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Optimization of Extraction of Flavonoids from the Leaves
of Rhamnus utilis by Response Surface Methodology
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Abstract : Flavonoids in Rhamnus utilis were extracted with ultrasonic-assisted extraction technology using ethanol as sol-
vent. A series of single-factor experiments were made to investigate the effects of ethanol concentration,liquid/solid rati-
o, extraction time and temperature on flavonoids yield. Response surface method was used to optimize the extraction
process. The optimum extraction parameters were determined as : ethanol concentration of 70% , liquid/solid ratio of 33:

1, extraction time of 50 min and temperature of 30 °C. Under these conditions, the extraction yield of total flavonoids was

35.07 mg/g,which was consistent with the predicted value (35.18 mg/g).
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Fig. 1 The effects of ethanol concentration ( A)extraction time ( B)liquid/solid ratio (C) and extraction temperature (D) on the

extraction yield of flavonoid
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Table 2 Design and results of response surface experiments

e Y SR

5 A B C D Flavonoid yield (mg/g)
| : - _1 0 30.68
: ) . o 1 34.47
3 ) . _1 0 31.25
4 ] . | 0 33. 14
) ) 1 | 0 32.99
6 i } . ' 32.58
7 } . o ! 31.22
8 1 . o 1 32.04
; . 0 0 0 34.14
! | } o 0 32.04
' 1 . o ; 34.22
! i . | 1 34.07
- ’ 1 . 0 32.85
i ) : o 0 32.27
" ) 1 | 0 29.98
. . 0 0 0 34.42
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17 0 0 0 0 34.55
18 0 1 0 1 32.64
19 0 1 0 1 31.64
20 0 0 1 1 31.21
21 0 0 0 0 34.40
2 1 1 0 0 33.18
23 0 1 0 -1 32.25
24 0 0 -1 -1 30.02
25 0 1 1 0 30.07
26 0 0 -1 1 31.23
27 1 0 1 0 33.25
28 0 1 1 0 31.15
29 0 0 0 0 33.67
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Table 3 Significance test and variance analysis of regression model
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Source of squares of froedom square F value Significance
A Model 56. 86 14 4.06 51.97 <0.0001 * %
A 3.675E-003 1 3.675E-003 0.047 0.8315
B 13.19 1 13.19 168.75 <0.0001 * %
C 1.43 1 1.43 18.28 0.0008 #
D 0.89 1 0.89 11.40 0.0045 *
AB 0.12 1 0.12 1.48 0.2440
AC 0.078 1 0.078 1.00 0.3335
AD 7.37 1 7.37 94.32 <0.0001 * %
BC 0.93 1 0.93 11.92 0.0039 #
BD 4.14 1 4.14 52.99 <0.0001 * %
CD 0.44 1 0.44 5.66 0.0322 #
A2 1.00 1 1.00 12.85 0.0030 *
B2 21.95 1 21.95 280. 89 <0.0001 * %
2 10.37 1 10.37 132.74 <0.0001 * %
D2 3.86 1 3.86 49.33 <0. 0001 -
5% Residual 1.09 14 0.078
248l Lack of Fit 0.61 10 0.061 0.50 0.8325
215 7% Pure Error 0.49 4 0.12
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U Total 57.95 28

o« 2503 ,P<0.05; « « ZRWEE,P<0.01,
Note; * Significant,P <0.05; * * Extremely significant,P <0.01.
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Fig.2 Response surface plot showing the interactive effects of different factors on flavonoid yield
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Note; (A) ethanol concentration and extraction temperature; ( B) liquid/solid ratio and extraction time; ( C) liquid/solid ratio and extraction tempera-

ture; ( D) extraction time and extraction temperature
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