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Optimization of Extraction of 3 Traditional
Chinese Medicines with Antibacterial Activity
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Abstract:In order to establish the optimal methods for the extraction of 3 traditional Chinese medicines, the extractive
yield, minimum inhibition concentration ( MIC) and minimal bactericidal concentration (MBC) against Streptococcus
agalactiae were used as comprehensive evaluation indexes. Ly (3*) orthogonal design was applied to select the optimal
extraction conditions of 3 traditional Chinese medicines. The results showed that the optimal extraction conditions of 3
traditional Chinese medicines were as follows ; Coptidis Rhizoma was added to 8 times of 80% ethanol, which were re-
fluxed and extracted for 2 times with each time of 1.5 h;Radix Scutellariae were extracted with 10 times of 55% ethanol
at 95 °C ,and repeated for 3 times,2 h for each time; Polygonum cuspidatum extracted 3 times at 95 °C with 5 times of
60% ethanol,2 h for each time. Under optimal conditions,the MICs of the extracts obtained from Coptidis Rhizoma, Ra-
dix Scutellariae and Polygonum cuspidatum against S. agalactiae were 26.04,5.20 mg/mL and 15. 60 mg/mL, respec-
tively and the MBCs were 26.04,6.50,31.25 mg/mL respectively. The developed extraction method was simple ,rapid,
accurate , reproducible and stable.
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Table 1  Factors and levels of the extraction conditions in extracting P. cuspidatum and Radix Scutellariae

FRRLE A LT B ST C YEGHTE D
K Solid-liquid ratio Ethanol concentration(% ) Extraction time Extraction temperature
Levels ( ‘ l D ‘
ekt s ekt i (h) e
1 1:5 1:6 55 1 85
2 1:6 1:8 60 1.5 90
3 1:8 1:10 70 2 95
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Table 2 Factors and levels of the extraction conditions in extracting Coptidis Rhizoma

gl LT E B L [R] C N
KT EHRLEE A BREB RBUNTE PEIUCEL
.. R Ethanol concentration Extraction time . X
Levels Solid-liquid ratio Times of extraction
(%) (h)

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 The results of L, (3*) tests by taking extraction yield and the sum of MIC and MBC as indexes

RV BUARE g MBC MIC +
Trial No. A B C D E.xlracllon (meg/mL)  (mg/mL) MBC
yield( % ) (mg/mL)
1 1:5 60 1 85 26.70 15.60 31.25 46.85
2 1:5 70 1.5 90 28.89 15.60 15.60 31.20
3 1:5 80 2 95 25.63 15.60 15.60 31.20
4 1:6 60 1.5 95 24.82 15.60 31.25 46.85
5 1:6 70 2 85 30.40 15.60 15.60 31.20
6 1:6 80 1 90 29.28 31.25 62.50 93.75

7 1:8 60 2 90 32.03 15.60 31.25 46.85
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8 1:8 70 1 95 24.96 31.25 62.50 93.75
9 1:8 80 1.5 85 27.40 15.60 15.60 31.20
12 B4R 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
R1 1.10 0.65 2.37 4.93
MIC + MBC (mg/mL) K1’ 36.46 46. 86 78.13 36.46 C>A=D>B
K2’ 57.29 52.08 36.46 57.29
K3’ 57.29 52.08 36.46 57.29
R2 20.83 5.21 41.67 20. 83
F4 LURBERMMIC ES MBC EZMARRMIRE L, (3°) HESH
Table 4 The variance analysis results of L, (3*) tests by taking extraction yield and the sum of MIC and MBC as indexes
s IPHK I FrliiE F P
Index Source of variation Sum of squares Degree of freedom F value P value
12157 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 868. 06 2 16.00 >0.05
B ( Error) 54.25 2 1.00
C 3472.22 2 64.00 <0.05
D 868. 06 2 16.00 >0.05
TEFo o1 (2,2) =99.00;F, 5 (2,2) =19.00
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Table 5 The results of Ly (3*) tests by taking extraction yield and the sum of MIC and MBC as indexes
NE == 23 ~
i 5 B e MBC MIE +
Trial No A B C D Extraction (mg/ml)  (mg/mL) MBC
’ yield (%) (mg/mlL)
1 1:6 55 1 85 35.99 3.90 7.80 11.70
2 1:6 60 1.5 90 33.65 15.60 31.25 46.85
3 1:6 70 2 95 36.71 7.80 7.80 15.60
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4 1:8 55 1.5 95 40.60 7.80 7.80 15.60
5 1:8 60 2 85 37.26 3.90 7.80 11.70
6 1:8 70 1 90 34.76 3.90 31.25 35.15
7 1:10 55 2 90 40.24 3.90 3.90 7.80
8 1:10 60 1 95 39.79 3.90 7.80 11.70
9 1:10 70 1.5 85 39.11 7.80 31.25 39.05
125 153 Extraction yield (% ) K1 35.45 38.94 36.85 37.45 A>D>B>C
K2 37.54 36.90 37.79 36.22
K3 39.71 36. 86 38.07 39.03
R1 4.26 2.08 1.22 2.82
MIC + MBC( mg/mL) K1’ 24.73 11.70 19.52 20.82 C>B>D>A
K2’ 20. 82 23.43 33.84 29.94
K3’ 19.52 29.93 11.70 14.30
R2 5.21 18.23 22.14 15.64
®o6 LUSHHEMMIC S MBC EHZ AR L, (3°) T EN
Table 6  Analysis of variance of Ly (3*) tests by taking extraction yield and the sum of MIC and MBC as indexes
Eiztan YE=E 3] fii 2675 i A FiH PH
Index Source of variation Sum of squares Degree of freedom F value P value
12 B 153 Extraction yield A 27.27 2 11.09 >0.05
B 8.52 2 3.46 >0.05
C( Error) 2.46 2 1.00
D 11.96 2 4.86 >0.05
MIC + MBC A 44.09 2 1.00
B 512.29 2 11.82 >0.05
C( Error) 756.56 2 17.16 >0.05
D 370.39 2 8.40 >0.05
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Table 7 The results of Ly (3*) tests by taking extract yield and the sum of MIC and MBC as indexes

V2L EE FH 5%
R EEIAE e MBC MIC +
Trial N A B C D Extraction (meg/ml)  (mg/mL) MBC
mal o yield (%) mesm mezm (mg/mL)
1 1:8 60 1 1 3.71 62.50 125.00 187.50
2 1:8 70 1.5 2 20. 80 31.25 31.25 62.50
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3 1:8 80 2 3 20.01 15.60 31.25 46.85
4 1:10 60 1.5 3 20.99 15.60 15.60 31.25
5 1:10 70 2 1 5.90 62.50 62.50 125.00
6 1:10 80 1 2 16.96 15.60 15.60 31.25
7 1:12 60 2 2 15.46 31.25 31.25 62.50
8 1:12 70 1 3 8.29 62.50 62.50 125.00
9 1:12 80 1.5 1 12.16 31.25 31.25 62.50

BEHER 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
RI 2.87 4.71 8.33 10.48

MIC + MBC( mg/mL) K1’ 98.96 93.75  114.58 125 D>C>B>A

K2’ 62.5 104.17  52.08 52.08
K3’ 83.33 46.86 78.13 67.71
R2 36.46 57.29 62.5 72.92

£8 LURBERM MIC ES5 MBC EZMAERMIRE L, (3°) HEDH
Table 8  Analysis of variance of L, (3*) tests by taking extract yield and the sum of MIC and MBC as indexes

bR T AR i 25777 Fn H F i P{H

Tndex Source of variation Sum of squares Degree of freedom F value P value
7755 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(FError) 1003. 69 2 1.00

B 2794.05 2 2.78 >0.05

o 2956.81 2 2.95 >0.05

D 4421.66 2 4.41 >0.05
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Table 9 The MIC and MBC against S. agalactiae under the optimal extraction conditions of 3 traditional Chinese medicines (unit;mg/

mL)
MIC MIC 44 MBC 14
Average of MIC Average of MBC

AL P. cuspidatum 15.60 31.25 15.60 31.25
15.60 31.25
15.60 31.25

# Radix Scutellariae 3.90 5.20 6.50
3.90 7.80
7.80 7.80

5 1% Rhizoma Coptidis 15.60 15.60 26.04 26.04
31.25 31.25
31.25 31.25
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