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Abstract: This study was designed to obtain the optimized extracting process for the extraction of active substance from 3
traditional Chinese medicines with antibacterial activity against Actinobacillus pleuropneumoniae. The orthogonal array de-
sign was used with several factors,including solvent concentration, solid-liquid ratio, extraction frequency, extraction du-
ration and extraction temperature. The extraction yield, MIC and MBC were selected as indexes. The results showed that
the optimal extraction conditions for Rhizoma coptidis were as follows:1: 8 as the ratio of raw material to liquid,70% as
ethanol concentration,and 2 h as extraction duration ;the optimal extraction conditions for Fructus mume were as follows
:1:10 as the ratio of raw material to liquid,95% as ethanol concentration,90 °C as extraction temperature and 8 h as
extraction duration ;the optimal extraction conditions for PoLygonum cuspidatum were as follows: 1: 6 as the ratio of raw
material to liquid,60% as ethanol concentration,90 °C as extraction temperature,2 h as extraction duration and reflux
extraction for 3 times. Under the optimal extraction conditions,the MIC values of 3 traditional Chinese medicines were
15.60,10.20 and 15.60 mg/mL,respectively,and the MBC values were 26.00,18.20,15. 60 mg/mL,respectively.
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Table 1  Factors and levels of orthogonal test for the extraction of P. cuspidatum

K- A BRI LE B LEEHR C RIS R] D Skt
Levels Solid-liquid ratio Ethanol concentration( % ) Extraction duration(h) Temperature ( °C )
1 1:5 60 1 85
2 1:6 70 1.5 90
3 1:8 80 2 95
2.2 HERERHIZHR WIE 70% SR E] 1.5 h, S IR EL 2 Ik,
2.2.1 HEABRSRBERZ ZE 2.2.2 wHEABRS R L L IER FZHET
SR B A OSBRI TR R B R PLEAPR R S 45 AP E 25 LR 1 =K (3%

FC M B RO ) AR OB L WOARBESY 2) , AR R R IR 75 43 5, MIC R MBC (i
XTLL B PO T TR R Bt A BIEE LA EIEAR, T Ly (3%) IE A S e AT S0 5,
VU R R — R ARy N AL o, IR B R0 Nmififi e Hh e i P i T 2 3RO IE R 2. 1. 27
FEbR, A B B R SR R R A VR LE 1210, 4% ik
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Table 2 Factors and levels of orthogonal test for the extraction of Rhizoma Coptidis
A BRI s N .
o e LRARIE C JI 1 D HEHRUCH
Levels rdt'v? Ethanol concentration( % ) Extraction duration(h) Times of extraction
all

1 1:8 60 1 1

2 1:10 70 1.5 2

3 1:12 80 2 3
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Table 3 Factors and levels of orthogonal test for the extraction of Fructus Mume

K A B LE B HE IR BE C HRI ] D 2Bk
Levels Solid-liquid ratio Temperature( °C ) Extraction duration(h) Ethanol concentration( % )
1 1:8 70 8 60
2 1:10 80 10 70
3 1:12 90 12 95
2.4 EXKEHHFHUHSPEIMIEEESRE 2.4.3 HEER

2,41 mARBRYGHE

SR PPV AT 105 B RO B o o B R il
RN AT 10 15 RANHRE, 53 3 BOR [R5
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YR B VA 40 T TR R AR v TR e P R B
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Table 4 Direct analysis of Ly (3*)test by taking extraction yield and the sum of MIC and MBC as indexes

e . EERA e mpc e+
Trial No. A B C D Exll‘a(ﬂlloll (mg/ml) (me/mL) MBC
yield(% ) (mg/mL)
1 1:5 60 1 85 26.70 31.25 31.25 62.50
2 1:5 70 1.5 90 28.89 31.25 62.50 93.75
3 1:5 80 2 95 25.63 15.60 15.60 31.25
4 1:6 60 1.5 95 24.82 15.60 31.25 46.85
5 1:6 70 2 85 30.40 31.25 62.50 93.75
6 1:6 80 1 90 29.28 15.60 31.25 46.85
7 1:8 60 2 90 32.03 15.60 31.25 46.85
8 1:8 70 1 95 24.96 31.25 62.50 93.75
9 1:8 80 1.5 85 27.40 31.25 62.50 93.75
12 F 153 Extraction yield (% ) K1 27.07 27.85 26.98 28.17 D>C>A>B
K2 28.17 28.08 27.04 30.07
K3 28.13 27.44 29.35 25.14
R 1.10 0.65 2.37 4.93
MIC + MBC(mg/mL) K1~ 62.5 52.07 67.70 83.33 A>C>D>B

K2~ 62.48 93.75 78.12 62.48
K3~ 78.12 57.28 57.28 57.28
R2 15.63 41.68 20.83 26.05

RS WUBREBENMIC 5 MBC EZ FMAIBIRMER L, (3°) WA ESH

Table 5 Analysis of variance of Ly (3*)test by taking extraction yield and the sum of MIC and MBC as indexes

i S i 27 F1 s F i o
Index Source of variation  Sum of squares Degree of freedom F value

B Extraction yield A 2.31 2 3.61 >0.05
B( Error) 0.64 2 1.00

C 11.00 2 17.19 >0.05

D 37.10 2 57.97 <0.05
MIC + MBC A 488.28 2 1.00

B( Error) 3094. 53 2 6.34 >0.05

C 651.04 2 1.33 >0.05

D 1140. 37 2 2.34 >0.05

Note:Fy 1 (2,2) =99.00;F, 45(2,2) =19.00
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Table 6 Direct analysis of Ly (3" )test by taking extraction yield and the sum of MIC and MBC as indexes
v BEARA g mpc  MICr
Ry A B C D Bxtraction gty MBO
yield(% ) (mg/mL)
1 1:8 60 1 1 3.71 31.25 62.50 93.75
2 1:8 70 1.5 2 20.80 15.60 31.25 46.85
3 1:8 80 2 3 20.01 7.80 15.60 23.40
4 1:10 60 1.5 3 20.99 15.60 31.25 46.85
5 1:10 70 2 1 5.90 31.25 62.50 93.75
6 1:10 80 1 2 16.96 15.60 15.60 31.25
7 1:12 60 2 2 15. 46 7.80 15.60 23.40
8 1:12 70 1 3 8.29 62.50 125.0 187.50
9 1:12 80 1.5 1 12.16 31.25 62.50 93.75
128 3 Extraction yield (% ) K1 14.84 13.39 9.65 7.26 D>C>B>A
K2 14.62 11.66 17.98 17.74
K3 11.97 16.38 13.79 16.43
R 2.87 4.71 8.33 10.48
MIC + MBC (mg/mL) K1 54.67 54.67 104.17 93.50 A>C>B>D
K2 57.28 109. 37 62.48 33.83
K3~ 101.55 49.47 46.85 85.92
R2 46.88 59.90 57.32 59.92
R7 LUEHHBRMMIC 5 MBC EZMAEIRMER L, (3°) WAES
Table 7 Analysis of variance of Ly (3*)test by taking extraction yield and the sum of MIC and MBC as indexes
Hh7 KR 2797 i F i
Index Douree Sum of squares  Degree of freedom F value P value
of variation
/35 Extraction yield A( Error) 7.65 2 1.00
B 17.06 2 2.23 >0.05
C 52.04 2 6.81 >0.05
D 97.88 2 12.80 >0.05
MIC + MBC A(Error) _ 4164.43 2 1.00
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B 6607. 14 2 1.59 >0.05
C 5267.10 2 1.26 >0.05
D 6364. 04 2 1.53 >0.05

Note: Fy o (2,2) =99.00;F, os(2,2) =19.00
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Table 8 Direct analysis of L, (3*)test by taking extraction yield and the sum of MIC and MBC as indexes

W5 By mpe  MCr
Trial No. A B C D Extr'acllon (mg/mL) (mg/mL) MBC
yield(% ) (mg/mL)
1 1:8 90 8 60 33.93 7.80 31.25 39.05
2 1:8 70 10 70 21.60 31.25 62.50 93.75
3 1:8 80 12 95 37.00 15.60 15.60 31.25
4 1:10 90 10 95 34.07 62.50 62.50 125.00
5 1:10 70 12 60 22.47 7.80 15.60 23.40
6 1:10 80 8 70 39.83 7.80 15.60 23.40
7 1:12 90 12 70 37.07 7.80 15.60 23.40
8 1:12 70 8 95 26.26 15.60 15.60 31.25
9 1:12 80 10 60 28.13 31.25 31.25 62.50
128153 Extraction yield (% ) K, 30. 84 35.02 33.34 28.18 B>C>D>A
K, 32.12 23.44 27.93 32.83
Ky 30.49 34.99 32.18 32.44
R 1.64 11.58 5.41 4.67
MIC + MBC (mg/mL) K’ 62.48 31.23 41.65 54.68 D>C>A>B
K’, 49.67 93.75 46.85 57.27
K’; 39.05 26.02 62.50 39.05
R, 23.43 67.73 20. 85 18.22
RO LUREBERMMIC 5 MBC EZFMAHERMZR L, (3 ) AESH
Table 9 Analysis of variance of Ly (3" )test by taking extraction yield and the sum of MIC and MBC as indexes
Ei=tan T3 2R i 22775 F1 A i F{H P value
Index Source of variation Sum of squares Degree of freedom F value
12 E SR Extraction yield A( Error) 4.44 2 1.00
B 267.35 2 60.21 <0.05
C 48.61 2 10.95 >0.05
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D 40.04
MIC + MBC A (Error) 582.92
B 827.06
C 8523.35
D 10640. 02

2 9.02 >0.05
2 1.00

2 1.42 >0.05
2 14.62 >0.05
2 18.25 >0.05

Note:Fy o (2,2) =99.00;F, 45 (2,2) =19.00
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Table 10 The MIC and MBC values of the 3 investigated traditional Chinese medicines against A. pleuropneumoniae ( unit; mg/ml.)

2541 e i - vIC MBC .35
Drugs Extraction yield( % ) Average MIC Average MBC
5§ Fructus Mume 34.57 7.80 15.60
15.60 31.25 10.40 18.22
7.80 7.80
%1% Rhizoma Coptidis 17.13 15.60 15.60
15.60 31.25 15.60 26.03
15.60 31.25
JEAL P. Cuspidatum 27.43 15.60 15.60
15.60 15. 60 15.60 15.60
15.60 15.60
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1 MBC #{E 2334 15. 60 mg/mL F126. 03 mg/mL,
g MIC FiI MBC {8 43 31 7 10. 40 mg/mL #il
18.22 mg/mL, ALY MIC F1 MBC {5 4% 5 K
15. 60 mg/mL A1 15. 60 mg/mL, K itt,iZ T. 2. fitfa
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