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Fig. 2 Effects of solid-liquid ratio on flavonoids extraction

60 °CJ& » B il JE HUR gk S B W AR T . — 5 i A
H v i i S T A3 25 5 32 BIREIR L 90 Gn AE B v
WET . KR E WAL & Y LA 5 &k Ak
FH & T B JHE A 2% o 1) 35 St o A L 99 386 00 45 I 8
BRI R AR R AN 5 5 [N 2 3 e o5 5 L 4
REGERBERMA . GHEEHENEHIE, #
BURJELL 60 CLAH NH.

8
s
EZ6
0 Q
2
WE 4
41 §
B =,
Wh
0 L 1 1
30 40 50 60 70
IR BE/C

Ultrasonic temperature

PR 3l o A 4R IR ROR F 5
Fig. 3 Effects of ultrasonic temperature on flavonoids
extraction
2.2.4 MBFEN G Hea E A F AR
PP ¥ A2E 1 o B B9 i IR I 0 L 42 R 15 min i
K3 KT 15 min Ji . BEEHR BOCRIF 4R 5 R FE R 3
JEE DR 2 PR R R AR B 2R A0 5 ) b B B S 4548 5 9

92

10 15 20 235 30
7 B[] /min
Ultrasonic time
Pl 4 7 I ) x5 TR 4 OSSR 1) 52 i
Fig. 4 Effects of ultrasonic time on flavonoids extraction
2.2.5 RBCRHMFrm  MNES F I, EE R
A S S OB 2 2 B TR H Y
PRICUEGE A 2 YOS B4R BE AN R, BB 3
JE WA Th i o N2 A I ) 4 7 T 45 S
JE A AR IO B 2 BCEL

95
nE

§§9.0

W 5

£z 85

1 '3

40 S 8.0

E 3

Wf-ﬁ75 1 Il

R

Extracting times

B 5 B B R OS5
Fig.5 Effects of extracting times on flavonoids extraction

2.3 MEEZERACEEHEMORRIZ

I Ji] Design-expert 8. 05 #{4-%t 5 2.3 3 tp
I8 B HEAT 15 0 A, 45 21 B A o e R
BUR LR 4 AR A R £ 30 (0] ) AR R

Y=40.87—0.11 XA—0.52XB—0. 61X
C—0.17XD+1.25XAXB—0.023 X AXC+
0.21XAXD+0. 43X BXC+0.93XBXD—
0.10XCXD—1.01 X A”—0.25 X B*—1. 34 X
C*—0.67XD"*

oY Sy T R AR R (V) LA Sk LR
BECY%) B RR I (1:1),C AR E CC),D
8 75 B ] (min)

PN 3 i N TR B (4 7 25 3 A ] LU L AR
A P<C0. 000 1, i B [n] 9 455 AU ELA & B 9 3
PE S ITBCHE Sy 0. 981 3, {2 thiE B M
R*=0.964 8, LB IL AR LA ALY . HALIE R



6 4 (VM EF R @RS SRR FRRTY R4 mIER

R =0.929 5, LWL B A9 BETH LR T 52 B 0 5 S B IURR LE 5 b A B IR R 0 7 A R B
SV AR IO B0 L v FZ R RS A b rh B ERBCRA B HE N RSN R
i 2 T 2 e AT el . T 22 0 B i 25 Rk R B VRS AR it 5 B B A AR AR A . B3
B ZORR I . B IR A I AR AR B e R AR A RN A <R R R L >
SRV L R L R S IO [R] DL RSP T I IR > SR .
A CF D R A A I S BT £ BBOCR A B 2 5

R2 MEESHERLLERITRER

Table 2 Program and results of RSM

o Lk % FHEE/ (grml ) B/ C B /i IR, %
No. Ethanol concentration Material to liquid ratio Ultrasonic temperature  Ultrasonic time Extraction rate of flavonoids
1 0 0 0 0 40. 64
2 —1 0 0 —1 39.58
3 0 0 1 1 38. 10
4 —1 1 0 0 37.91
5 0 0 —1 —1 39.51
6 0 1 —1 0 39. 20
7 —1 0 0 1 38. 81
8 —1 —1 0 0 41.63
9 —1 0 —1 0 39.18
10 1 0 0 —1 38.97
11 0 0 0 0 40. 69
12 0 0 1 —1 38.65
13 1 0 —1 0 39. 00
14 1 1 0 0 40,18
15 1 0 0 1 39.03
16 0 —1 —1 0 40.76
17 0 1 1 0 38.49
18 0 1 0 —1 38.63
19 0 0 —1 1 39. 37
20 1 —1 0 0 38. 88
21 0 0 0 0 41. 69
22 0 —1 0 1 39. 50
23 0 1 0 1 40. 16
24 0 —1 0 —1 41.71
25 0 0 0 0 40. 69
26 1 0 1 0 37.90
27 0 0 0 0 40. 62
28 —1 0 1 0 38. 17
29 0 —1 1 0 38. 34
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Table 3 Variance analysis of regression equation

E-+ 3 -7 Hil 1 F B Y17 #l F{H P {(P>F) i
Variance source Sum of squares df Mean square F value P-value Significance
iR Model 35.28 14 2.52 27.38 <20. 0001 % %
A-Z FER 0.14 1 0. 14 1.57 0.230 8
B-RH b 3.25 1 3.25 35.35 <<0. 0001 % %
C- 7 i i 4.53 1 4.53 49. 21 <<0. 0001 * %
D~ 75 it ] 0. 36 1 0.36 3.92 0. 0677
AB 6.29 1 6.29 68. 39 <C0. 0001 % %
AC 2. 025E-003 1 2. 025E-003 0.022 0. 8842
AD 0.17 1 0.17 1.87 0.1928
BC 0.73 1 0.73 7.95 0.0137 *
BD 3.50 1 3.50 38.02 < 0.0001 % %
CD 0.042 1 0. 042 0.46 0.5101
A? 6.67 1 6.67 72.49 < 0.0001 * %
B? 0.39 1 0.39 4.24 0. 0587
C? 11.55 1 11.55 125.61 <0. 0001 % %
D? 2. 88 1 2. 88 31.27 <<0. 0001 * %
W% 1.29 14 0. 092
2 435 0.43 10 0. 043 0. 20 0.9813
ali i 2% 0.85 4 0.21
A 36.55 28
RZ=0. 9648 Ra4=0.9295

*P<C0.05;" » P<Z 0.01.
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Fig. 6 Response surface and contour of ethanol concentration and solid-liquid ratio on flavonoids extraction
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Fig. 8 Response surface and contour of ethanol concentration and ultrasonic time on flavonoids extraction
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Optimization of Ultrasound-assisted Extraction of Flavonoids from
Cinnamomum camphora Leaves Using Response Surface Methodology

JIANG Shao-juan'’ , WANG Sheng-nan'** , LIU Xiao-li'**
(1. Department of Biology and Chemistry Engineering, Panzhihua University, Panzhihua 617000,China;2. The

Engineering Center of Characteristic Biological Resources of Panzhihua Dry-hot Valley, Panzhihua 617000,

China)

Abstract; In order to optimize flavonoids extraction process from Cinnamomum camphora leaves. we took Cin-

namomum camphora leaves as raw material, using ultrasonic-assistant extraction., adopted single factor test

and the response surface methodology(RSM)to optimize the effect of the solvent concentration, ratio of liquid

to material, ultrasound time, ultrasound temperature on the extraction efficiency of total flavonoids. The re-

sults showed that the ethanol concentration was 62% , the ratio of feed liquid was 1:10 and extraction tempera-

ture was 57 °C, the extracting time was 10 min, under this condition, and the amount of extracted flavonoids

was 42.35%.

Keywords : Cinnamomum camphora leaves; total flavonoids; ultrasonic extraction; response surface methodology
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