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Effects of different extraction methods on composition and antibacterial activity of
volatile oil from Forsythiae Fructus, Schinzonepetae Herba, and Menthae
Haplocalycis Herba
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Abstract: Objective To compare the chemical composition and antibacterial activity of the volatile oils from Forsythiae Fructus
(FF), Schizonepetae Herba (SH), Menthae Haplocalycis Herba (MH), and their compatibility, and to explore the influence of
different extraction methods on components and antibacterial activity of volatile oil. Methods GC-MS was employed to analyze
the composition of the volatile oil from FF, SH, and MH extracted separately, and their mixture extracted, as well as physical mixing
volatile oil of FF, SH, and MH extracted separately. The diameter of the inhibition zone and the minimum inhibitory concentration
(MIC) were measured using the paper agar diffusion method and micro dilution method. The antibacterial activities of volatile oil on
four common pathogens of respiratory tract were evaluated. Results When FF, SH, and MH were mixed and extracted, the main
obtained components and contents of volatile oil changed. Compared to separately extracted volatile oil, eight new components
emerged, seven components from FF and seven components from SH disappeared in FF and SH mixture extracted volatile oil. In FF
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and MH mixture extracted volatile oil, compared with separately extracted, six components from FF and eight components from MH
disappeared, and eight new components emerged. Asto SH and MH mixture extracted volatile oil, four components from SH and seven
components from MH disappeared, and seven new components emerged. In the three herbs mixture extracted volatile oil, six
components from FF, four components from SH, and two components from MH disappeared, one commom component of FF and MH,
two common components of SH and MH disappeared, however, nine new components emerged. The content of pulegone significantly
decreased in the three herbs mixture extracted volatile oil compared with that in separately extracted. The antibacterial experiments
showed that the antibacteria effects of the volatile oils obtained by different extraction methods were different. The antibacteria effects
of volatile oil extracted separately and their physical mixing volatile oil on Escherichia coli, Saphylococcus aureus, Pseudomonas
aeruginosa, and Candida albicans were better than that from mixture extracted. Conclusion Volatile ail is an important effective
component of Chinese patent medicines with relieving exterior syndrome function. Different extraction methods have a certain influence
on the yield and composition of volatile oil, which ultimately affects the efficacy of drugs. Therefore, we should pay more attention to
extraction method and process of volatile oil in these prescriptions.

Key words: Forsythiae Fructus, Schizonepetae Herba; Menthae Haplocalycis Herba; GC-MS; antibacterial activity; volétile oil;
pathogens; pulegone
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avolatile oil of Forsythiae Fructus b-volatile oil of Schinzonepetae Herba c-volatile oil of Menthae Haplocalycis Herba  d-volatile oil of Forsythiae

Fructus and Schinzonepetae Herba e-volatile oil of Forsythiae Fructus and Menthae Haplocalycis Herba  f-volatile oil of Schinzonepetae Herba and

Menthae Haplocalycis Herba  g-volatile oil of Forsythiae Fructus, Schinzonepetae Herba, and Menthae Haplocalycis Herba

1

Fig. 1 Total ion flow diagram of volatile oil from Forsythiae Fructus, Schizonepetae Herba, and Menthae Haplocalycis Herba
extracted by different extraction methods
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Tablel Analysison volatile oil of Forsythiae Fructus and Schizonepetae Herba before and after compatibility

1%

CAS
1 p- 028634-89-1 CioH1s 2.79 — —
2 3- 002867-05-2 CioHis — — 2.40
3 007785-70-8 CioH1s 19.58 — —
4 -o- 007785-26-4 CioHis — — 16.40
5 000079-92-5 CioHis 1.10 — 1.00
6 2-p- 000555-10-2 CioHis 17.37 — 13.16
7 p- 000127-91-3 CioHis 43.30 — 38.72
8 - -3 003391-86-4 CaHi10 — 0.73 —
9 000123-35-3 CioH1s 1.85 — 1.96
10 2- 000554-61-0 CioHis — — 2.00
11 o- 000527-84-4 CioHus 4.82 — 0.72
12 005989-27-5 CioHis — 5.00 —
13 000138-86-3 CioHis 3.05 — —
14 000470-82-6 CioH150 0.46 — —
15 000099-85-4 CiHis — — 3.12
16 000586-62-9 CioHis — — 0.89
17 - -3 002442-10-6 CioH1502 — 0.44 —
18 000547-61-5 CioH10 0.69 — —
19 000491-07-6 CioH150 — 4358 —
20 030460-92-5 CioH10 0.56 — —
21 L- 014073-97-3 CioH150 — — 0.93
22 000089-80-5 CoH150 — 271 3.92
23 001490-04-6 CioH20 — — 1.36
24 - 029606-79-9 CoH160 — 1.43 —
25 ()-4- 020126-76-5 CioH150 3.10 — 5.90
26 a- 000098-55-5 CioH150 0.38 — 0.99
27 000089-82-7 CioH10 — 40.02 3.07
28 000491-09-8 CioH10 — 1.12 —
29 001139-30-6 CisH0 — 1.38 —
30 000057-10-3 C1sH20, — — 0.52
31 a-thujenal 1000139-63-3 CioH10 0.95 — —
16.40% 2-p- 13.16% 1 19
- 21 16 84.2% 95.36%
19 90.4% 16 84.2% 12
96.90% 11 1%
1% B- 35.46% 16.00% B- 47.90% 14.93% 7.01%

11.78% 2 - 3 - -
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Table2 Analysison volatile ail of Forsythiae Fructus and Menthae Haplocalycis Herba before and after compatibility

1%

CAS
1 B- 028634-89-1 CioHi6 2.79 0.31 11.78
2 3 002867-05-2 CioH1s — — 2.33
3 007785-70-8 CioH1s 19.58 0.70 16.00
4 000079-92-5 CioH1s 1.10 — 0.89
5 2-p- 000555-10-2 CioHi6 17.37 — —
6 B- 000127-91-3 CioH1s 43.30 0.75 35.46
7 000123-35-3 CioH1s 1.85 0.32 171
8 000586-62-9 CioH1s — — 1.68
9 o- 000527-84-4 CioH 4.82 — 0.59

10 005989-27-5 CioH1s — 1.80 —

1 000138-86-3 CioH1s 3.05 — —

12 000470-82-6 CioH160 0.46 — —

13 000099-85-4 CioH1s — — 2.63

14 (+)-4- 029050-33-7 CioH1s — — 0.73

15 000547-61-5 CioH160 0.69 — —

16 000089-80-5 CioH160 — 11.90 1.75

17 030460-92-5 CioH10 0.56 — —

18 L- 014073-97-3 CioH160 — 2.92 0.81

19 L- 002216-51-5 CioH20 — — 11.38

20 015356-70-4 CioH20 — 34.28 —

21 (-)-4 020126-76-5 CioH160 3.10 — 5.06

22 a- 000098-55-5 CioH160 0.38 — 0.81

23 -3- 035852-46-1 CuHa02 — 0.37 —

24 000089-82-7 CioH160 — 14.52 1.00

25 002244-16-8 CyoH10 — 0.63 —

26 000089-81-6 CioH160 — — 0.85

27 000089-48-5 C1H2,0; — — 0.83

28 DL- 016409-45-3 C1H2,0; — 7.93 —

29 1- 000087-44-5 CisHos — 1.16 —

30 001139-30-6 CisH240 — 1.31 —

31 a- 000481-34-5 CisH260 — 0.39 —

32 000057-10-3 Ci6H3:0; — — 0.61

33 o-thujenal 1000139-63-3 CioH140 0.95 — —

1% B- 27.66%
19.18% -0~ 11.09% 4
- - 3.22

[4-6]
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Table3 Analysison volatile oil of Schizonepetae Herba and Menthae Haplocalycis Herba before and after compatibility

1%

CAS

1 007785-70-8 CioHie — 0.70 —

2 B- 028634-89-1 CioHie — 031 —

3 B- 000127-91-3 CioHie — 0.75 —

4 1- -3- 003391-86-4 CgHy160 0.73 — —

5 000123-35-3 CioHie — 0.32 —

6 005989-27-5 CioHie 5.00 1.80 114

7 1- -3- 002442-10-6 Ci10H1802 0.44 — —

8 000491-07-6 CioH180 43.58 — —

9 010458-14-7 CioH180 — — 3.74
10 000089-80-5 CioH180 271 11.90 14.93
11 L- 014073-97-3 CioH180 — 2.92 —
12 015356-70-4 Ci1oH200 — 34.28 47.90
13 029606-79-9 CioH160 1.43 — —
14 000619-01-2 CioH180 — — 0.81
15 004920-99-4 CuHie — — 1.33
16 -3- 035852-46-1 CuH20; — 0.37 —
17 000089-82-7 CioH160 40.02 14.52 7.01
18 002244-16-8 CioH140 — 0.63 0.90
19 000089-81-6 CioH160 — — 3.49
20 000089-48-5 C1oH2,0; — — 4.36
21 DL- 016409-45-3 C1oH2,0; — 7.93 —
22 000491-09-8 CioH140 112 1.32 2.20
23 1- 000087-44-5 CisHag — 1.16 219
24 023986-74-5 CisHog — — 1.69
25 001139-30-6 CisH240 1.38 131 0.82
26 a- 000481-34-5 CisH260 — 0.39 0.59
27 000057-10-3 Ci6H320; — — 2.26

2- L-
3 3 -
B- 3 7
-a- L- 7
2 - L-
2-p- 2
8 L-
8 3- DL-
(+)-4- L-
2 4 - R
L- DL-
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Table4 Analysison volatile oil of Forsythiae Fructus, Schizonepetae Herba, and Menthae Haplocalycis Herba before and after
compatibility

/%

CAS

1 3- 002867-05-2 CioH1s — — — 154

2 -a- 007785-26-4 CioH1s — — — 11.09

3 007785-70-8 CioH1s 19.58 — 0.70 —

4 000079-92-5 CioH16 1.10 — — —

5 L- 005794-04-7 CioH16 — — — 0.65

6 2-p- 000555-10-2 CioH1s 17.37 — — —

7 B- 000127-91-3 CioH1s 43.30 — 0.75 27.66

8 1- -3- 003391-86-4 CgH160 — 0.73 — —

9 000123-35-3 CioH1s 1.85 — 0.32 1.33
10 2- 000554-61-0 CioH16 — — — 1.21
11 o- 000099-87-6 CioH1a 4.82 — — 0.51
12 005989-27-5 CioH1s — 5.00 1.80 —
13 000138-86-3 CioH1s 3.05 — — 2.26
14 000470-82-6 CyoH150 0.46 — — —
15 000099-85-4 CioH1s — — — 1.92
16 000586-62-9 CioH16 — — — 0.54
17 1- -3- 002442-10-6 C1oH1505 — 0.44 — —
18 000547-61-5 CyoH160 0.69 — — —
19 000491-07-6 CyoH150 — 43.58 — —
20 030460-92-5 CyoH140 0.56 — — —
21 000089-80-5 CyoH150 — 2.71 11.90 5.16
22 L- 014073-97-3 CyoH150 — — 2.92 1.52
23 015356-70-4 C1oH200 — — 34.28 19.18
24 - 029606-79-9 CyoH160 — 1.43 — —
25 ()-4 20126-76-5 CioH150 3.10 — — 419
26 o- 000098-55-5 CyoH150 0.38 — — 0.61
27 -3- 035852-46-1 C11H200, — — 0.37 —
28 000089-82-7 CioH160 — 40.02 14.52 3.22
29 002244-16-8 CyoH140 — — 0.63 0.51
30 000089-81-6 CyoH160 — — — 1.44
31 DL- 016409-45-3 C1oHx,0, — — 7.93 1.45
32 000491-09-8 CyoH140 — 112 1.32 0.68
33 1- 000087-44-5 CisHoa — — 1.16 0.73
34 023986-74-5 CisHos — — — 0.58
35 001139-30-6 Ci5H,40 — 1.38 1.31 —
36 o- 000481-34-5 Cy5Ho60 — — 0.39 —
37 000057-10-3 C16H3,05 — — — 157
38 B- 028634-89-1 CioH1s 2.79 — 0.31 9.20
39 a-thujenal 1000139-63-3 CioH140 0.95 — — —

2 o-
9 3- 3.3
-0~ L- 2- 5 4
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4
5 (X=xs,n=3)
Table5 Antibacterial activity of each volatile gl (X Zs, n = 3)
/mm
A 18.670.65 11.67+0.58 13.3320.58 15.0040.23
B 11.3320.31 11.002=0.50 12.67+0.58 13.67%0.21
C 12.3340.58 9.67+0.58 12.0040.50 12.67+0.25
- D 9.004050 ** 10.00+050 * 9.00#+050 *“* 10.23%+0.26 **
- E — — 10.67%0.53 —
- F 10.33+0.58* 11.00+0.87 12.67+0.58 9.98+0.32**
- - G 8.67+058 ** 9.674+058 * 12.3320.58 10.67+029 **
H 12.00%=0.80" 11.6740.58" 15.00%0.87" 8.90+0.13"
[ 11.6740.49 11.6740.58 14.33+0.58" 10.78+0.21
J 11.33+0.65 11.6740.58 13.33+0.58 11.340.24"
K 11.6740.58" 12.0020.30" 12.67+0.58 10.23%0.19"
A P 001 B ‘P 005 *“*P 001 C P 005 P 001 P 005
“P 001 <c—""
P < 0.01vsAgroup; “P <0.05 *“*P<0.01vsBgroup; P <0.05 P < 0.01 vs C group; ‘P<005 "P<0.01lvs corresponding mixture
extraction group; “—" indicate no bacteriostasis
15 mm MIC
10 mm MIC
P 005 001 0.78 uL/mL
P 001
P
0.01
P 005 0.01 - -
3 MIC 6.25 pL/mL
34 MIC MIC
6 4
6 MIC (X=Zs,n=23)
Table6 MIC of each volatile il (X =s, n=3)
MIC/(uL-mL™)
0.78 6.25 1.56 6.25
12.50 12.50 3.13 12.50
3.13 3.13 3.13 6.25
- 25.00 12.50 6.25 6.25
- 50.00 12.50 12.50 25.00
- 50.00 50.00 50.00 12.50
- - 50.00 25.00 25.00 12.50
12.50 3.13 3.13 12.50
6.25 6.25 1.56 50.00
3.13 3.13 1.56 12.50
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25.00 6.25 3.13 12.50
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