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Optimization of Ultrasonic-assisted Ethanol-K,HPO; Aqueous Two-phase
Extraction of Salidroside by Response Surface Methodology

HE Zi-qiang* ,ZHANG: Hui-ling, SU Tian-ming

Department of Chemical and Environmental Engineering , Wuhan Bioengineering Institute ,Wuhan 430415 , China

Abstract: Discussing three different aqueous two-phase” extractions of salidroside, selected ethanol-K,HPO, as suitable
aqueous two-phase system. Using wild Tibetan Rheidol crenulata as the raw material, study the condition of the ultra-
sound-assisted ethanol-K, HPO, aqueous two-phase extraction of salidroside. Based on the single factor test,according to
the Box-Behnken test design principle and response surface methodology , analyze five factors of ethanol volume fraction,
liquid-solid ratio, K,HPO, concentration, ultrasonic temperature, ultrasonic time,and each two of them interacted with
each other on the effect of-salidroside extraction rate , determine the optimal process parameters for salidroside extraction.
The results showed that the highest extraction rate of salidroside was 45.4% when the ethanol volume fraction was 51% ,
the liquid-solid ratio was 6 mL/g,the K,HPO, concentration was 0. 16 g/mL,the ultrasonic temperature was 57 °C ,and
the ultrasonicitime was 45 min. It is basically consistent with the predicted value of 45.1% ,indicating that the regres-
sion model is-effective. Compared with the ultrasound-assisted ethanol method, the extraction rate of salidroside is greatly
increased.
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Fig.1 Chemical structure of salidroside
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Table 1

Experimental results of three aqueous two-phase systems
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Table 2 Factors and levels of Box-Behnken design

EES IKF- Levels
Factors 1 0 |
A ZFERBUHL The volume fraction of ethanol (% ) 40 50 o
B ¥ [# I, Liquid-solid ratio( mL/g) 4 5 6
C K, HPO, ¥ K, HPO, concentration ( g&/mL) 0.15 0.20 0.25
D #7552 Ultrasonic temperature (°C) 50 60 70
E #875Hff] Ultrasonic time (min) 35 40 45
i -
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Fig. 2 Determination of maximum absorption wavelength Fig. 4 Effect of liquid-solid ratio on the extraction rate of
salidroside
'/l\;—A/’”’J 2.3.3 K,HPO, ¥ JZ 34t RFIIFE 7
FRELS. 0 g 2150 KMy, 75 S EER TS8R 50%
WIE R 5 mL/g GEE 7S I EE S 40 °C R8PS EHE] Dl 20
. T ) QA min, S} 75 K,HPO, ¥ 0.1 ~0.5 g/mL F 4RI,
B3 ZEERSEHIEREHRREONN RN S PR
Fig.3  Effect of ethanol volume fraction on the extraction
rate of salidroside e
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Fig. 6 Effect of ultrasonic temperature on the extraction rate Fig. 7  Effect of ultrasonic time on the extraction rate of sali-
of salidroside droside
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Table 3 Experimental design and results of response surface analysis

A ZEHETU R B W He C K, HPO, ¥ D 7 il I ] AFIRE PN R IES
RG5 Volume fraction L. X . K,HPO, Ultrasonic Ultrasonic Extraction yield
Liquid-solid ratio . Ly

No. of ethanol (mL/g) concentPition temperature time of salidroside
(%) & (8/mLY (C) (min) (%)
1 50 5 0.20 60 40 38.9
2 50 6 0.15 60 40 43.4
3 50 5 0.20 60 40 42.1
4 60 5 0.20 70 40 32.5
5 50 5 0.20 60 40 40.8
6 50 4 0.15 60 40 30.6
7 50 5 0.20 50 45 37.6
8 40 5 0.15 60 40 35.3
9 50 5 0.25 50 40 32.7
10 40 5 0.20 50 40 32.1
11 50 6 0.20 70 40 34.8
12 60 6 0.20 60 40 36.6
13 60 5 0.25 60 40 35.4
14 50 5 0.20 70 45 35.0
15 50 5 0.25 70 40 31.1
16 50 5 0.20 60 40 41.4
17 50 5 0.20 70 35 33.5
18 40 5 0.20 60 45 36.2
19 60 4 0.20 60 40 34.8
20 50 5 0.20 60 40 40.4
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%3¢ 3 ( Continued Tab.3)
- A Z@Mﬁﬂﬁﬁl B Wi I, C K, HPO, #eE D ﬁ:’?u:{EFE E ﬁ?u‘ﬂil‘ﬁJ Y élﬁﬁﬁ%‘%ﬁl?
R Volume fraction Liquid-solid ratio K, HPO, Ultrasonic Ultr.asoruc Extracl.lon }ileld

No. of ethanol (ml/g) concentration temperature tln.le of salidroside
(%) (g/mL) (°C) (min) (%)

21 50 4 0.20 60 45 32.1

22 50 5 0.20 60 40 40.4

23 40 5 0.25 60 40 2847

24 40 5 0.20 70 40 31.9

25 40 5 0.20 60 35 33.9

26 60 5 0.15 60 40 40.2

27 50 5 0.25 60 35 30.1

28 50 5 0.15 70 40 35.8

29 50 5 0.20 50 35 35.0

30 50 4 0.20 50 40 31.1

31 50 4 0.20 70 40 30.7

32 60 5 0.20 60 45 40.8

33 50 5 0.15 50 40 37.6

34 50 6 0.20 60 45 42.9

35 60 5 0.20 60 35 37.7

36 60 5 0.20 50 40 36.5

37 50 6 0.20 50 40 39.7

38 50 5 0.25 60 45 36.7

39 40 4 0.20 60 40 27.8

40 50 6 0.20 60 35 34.9

41 50 5 0.15 60 45 39.3

42 50 4 0.20 60 35 34.0

43 50 4 0.25 60 40 32.0

44 40 6 0.20 60 40 35.9

45 50 5 0.15 60 35 37.5

46 50 6 0.25 60 40 33.3
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Table 4  Variance analysis table
T5 24 7 A A ¥J7 F{H Py B
Source Sum of squares df Mean square F Value p-value Significance
#5751 Model 660. 66 20 33.03 31.30 <0.0001 # o
A 66. 83 1 66. 83 63.32 <0.0001 * %
B 146.41 1 146.41 138.71 <0.0001 5%
C 98.51 1 98.51 93.33 <0.0001 %
D 18.06 1 18.06 17.11 0.0003 * %
E 36.00 1 36.00 34.11 <0.0001 E
AB 9.92 1 9.92 9.40 00051 * %
AC 0.81 1 0.81 0.77 0.3894
AD 3.61 1 3.61 3.42 0.0763
AE 0.16 1 0.16 0.15 0.7003
BC 33.06 1 33.06 31.32 <0.0001 EE
BD 5.06 1 5.06 4.80 0.0381 *
BE 24.50 1 24.50 23.21 <0.0001 EE
CD 1.000 x 102 1 1.000 x 107 9.474 %107 0.9232
CE 5.76 1 5076 5.46 0.0278 *
DE 0.30 1 0.30 0.29 0.5971
A? 83.53 1 8353 79.14 <0.0001 ® ok
B2 91.36 1 91.36 86.55 <0.0001 * %
c? 68.93 1 68.93 65.31 <0.0001 R
D? 127.27 1 127.27 120. 58 <0.0001 EE
E? 15.95 1 15.95 15.12 0.0007 I
% 7% Residual 26.39 25 1.06
ST Lack of Fit 20.51 20 1.03 0.87 0.6304
122151 Pure Error 5.87 5 1.17
R* =0.9616,
R, =0.9309 687.04 45

H: " P<0.01, 554 035, " P<0.05, 27 0%,

Note: * * P <0.01 , very:significant difference ; * P <0. 05, significant difference.
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FARLEE R 57 °C #E IR A 45 min (9 250F R AT 5
UOP ATl 50, 20 5 R 4 IR 40 5 oy 44. 9% |
46.4% A44.7% A5.3% 4A5.7% . RN s
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Fig. 8 Response surface and contour plots of the interaction of ethanol volume fraction ( A) and liquid-solid ratio (B) ,liquid-solid

ratio (B) and K,HPO, concentration( C) ,liquid-solid ratio ( B) and ultrasonic time(E) ,liquid-solid ratio (B) and ultra-
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Table 5 Results of confirmation experiments
}“/\ [T i ‘l\\ '_;‘ “ b
B Em{%l‘. e LR bR 2 o e
Theoretical Trial value Standard deviation of t KB E L (4) Siemifi
value - experimental value t test value 0.055 o eance
(1) (%) (s) of difference
45.1% 45.4% 0.68% 0.989 2.776 TREER
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3 i
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