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Abstract: [ Purpose] Moringa oleifera protein content is high, but is poor water solubility, and low
extraction rate. To study the extraction and increase the extraction rate of soluble protein from
Moringa leaves. [ Method ] Application of acid dissolution and ultrasonic wave assisted extraction
of protein was studied by using dry Moringa leaves as a raw material by single factor experiment and
response surface methodology to determine the best extraction process. The extraction of protein was
investigated with response to six main variables, including ultrasonic power, ultrasonic time, extrac-

tion temperature, bath time and pH value. [ Result] The best extraction conditions were determined
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by Box-Behnken center united experimental design as follows: the ratio for material and liquid was

1 70 (g - mL), ultrasonic power of 300 W, Ultrasound time of 30 min, bath temperature of 53 °C,

pH value of 1.4, bath time of 60 min, the order of influence on the protein extraction rate was alkali

solution pH> liquid material ratio> ultrasonic temperature> ultrasonic time,under which the yield of

protein in the extracts reached (79.36+1.13) mg/g, consistent with the response surface prediction of

80.194 mg/g. [ Conclusion ] The extraction rate of water-soluble protein was improved by this meth-

od, which was certain significance for the development of Moringa industry and the development of

protein series products.

Keywords: Moringa oleifera leaves; ultrasonic wave; water soluble protein; extraction rate
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Tab. 1 Variables and levels in response surface design
KOF A B C D
level R (g - mL) KR/ C IR pH LD B 7 5 8] /min
ratio of material to solvent water bath temperature solution pH inultrasonic time
-1 1:60 45 1.0 20
0 1:80 55 1.5 30
1 1:100 65 2.0 40
14 EASEIE g
2 Wi TR B RK A AT 7 T S ik 2E70
SRR, LRI 595 nm b, DUk L B £
FIVEARMESE 1, 2 filbrifEdh 2, AruthZk ml)a 757 B 540
Bl Y =3728 1X+0.012 3, R=0.997 4, f, W e[ . . . .
N N =iy \ . 1:40 1:60 1:8 1:100 1:120
X O A4 M3 8 R O, mg/mL; YOO BB (g  mL)
{E R U{ﬁﬁ q:;% E %E&%ﬁﬁﬁgig é%ﬁ B’:Jﬂai’fi ratio of material to solvent
1 B1 RHRES B AR AEMN
CxXVXN Fig. 1 Effect of ratio of meal to solvent on the
H A BRI (mg/g) = M () extraction rate of protein

P, C AR bR 2 B ok I B 1 B
B, mg/mL; V RIRPORIAT, mL; N NH#BOR
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1.5 HE b B K oy p

% H Excel 2003, Design-Expert 8.0.6 #1744
i B BN L 1 70 A, A SPSS 19.0 #6477 22
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Fig. 2  Effect of ultrasonic power on the extraction
rate of protein
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Fig. 3 Effect of ultrasonic time on the extraction
rate of protein
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Fig. 5 Effect of temperature on the extraction rate of protein
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Fig. 6 Effect of water bath time on the extraction
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Tab.2 Experimental design for response surface analysis
and corresponding experimental data

A B C D
5 (?:@riff) B T T T A
No. ratio of  water bath pH {E 4HTJL|DJ/mH? (mg'.g )
material to temperature solution 1nult'rasonlc extraction rate
solvent pH time
1 -1 -1 0 0 73.97+1.12
2 1 -1 0 0 75.68+1.01
3 -1 1 0 0 77.78+1.23
4 1 1 0 0 71.18+0.97
5 0 0 0 0 79.43+3.07
6 0 0 1 -1 66.8+1.78
7 0 0 -1 1 71.52+2.13
8 0 0 1 1 68.34+1.34
9 -1 0 0 -1 73.91£2.06
10 0 0 0 0 80.12+1.29
11 -1 0 0 1 73.57+1.46
12 1 0 0 1 70.56+2.17
13 0 -1 -1 0 73.00+1.07
14 0 1 -1 0 74.94+1.51
15 0 0 0 0 80.29+1.72
16 0 1 1 0 69.08+2.09
17 -1 0 -1 0 74.82+1.22
18 1 0 -1 0 72.83+0.98
19 -1 0 1 0 72.78+1.17
20 0 0 0 0 79.43+£1.36
21 0 -1 0 -1 70.27+2.11
22 0 1 0 -1 73.97+2.33
23 0 -1 0 1 74.03+1.37
24 0 1 0 1 70.44+1.26
25 0 0 -1 -1 71.24+1.34
26 1 0 0 -1 69.76+1.21
27 0 -1 1 0 71.01£1.39
28 1 0 1 0 68.11+0.79
29 0 0 0 0 79.55+1.09

0.32CD - 2.584*> - 2.53B> - 5.14C* - 5.15D%,
33 AP LIEH: B F=190.06 .,
P<0.01, RUNZEARLEW R R ; A0 F=0.87
P=0.610 2>0.05, HBIRIRHUAN G, UK AH
EXTER AR, RIS TR 22 EEORIE T L
w2, WATRERE,. BRI 25 R*=0.994 8,
PREREL R "=0.989 5, ULHTZIAIREMRE 98.95%
mw W AE ) A8 Ak, (5 M e Adeq precisior = 45.046,
PRI 400 B RN ] (5 BEARE -, P FH B AR X A
HOK R AR BRI AT S A AT . CV (Y Y
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Tab. 3 The fitted quadratic polynomial model of ANOVA
J5 22 R ST H R ¥175 F1H P1H BEM
source of variation sum of squares variance mean square F value P value significant
7Y model 406.53 14 29/04 190.06 <0.000 1 o
A 29.17 1 29.17 190.93 <0.000 1 Hok
B 0.027 1 0.027 0.18 0.680 2
C 41.18 1 41.18 269.53 <0.000 1 *k
D 0.53 1 0.53 3.44 0.0850
AB 17.26 1 17.26 112.99 <0.000 1 ok
AC 1.80 1 1.80 11.75 0.004 1 *k
AD 0.32 1 0.32 2.13 0.166 8
BC 3.74 1 3.74 24.51 0.000 2 ok
BD 13.29 1 13.29 86.96 <0.000 1 *k
CD 0.40 1 0.40 2.60 0.129 3
A4 43.16 1 43.16 282.49 <0.000 1 ok
B 41.50 1 41.50 271.64 <0.000 1 **
c 171.34 1 171.34 1121.42 <0.000 1 wok
D’ 171.84 1 171.84 1124.69 <0.000 1 ok
% 7 residual 2.14 14 0.15
ZRAUTG missing item 1.47 10 0.15 0.87 0.6102
4li1% 7 pure error 0.67 4 0.17
J.J7 % total variance 408.67 28

e *RIRTE 0=0.05 P L, *+RIREE 0=0.01 K B . BARINHE RELR=0.994 8, BRI R HL RA¢"=0.989 5.
Note: * indicates significant at the a= 0.05 level; ** indicates extremely significant at the 0=0.01 level. The model’s determination coefficient R* = 0.994 8,

and the model's adjustment coefficient R Adjz =0.989 5.
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Fig. 7 Response surface plot showing the effects of two factors interaction to the extraction rate of protein
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