525 EH] .
Note: * P <0.05,significant effect; * * P <0.01,very significant effect; * * * P <0.001, extremely significant effect.
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M P AR 2 45 DA 2R 52 114 25 R 4R 1 (ALUBL.C) AT

SEmARE
rate of total polyphenols(mg/g > B

S

4
o~ 18 " 0™ 0
ZmrE_f s~ 15 mAEE mp NI mAs M B~ ZBRE
i liqihsold atiofnLg) celuase

~
ety

Xt I 22 W 4 HOR B2 1500 o

semanE
5 c ale rate of total polyphenols(mg/g)

i < =
ulase dosage(%6) liquid-solid atio(mLig) 3577 thanol concentration(%6)

3 BEREXREMEANESEBHRENESMMMAEERESLE

Fig. 3 Response surface plots-and contour plots of mutual influences of extraction conditions on the extraction rate of total polyphe-
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Table 5 The observed and predicted response values for the optimized formulation

Extraction rate of total polyphenols
No. (mg/g)
BilEl FE{E e P2
Experimental values Average value Predicted value Deviation
1 22.15 22.08 22.30 0.22
2 22.23
3 21.87
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Fig. 4 DPPH radical scavenging rate of total polyphenols ex-
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