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l_m_[l]b [cg_^ ni _p[fo[n_ nb_ mcgcf[lcnc_m [h^ ^cff_l_h]_m ch nb_ jli`cf_ i` 
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mj_]c_m omcha G[m Cblig[nial[jbs-M[mm Sj_]nlig_nls (GC-MS). Tb_ [h[fs-

mcm q[m [fmi ][llc_^ ion ni c^_hnc`s nb_ mj_]c`c] ]igjioh^m `ioh^ ch _[]b 
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[h^ if^ f_[p_m `lig `iol mj_]c_m i` Piper, h[g_fs `il_mn \_n_f (Piper       
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g_n[\ifcn_ ]igjioh^m q[m i\m_lp_^ ch [ff mj_]c_m, qb_l_ PC q[m ][n_ai-

lct_^ m_j[l[n_fs ih nb_ lcabn, [h^ nb_ inb_l mj_]c_m q_l_ ih nb_ f_ft. S_p_l[f 

mj_]c`c] ]igjioh^m q_l_ [fmi `ioh^ ihfs ch ih_ mj_]c_m [h^ hin ch inb_lm. 
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i` nb_ ^_p_fijg_hn[f jb[m_m. Dcff[jcif_ [h^ b_r[^_][h_ q_l_ ihfs `ioh^ ch 

PA, \inb ch g[nol_ [h^ if^ f_[p_m; a_lg[]l_h_ A, _oa_hif, [h^ ]b[pc]if 

q_l_ `ioh^ ch g[nol_ [h^ if^ f_[p_m i` PB, \on \_n[-m_fch_h_, ^_fn[-

ao[c_h_, [h^ fchif_f[c^c] []c^ q_l_ ihfs `ioh^ ch g[nol_ f_[p_m. Ih PC, nb_l_ 

q_l_ mj_]c`c] ]igjioh^m h[g_fs \_hti`ol[h, gsl]_h_, [h^ 1,6,10-

^i^_][nlc_h nb[n q_l_ `ioh^ ch g[nol_ [h^ if^ f_[p_m. B_mc^_m nb[n, nl[hm-

i]cg_h_ [h^ [fjb[-\cm[\ifif q_l_ ihfs `ioh^ ch if^ f_[p_m i` PC. Ih PR, ihfs 

n_nl[]im[h_ q[m `ioh^ ch g[nol_ f_[p_m, qbcf_ jcj_lc^ch_, i]n[hi^_][hic] 

[]c^, [h^ \_htsfg[fihc] []c^ q_l_ `ioh^ ch if^ f_[p_m.   
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HARTINI   ET AL   2     

bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

]omnig[ls lcn_m. In b[m mo\mn[hnc[f \in[hc][f ^cp_lmcns, qcnb 

[\ion 700 mj_]c_m l_]iahct_^ afi\[ffs (1) [h^ [h _mnc-

g[n_^ 1400–2000 p[lc[hnm [lcmcha `lig p[lciom h[ncihm. 

Tb_ J[p[ Imf[h^ ch Ih^ih_mc[ [fih_ cm big_ ni [\ion 23 

^cff_l_hn mj_]c_m i` Pcj_l ehiqh ni m]c_h]_. Mimn mj_]c_m 

[l_ `ioh^ ni \_ [\f_ ni molpcp_ [n _f_p[ncihm \_nq__h m_[ 

f_p_f [h^ 2500 g, qbcf_ p_ls `_q ][h l_[]b _f_p[ncihm ip_l 

3000 g (2). Ih j[lnc]of[l, Ih^ih_mc[ om_m nb_ \_n_f jf[hn ch 

nl[^cncih[f g_^c]ch_. Tb_ q_ff-ehiqh _ff_]nm i` Pcj_l [m [h 

[hnc^c[\_nc], cggohigi^of[nil, jf[n_f_n chbc\cnil, [hncir-

c^[hn, [h^ [hnc][h]_l [a_hn g[e_ cn mn[h^ ion (3).  

 R_^ \_n_f (Piper crocatum Roct & P[p.) (PC) ilc-

ach[n_^ ch P_lo [h^ b[m mch]_ mjl_[^ ni m_p_l[f ]iohnlc_m, 

ch]fo^cha Ih^ih_mc[. Tb_ f_[p_m [l_ _ffcjnc][f, []ogch[nom, 

mo\-[]on_ [n nb_ \[m_ qcnb [ n[j_l_^ nij, `f[n _^a_m, mbchs 

il b[clf_mm, qcnb [ f_hanb i` 9–12 ]g [h^ qc^nb i` 4–5 ]g. 

Pchh[nom f_[` p_chm [l_ `ioh^ ch nb_ fiq_l b[f`, ]igjlcmcha 

4–5 j[clm, `ilgcha [ \offof[nom-f[]ohim[ j[nn_lh. Tb_ nij 

f_[p_m ^cmjf[s [ ^[le al__h qcnb mcfp_l g[lecham [fiha nb_ 

p_chm, qbcf_ nb_ fiq_l m_]ncihm _rbc\cn [ joljf_ ]ifil[ncih, 

b[pcha [ mfcabnfs mfcgs n_rnol_ [h^ [ \cnn_l n[mn_, [fiha qcnb 

[ f_mm ^cmnch]n [lig[ (4). R_^ \_n_f f_[p_m [l_ qc^_fs om_^ 

ni a_n lc^ i` \i^s i^il, p[ach[f ^cm]b[la_, of]_lm, `[ncao_, 

gom]f_ []b_m, [h^ ni mgiinb_h nb_ mech, [m q_ff [m `il 

cn]bcha, l_^ _s_ ]f_[hm_lm, [h^ ][he_l mil_m. R_^ \_n_f 

f_[p_m ^_]i]ncih cm [fmi \_fc_p_^ ni \_ [\f_ ni _fcgch[n_ 

\[^ \l_[nb ch nb_ gionb c` om_^ [m [ gionbq[mb (5). 

 Tb_ `il_mn \_n_f, [fmi ehiqh [m Piper aduncum L. 

(PA), cm [ mblo\ il mg[ff nl__ nb[n ][h aliq ni [ b_cabn i`      

7 g qcnb [ mn_g ^c[g_n_l i` 10 ]g il gil_. In b[m g_^cog-

b[l^, \lcnnf_ qii^, mbiln mcfn liinm, [h^ [lig[nc] `ifc[a_ 

[h^ nqcam. Tb_ f_[p_m [l_ ip[f, ^cmnc]biom, [h^ [fn_lh[ncha, 

g_[molcha 12 ni 22 ]g ch f_hanb. P. aduncum ]ihn[chm [h 

_mm_hnc[f icf nb[n cm l_jiln_^fs [\f_ ni jl_p_hn \cn_m i` nb_ 

Aedes albopictus gimkocni (6). 

 B[m_^ ih cnm giljbifias, nb_ J[p[h_m_ ]bcfc \_n_f 

(Piper retrofractum V[bf.) (PR) cm [ ]fcg\cha jf[hn, ]b[l[]-

n_lct_^ \s lioh^ f_[p_m, f[h]_if[n_, [h^ qc^_ qcnb al__h ni 

^[le al__h ]ifil[ncih. Tb_ mn_g cm lioh^ [h^ f[la_, b[m [ 

^c[g_n_l i` ± 5–7 gg, f_hanb i` nb_ g[ch mn_g cm              

2.93–9.82 ]g, qcnb mcahc`c][hnfs p[lscha ]ifil `lig \f[]e, 

[h^ \liqh ni \f[]ecmb \liqh. Tb_ g[ch ]b_gc][f ]ihmncno-

_hnm nb[n b[p_ \__h cmif[n_^ [h^ c^_hnc`c_^ `lig                   

P. retrofractum [l_ [gc^_m, [fe[fic^m, jb_hsfjlij[hic^m, 

[fesf afs]imc^_m, [h^ fcah[hm. Tbcm jf[hn jimm_mm_m [hncirc-

^[hn, b_j[nijlin_]ncp_, ]sninirc], f[lpc]c^[f, [hncjlifc`_l[-

ncp_, [hncno\_l]of[l, [hncf_cmbg[hc[f, [hncjbini[acha, [h^ 

[hnci\_mcns jlij_lnc_m. P. retrofractum b[m nb_ jin_hnc[f 

`il nb_ nl_[ng_hn i` m_p_l[f ^cm_[m_m [h^ ^cmil^_lm (7). 

 Gl__h \_n_f (Piper betle L.) (PB) cm [ j_l_hhc[f       

^ci_]ciom ]fcg\_l, qcnb f[la_ f_[p_m, 15–20 ]g fiha, 

\li[^fs ip[n_, mfcabnfs ]il^[n_, mbilnfs []ogch[n_, []on_, 

_hncl_, af[\liom, s_ffiqcmb il \lcabn al__h, mbchcha ih \inb 

mc^_m (8). B_n_f f_[` b[m g[hs jlij_lnc_m mo]b [m                

[hnc-`oha[f, [hnc-m_jnc], [hnc-gc]li\c[f, [hnc-][h]_l,        

[hnc-^c[\_nc], [hnc-[ff_lac], [hnc-`_lncfcns, [hnc-`cf[lc[f, 

qioh^ b_[fcha [h^ [hnc-^_lg[nijbsnc]. In [fmi jl_p_hnm 

a[mnlichn_mnch[f ch`_]ncihm ^o_ ni cnm cggohigi^of[nils 

_ff_]n. In g[s \_ om_`of ch nb_ nl_[ng_hn i` ^c[\_n_m \s 

g[chn[chcha \fii^ moa[l f_p_fm (9). 

 Pcj_l[]_[_ mj_]c_m [l_ qc^_fs l_]iahct_^ `il nb_cl 

lc]b ]ihn_hn i` _mm_hnc[f icfm, [fe[fic^m, [h^ jb_hifm (10). 

Afe[fic^m [h^ jb_hifm, qbc]b [l_ ]iggih ]igjih_hnm i` 

nb_ Pcj_l[]_[_ `[gcfs, [l_ mcahc`c][hn jbsmcifiac][f chal_-

^c_hnm nb[n [c^ ch ]ihnliffcha jf[hn aliqnb [h^ jlipc^cha 

^_`_hm_ [a[chmn ^cm_[m_m [h^ chm_]n j_mnm (11). Tb_m_ ]ig-

jioh^m b[p_ [fmi \__h _rn_hmcp_fs om_^ [m h[nol[f jf[hn 

jli^o]nm, g[chfs [jjfc_^ ch nb_ jb[lg[]_onc][f [h^ `ii^ 

ch^omnlc_m (12–14). Coll_hnfs, nb_ l_m_[l]b ih jf[hn g_n[-

\ifigc]m b[m a[ch_^ mcahc`c][hn [nn_hncih ^o_ ni cnm jin_h-

nc[f `il ^c[ahimcha g_n[\ifcn_ ]b[ha_m ch fiq gif_]of[l 

q_cabn g_n[\ifcn_ [h^ nb_ oh^_lfscha \ci]b_gc][f g_]b[-

hcmgm (15). Tbcm mbiqm nb[n nb_ om_ i` jf[hn g_n[\ifigc] 

l_m_[l]b ni chp_mnca[n_ nb_ ^cmnlc\oncih [h^ jli`cf_ i`     

m_]ih^[ls g_n[\ifcn_ ch jf[hn ila[hm cm [h cgjiln[hn mn_j 

ch c^_hnc`scha nb_ g_^c]ch[f jlij_lnc_m i` p[lciom jf[hn 

j[lnm. 

 Tb_ j[ln i` nb_ Pcj_l jf[hn nb[n cm om_^ ch nl[^cncih[f 

g_^c]ch_, _mj_]c[ffs ch Ih^ih_mc[, cm nb_ f_[p_m. B[m_^ ih 

jl_pciom chp_mnca[ncihm, nb_l_ cm hi l_m_[l]b nb[n b[m     

_rjfil_^ [h^ ]igjl_b_hmcp_fs ]igj[l_^ m_]ih^[ls      

g_n[\ifcn_ jli`cf_ ch g[nol_ [h^ if^ f_[p_m i` `iol Piper 

mj_]c_m, h[g_fs `il_mn \_n_f (P. aduncum L.) (PA), l_^ \_n_f 

(P. crocatum Roct & P[p.) (PC), J[p[h_m_ ]bcfc \_n_f              

(P. retrofractum V[bf.) (PR), [h^ al__h \_n_f (P. betle L.) 

(PB). Cihm_ko_hnfs, nbcm l_m_[l]b [cg_^ ni _p[fo[n_ nb_ 

mcgcf[lcnc_m [h^ ^cff_l_h]_m i` m_]ih^[ls g_n[\ifcn_ jli`cf_ 

ch g[nol_ [h^ if^ f_[p_m i` `iol Piper mj_]c_m omcha            

GC-MS. Tb_ mj_]c`c] ]igjioh^m `ioh^ ch _[]b mj_]c_m [n 

^cff_l_hn [a_m i` f_[p_m q_l_ [fmi _rjfil_^ \_][om_ cn cm [h 

cgjiln[hn mn_j ch c^_hnc`scha g_^c]ch[f jlij_lnc_m i` p[lc-

iom jf[hnm ch ^cff_l_hn mn[a_ i` ^_p_fijg_hn.   

 

M[t_rc[ls [n^ M_tbo^s 

Chemical and Plant Materials        

Cb_gc][fm `il _rnl[]ncih q_l_ ][llc_^ ion omcha M_l]e  

Scag[ Af^lc]b’m [\mifon_ _nb[hif [h^ fckoc^ hcnlia_h.  

S[gjf_m om_^ q_l_ g[nol_ (M) [h^ if^ f_[p_m (O) `lig PA, 

PC, PR, [h^ PB, qcnb nbl__ l_jfc][ncihm `il _[]b [a_ [h^ 

mj_]c_m. L_[p_m m[gjf_m q_l_ ]iff_]n_^ `lig Sf_g[h    

R_a_h]s, Yias[e[ln[ Sj_]c[f Plipch]_, Ih^ih_mc[. 

 

Metabolite Profile         

Extr[]tcon o` S_]on^[ry M_t[\olct_       

S[gjf_ _rnl[]ncih om_^ nb_ g[]_l[ncih g_nbi^ l_jiln_^ 

ch jl_pciom l_m_[l]b (16) qcnb gi^c`c][ncihm. A m[gjf_ i` 

20 a f_[p_m q[m [^^_^ qcnb fckoc^ hcnlia_h [h^ ]lomb_^ 

omcha [ giln[l ni i\n[ch [ jiq^_l `ilg. So\m_ko_hnfs, nb_ 

jiq^_l q[m nl[hm`_ll_^ ni [h Elf_hg_s_l `f[me, 15 gL  

_nb[hif q[m [^^_^, [h^ mncll_^. S[gjf_m q_l_ ch]o\[n_^ 

[n liig n_gj_l[nol_ `il 72 blm, `cfn_l_^, [h^ nb_ _rnl[]n 

q[m _p[jil[n_^ ch [ j_nlc ^cmb `il [h[fsmcm omcha GC-MS. 
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GC-MS Analysis         

GC-MS [h[fsmcm q[m ]ih^o]n_^ omcha Sbcg[^to GCMS-

QP2010S _kocjj_^ qcnb [h Aacf_hn DB-5MS ]ifogh. Tb_ 

]ifogh mj_]c`c][ncihm ch]fo^_^ [ f_hanb i` 30 g, 0.25 gg 

ID, 0.25 og `cfg, H_fcog ][llc_l a[m, [h^ EI 70Ep cihct_l.   

GC-2010 mj_]c`c][ncihm q_l_ ]ifogh ip_h n_gj_l[nol_ i` 

70.0°C, chd_]ncih n_gj_l[nol_ i` 300.00°C, mjfcnf_mm chd_]-

ncih gi^_, m[gjfcha ncg_ i` 1.00 gch, `fiq ]ihnlif gi^_ 

jl_mmol_, jl_mmol_ 30.0 eP[, nin[f `fiq 35.6 gL/gch,        

]ifogh `fiq 0.65 gL/gch, fch_[l p_fi]cns 29.6 ]g/m_], 

jola_ `fiq 3.0 gL/gch, mjfcn l[nci 49. Folnb_lgil_, nb_ cih 

miol]_ n_gj_l[nol_ q[m 250°C, nb_ chn_l`[]_ n_gj_l[nol_ 

i` 305°C, nb_ mifp_hn ]on ncg_ q[m 5 gch, [h^ nb_ ^_n_]nil 

a[ch l_f[ncp_ gi^_. Tin[f GC lohhcha ncg_ q[m 80 gch [h^ 

nb_ l_f[ncp_ j_l]_hn[a_ [giohn i` _[]b ]igjih_hn q[m 

][f]of[n_^ \s ]igj[lcha cnm [p_l[a_ j_[e [l_[ ni nb_ nin[f 

[l_[m. 

Data Processing and Statistics       

Tb_ ^[n[ `lig GC-MS [h[fsmcm q[m mogg[lct_^ \[m_^ ih 

nb_ Scgcf[lcns Ih^_r (SI) p[fo_ > 80%. Cigjioh^ h[g_m, 

]b_gc][f `ilgof[, [h^ l_n_hncih ncg_ p[fo_m q_l_ n[\of[n-

_^ [h^ [h[fst_^ qcnb nb_ M_n[\iAh[fsmn jlial[g (bnnjm://

qqq.g_n[\i[h[fsmn.][/M_n[\iAh[fsmn/). Tb_ ^cmnlc\oncih 

[h^ m[gjf_ aliojcha q_l_ pcmo[fct_^ omcha jlch]cj[f        

]igjih_hn [h[fsmcm (PCA), [h ohmoj_lpcm_^ [jjli[]b nb[n 

fiq_l_^ nb_ ^cg_hmcih i` nb_ ^[n[ m_nm. Tb_ nbl_mbif^ `il 

c^_hnc`scha jimmc\f_ ionfc_lm ch nb_ ^[n[m_n q[m m_n [n [ 95% 

]ih`c^_h]_ chn_lp[f ch nb_ PCA m]il_ jfin.   

 

R_sults [n^ Dcs]usscon  

Metabolomic Profile of Samples       

Tb_ l_mofnm i` GC-MS [h[fsmcm mbiq_^ nb[n 40 m_]ih^[ls 
g_n[\ifcn_ ]igjioh^m q_l_ ^_n_]n_^ ch g[nol_ [h^ if^ 

f_[p_m i` [ff Piper mj_]c_m. Tb_m_ ]igjioh^m q_l_ ^cpc^_^ 

chni 12 aliojm, h[g_fs gihin_lj_h_m (5%), m_mkocn_lj_-

hic^m (15%), n_lj_h_m (2.5%), `[nns []c^m (25%), [fe[h_m 

(22.5%), jbsnimn_lifm (2.5%), \_ht_h_ (5%), n_lj_hic^m 

(5%), jb_hifm (2.5%), jb_hsfjlij[hic^m (2.5%), ni]i-

jb_lifm (5%), [h^ [t[]s]fi[fe[f_h_ (2.5%), [m jl_m_hn_^ ch 

Fca. 1. Piper mj_]c_m b[m \__h qc^_fs _rjfil_^ [h^ nb_  jbs-

ni]b_gc][f chp_mnca[ncihm afi\[ffs f_^ ni nb_ cmif[ncih i` 

m_p_l[f jbsmcifiac][ffs []ncp_ ]igjioh^m, ch]fo^cha [fe[-

fic^m, [gc^_m, jlij_hsf jb_hifm, fcah[h_m,                  h_i-

fcah[h_m, n_lj_h_m, mn_lic^m, e[q[jslih_m, jcj_lfic^m, 

]b[f]ihm, ^cbs^li]b[f]ih_m, [h^ `f[pih_m. Bcifiac][f    

[]ncpcnc_m i` ^cff_l_hn mj_]c_m b[p_ mj_]c[f _gjb[mcm, ch^c-

][ncha [ qc^_ mj_]nlog i` jb[lg[]ifiac][f []ncpcnc_m (17). 

Folnb_lgil_, nb_ 40 ]igjioh^m ^_n_]n_^ q_l_ [h[fst_^ 

qcnb M_n[\iAh[fsmn ni ^_n_lgch_ nb_ aliojcha i` mj_]c`c] 

]igjioh^m ch _[]b mj_]c_m qcnb ^cff_l_hn [a_m i` f_[p_m. 

Grouping Compounds        

Ih il^_l ni g[e_ cn _[mc_l ni m__ nb_ mcgcf[lcnc_m [h^ ^cff_l-
_h]_m []limm nb_ ^[n[ m_nm, PCA q[m oncfct_^ ni ][n_ailct_ 

g_n[\ifcn_ jb_hinsj_m [h^ `ch^ nb_ ^cff_l_hnc[f g_n[\i-

fcn_. Ep_ls jichn i` [ PCA m]il_ l_jl_m_hn_^ [ mchaf_        

m[gjf_, [h^ nb_ m]il_ jfin ^cmjf[s_^ nb_ ^cmnlc\oncih i` 

m[gjf_m. Tbcm ^_gihmnl[n_^ nb[n qbcfmn ^cmnch]n          

g_n[\ifigc] []ncpcnc_m q_l_ ^cmnlc\on_^, mcgcf[l g_n[\i-

figc]  jli]_mm_m q_l_ ]fomn_l_^ (18). Am m__h ch Fca. 2, PCA 

q[m om_^ ni `ch^ p[lc[ncihm ch g_n[\ifcn_ jli`cf_m []limm 

_cabn ^[n[m_nm nb[n ch]fo^_^ nqi f_[` ^_p_fijg_hn mn[a_m 

[h^ `iol Piper mj_]c_m. 

Fca. 1. Cf[mmc`c][ncih i` 40 m_]ih^[ls g_n[\ifcn_ ]igjioh^m ch g[nol_ [h^ 
if^ f_[p_m i` `il_mn \_n_f (Piper aduncum L.), l_^ \_n_f (Piper crocatum Roct & 
P[p.), J[p[h_m_ ]bcfc \_n_f (Piper retrofractum V[bf.), [h^ al__h \_n_f (Piper 
betle L.).  

Fca. 2. PCA m]il_ jfin i` `il_mn \_n_f (Piper aduncum L.) (PA), l_^ \_n_f (Piper 
crocatum Roct & P[p.) (PC), J[p[h_m_ ]bcfc \_n_f (Piper retrofractum V[bf.) 
(PR), [h^ al__h \_n_f (Piper betle L.) (PB) ch g[nol_ (M) [h^ if^             (O) 
f_[p_m.  

(22.5%) 

(2.5%) 

(2.5 %) 

(2.5 %) 

(2.5 %) 

(2.5 %) 

(2.5 %) 

(2.5 %) 
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 Ih nbcm l_m_[l]b, PCA q[m ][llc_^ ion ih 40 m_]i-

h^[ls g_n[\ifcn_ ]igjioh^m l_mofncha `lig GC-MS      

[h[fsmcm. Tb_ m]il_ jfin mbiq_^ nb[n m[gjf_m `lig nb_ 

m[g_ Piper mj_]c_m q_l_ ]fim_fs ]fomn_l_^, qbcf_ nbim_ 

`lig ^cff_l_hn mj_]c_m q_l_ m_j[l[n_^ `lig _[]b inb_l. 

PCA l_mofnm i` [ff ^_n_]n_^ ]igjioh^m c^_hnc`c_^ `iol 

aliojm, qb_l_ m_]ih^[ls g_n[\ifcn_ ]igjioh^m ch PC 

q_l_ alioj_^ m_j[l[n_fs ih nb_ lcabn. M_[hqbcf_, PA, PR, 

[h^ PB q_l_ ][n_ailct_^ ih nb_ f_ft, [m jl_m_hn_^ ch Fca. 2. 

PC1 [h^ PC2 []]iohn_^ `il 29% [h^ 17.5% i` nb_ p[lc[h]_ 

ch nb_ ^[n[, l_mj_]ncp_fs, mbiqcha mj_]c`c] m_]ih^[ls      

g_n[\ifcn_ ]igjioh^m `ioh^ ch _[]b Piper mj_]c_m.     

Hiq_p_l, nb_l_ q_l_ hi ^cff_l_h]_m ch nb_ aliojcha i` 

]igjioh^m ch g[nol_ [h^ if^ f_[p_m i` _[]b mj_]c_m. 

 Tb_ l_mofnm i` PCA [h[fsmcm mbiq_^ nb[n PC b[^ [ 

^cff_l_hn alioj i` ]igjioh^m ]igj[l_^ ni inb_l mj_]c_m. 

Miljbifiac][ffs, PC b[^ nb_ gimn ^cff_l_hn ]b[l[]n_lm 

]igj[l_^ ni inb_lm, h[g_fs ch nb_ giljbifiac][f ]b[l[]-

n_lm i` f_[p_m. Tb_ ojj_l f_[p_m [l_ ^[le al__h qcnb [ mcf-

p_ls [jj_[l[h]_ [lioh^ nb_ p_chm, qbcf_ nb_ fiq_l j[lnm 

[l_ joljf_ (4). Tb_m_ f_[p_m [l_ mfcgs [h^ b[p_ [ \cnn_l 

n[mn_ qcnb [ f_mm mj_]c`c] i^il ]igj[l_^ ni inb_l mj_]c_m. 

PC f_[p_m [l_ `ioh^ ni ch]fo^_ `f[pihic^m, jifsjb_hifc] 

]b_gc][fm, n[hhchm, [h^ _mm_hnc[f icfm, []]il^cha ni ]bli-

g[nial[jbs [h[fsmcm (19). 

 H_[ng[j [h[fsmcm q[m ][llc_^ ion ih nb_ 40 ^_n_-

]n_^ ]igjioh^m ni ^_n_lgch_ nb_ aliojcha [h^ jli`cf_ i` 

mj_]c`c] ]igjioh^m ch _[]b m[gjf_, [m mbiqh ch Fca. 3. 

B[m_^ ih b_[ng[j [h[fsmcm, nb_ jli`cf_ i` m_]ih^[ls      

g_n[\ifcn_-mj_]c`c] ]igjioh^m `il _[]b mj_]c_m q[m    

c^_hnc`c_^ [n ^cff_l_hn [a_m. Ih PC, mj_]c`c] ]igjioh^m 

q_l_ `ioh^ ch g[nol_ f_[p_m (PCM), h[g_fs B_hti`ol[h, 

2,3-^cbs^li (\_ht_h_), Msl]_h_ (Mihin_lj_h_m), [h^ 

1,6,10-Di^_][nlc_h (T_lj_hic^m), qbcf_ if^ f_[p_m (PCO) 

]ihn[ch_^ Tl[hm-O]cg_h_ (Mihin_lj_h_m), [h^ [fjb[ 

Bcm[\ifif (m_mkocn_lj_h_m). Tb_ _rnl[]n `lig PC f_[p_m 

]ihn[ch_^ [fe[fic^m, ][l\ibs^l[n_m, q[n_l, n[hhchm,       

jb_hifm, `f[pihic^m, [h^ _mm_hnc[f icfm, [m j_l [h _[lfc_l 

mno^s (19). A]]il^cha ni nb_ l_mofnm i` (20), ]_ln[ch          

]igjioh^m q_l_ `ioh^ ch PC f_[p_m, mo]b [m `f[pihic^m 

qcnb aliojm fce_ ko_l]_nch [h^ [olih_, [h^ _mm_hnc[f icfm 

qcnb gihin_lj_h_ ]igjih_hnm fce_ α-nbod_h_, α-jch_h_, 

m[\ch_h_, ß-gsl]_h_, α-n_ljch_h_, ß-jb_ff[h^l_h_,              

γ-n_ljch_h_, α-n_ljch_if, n_ljchif_h_, [h^ ]ij[_h_.        

N_i-fcah[hm, ch]fo^cha 1-[ffsf-3,5-^cg_nbirs7-g_nbsf-iri-

6-(3,4,5-nlcg_nbirsjb_hsf) \c]s]fi*3,2,1+i]n-2-_h-8-sf    

[]_n[n_, [h^ m_mkocn_lj_h_m ch]fo^cha ][lsijbsff_h_,         

α-][lsijbsff_h_, [h^ a_lg[]l_h_ D, q_l_ [fmi `ioh^.    

A^^cncih[ffs, ]igjioh^m mo]b [m [fe[fic^m, n[hhchm-

jifsjb_hifm, mn_lic^m-n_lj_hic^m, [h^ m[jihchm q_l_ [fmi 

Fca. 3. H_[ng[j ]fomn_lcha [giha `il_mn \_n_f (Piper aduncum L.) (PA), l_^ \_n_f (Piper crocatum Roct & P[p.) (PC), J[p[h_m_ ]bcfc \_n_f (Piper              retrofractum 
V[bf.) (PR), [h^ al__h \_n_f (Piper betle L.) (PB) ch g[nol_ (M) [h^ if^ (O) f_[p_m.  
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^cm]ip_l_^. PC f_[p_m b[p_ \__h mbiqh ni b[p_ [hnc-

ch`f[gg[nils, [hnc\[]n_lc[f, [hnc`oha[f, [hncbsj_lafs]_-

gc], [h^ [hnc-jlifc`_l[ncp_ ko[fcnc_m ch [ hog\_l i` chp_mnc-

a[ncihm chni nb_cl jb[lg[]ifiac][f ]b[l[]n_lcmnc]m. 

 Ih PR, mj_]c`c] ]igjioh^m q_l_ ^_n_]n_^ ch g[nol_ 

(PRM) [h^ if^ f_[p_m (PRO), ch]fo^cha Pcj_lc^ch_ 

([t[]s]fi[fe[h_), O]n[^_][hic^ []c^ (`[nns []c^m), [h^ 

B_htsfg[fihc] []c^ (g[fih[n_m). A^^cncih[ffs, bcab        

]ih]_hnl[ncihm i` n_nl[]im[h_ ]igjioh^m ([fe[f_h_m) 

q_l_ ^_n_]n_^ ch PRM. Tb_ g[ch ]b_gc][f ]ihmncno_hnm 

nb[n q_l_ cmif[n_^ [h^ c^_hnc`c_^ `lig PR ch]fo^_^ [gc^_m, 

[fe[fic^m, jb_hsfjlij[hic^m, [fesf afs]imc^_m, [h^ fcah[hm 

(4), qbcf_ Pcj_lc^ch_ q[m `ioh^ ch f_[p_m (19). T_nl[]im[h_ 

cm [ mnl[cabn-]b[ch [fe[h_ ]ihn[chcha 24 ][l\ih [nigm, 

jf[scha [ lif_ [m [ jf[hn g_n[\ifcn_ [h^ [ pif[ncf_ icf      

]igjih_hn. T_nl[]im[h_ cm [ h[nol[f jli^o]n `ioh^ ch 

Cryptotermes brevis, Erucaria microcarpa, [h^ inb_l     il-

a[hcmgm (20, 21), qbc]b b[m \__h _rjfil_^ ch nb_         jb[l-

g[]_onc][f `c_f^. A]]il^cha ni jl_pciom l_m_[l]b (22), 

n_nl[]im[h_ cm [ jin_hnc[f \ci[]ncp_ ]igjioh^, jlipc^cha 

[ l[ncih[f_ `il cnm nl[^cncih[f om_ ch j_jnc] of]_l nl_[ng_hn. 

 Piper betle L. b[m nb_ bcab_mn hog\_l i` m_]ih^[ls 

g_n[\ifcn_ ]igjioh^m ]igj[l_^ ni inb_l mj_]c_m, qcnb 

23 ch nin[f. Sj_]c`c] ]igjioh^m b[^ \__h `ioh^ ch PB, 

\inb ch g[nol_ (PBM) [h^ if^ f_[p_m (PBO) (T[\f_ 1), ch-

]fo^cha a_lg[]l_h_ A (m_mkocn_lj_hic^m), _oa_hif 

(n_lj_hic^m), [h^ ]b[pcif (jb_hifm). Tb_m_ ]igjioh^m 

q_l_ l_mjihmc\f_ `il nb_ ^cmnch]ncp_ [lig[ i` PB, (23) 

qbc]b i]]oll_^ ^o_ ni nb_ jl_m_h]_ i` icfm, ch]fo^cha n_l-

j_h_m [h^ jb_hifm. Ih nbcm l_m_[l]b, cn q[m [fmi ^cm]ip_l_^ 

nb[n nb_ ]igjioh^m \_n[-m_fch_h_ (m_mkocn_lj_hic^m), 

^_fn[-Go[c_h_ (m_mkocn_lj_hic^m), [h^ Lchif_f[c^c] []c^ 

(`[nns []c^m) q_l_ ihfs `ioh^ ch PBM [n bcab ]ih]_hnl[-

ncihm, jli^o]cha gil_ _mm_hnc[f icf ]igj[l_^ ni PBO. Tb_ 

g[ch ]ihmncno_hn i` f_[p_m cm icf qcnb [ ]b_gc][f ]igjimc-

ncih ^_j_h^cha ih nb_ fi][ncih i\m_lp_^, h[g_fs [m\_nf_ 

icf. L_[p_m jli^o]_ ]igjioh^m mo]b [m bs^lirs]b[pc]if 

[]_n[n_, [ffsfjsli][n_]bif, ]b[pc\_nif, jcj_l\_nif, 

g_nbsfjcj_l\_nif, jcj_lif A [h^ B. Hs^li]s^lirs]b[pc]if 

[h^ _oa_hif, ch]fo^cha jb_hifc] ]igjioh^m, ]ihmcmn i` 

gihi]s]fc] `l[al[hn lcha qcnb [h [f]ibifc], [f^_bs^c], il 

][l\irsfc] alioj, qbc]b [l_ _mm_hnc[f ch PB f_[p_m, ]ihnlc\-

oncha ni m_p_l[f \ci[]ncpcnc_m. Cb[pc\_nif cm nb_ g[ch ]ig-

No. Compoun^ N[m_ PCM PCO PBM PBO PAM PAO PRM PRO 

1 Msl]_h_ ✓ ✓   ✓         

2 Tl[hm-O]cg_h_   ✓   ✓         

3 B_hti`ol[h, 2,3-Dcbs^li- ✓ ✓   ✓         

4 B_ht_h_, 1,2-Dcg_nbsf-   ✓   ✓   ✓     

5 B_n[.-C[lsijbsff_h_ ✓ ✓ ✓ ✓ ✓ ✓     

6 G_lg[]l_h_ D ✓ ✓   ✓ ✓ ✓     

7 G_lg[]l_h_ A     ✓ ✓         

8 Afjb[.-Bcm[\ifif   ✓   ✓         

9 B_n[.-S_fch_h_     ✓ ✓         

10 D_fn[.-Go[c_h_     ✓           

11 1,6,10-Di^_][nlc_h-3-Of, 3,7,11-Tlcg_nbsf-, S-(Z) - ✓ ✓             

12 Pbsnif ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

13 Eoa_hif     ✓ ✓         

14 Cb[pc]if     ✓ ✓         

15 1-O]n[^_]sh_     ✓ ✓ ✓   ✓   

16 O]n[^_][hic] A]c^, M_nbsf Emn_l               ✓ 

17 O]n[^_][hic] A]c^ ✓ ✓ ✓   ✓ ✓ ✓   

18 H_r[^_][hic] A]c^ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

19 9,12,15-O]n[^_][nlc_hic] A]c^, M_nbsf Emn_l, (Z,Z,Z)- ✓ ✓ ✓ ✓         

20 8,11,14-Ec]im[nlc_hic] A]c^, (Z,Z,Z)-       ✓ ✓ ✓ ✓ ✓ 

21 9-O]n[^_]_hic] A]c^ (Z)-, M_nbsf Emn_l         ✓ ✓   ✓ 

22 H_r[^_][hic] A]c^, Enbsf Emn_l     ✓ ✓     ✓   

23 Lchif_f[c^c] A]c^, M_nbsf Emn_l                 

24 9,12-O]n[^_][^c_hic] A]c^, M_nbsf Emn_l, (E,E)-       ✓     ✓ ✓ 

25 9,12,15-O]n[^_][nlc_h-1-Of       ✓ ✓       

26 Dci]nsf Pbnb[f[n_     ✓   ✓   ✓   

T[\l_ 1. S_]ih^[ls g_n[\ifcn_ ]igjioh^ ch g[nol_ (M) [h^ if^ (O) f_[p_m i` `iol Piper mj_]c_m: Piper aduncum L. (PA), Piper crocatum Roct & P[p. (PC), Piper 
retrofractum V[bf. (PR), [h^ Piper betle L. (PB).  
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jih_hn i` nb_ _mm_hnc[f icf, ]b[l[]n_lct_^ \s [ bcabfs 

mjc]_^ i^il. Hs^lirs]b[pc]if b[m [fmi mbiqh \_h_`c]c[f 

\ci[]ncpcnc_m fce_ [hnc][l]chia_hc] [h^ [hncgon[a_hc] []-

ncpcnc_m (23). 

 Ih PA, mj_]c`c] ]igjioh^m q_l_ ^_n_]n_^, h[g_fs 

Dcf[jcif_ [h^ H_r[^_][h_, qbc]b \_fiha ni nb_ [fe[h_m 

alioj. A]]il^cha ni jl_pciom l_m_[l]b (24), PA f_[p_m [h^ 

`locn ]ihn[chm 0.30% [h^ 0.33% i` _mm_hnc[f icf, l_mj_-

]ncp_fs. Ajcif q[m nb_ gimn [\oh^[hn ]b_gc][f ]igjioh^ 

i\n[ch_^ ch nb_ _mm_hnc[f icf i` f_[p_m [h^ `locn, qcnb       

]ih]_hnl[ncihm i` 57.10% [h^ 66.31%, l_mj_]ncp_fs. Tbcm 

_mm_hnc[f icf mo]]_mm`offs chbc\cn_^ nb_ aliqnb i`               

Aspergillus niger [h^ Cladosporium mj. \on q[m oh[\f_ ni 

chbc\cn Fusarium oxysporum [h^ Fusarium solani. Ih nbcm 

l_m_[l]b, G_lg[]_h_ D, [ ]f[mm i` m_mkocn_lj_h_m ]ig-

jioh^m, q[m [fmi ^_n_]n_^. Scgcf[lfs, cn q[m ^cm]ip_l_^ 

(25) nb[n \[m_^ ih a[m ]blig[nial[jbs [h[fsmcm, 17.16% i` 

G_lg[]l_h_ D q[m ^_n_]n_^ ch f_[p_m. Tbcm ]igjioh^ [fmi 

mojjl_mm_^ nb_ aliqnb i` foha ][h]_l [h^ f_oe_gc[ ]_ffm 

in vitro. 

 Aj[ln `lig mj_]c`c] ]igjioh^m nb[n [l_ `ioh^ ch 

ih_ mj_]c_m, 8,11,14-Ec]im[nlc_, Tl[hm-mncag[mn[-5,         

Dinlc[]ihn[h_, T_nl[n_nl[]ihn[h_, H_r[nlc[]ihn[h_,     

D_fn[-ni]bijb_lif, [h^ H_r[^_][hic] []c^, q_l_ [fmi 

`ioh^ ch [ff mj_]c_m (T[\f_ 1). Tb_m_ ]igjioh^m q_l_ ihfs 

`ioh^ ch PA, PC, [h^ PB, ^o_ ni [ m_j[l[n_ aliojcha ch PR 

]igj[l_^ ni nb_ inb_l nbl__ Piper mj_]c_m. 

 

Con]luscon   

Ih ]ih]fomcih, \[m_^ ih nb_ GC-MS l_mofnm, [ nin[f i`           

40 m_]ih^[ls g_n[\ifcn_ ]igjioh^m q_l_ ^_n_]n_^ ch 

`iol Piper mj_]c_m. Afe[fic^ ]ihn_hn ]ihnlc\on_^ 25% i` nb_ 

nin[f ]igjioh^m ^_n_]n_^, qbcf_ `[nns []c^m b[^ nb_     

f[la_mn jilncih i` 27.5%. PCA m]il_ jfin [h[fsmcm mbiq_^ 

nb[n nb_l_ q[m [ mcahc`c][hn aliojcha i` nb_ ]igjioh^m, 

qb_l_ PC q[m alioj_^ m_j[l[n_fs ih nb_ lcabn, qbcf_ inb_l 

mj_]c_m q_l_ ih nb_ f_ft. Folnb_lgil_, nb_l_ q_l_ m_p_l[f 

mj_]c`c] ]igjioh^m `ioh^ ch ih_ mj_]c_m [h^ hin ch       

inb_lm. Scgcf[l ni g[nol_ [h^ if^ f_[p_m, mig_ ]ig-

jioh^m q_l_ ihfs `ioh^ ch ih_ i` nb_m_ ^_p_fijg_hn[f 

jb[m_m. Dcff[jcif_ [h^ b_r[^_][h_ q_l_ ihfs `ioh^ ch   

Piper aduncum L., \inb ch g[nol_ [h^ if^ f_[p_m;            a_l-

g[]l_h_ A, _oa_hif, [h^ ]b[pc]if q_l_ `ioh^ ch g[nol_ 

[h^ if^ f_[p_m i` Piper betle L., \on \_n[-m_fch_h_,           

^_fn[-ao[c_h_, [h^ fchif_f[c^c] []c^ q_l_ ihfs `ioh^ ch 

g[nol_ f_[p_m. Ih Piper crocatum Roct & P[p., nb_l_ q_l_ 

mj_]c`c] ]igjioh^m h[g_fs \_hti`ol[h, gsl]_h_, [h^ 

1,6,10-^i^_][nlc_h nb[n q_l_ `ioh^ ch g[nol_ [h^ if^ 

f_[p_m. B_mc^_m nb[n, nl[hm-i]cg_h_ [h^ [fjb[-\cm[\ifif 

q_l_ ihfs `ioh^ ch if^ f_[p_m i` P. crocatum Roct & P[p. Ih 

Piper retrofractum V[bf., ihfs n_nl[]im[h_ q[m `ioh^ ch 

g[nol_ f_[p_m, qbcf_ jcj_lc^ch_, i]n[hi^_][hic] []c^, [h^ 

\_htsfg[fihc] []c^ q_l_ `ioh^ ch if^ f_[p_m. Tb_ cmif[ncih 

[h^ c^_hnc`c][ncih i` []ncp_ gif_]of_m qcnb jb[lg[]i-

fiac][f jlij_lnc_m mbiof^ \_ nb_ g[ch `i]om i` `onol_      

l_m_[l]b. Ih [^^cncih, gimn jb[lg[]ifiac][f l_m_[l]b b[m 

\__h ^ih_ ih f_[p_m; h_p_lnb_f_mm, `olnb_l l_m_[l]b cm  

l_kocl_^ ni fiie [n nb_ \ci[]ncpcns i` inb_l jf[hn j[lnm.   

 

A]knowl_^a_m_nts    

Tbcm l_m_[l]b l_]_cp_^ mojjiln `lig nb_ Dcl_]nil[n_ i` 

R_m_[l]b, T_]bhifias, [h^ Ciggohcns S_lpc]_m qcnbch nb_ 

Dcl_]nil[n_ G_h_l[f i` Hcab_l E^o][ncih, R_m_[l]b, [h^ 

T_]bhifias, oh^_l nb_ Ih^ih_mc[h Mchcmnls i` E^o][ncih, 

Cofnol_, R_m_[l]b, [h^ T_]bhifias, qcnb jlid_]n hog\_lm 

122/E5/PG.02.00.PL/2023; 3174/UN1/DITLIT/Dcn-Lcn/

PT.01.03/2023.   

 

Autbors’ ]ontrc\utcons   

YSH ]ihnlc\on_^ ni nb_ ^_mcah i` nb_ l_m_[l]b, qlin_ nb_ 

g[hom]lcjn, [h^ ]iil^ch[n_^. U j[lnc]cj[n_^ ch PCA [h[fs-

mcm [h^ qlin_ nb_ g[hom]lcjn. JJ q[m chpifp_^ ch ]iff_]ncha 

g[n_lc[fm [h^ ]igjcfcha ^[n[. CP q[m chpifp_^ ch ]iff_]n-

cha nb_ l_`_l_h]_m, m[gjf_m, [h^ _rnl[]ncih. LHN j[lnc]c-

j[n_^ ch GC-MS [h[fsmcm, `ch[f l_pc_q i` g[hom]lcjn [h^ 

]iil^ch[ncih. Aff [onbilm l_[^ [h^ [jjlip_^ nb_ `ch[f g[h-

om]lcjn.   

27 H_jn[]im[h_ ✓   ✓   ✓ ✓ ✓ ✓ 

28 T_nl[n_nl[]ihn[h_ ✓   ✓ ✓ ✓ ✓ ✓ ✓ 

29 H_r[nlc[]ihn[h_     ✓ ✓ ✓ ✓ ✓ ✓ 

30 Dinlc[]ihn[h_     ✓ ✓ ✓ ✓ ✓ ✓ 

31 O]n[]im[h_     ✓ ✓     ✓ ✓ 

32 P_hn[nlc[]ihn[h_     ✓   ✓ ✓   ✓ 

33 Dcff[jcif_         ✓ ✓     

34 H_r[^_][h_         ✓ ✓     

35 T_nl[]im[h_             ✓   

36 D_fn[.-Ti]ijb_lif     ✓ ✓ ✓ ✓ ✓ ✓ 

37 Afjb[.-Ti]ijb_lif   ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

38 Tl[hm-Sncag[mn[-5,22-Dc_h-3.B_n[.-Of     ✓ ✓ ✓ ✓ ✓ ✓ 

39 Pcj_lc^ch_               ✓ 

40 B_htsfg[fihc] A]c^               ✓ 
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