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1.2
1.2.1 SA SA
32°7C 24 h 2 ml
(BHI) 5 ml EP 32
‘C 180 t/min 16 h 1%
100 ml (BHI)
32°C 180 r/min 16 h SA
1.2.2 SA
SA SA
Agionm 0.8 2%
50C BHI
BHI
BHI 5 mm
3 57 ul
32°C 18 h
1.2.3
SA 30.0:1.0
(ml:g) EP 30 min 50C
60 min 1
12 SA
SA 0.04 g/ml
10.00% SA
T BE 1%
x # Py 5 ><100%
6:0 5:1
4:2 3:3 2:4 1:5ml:ml) SA

0.0400 0.0333 0.0267 0.0200
0.0133 0.0067 g/ml
SA

0.0400 g/ml

SA SA
1.2.4 SA

SA 0 20%
40% 60% 80% 100%

40°C
0.22 um
SA

30.0 : 1.0(ml : g)

30 min

1.2.2

SA

SA
1.2.5 Box-Behnken

Y=4.842X+16.707

2
2
2.1 SA
1
0.9873
SA
2.2 SA
2.2.1
SA
2
SA
SA

50°C

Box-Behnken

R2

SA

20%

100%

20%
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F1 A5 SA BEMM R I Z M LEY Box-Behnken iR 3% i+ E &ZKTF
Tab.1 The factors and levels of Box-Behnken experiment for optimizing the process of the active components
against SA extraction from S. miltiorrhiza
Ratio of liquid to solid (X}) Infiltration time(X5) Extraction temperature(Xs) Extraction time(X})
Factor . o .
(ml:g) (min) (C) (min)

-1 20.0:1.0 60 80 60

0 30.0: 1.0 90 90 120

1 40.0:1.0 120 100 180

cc(> ccq> ce_y>>

““071s the best condition of the single factor optimization, ““171s high levels of design according to step length of the single

ce_p7>

factor and the experiment results,

results
SA
N
z
2 or
K\H. o g
< g 1
e !
5% 2.2.3
= o
g
5 T
o
<=
H
6 1 1 1 1
22 2.0 -1.8 -1.6 -14
BUS ATE M L 0-vie BE X 5
Logarithm of the concentration
of the active components against SA
1 SA ]
i &
Fig.1 The standard curve of relationship between the § g
concentration of the active components against SA and the oY ;J
diameter of the inhibition zone S
=3
i =
2 12r I o
5 Z3
%3 0 £3
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= S 8 é’
Heg
K cw g
IR
H =3 4+
s R
5 § 2t Fig.3
A o] .
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[_. 1 1 1 1 1 1
0 20 40 60 80 100 2.2.4
LR TR 4T Volume fraction of ethanol/%
2 SA
Fig.2 The effect of volume fraction of ethanol in the solvent
on the yield of the active components against SA 225
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is low levels of design according to step length of the single factor and the experiment

1
SA 2 3
SA
SA
SA
¢ 3
25.0 ml/g
30.0 : 1.0(ml : g)
10F
8 -
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5 10 15 20 25 30
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The effect of the ratio of liquid to solid on the yield of
the active components against SA
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SA 90°C
SA
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% 15k 2.2.6 SA
A =
1 s |
E S ( 6 120 min
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. . ) v =
Fig.4 The effect of extraction temperature on the yield of = E ol
the active components against SA 2
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Fig.6 The effect of extraction time on the yield of the active
components against SA

2.3 Box-Behnken

2
¥=16.145+0.345X,+0.972.X,+
0.486X5+1.633X,-2.354X~0.074X X, +0.037X, X5~ 1.114X, X~
0.839X,°+0.452X,X;5+0.694.X,X,~3.501.X3>~0.070.X3.X,—

A
3 S 2.003X (R*) 0.870
Fig.5 The effe.ct of infiltration tim.e on the yield of the (RMSE)  2.458 87 0%
active components against SA
SA F F
90 min 5.765 P 0.002
% 2 Box-Behnken iXIiZIT A RFLER
Tab.2 The design scheme and results of Box-Behnken experiments
Experiment X1 X X3 X, Y+SE’ Experiment . CHEED. CHE. CHD. ¢! Y+SE
numbers numbers

1 -1 -1 0 0 16.705+0.000 15 0 1 -1 0 17.5214+0.363
2 -1 1 0 0 19.489+0.175 16 0 1 1 0 10.949+0.305
3 1 -1 0 0 17.938+0.252 17 -1 0 -1 0 16.724+0.250
4 1 1 0 0 22.674+0.492 18 -1 0 1 0 10.644+0.225
5 0 0 -1 -1 20.035+0.145 19 1 0 -1 0 22.306+0.257
6 0 0 -1 1 20.139+0.679 20 1 0 1 0 15.053+0.395
7 0 0 1 -1 11.064+0.268 21 0 -1 0 -1 11.736+0.389
8 0 0 1 1 11.125+0.305 22 0 -1 0 1 14.632+0.224
9 -1 0 0 -1 18.963+0.151 23 0 1 0 -1 21.904+0.659
10 -1 0 0 1 15.424+0.536 24 0 1 0 1 22.757+0.704
11 1 0 0 -1 22.528+0.181 25 0 0 0 0 24.060+0.422
12 1 0 0 1 21.878+0.298 26 0 0 0 0 24.219+0.276
13 0 -1 -1 0 11.737+£0.218 27 0 0 0 0 24.140+0.338
14 0 -1 1 0 14.164+0.600 — — — — — —
Y+ SE® SA +

Y+ SEis the yield of the active components against SA + the standard deviation between the parallel test
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Tab.3 The results of the regression analysis
DF" ss” F P,>F DF Ss F P,>F
Items Items
X 1. 49.713 8.227 0.014 X1 Xy 1. 2.085 0.345 0.568
X, 1 67.133 11.111 0.006 X, 1 76.929 12.732 0.004
X; 1 104.811 17.346 0.001 XX 1 20.246 3.351 0.092
X 1 0.006 0.001 0.975 XXy 1 1.043 0.173 0.685
X’ 1 12.527 2.073 0.175 X5t 1 217.810 36.048  0.000
XX, 1 0.952 0.158 0.698 X3X, 1 0.000 0.000 0.993
XX 1 0.342 0.057 0.816 X2 1 34.693 5.741 0.034
14 487.701 5.765 0.002 . 4 221.663 9.171 0.001
Model Linear
. 241.369 9.987 0.001 6 24.670 0.680 0.669
Quadratic Cross product
12 72.507 — — 10 72.4945 1147.1 0.001
Error Lack of fit
1) DF 2) SS
1) DF is the degree of freedom 2) SS is the sum of variance
F 0.31%
(3 (X2) (X3) 2.59
P<0.01 SA
X)) P<0.05
3 3
(X2) (X3) (Xa) P<0.05
3
A B
P 0.1 ( , 1998)
SA ( ,2009)
(2008)
( 7a- 7
6 ( (Staphylococcus aureus)
)
7c Te 7t (2010)
(X)) (X3) (Bacillus pumilus) (Escherichia coli)
(0.6)) X3) 0.6)) (Xy) (Pseudomonas aeruginosa)
(2006)
(Streptococcus mutans)
SA (2011)
37.8:1.0 (ml: g) 104 min (S.epidermidis)
86.7C 182 min 10
25.95% 4 MIC MBC 1.52 mg/ml

(25.87+0.03)%
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Optimization of the Extraction Conditions of Active Components for

Inhibition of Streptococcus agalactiae from Salvia miltiorrhiza Bge.
Using Response Surface Methodology

DENG Hengwei , GUO Weiliang , SUN Xiaofei, XIE Zhenyu, WANG Shifeng,
HU Wenting, ZHOU Yongcan

(College of Marine Science, Hainan University, State Key Laboratory Breeding Base for Sustainable Exploitation of
Tropical Biotic Resources; Haikou 570228)

Abstract

In recent years Streptococcus agalactiae (SA) has become the most harmful pathogen to

cultured tilapia in Hainan and many southern provinces of China. Salvia miltiorrhiza Bge is highly

resistant to SA, but it contains complex components and which component is responsible for the

resistance to SA has not been reported. Here we investigated the effects of extraction conditions on the

yield of anti-SA components in S. miltiorrhiza Bge and optimized the extraction method. We first

developed the agar diffusion method for the quantitative analysis of extracted anti-SA components; then

we used the yields of anti-SA components from Salvia miltiorrhiza Bge as the responsive values to study

the effects of extraction conditions on the yield of the anti-SA components, including the extraction

solvent, extraction times, the ratio of liquid to solid, infiltration time, temperature and extraction time in

single-factor experiments; finally we further optimized the ratio of liquid to solid, infiltration time,

temperature and extraction time using the four-factor-three-level Box-Behnken experimental design with

Corresponding author: ZHOU Yongcan, E-mail: zychnu@163.com
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response surface method. The results of the agar diffusion showed that the standard equation for the
determination of anti-SA components from S. miltiorrhiza Bge was Y=4.842X +16.707 (R*= 0.9873).
The results of the single-factor experiments showed that the most suitable extraction solvent and times
was 20% ethanol aqueous solution for 1 time. The results of the Box-Behnken experimental design with
response surface method showed that the infiltration time, the extraction temperature, and the ratio of
liquid to solid had extremely vital effects on the responsive values. The optimum extraction conditions
were as follows: the ratio of liquid to solid was 37.8:1.0 (ml:g), the infiltration time was 104 min, the
extraction temperature was 86.7°C and the extraction time was 182 min. The predicted maximum yield of
anti-SA components was 25.95%, under the RSM model-generated optimal extraction conditions. The
results of four parallel validation experiments showed that the actual yield of anti-SA components was
(25.87 +£0.03)%, and the relative error between predicted and actual values was 0.31%. The yield of
anti-SA components was 2.59 times higher than before. These demonstrated that our optimization method
was efficient and reliable. Furthermore, our study provided important clues to future research on the
anti-SA components of S. miltiorrhiza Bge, and significantly contributed to the safe and efficient control
of diseases caused by S. agalactiae.

Key words Streptococcus agalactiae; Salvia miltiorrhiza Bge; Extraction conditions;

Response surface methodology
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