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 Figure 1．TLC bioautography for acetylcholinesterase inhibitors, active compounds appear as white spots against a purple background 



 

Figure 2．1H-NMR spectrum of asaricin 



 

 

Figure 3．13C-NMR spectrum of asaricin 
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Figure 4．ESI-MS spectrum of asaricin 

 
 



 

Figure 5. GC-FID and GC-MS spectra of asaricin 
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YP-13 P. hainanense 
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Figure 6. GC spectra of essential oils of Piper spp. 

  

YP-23 P. nigrum L 
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Figure 7. Chemical structures of compounds from Piper EOs. 

  



Table 1 Chemical constituents from Piper EOs. 
No. Major constituents of the EOs Sources Ref. 

1 β-caryophyllene (17%), pentadecane (17.8%), β-bisabolene (11.16%) P. longum. 1 
2 Safrole (64.5%) P. auritum  2 

3 δ-cadinene, α-copaene and β-pinene P. arboreum 3 

4 β-caryophyllene, the oxygenated monoterpenes linalol and its acetate P. fimbriulatum 3 

5 β-caryophyllene, spathulenol and caryophyllene oxide P. obliquum 3 

6 α-methylbenzyl cinnamate (28.0%), isomeric methylbenzyl cinnamate (18.1%) P. pierrei. 4 

7 β-caryophyllene (26.1-30.9%), bornyl acetate (10.0%) P. lolot  5 

8 β-caryophyllene (17.4%) and aromadendrene (13.4%) P. aduncum from Panama 6 

9 1,8-cineole (40.5%).  
Sarisan (1-allyl-2-methoxy-4,5-methylene- 

dioxybenzene; 12.9%) 

P. aduncum from Bolivia 6 

10 α-pinene, camphene, β-phellandrene, limonene and menthane derivs. P. friedrichsthalii from Costa Rica 7 

11 11-selinen-4α-ol, α-selinene, germacrene D, β-selinene P. friedrichsthalii from Panama 7 

12 β-elemene, β-caryophyllene, germacrene D, α-humulene P. pseudolindenii from Costa Rica 7 

13 trans-anethole (26.4%) , ishwarane (12.1%) P. fulvescens 8 

14 

 

α-terpinene (12.1%), p-cymene (10.9%), 1,8-cineole (13.0%), safrole (14.9%), spatulenol (9.8%) 

α-terpinene (9.8%), p-cymene (7.7%), 1,8-cineole (30.2%) and safrole (32.0%)  

P. capunya 9 

15 2-methoxy-4,5-methylenedioxypropiophenone (29.5%), α-asarone (14.1%), apiole (8.9%), β-asarone (9.4%), 

methoxy-4,5-methylenedioxypropiophenone isomer (10.9%), and (Z)-isoelemicin (9.5%) 

P. barbatum  10 

16 eugenyl Me ether (9.7%) and (E)-asarone (7.8%) P. callosum 11 

17 isoeugenol (72.0%), isoeugenyl acetate (12.2%) P. betel L. 12 

18 (E)-β-farnesene (22.8%), myristicin (19.2%), germacrene D (11.8%) P. mullesua 13 

19 trans-caryophyllene (25.0%), caryophyllene oxide (17.0%) and β-selinene (15.0%) P. amapense 14 

20 trans-caryophyllene (23.5%), caryophyllene oxide (18.4%), β-eudesmol (9.4%) and α-eudesmol (9.1%) P. duckei 14 



21 α-cadinol (11.2%), β-elemene (10.5%), α-muurolol (9.4%), (E)-nerolidol (9.0%) P. bartlingianum 14 

22 caryophyllene oxide (22.9%), spathulenol (9.0%), traps-calamenene (5.4%), α-copaene (5.2%) P. peltatum 15 

23 dillapiole (82.2%) P. aduncum 15 

24 β-eudesmol (17.5%) P. hispidum Sw. 16 

25 globulol, α-pinene, β-caryophyllene and α-terpinene P. nigrum L. 17 

26 β-caryophyllene, germacrene D, elemicin and parsley apiole P. lanceaefolium 18 

27 α- and β-pinene P. lanceaefolium 18 

28 α-pinene (2.4-11.4%), β-pinene (2.0-15.27%), δ-3-carene (0.1-21.0%), limonene (9.4-21.9%) and β-caryophyllene 

(19.8-45.3%) 

P. nigrum L. 19 

29 sabinene (11.2-22.6%), β-pinene (7.5-15.4%), limonene (12.7-23.8%) and β-caryophyllene (8.9-24.1%), black pepper from Kerala viz 

Kottanadan, 

20 

30 sabinene (0.1-26.8%), β-pinene (3.8-11.7%), myrcene (0-18.6%), limonene (15.5-21.7%) and 

β-caryophyllene(15.5-21.7%) 

black pepper from Ottaplackal 20 

31 β-pinene (3.8-10.9%), limonene (9.0-16.9%) and β-caryophyllene (29.0-46.0%), black pepper from Kuthiravally 20 

32 sabinene (9.7-22.3%), β-pinene (7.7-11.2%), limonene (14.7-17.8%) and β-caryophyllene black pepper from Cheriakania 

kadan 

20 

33 sabinene (4.5-16.2%), β-pinene (3.7-8.7%), limonene (8.3-18.0%) and β-caryophyllene (20.3-34.7%) black pepper from Kerala viz. 

Thevanmundi 

21 

34 β-pinene (6.0-11.7%) limonene (14.9-15.8%), β-ocimene (< 0.1-12.0 %), β-caryophyllene (24.4-30.8%) and elemol 

(1.2-6.8%) 

black pepper from Poonjaranmunda 21 

35 α-pinene (2.9-6.3%), sabinene (12.9-17.1%),α-3-carene (0-10.5%), limonene (12.9-18.6%) and β-caryophyllene 

(23.0-38.4%). 

black pepper from Valiakaniakadan 21 

36 α-pinene (3.2-7.0%), β-pinene (7.6-9.6%),α-3-carene (19.0-23.4%), limonene (18.3-22.7 %), β-caryophyllene 

(7.6-21.3%) and caryophyllene oxide (0.4-6 %). 

black pepper from Karimunda 21 

37 β-pinene (32.5%) and β-caryophyllene (12.6%) P. capense  22 

38 dillapiole (44.8%), and myristicin (9.8%) P. guineense 22 



39 limonene (18.8%), β-caryophyllene (15.4%), sabinene (16.5%) and β-pinene (10.7%) P. nigrum 22 

40 β-pinene (26.8%), α-pinene (17.6%) and (E)-nerolidol (12.4%) P. umbellatum 22 

41 dillapiole (31.5-97.3%) P. aduncum. 23 

42 α-cadinol (21.7%) P. dactylostigmum  24 

43 1,8-cineole (31.6%) P. plurinervosum  24 

44 limonene (33.2%), p-cymene (12.8%) and (E)-nerolidol (20.6%) P. vitaceum Yuncker 24 

47 acetyl eugenol (31.768%), trans-isoeugenol (28.322%), 4-allyl pheny acetate (8.053%), β-caryophyllene (3.063%), 

germacrene-d (2.917%), α-amorphense (2.520%),α-cadinol (2.436%), and chavicol (1.994%) 

P. betel. 25 

48 β-vetivone (33.0%), (Z)-isoelemicin (21.5%) and (E)-asarone (11.6%) P. mikanianum 26 

49 eugenyl acetate or isoeugenyl acetate, allylpyrocatechol diacetate, eugenol or isoeugenol, and caryophyllene P. betel  27 

50 D-limonene, β-pinene, D3-carene and α-pinene P. nigrum  27 

51 β-caryophyllene (26.3%) and α-cadinol (13.7%) Piper tuberculatum var. 

tuberculatum 

28 

52 α-asarone (21.84%), D-nerolidol (8.62%) and anisylacetone (7.11%) P. lolot 

 

29 

53 α-asarone (52.75%) and phenylpropanoic acid (31.44%) P. lolot 

 

29 

54 β-asarone (37.62%) and phenylpropanoic acid (25.64%) P. lolot 

 

29 

55 safrole (82%) P. mikanianum (Kunth) Steudel 30 

56 α-pinene (2.5%), β-elemene (2.6%), β-caryophyllene (4.4%), germacrene D (2.7%), β-dihydroagarofuran (31.0%), 

elemol (12.0%), 10-epi-γ-eudesmol (13.0%) and β-eudesmol (2.6%). 

P.  cernuum 31 

57 bicyclogermacrene (21.88%)/β-caryophyllene (20.69%) and myrcene (52.60%)/linalool (15.89%) P. cernuum and P. regnellii 32 

58 α-eudesmol (9.8%), α-caryophyllene (9.6%), globulol (6.9%) and (Z)-nerolidol (6.5%). P. arborescens 33 

59 β-guaiene (8.4%), seychellene (8.3%) and α-cadinene (6.9%)  P. porphyrophyllum. 33 

60 10-epi-γ-eudesmol (21.0%), α-cadinene (18.8%), seychellene (12.6%) and (E, E)-farnesol (10.5%)  P. sarmentosum. 33 



61 Me eugenol (>31.4%) P. nigrum 33 

62 β-caryophyllene (>26.5%)  P. betle 33 

63 sarisan (1-allyl-2-methoxy-4,5-methylenedioxybenzene) P. affinis hispidinervum  34 

64 β-caryophyllene (11.2%), α-pinene (9.3%), sabinene (7.6%), β-selinene (5.3%) and limonene (4.6%), Piper officinarum 35 

65 β-caryophyllene (10.9%), α-phellandrene (9.3%), linalool (6.9%), limonene (6.7%) and α-pinene (5.0%) Piper officinarum  35 

66 dillapiole (64.4%), 1,8-cineole P. aduncum 36 37 

67 p-mentha-1(7),8-diene (39.0%), 3,4-methylenedioxypropiophenone (19.0%), and (E)-β-ocimene (9.8%) P. marginatum 36 

68 (E)-isoosmorhizole (32.2%), (E)-anethole (26.4%), isoosmorhizole (11.2%), and (Z)-anethole (6.0%) P. divaricatum 36 

69 safrole (69.2%), methyleugenol (8.6%), and β-pinene (6.2%) P. callosum 36 

70 safrole P. hispidinervum 38 

71 limonene (19.3%), β-elemene (33.1%)  P. demeraranum 39 

72 germacrene D (14.7%), trans-caryophyllene (27.1%). P. duckei 39 

73 caryophyllene oxide (11.5%), β-pinene (9%), spathulenol (6.7%), camphene (5.2%), β-elemene (4.7%), myrtenal 

(4.2%), verbenone (3.3%) and pinocarvone (3.1%) 

P. aleyreanum 40 
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