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A\str[]t   

L[], nb_ ihfs h[nol[f l_mch i` [hcg[f ilcach cm jli^o]_^ \s nb_ Ih^c[h f[] 

chm_]n- Kerria lacca. In cm nb_ \s-jli^o]n i` nb_ ]igjf_r h[nol[f chn_l[]ncih 

\_nq__h nb_ f[] chm_]n [h^ cnm bimn jf[hn. D_mjcn_ m_p_l[f mno^c_m ih nb_ 

j_lmj_]ncp_m i` nb_ ]b_gcmnls i` f[] [h^ cnm jli^o]ncih, p_ls fcnnf_ qile b[m 

\__h ][llc_^ ion ni oh^_lmn[h^ nb_ \cifias i` f[] [h^ cnm [mmi]c[n_^ jf[hn 

n[r[. Tb_ jl_m_hn qile b[m \__h ^_mcah_^ ni oh^_lmn[h^ nb_ jl_fcgch[ls 

l_mjihm_ c` [hs, i` nb_ bimn jf[hn [a[chmn f[] chm_]n ch`_mn[ncih. Snlo]nol[f 

mno^c_m [h^ g_n[\ifc] jli`cfcha mo]b [m nb_ ^_n_lgch[ncih i` nin[f 

jb_hifc]m, `f[pihic^m, [hncirc^[hnm, FTIR, [h^ GC-MS q_l_ ][llc_^ ion. Tb_ 

[h[nigc][f chp_mnca[ncihm l_p_[f_^ ]i[aof[ncih/^_jimcncih i` g_n[\ifcn_m 

ch nb_ ch`_mn_^ mcn_m. Tb_ ch`_mn_^ \[le mbiq_^ bcab_l jb_hifc], `f[pihic^ 

]ihn_hn, [h^ [hncirc^[hn []ncpcns ch ]igj[lcmih ni hih-ch`_mn_^ \[le qbc]b 

q[m ]illi\il[n_^ \s Fiolc_l-nl[hm`ilg ch`l[l_^ mj_]nlim]ijs (FTIR) [h^ GC

-MS \ci]b_gc][f [h[fsmcm. Tbcm jl_fcgch[ls mno^s qcff mb_^ mig_ fcabn ih 

oh^_lmn[h^cha nb_ f[] jf[hn bimn'm jbsmcifiac][f l_mjihm_ [h^ nb_ jon[ncp_ 

g_]b[hcmg om_^ \s nb_ f[] chm_]n ch ip_l]igcha nb_ jf[hn l_mjihm_. 
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FTIR; GC-MS; f[] bimn \[le; jf[hn m_]ih^[ls g_n[\ifcn_m; TFC 

 

Intro^u]tcon   

Ihm_]nm [l_ [ l_g[le[\fs ^cp_lm_ alioj i` ila[hcmgm, [h^ h_[lfs b[f` i` nb_ 

[jjlircg[n_fs ih_ gcffcih ehiqh chm_]n mj_]c_m [l_ ehiqh ni `__^ ih 

jf[hnm (1). Tb_ jf[hn-chm_]n l_f[ncihmbcj ^[n_m \[]e [m `[l [m 350 gcffcih 

s_[lm [h^ nbcm pclno[ffs mcgjf_ \on ]igjf_r l_f[ncihmbcj b[m jf[s_^ [h 

cgjiln[hn lif_ ch mb[jcha n_ll_mnlc[f _]imsmn_gm ih E[lnb (2). Dolcha nb_ 

]iolm_ i` nb_cl _pifoncih, f[h^ jf[hnm [h^ chm_]nm b[p_ ^_p_fij_^ ]igjf_r 

l_f[ncihmbcjm [n p[lciom f_p_fm l[hacha `lig ch^cpc^o[f ila[hcmgm ni 

jijof[ncihm [h^ _hncl_ ]iggohcnc_m. Tb_l_ cm [ ]ihnchoiom ]i-_pifoncih[ls 

mnloaaf_ \_nq__h b_l\cpiliom chm_]nm [h^ jf[hnm, qb_l_ nb_ b_l\cpil_m 

[nn_gjn ni ]ihmog_ nb_ jf[hnm, [h^ nb_ jf[hnm mnlcp_ hin ni \_ ]ihmog_^ 

(3). Tbcm mnloaaf_ b[m hin ihfs ]ihnlc\on_^ ni nb_ l_g[le[\f_ ^cp_lmcns i` 

jf[hn g_n[\ifcmg \on b[m [fmi ch`fo_h]_^ nb_ a_h_nc] ^cp_lmcns i` jf[hnm, 

chm_]nm, [h^ nb_ [mmi]c[n_^ \cin[. Am [ l_mofn, l_m_[l]b ih jf[hn-b_l\cpil_ 

chn_l[]ncihm b[m \_]ig_ [ bcabfs gofnc^cm]cjfch[ls jolmocn qcnbch jf[hn 

\cifias (4). Ih nb_ ]igjf_r chn_ljf[s \_nq__h jf[hnm [h^ b_l\cpiliom 

chm_]nm, \inb j[lnc_m chp_mn nb_cl g_n[\ifc] g[]bch_ls ch ^_`_hm_ [h^ 
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SHYAM ET AL  2     

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

[^[jn[ncih g_]b[hcmgm. Tb_ ][om[f g_]b[hcmgm \_bch^ 

nb_m_ chn_l[]ncihm p[ls [h^ chpifp_ ch^o]_^ jf[hn 

giljbifias, [ff_fi-]b_gcmnls, honlcncih, [fn_l_^ h[nol[f-

_h_gs [nn[]e, [h^ jf[hn il chm_]n-[mmi]c[n_^ gc]li\cinc] 

`fil[ (5). A l[ha_ i` [ff_fi]b_gc][fm mo]b [m ^_`_hmcp_ 

jlin_chm, jb_hifc]m, n_lj_hic^m, [fe[fic^m, _n]. ch^o]_^ ch 

nb_ jf[hnm \s chm_]n `__^cha ][h [ff_]n nb_ j_l`ilg[h]_ i` 

inb_l b_l\cpil_m qbc]b jf[s [ g[dil lif_ ch mb[jcha nb_ 

^sh[gc]m i` jf[hn-chm_]n chn_l[]ncihm (6-10).  

 Tb_ Ih^c[h f[] chm_]n Kerria lacca (K_ll.) cm ehiqh ni 

ch`_mn gil_ nb[h 400 jf[hn mj_]c_m. Tb_ m][f_ chm_]n Kerria 

lacca, cm [ b_gcjn_l[h, m[j-mo]echa chm_]n. Tb_ chm_]n 

jimm_mm_m mj_]c[fct_^ gionbj[lnm nb[n b_fj ch jc_l]cha nb_ 

jf[hn ncmmo_m (_jc^_lgcm, ]iln_r, [h^ p[m]of[l ncmmo_m) ni 

[]]_mm nb_ jbfi_g ]_ffm ni ]ihmog_ nb_ jf[hn m[j (11). 

Oh]_ nb_ chm_]n ][h mo]]_mm`offs j_h_nl[n_ nb_ bimn ncmmo_ 

cn oh^_lai_m [ mcahc`c][hn g_n[giljbc] ]b[ha_ [h^ 

l_g[chm m_^_hn[ls `il nb_ l_mn i` cnm fc`_ ]s]f_. 

So\m_ko_hnfs, chm_]nm _hncl_fs ^_j_h^ ih nb_ bimn jf[hn 

`il cnm hiolcmbg_hn [h^ e__j ih m_]l_ncha f[] nblioabion 

cnm \i^s mol`[]_, [ ohcko_ l_mch i` [hcg[f ilcach (12). Tb_ 

f[] cm ]igjim_^ i` m_p_l[f ]b_gc][f ]ihmncno_hnm [h^ 

bif^m cgg_hm_ _]ihigc] cgjiln[h]_. A `[m]ch[ncha [mj_]n 

i` nb_ l_f[ncihmbcj \_nq__h L[] chm_]nm [h^ nb_cl bimnm cm 

nb_ m_f_]ncih i` bimn jf[hnm [n [h _[lfs mn[a_ i` nb_cl fc`_ 

]s]f_ [h^ nb_ g_]b[hcmgm i` ip_l]igcha nb_ jf[hn bimn 

l_mjihm_ c` [hs ch aii^ bimnm. Lce_ inb_l b_gcjn_l[h m[j-

mo]echa chm_]nm, nb_ f[] chm_]n j_h_nl[n_m nb_ jf[hn \[le ni 

l_[]b nb_ jbfi_g ncmmo_m, qbc]b [l_ ehiqh ni ]ihn[ch [ 

qc^_ p[lc_ns i` jf[hn g_n[\ifcn_m mo]b [m ][lin_hic^m, 

jifsjb_hifm, mcahc`c][hn jbsni]b_gc][f mo\aliojm 

ch]fo^cha jb_hifc] []c^m, `f[pihic^m, mncf\_h_m [h^ fcah[hm 

(13, 14). S_p_l[f chp_mnca[ncihm b[p_ \__h ][llc_^ ion ih 

nb_ n[rihigs i` nb_ f[] chm_]n, ]b_gcmnls i` f[], \cifias i` 

f[], f[] jli^o]ncih, _n]., \on mno^c_m ih nb_ jbsmcifias i` 

nb_ f[]-ch`_mn_^ jf[hn bimn [l_ f[]echa. Tb_ jl_m_hn mno^s 

q[m [cg_^ [n (c) [h[nigc][ffs g[jjcha nb_ chcnc[f jf[hn 

l_mjihm_ ni f[] chm_]n ch`_mn[ncih (cc) Qo[hncn[ncp_ 

_mncg[ncih i` nin[f jb_hif ]ihn_hn, `f[pihic^m, [h^ 

[hncirc^[hnm ch nb_ \[le i` jf[hn bimn ch l_mjihm_ ni f[] 

chm_]n ch`_mn[ncih (ccc) ^l[qcha [ ]igj[lcmih \_nq__h f[] 

chm_]n-ch`_mn_^ [h^ hih-ch`_mn_^ jf[hn g_n[\ifcn_m omcha 

[h[fsnc][f n_]bhcko_m pct FTIR [h^ GC-MS.  

 

M[t_rc[ls [n^ M_tbo^s 

Anatomical investigations:  

Tb_ `l_mb mn_g (ch`_mn_^ qcnb f[]) q[m `cr_^ ch nb_ F.A.A. ncff 

`olnb_l jli]_mmcha i` nb_ g[n_lc[f. Lihacno^ch[f m_]ncihm i` 

nb_ ch`_mn_^ mn_g/j_ncif_ i` Zizyphus mauritiana qcnb mncff-

`__^cha chm_]nm q_l_ ]on [h^ i\m_lp_^ oh^_l [ `foil_m]_hn 

gc]lim]ij_ (Nceih _]fcjm_ E200 msmn_g) ni chp_mnca[n_ nb_ 

`__^cha mcn_m [h^ chcnc[f jf[hn l_mjihm_ c` [hs ch^o]_^ 

^olcha nb_ ch`_mn[ncih. Ig[a_ []kocmcncih [h^ [h[fsmcm q_l_ 

g[^_ omcha nb_ Ig[acha miftq[l_ NIS Ef_g_hnm (Nceih). 

Sample collection and crude extract preparation 

Tb_ f[] bimn (Ziziphus mauritiana) jf[hn m_f_]n_^ `il nbcm 

_rj_lcg_hn q[m chi]of[n_^/ch`_mn_^ qcnb nb_ eomogc 

mnl[ch i` Kerria lacca qbcf_ nb_ hih-ch`_mn_^ jf[hn q[m 

nl_[n_^ [m [ ]ihnlif. Aft_l nbl__ ^[sm i` ch`_mn[ncih, nb_ 

\[le i` nb_ bimn jf[hn (ch`_mn_^-Z.I. [m q_ff [m hih-ch`_mn_^-

Z.N.I.) q[m j__f_^ [q[s [h^ a_hnfs q[mb_^ qcnb n[j q[n_l 

ni l_gip_ oh^_mcl_^ `cfnb. Ih nb_ ][m_ i` ch`_mn_^ m[gjf_m, 

nb_ chm_]nm q_l_ l_gip_^ omcha `il]_jm [h^ \lomb. 

So\m_ko_hnfs, nb_ \[le i` \inb nb_ m[gjf_m (Z.I. [h^ Z.N.I.) 

q[m [cl ^lc_^ oh^_l mb[^_. A g_]b[hc][f alch^_l q[m om_^ 

ni alch^ m[gjf_m chni [ `ch_ jiq^_l [n liig n_gj_l[nol_ 

(RT). Tb_ jiq^_l_^ m[gjf_m (10 a) q_l_ g[]_l[n_^ ch 100 

gL i` 80% (p/p) g_nb[hif omcha [ g[ah_nc] mncll_l `il nbl__ 

^[sm. Tb_ jbsni]ihmncno_hnm q_l_ _hncl_fs _rnl[]n_^ \s l_-

g[]_l[ncha nb_ l_mc^o_m 3 ncg_m.  In q[m mo\d_]n_^ ni 

`cfnl[ncih omcha Wb[ng[h Ni. 1 `cfn_l j[j_l [h^ nb_ _rnl[]n 

i\n[ch_^ q[m nb_h ]ih]_hnl[n_^ ni ^ls g[mm [n RT. Tb_ 

^lc_^ l_mc^o_ q[m ]iff_]n_^, jon chni [clncabn ]ihn[ch_lm, 

[h^ e_jn [n 4 °C ch [ l_`lca_l[nil `il `olnb_l om_. Tb_ sc_f^ 

% q[m ][f]of[n_^ `iffiqcha nb_ mn[h^[l^ g_nbi^ (15).  

Yc_l^ % = q_cabn i` nb_ ^ls _rnl[]n/ W_cabn i` nb_ ^ls jf[hn 

g[n_lc[f × 100. 

Tb_ ]lo^_ _rnl[]n/m[gjf_m q_l_ `olnb_l mo\d_]n_^ ni 

ko[hncn[ncp_ [mm[sm. 

Qu[ntct[tcv_ Pbyto]b_mc][l An[lyscs 

Total Phenol Content (TPC) 

Tb_ nin[f jb_hif ]ihn_hn (TPC) q[m ^_n_lgch_^ omcha [ 

mj_]nlijbinig_n_l [h^ nb_ Fifch-Cci][fn_o g_nbi^ifias 

qcnb gchil gi^c`c][ncihm (16). Fclmn, [ 300 µa/gL 

]ih]_hnl[ncih i` g_nb[hifc] mifoncih q[m jl_j[l_^ [h^ 

mo\m_ko_hnfs, ]ig\ch_^ qcnb 7.5% N[2CO3 (2.5 gL) 

`iffiq_^ \s 10 j_l]_hn Fifch–Cci][fn_o l_[a_hn (2.5 gL). 

Tb_ ]igjf_n_ mifoncih q[m piln_r_^ `il 2 gch, nb_h f_ft ch 

^[le ch]o\[ncih [n RT `il 45 gch.  A\mil\[h]_ q[m 

g_[mol_^ [n 750 hg omcha [ mj_]nlijbinig_n_l. Tb_ 

G[ffc] []c^ ][fc\l[ncih ]olp_m q_l_ ]ihmnlo]n_^ ch nb_ 

l[ha_ i` 20-100 µa/gL. Fch[ffs, nb_ ]ih]_hnl[ncihm i` 

jb_hifc]m q_l_ l_jl_m_hn_^ ch a[ffc] []c^ _kocp[f_hn n_lgm 

(ga GA/a DW). 

Total Flavonoids Content (TFC) 

Tb_ nin[f `f[pihic^ ]ihn_hn (TFC) q[m ^_n_lgch_^ omcha 

nb_ AfCf3 ]ifilcg_nls g_nbi^ (17). Pf[hn _rnl[]nm q_l_ 

^cfon_^ qcnb g_nb[hif ohncf nb_cl ]ih]_hnl[ncih l_[]b_^ 

1ga/gL [h^ [ ][fc\l[ncih ]olp_ q[m ^l[qh omcha 20-100 

µa/gL i` ko_l]_nch ^cmmifp_^ ch g_nb[hif. Ih g_nb[hif, 

2.0 gL i` ^cfon_^ _rnl[]nm/ko_l]_nch q_l_ ^cmmifp_^ qcnb 

AfCf3 *0.1 gL i` 10% (q/p)+ [h^ CH3COOK (0.1 gL i` 0.1 

gM) ni `ilg [ mifoncih. Aft_l 30 gch i` ch]o\[ncih [n 25 °C, 

[\mil\[h]_ q[m g_[mol_^ [n 415 hg. Folnb_lgil_, TOC 

q[m _rjl_mm_^ [m ga ko_l]_nch _kocp[f_hn j_l a ^ls q_cabn 

i` _rnl[]nm (ga QE/a DW). 

Total Antioxidant Activity (TAA) 

Tb_ nin[f [hncirc^[hn []ncpcns (TAA) i` nb_ ]lo^_ _rnl[]n q[m 

^_n_lgch_^ omcha [ gi^c`c_^ p_lmcih i` nb_ mn[h^[l^ 

g_nbi^ (18, 19). Ih \lc_`, g_nb[hif mifoncih q[m om_^ ni 

^cfon_ nb_ ]lo^_ mni]e ni 1 ga/gL, [h^ 0.2 gL [fckoin i` 

_[]b _rnl[]n q[m [^^_^ qcnb 1.8 gL i` nb_ l_[a_hn (0.6 M 

H2SO4, 28 gM N[3PO4, [h^ 4 gM (NH4)6Mi7O24). Tb_ l_[]ncih 

gcrnol_ q[m nb_h ch]o\[n_^ ch [ q[n_l \[nb [n 90 °C `il 90 

gch [h^ mo\m_ko_hnfs ]iif_^ ni RT. Umcha [ UV-VIS 
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mj_]nlijbinig_n_l, nb_ m[gjf_'m [\mil\[h]_ q[m 

g_[mol_^ [n 695 hg. Tb_ nin[f [hncirc^[hn []ncpcns q[m 

om_^ [m nb_ mn[h^[l^ (20-100 µa/gL) [h^ nb_ TAA l_mofn 

q[m ][f]of[n_^ [m nb_ _kocp[f_hn [giohn i` [m]il\c] []c^ 

j_l a i` jf[hn _rnl[]n. 

FTIR Spectral Analysis 

Tb_ chcnc[f p[lc[ncih ch nb_ `oh]ncih[f aliojm (c` [hs) ch nb_ 

^lc_^ _rnl[]n i` Ziziphus mauritiana (Ih`_mn_^ [h^ hih-

ch`_mn_^ \[le) q_l_ c^_hnc`c_^ omcha FTIR (Fiolc_l-

nl[hm`ilg ch`l[l_^ mj_]nlim]ijs) j_l`ilg_^ ih [ Tb_lgi 

Nc]if_n cS5 chmnlog_hn (Tb_lgi S]c_hnc`c], M[^cmih, WT, 

Uhcn_^ Sn[n_m). Aff l_[^cham q_l_ n[e_h [n [g\c_hn 

n_gj_l[nol_. Tb_ chmnlog_hn ]ihmcmnm i` ^_on_l[n_^ 

nlcafs]ch_ mof`[n_ (DTGS) [h^ KBl, qbc]b `oh]ncih [m [ 

^_n_]nil [h^ \_[g mjfcnn_l, l_mj_]ncp_fs. Tb_ chmnlog_hn 

q[m ]ihh_]n_^ ni nb_ OMNIC miftq[l_, qbc]b l_]il^m [h^ 

[h[fst_m FTIR mj_]nl[ ionjon.  Aff mj_]nl[ q_l_ ]iff_]n_^ 

\_nq__h 4000-500 ]g −1 [n 4 ]g−1 l_mifoncih [h^ 

\[]ealioh^ [cl mj_]nl[ q_l_ mo\nl[]n_^ ni ijncgct_ nb_ 

[]no[f mj_]nl[. Aft_l _[]b l_[^cha, nb_ ATR ([nn_ho[n_^ 

nin[f l_`f_]n[h]_) ]lsmn[f (m[gjf_ mjinncha [l_[) q[m 

lionch_fs ]f_[h_^ qcnb 70% _nb[hif. 

Gas Chromatography-Mass Spectrometry (GC–MS) 

Analyses 

Tb_ jf[hn _rnl[]n q[m _r[gch_^ qcnb GC-MS `il ]igjioh^ 

c^_hnc`c][ncih omcha nb_ g_nbi^ifias qcnb [ `_q 

gi^c`c][ncihm (20). A GC-MS chmnlog_hn (GCMS-QP2010, 

Sbcg[^to, Ksini, J[j[h) ]ihn[chcha [h [oni-chd_]nil (AOC

-20c), [ b_[^mj[]_ m[gjf_l (AOC-20m), [h^ [ mcfc][ ][jcff[ls 

]ifogh (Rnr-5) q[m oncfct_^. Tb_ ip_h n_gj_l[nol_ q[m 

chcnc[ffs m_n ni 50 °C [h^ nb_h al[^o[ffs ch]l_[m_^ ni 280 °C. 

Oh_ gc]lifcn_l i` _rnl[]n (1 ga/gL) q[m chd_]n_^ chni nb_ 

]ifogh [m [h _ko[f gcrnol_ i` ]lo^_ _rnl[]n. H_fcog 

(jolcns 99.99%) a[m q[m ]bim_h [m nb_ ][llc_l a[m (1.2 gL/

gch). Tb_ MS ^_n_]nil ^_n_]n_^ nb_ jl_m_h]_ i` [ ohcko_ 

j_[e. Hiq_p_l, nb_ ]igjioh^m q_l_ c^_hnc`c_^ \[m_^ ih 

RT (l_n_hncih ncg_) [h^ g[mm q[m g_[mol_^ oh^_l mcgcf[l 

GC-MS ]ih^cncihm. Tb_ j_[e [l_[ q[m om_^ ni g_[mol_ nb_ 

ko[hncns i` nb_ mo\mn[h]_. Fch[ffs, nb_ i\n[ch_^ mj_]nl[f 

^[n[ i` nb_ j_[em q_l_ ]igj[l_^ qcnb g[mm mj_]nl[f 

fc\l[ls ^[n[ (NIST14 [h^ WILEY8).  Tb_ l_f[ncp_ % i` _[]b 

]ihmncno_hn q[m ]igj[l_^ nblioab nb_ j_[e [l_[ 

hilg[fct[ncih. 

Statistical Analysis 

E[]b _rj_lcg_hn q[m l_jfc][n_^ nbl__ ncg_m [h^ nb_ 

l_mofnm q_l_ jl_m_hn_^ [m g_[h ± mn[h^[l^ ^_pc[ncih (SD). 

Mc]limift Er]_f 2016 q[m om_^ ni ][f]of[n_ nb_ m[gjf_'m 

^[n[. Tb_ Sno^_hn T-n_mn q[m om_^ ni ^_n_lgch_ mcahc`c][hn 

p[lc[ncih \_nq__h m[gjf_m. Gl[jbP[^ Plcmg 9.3.3 q[m 

om_^ `il mn[ncmnc][f [h[fsmcm [h^ al[jb ^_mcah. FT-IR ^[n[ 

q[m [h[fst_^ ch OlcachPli 2021. 

 

R_sults   

Anatomical investigations 

Tb_ bimn jf[hn mn_g ^cmjf[s_^ [ l[ha_ i` mol`[]_ 

]b[l[]n_lcmnc]m, _h]igj[mmcha nlc]big_m, ]onc]of[l 

mol`[]_m, [h^ nbilhm. Ihn_l_mnchafs nb_m_ mol`[]_ `_[nol_m 

^c^ hin chbc\cn nb_ jli]_mm i` mn_g j_h_nl[ncih, ^_mjcn_ 

nb_cl jl_m_h]_. R_g[le[\fs, [h _r[gch[ncih i` nb_ mn_g 

giljbifiac][f [nnlc\on_m l_p_[f_^ [ hih-ohc`ilg 

[jj_[l[h]_. F__^cha ]l[qf_lm _rbc\cn_^ [ ^cmnch]n 

ilc_hn[ncih jimcncihcha nb_gm_fp_m qcnb nb_cl b_[^m 

^cl_]n_^ ^iqhq[l^, niq[l^ nb_ \[le mol`[]_. Wbcf_ nb_ 

chm_]n mbiq_^ [ jlij_hmcns `il m_nnfcha ih sioha mbiinm cn 

q[m i\m_lp_^ ni m_nnf_ [n p[lciom fi][ncihm [fiha nb_ mn_g 

qcnb [ hin[\fs bcab_l `l_ko_h]s [n nb_ doh]ncihm qb_l_ 

j_ncif_m g_n nb_ mn_g il [n nb_ chn_lm_]ncihm i` f[n_l[f 

\l[h]b_m qcnb nb_ g[ch mn_g. Tbcm \_b[pcil mnlihafs 

moaa_mn_^ [ jl_`_l_h]_ `il mj_]c`c] l_acihm i` nb_ jf[hn. Ih 

nb_ _[lfs mn[a_m i` ch`_mn[ncih, giljbifiac][f ch^c][nilm ch 

nb_ `ilg i` m][l g[lem q_l_ i\m_lp_^ ih nb_ mn_g \[le. 

Ep[fo[ncih i` fihacno^ch[f m_]ncihm (L.S.) i` nb_ ch`_mn_^ 

mn_g i\m_lp_^ oh^_l `foil_m]_hn gc]lim]ijs l_p_[f_^ 

m][nn_l_^ `__^cha mcn_m ih nb_ jf[hn'm mol`[]_ 

_h]igj[mmcha \inb nb_ \[le [h^ _jc^_lg[f ncmmo_m. 

Hiq_p_l, [ f[]e i` [ mj_]c`c] m_nnf_g_hn j[nn_lh q[m 

i\m_lp_^ ch nb_ oh_p_h [h^ ^cmj_lm_^ `__^cha mcn_m qcnbch 

nb_ L.S. i` nb_ ch`_mn_^ mn_g. Nin[\fs, nb_ gc]lim]ijc] 

mno^c_m l_p_[f_^ nb[n ]ilnc][f ]_ffm mollioh^cha nb_m_ 

`__^cha mcn_m ^cmjf[s_^ [h []]ogof[ncih i` ]i[aof[n_^ 

]snijf[mgc] g[n_lc[f jin_hnc[ffs l_mofncha `lig nb_ jf[hn'm 

m_]l_ncih i` jlcg[ls [h^ m_]ih^[ls g_n[\ifcn_m ch 

l_mjihm_ ni chm_]n ch`_mn[ncih. Mil_ip_l, [l_[m nl[p_lm_^ 

\s nb_ chm_]n gionbj[lnm _rbc\cn_^ `foil_m]_h]_, 

ch^c][ncha nb_ jl_m_h]_ i` chm_]n m_]l_ncihm, jf[hn 

l_mjihm_m, il [ ]ig\ch[ncih i` \inb, [m ]igj[l_^ ni 

mcgcf[l hih-ch`_mn_^ ]_ffof[l mnlo]nol_m (Fca. 1). 

A^^cncih[ffs, `foil_m]_hn mno^c_m l_p_[f_^ [ l_^o]ncih ch 

]bfilijbsff ]ihn_hn ch nb_ [l_[m [^d[]_hn ni nb_ ch`_mn[ncih 

mcn_ qb_h ]igj[l_^ ni hilg[f ]_ffm. Tbcm i\m_lp[ncih 

cgjfc_m [ jin_hnc[f ^cmlojncih i` nb_ jf[hn'm 

jbinimshnb_nc] []ncpcns [h^ ][j[\cfcnc_m l_mofncha `lig nb_ 

chm_]n'm `__^cha []ncpcnc_m (Fca. 1). 

Total Phenol, Flavonoid and Antioxidant Concentration 

Tqi g[dil m_]ih^[ls g_n[\ifcn_m h[g_fs jb_hif, 

`f[pihic^m, [h^ nin[f [hncirc^[hn ]ihn_hn q_l_ _mncg[n_^ 

ch ch`_mn_^ [h^ hih-ch`_mn_^ mn_g j[lnm. Binb jb_hif [h^ 

`f[pihic^m mbiq_^ [h ch]l_[m_ ch nb_ ch`_mn_^ jf[hn [m 

]igj[l_^ ni nb_ hih-ch`_mn_^ jf[hn. Pb_hifc] ]ihn_hn ch 

ch`_mn_^ jf[hnm q[m [\ion 67.93 ± 2.03 ga GAE a-1 DW 

qbc]b cm mcahc`c][hnfs bcab_l nb[h ch hih-ch`_mn_^ jf[hn 

(51.51 ± 1.69 ga GAE a-1 DW) qcnb j<0.001 (Fca. 2). 

Hiq_p_l, `f[pihic^ ]ihn_hn q[m i\m_lp_^ ch nb_ ch`_mn_^ 

jf[hn mbiq_^ h_[lfs nqi-`if^ ch]l_[m_ ch ch`_mn_^ mn_g 

j[lnm (51.85 ± 2.11 ga QE a-1 DW) nb[h ch hih-ch`_mn_^ mn_g 

j[lnm (24.82 ± 0.71 ga QE a-1 DW) (Fca. 2).  Scgcf[lfs, nin[f 

[hncirc^[hnm q_l_ mcahc`c][hnfs bcab_l ch nb_ ch`_mn_^ jf[hn 

(72.86 ± 1.85 ga AAE a-1) nb[h ch hih-ch`_mn_^ (55.81 ± 1.10 

ga AAE a-1 DW) jf[hnm [h^ nb[n ]iof^ \_ ^o_ ni bcab_l 

jb_hif [h^ `f[pihic^ ]ihn_hn. Op_l[ff, Z. mauritiana mn_g 

q[m `ioh^ ni mcahc`c][hnfs ch^o]_ nb_ jli^o]ncih i` bcab_l 

jb_hifc] ]igjioh^m, `f[pihic^m, [h^ [hncirc^[hn ]ihn_hn 

ch nb_ j[lnm ch`_mn_^ qcnb f[] chm_]nm (Fca. 2). 
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Fca. 1. Lihacno^ch[f m_]ncihm i` f[]-ch`_]n_^ Zizyphus mauritiana mn_g (i\m_lp_^ oh^_l nb_ `foil_m]_hn gc]lim]ij_) mbiqcha `__^cha mcn_m (A) Alliqm ch^c][n_ 
nb_ `__^cha mcn_m ih nb_ mol`[]_ i` nb_ mn_g [m ]bfilinc] mjinm; (B-C) S[fcp[ls mb_[nb (m_]ncih) ^_jc]n_^ \s [oni`foil_m]_h]_ ch^c][n_^ \s nb_ [lliq;                         
(D) Ihn_l]_ffof[l j_h_nl[ncih i` mnsf_m ^_jc]n_^ \s [ m[fcp[ls mb_[nb (E) D_jimcncih i` ]fiaacha g[n_lc[f [m [ jf[hn l_mjihm_ ch nb_ ]ilnc][f ]_ffm [^d[]_hn ni 
`__^cha mcn_m (`foil_m]cha) (F) fimm i` ]bfilijbsff [^d[]_hn ni `__^cha mcn_m. 

https://plantsciencetoday.online
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FTIR Spectrum Analysis for Functional Group of Z. 

mauritiana Extract 

Tb_ FTIR chp_mnca[ncih q[m ]ih^o]n_^ ni l_p_[f nb_ 

]b_gc][f `cha_ljlchnm i` nb_ ch`_mn_^ [h^ hih-ch`_mn_^ \[le 

i` Ziziphus mauritiana _rnl[]n (Fca. 3). Tb_ [\mil\[h]_ 

\[h^m q_l_ _r[gch_^ [n [ l_mifoncih i` 500 ni 4000 ]g-1 

(Fca. 3). Pl_^igch[hnfs, nb_ ^[n[ mcahc`c_m, `l__ bs^lirsf 

(OH) mnl_n]b [n 3662.44, (OH) mnl_n]b [n 3309.73, H \ih^_^, 

2983.73 (CH) mnl_n]bcha, (CH) mnl_n]bcha [n 2901.96, (N-H) 

\_h^ [n 1618.78, 1388.16 (C=O) mnl_n]bcha, 1245.32 (C-H) 

mnl_n]b, 1055.40 (CN ]igjih_hnm) mnl_n]b [h^ 892.61 (C-H 

“iij”) ]g-1 b[p_ \__h mj_]c`c_^ ni [ p[lc_ns i` jin_hnc[f 

`oh]ncih[f aliojm, ch]fo^cha Af]ibifm, jb_hifm, [fe[h_m, 

jlcg[ls [gch_m, ][l\irsfc] []c^m, _mn_lm, _nb_lm, [fesf 

b[fc^_m, [fcjb[nc] [gch_m, ]igjioh^m [l_ c^_hnc`c_^. Tb_ 

p[lc[\f_ j_[em ch nb_ ch`_mn_^ [h^ hih-ch`_mn_^ m[gjf_m 

ch^c][n_^ nb[n nb_l_ fc_m [h chcnc[f jf[hn l_mjihm_ ni f[] 

chm_]n ch`_mn[ncih. Tb_ m[g_ cm ch^c][n_^ \s nb_ mb[lj j_[e 

`cha_ljlchnm i` nb_ ch`_mn_^ m[gjf_m [m ]igj[l_^ ni nb_ 

hih-ch`_mn_^ ih_m. Tb_m_ `oh]ncih[f aliojm ch^c][n_ nb_ 

jl_m_h]_ i` g[hs m_]ih^[ls g_n[\ifcn_m ch]fo^cha 

jb_hifm [h^ `f[pihic^m. Hiq_p_l, FTIR ]iof^ hin c^_hnc`s 

[ff `oh]ncih[f aliojm i` []ncp_ chal_^c_hnm ]ihn[ch_^ ch nb_ 

]lo^_ _rnl[]n [h^ nbom, GC-MS chp_mnca[ncih q[m [fmi 

][llc_^ ion. 
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Total phenols Total flavonoids Total antioxidant
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Fca. 2. Ah[fsmcm al[jb i` nb_ nin[f jb_hifm, nin[f `f[pihic^m, [h^ nin[f [hncirc^[hnm jl_m_hn ch nb_ ch`_mn_^ [h^ hih-ch`_mn_^ \[le m[gjf_ i` f[] bimn. Aff ^[n[ 
jichnm [l_ g_[hm ± SD (h = 3). ***, [h^ **** l_jl_m_hn j<0.001 [h^ 0.0001 l_mj_]ncp_fs (Sno^_hn T-n_mn). 

Fca. 3. FTIR Ah[fsmcm al[jb i` `oh]ncih[f aliojm jl_m_hn ch nb_ ch`_mn_^ [h^ hih-ch`_mn_^ \[le m[gjf_ i` f[] bimn.  
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GC-MS analysis for Metabolites detection  

Am Fca. 4 mbiqm, g_n[\ifcn_ jli`cfcha omcha G[m 

Cblig[nial[jbs-M[mm Sj_]nlig_nls (GC-MS) q[m 

]ih^o]n_^ ih jf[hn m[gjf_m, \inb ch`_mn_^ qcnb chm_]nm 

[h^ hih-ch`_mn_^ ]ihnlif m[gjf_m. Tb_ [h[fsmcm l_p_[f_^ [ 

nin[f i` 28 pif[ncf_ ila[hc] ]igjioh^m qbc]b q_l_ `olnb_l 

]f[mmc`c_^ chni ^cmnch]n ][n_ailc_m mo]b [m [f]ibifm, moa[l 

[f]ibifm, moa[lm, [gch_m, jb_hifc]m, `[nns []c^m, [h^ 

ila[hc] []c^m. Ti ^_n_lgch_ nb_ mcahc`c][h]_ i` g_n[\ifcn_ 

ch^o]ncih, [ T-n_mn qcnb [ mcahc`c][h]_ nbl_mbif^ i` P<0.05 

q[m [jjfc_^. 

 Tb_ l_mofnm ohp_cf_^ hin[\f_ ^cff_l_h]_m ch nb_ 

g_n[\ifcn_ jli`cf_m \_nq__h ch`_mn_^ [h^ hih-ch`_mn_^ 

jf[hnm. Sj_]c`c][ffs, ch`_mn[ncih qcnb chm_]nm f_^ ni [ 

l_^o]ncih ch nb_ f_p_fm i` [f]ibif. A^^cncih[ffs, mcahc`c][hn 

l_^o]ncihm ch jslc^ch_ 3-bs^lirs [h^ 1,3-jlij[h_^cif ch 

ch`_mn_^ jf[hnm q_l_ i\m_lp_^. Scgcf[lfs, moa[l [f]ibif 

f_p_fm q_l_ mcahc`c][hnfs fiq_l ch ch`_mn_^ jf[hnm ]igj[l_^ 

ni hih-ch`_mn_^ ih_m. Ihn_l_mnchafs, ihfs gsi-chimcnif 

_rbc\cn_^ [ mcahc`c][hn ch]l_[m_ (j<0.01) ch ch`_mn_^ jf[hnm 

(Fca. 4). 

 R_a[l^cha moa[lm, 2 moa[lm, rsfim_, [h^ afo]im_, 

q_l_ bcabfs ch^o]_^ ch hih-ch`_mn_^ jf[hnm, qbcf_ nb_ f_p_f 

i` a[f[]nim_ q[m mcahc`c][hnfs bcab_l ch ch`_mn_^ jf[hnm. 

Agiha nb_ [gch_ ]igjioh^m, bs^lirsf[gch_ _rbc\cn_^ [ 

mcahc`c][hn ^_]l_[m_ (j=0.04) ch ch`_mn_^ jf[hnm (Fca. 4). 

 Ih nb_ g_n[\ifcn_ m]l__hcha, 2 jb_hifc] ]igjioh^m 

jbfiliafo]chif [h^ kochc] []c^ q_l_ ^_n_]n_^ ch \inb 

ch`_mn_^ [h^ hih-ch`_mn_^ jf[hnm. Pbfiliafo]chif mbiq_^ [ 

l_^o]ncih (fia2 `if^ ]b[ha_: -0.72) ch ch`_mn_^ jf[hnm, 

qb_l_[m kochc] []c^ f_p_fm q_l_ hin[\fs bcab_l (fia2 `if^ 

]b[ha_: 1.01) (Fca. 4). 

 R_a[l^cha `[nns []c^m, i]n[^_][hic] []c^ f_p_fm q_l_ 

mcahc`c][hnfs bcab_l ch hih-ch`_mn_^ jf[hnm. Oon i` nb_ hch_ 

^_n_]n_^ ila[hc] []c^m, gimn i` nb_g q_l_ mo\mn[hnc[ffs 

l_^o]_^ ch ch`_mn_^ jf[hnm, _r]_jn `il 2-\on[h_^cic] [h^ 

g[fc] []c^ (Fca. 4). 

 Am ^_jc]n_^ ch Fca. 4, q_ i\m_lp_^ [ mcahc`c][hn 

^_]l_[m_ (fia2 `if^ ]b[ha_: -0.678) ch nb_ ch`_mn_^ \[le 

]igj[l_^ ni nb_ hih-ch`_mn_^ \[le `il jslc^ch_ 2-bs^lirs 

(j-p[fo_: 0.045). Cbfilib_r[hif, [fnbioab hin mn[ncmnc][ffs 

mcahc`c][hn (j-p[fo_: 0.075), ^cmjf[s_^ [ ^_]l_[mcha nl_h^ ch 

Fca. 4. GC-MS-\[m_^ g_n[\ifcn_m jli`cfcha i` f[]-ch`_mn_^ [h^ hih-ch`_mn_^ Ziziphus jf[hn. M_n[\ifcn_m [l_ ][n_ailct_^ chni ^cff_l_hn aliojm \[m_^ ih nb_cl 
h[nol_. Aff g_n[\ifcn_m [l_ _rjl_mm_^ [m l_f[ncp_ f_p_fm i` lc\cnif (chn_lh[f mn[h^[l^), h=3 ± SD. Sno^_hn T-n_mn [h^ fia2 `if^ ]b[ha_ (FC) q_l_ ][f]of[n_^ \_nq__h 
mcgcf[l g_n[\ifcn_m (j<0.05). P p[fo_ [h^ FC ch al__h ]ifil ch^c][n_ mcahc`c][hn ch]l_g_hn ch nb_ ch`_mn_^ jf[hn qbcf_ p[fo_m ch l_^ ]ifil [l_ pc]_-p_lm[. 

https://plantsciencetoday.online
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nb_ ch`_mn_^ \[le ]igj[l_^ ni nb_ hih-ch`_mn_^ \[le. 1,3-

Plij[h_^cif _rbc\cn_^ [ mcahc`c][hn ^_]l_[m_ (fia2 `if^ 

]b[ha_: -0.623) ch nb_ ch`_mn_^ \[le (j-p[fo_: 0.034). Ih 

]ihnl[mn, nb_ ch`_mn_^ \[le b[^ [ mcahc`c][hnfs bcab_l 

]ih]_hnl[ncih i` 4-Pslc^chif (j-p[fo_: 0.020). S_p_l[f inb_l 

g_n[\ifcn_m (1-P_hn[hif, 1,2,3-Bon[h_nlcif, g_mi-

_lsnblcnif, _n].) [fmi ^_gihmnl[n_^ mcahc`c][hn ^cff_l_h]_m 

\_nq__h ch`_mn_^ [h^ hih-ch`_mn_^ \[le m[gjf_m. 

Hiq_p_l, g_n[\ifcn_m fce_ _nbsf_h_ afs]if, f[]nc] []c^, 

mn_[lc] []c^, [h^ inb_lm ^c^ hin mbiq mn[ncmnc][ffs 

mcahc`c][hn ^cff_l_h]_m. 

 Ool ]igjl_b_hmcp_ g_n[\ifcn_ jli`cfcha [h[fsmcm 

l_p_[f_^ mcahc`c][hn [fn_l[ncihm ch nb_ g_n[\ifc] jli`cf_m i` 

ch`_mn_^ jf[hnm ]igj[l_^ ni nb_cl hih-ch`_mn_^ 

]iohn_lj[lnm. Tb_m_ `ch^cham jlipc^_ p[fo[\f_ chmcabnm chni 

nb_ \ci]b_gc][f l_mjihm_m i` jf[hnm ni chm_]n ch`_mn[ncih 

[h^ bcabfcabn mj_]c`c] g_n[\ifcn_m nb[n g[s jf[s e_s lif_m 

ch jf[hn-chm_]n chn_l[]ncihm. A^^cncih[ffs, q_ c^_hnc`c_^ nqi 

g[dil jb_hifc] ]igjioh^m, m[fc]sfc] []c^, [h^ 

bs^likochih_, ch ch`_mn_^ jf[hnm, moaa_mncha nb_cl 

jin_hnc[f chpifp_g_hn ch nb_ jf[hn'm ^_`_hm_ g_]b[hcmgm 

[a[chmn chm_]n j_mnm. 

 

Dcs]usscon 

Tbcm mno^s [cg_^ ni chp_mnca[n_ nb_ l_mjihm_ i` nb_ bimn 

jf[hn, Ziziphus mauritiana, ni f[] chm_]n ch`_mn[ncih omcha 

p[lciom n_]bhcko_m mo]b [m `foil_m]_h]_-\[m_^ [h[nigc][f 

mno^c_m [h^ GC-MS-\[m_^ [h[fsmcm i` nb_ m_]ih^[ls 

g_n[\ifc] jli`cf_m i` ch`_mn_^ [h^ hih-ch`_mn_^ m[gjf_m. 

Tb_ l_mofnm i\n[ch_^ l_p_[f_^ nb[n qbcf_ Z. mauritiana cm 

]ihmc^_l_^ [ aii^ bimn `il f[] chm_]nm cn _rbc\cnm [h 

chnlcaocha chcnc[f ^_n_ll_h]_ ni nb_cl ch`_mn[ncih. Tb_ 

jl_m_h]_ i` nbcm chcnc[f ^_n_ll_h]_ bcabfcabnm nb_ 

mcahc`c][h]_ i` \[le jbsni]b_gc][fm ch ch`fo_h]cha nb_ 

m_nnf_g_hn j[nn_lhm i` f[] ]l[qf_lm. Tb_ chcnc[f chm_]n 

m_nnf_g_hn ^_hmcns [fmi p[lc_m [giha ^cff_l_hn bimn jf[hnm 

[ `[]nil nb[n ofncg[n_fs cgj[]nm f[] jli^o]ncih ^olcha f[n_l 

mn[a_m (11). Hiq_p_l, qb[n g[e_m nbcm chn_l[]ncih (f[] 

chm_]n-jf[hn bimn) j[lnc]of[lfs chnlcaocha cm nb[n ^_mjcn_ nb_ 

chcnc[f ^_n_ll_h]_ nb_ m_^_hn[ls f[] chm_]nm qbc]b [l_ 

ehiqh ni _rbc\cn m_^_hn[ls \_b[pcil `il _rn_h^_^ j_lci^m 

ift_h _r]__^cha `cp_ gihnbm ][h _rnl[]n ohchn_llojn_^ 

jf[hn m[j [h^ mcgofn[h_iomfs jli^o]_ l_mch (11). Ah 

_mm_hnc[f [mj_]n i` nb_ f[] chm_]n'm fc`_]s]f_, _h]igj[mmcha 

gifncha, g[ncha, l_jli^o]ncih, [h^ ]l[qf_l ^cm]b[la_, [ff 

i]]olm qcnbch nb_ m[g_ fi][ncih. Tbcm fc`_ ]s]f_ ^_g[h^m [ 

]ihnchoiom [h^ ohchn_llojn_^ miol]_ i` honlc_hn-lc]b m[j, 

bcabfcabncha nb_ chnlc][n_ h[nol_ i` nbcm jf[hn-chm_]n 

chn_l[]ncih (21). Tbcm \_b[pcil ^cmnchaocmb_m nb_g `lig 

[jbc^m, moaa_mncha nb[n f[] chm_]nm _mn[\fcmb [ b[lgihciom 

[h^ jlifiha_^ l_f[ncihmbcj qcnb nb_cl bimn jf[hn. 

 Tb_ ko[fcn[ncp_ [h^ ko[hncn[ncp_ p[lc[ncihm i` 

^cff_l_hn jf[hn m_]ih^[ls g_n[\ifcn_m mo]b [m ][lin_hic^m, 

jifsjb_hifm, [hnbi]s[hchm, `f[pih_m, `f[p[hih_m, 

cmi`f[pih_m, [h^ `f[pihifm, bif^ mcahc`c][hn jligcm_ `il 

oh^_lmn[h^cha nb_ _[lfs m_nnf_g_hn j[nn_lhm i` f[] chm_]nm 

[h^ g[s jf[s jcpin[f lif_m ch mb[jcha nb_ \_b[pcil [h^ 

jl_`_l_h]_m i` f[] ]l[qf_lm ^olcha nb_ chcnc[f mn[a_m i` 

]ifihct[ncih. Tb_m_ l_mjihm_m f_[^ ni ]b[ha_m ch 

g_n[\ifcn_ ]ih]_hnl[ncihm qcnbch nb_ jf[hn, l_`f_]ncha cnm 

[nn_gjn ni ^_`_h^ cnm_f` [a[chmn f[] chm_]n ch`_mn[ncih. 

 Ih l_mjihm_ ni chm_]n ch`_mn[ncih, jf[hnm []ncp[n_ [ 

m_lc_m i` ^_`_hm_ g_]b[hcmgm [cg_^ [n jlin_]ncha 

nb_gm_fp_m `lig nb_ mnl_mm ][om_^ \s nb_ ch`_mn[ncih. 

Tb_m_ ^_`_hm_ l_mjihm_m ift_h chpifp_ nb_ jli^o]ncih i` 

m_]ih^[ls g_n[\ifcn_m mig_ i` qbc]b b[p_ \__h c^_hnc`c_^ 

ch iol ^[n[m_n. Tb_m_ ]b[ha_m ch g_n[\ifcn_ 

]ih]_hnl[ncihm ][h \_ m__h [m nb_ jf[hn bimn mnl[n_as ni 

^_`_h^ cnm_f` [a[chmn f[] chm_]n ch`_mn[ncih. Hiq_p_l, 

msmn_gc] l_mjihm_m [l_ j[ln i` nb_ jf[hn'm [^[jncp_ 

mnl[n_as ni ]ij_ qcnb nb_ mnl_mm ][om_^ \s ch`_mn[ncih, 

chpifpcha ]b[ha_m ch _htsg[nc] []ncpcnc_m, a_h_ _rjl_mmcih, 

[h^ g_n[\ifc] j[nbq[sm (2, 22). In cm cgjiln[hn ni hin_ nb[n 

nb_ jli^o]ncih i` m_]ih^[ls g_n[\ifcn_m cm f[la_fs 

^_j_h^_hn ih nb_ l_m_lpicl i` jlcg[ls g_n[\ifcn_m, 

jlcg[lcfs moa[l ]igjioh^m (23). Ih iol mno^s, q_ i\m_lp_^ 

mcahc`c][hn ]b[ha_m ch nb_ g_n[\ifcn_ jli`cf_ i` ch`_mn_^ 

jf[hnm, qcnb [ hin[\f_ l_^o]ncih ch g_n[\ifcn_m \_fihacha 

ni p[lciom aliojm, ch]fo^cha [f]ibifm, moa[l [f]ibifm, [h^ 

moa[lm. 

 Ihn_l_mnchafs, nb_ ch^o]ncih i` gsi-chimcnif ch 
ch`_mn_^ jf[hnm moaa_mnm cnm jin_hnc[f lif_ [m [ g[dil mcah[f

-nl[hm^o]cha g_n[\ifcn_ chcnc[ncha nb_ ^_`_hm_ jli]_mm. 

Msi-chimcnif cm q_ff-ehiqh `il cnm `oh]ncih [m [ mcah[fcha 

gif_]of_ ^olcha mnl_mm ]ih^cncihm [h^ cm chpifp_^ ch nb_ 

\cimshnb_mcm i` _mm_hnc[f ]igjih_hnm mo]b [m nb_ ]_ff q[ff 

[h^ [m]il\c] []c^. In [fmi jf[sm [ lif_ ch l_aof[ncha ]_ff 

^_[nb jli]_mm_m (24). Mil_ip_l, gsi-chimcnif cm [mmi]c[n_^ 

qcnb p[lciom mnl_mm-l_f[n_^ j[nbq[sm, ch]fo^cha nbim_ 

l_aof[n_^ \s cnm ^_lcp[ncp_m mo]b [m jbimjb[nc^sfchimcnif 

cmi`ilgm [h^ [mmi]c[n_^ _htsg_m, ech[m_m, [h^ 

jbimjb[n[m_m. Tb_m_ j[nbq[sm [jj_[l ni qile ch j[l[ff_f 

ni ]iil^ch[n_ aliqnb [h^ mnl_mm l_mjihm_m, `olnb_l 

_gjb[mctcha nb_ cgjiln[h]_ i` gsi-chimcnif ch nb_ jf[hn'm 

^_`_hm_ g_]b[hcmgm (25). Tb_ c^_hnc`c][ncih i` kochc] []c^ 

[m [ g[dil jb_hifc] ]igjioh^ ch jf[hnm ch`_mn_^ qcnb 

chm_]nm moaa_mnm cnm lif_ ch ^_`_hm_ l_mjihm_m. Qochc] []c^ 

cm [ jl_]olmil ni ]bfilia_hc] []c^, [h _mn_l ehiqh `il cnm 

[hnc-b_l\cpil_ []ncpcns. Tbcm []ncpcns b[m \__h 

^_gihmnl[n_^ [a[chmn p[lciom j_mnm, ch]fo^cha nb_ nig[ni 

`locn qilg [h^ m_p_l[f \__nf_ mj_]c_m (26-29). 

 Ahinb_l hin_qilnbs jb_hifc] ]igjioh^ ^_n_]n_^ 

ch iol mno^s cm m[fc]sfc] []c^, ehiqh [m ih_ i` nb_ ]bc_` 

bilgih_m chpifp_^ ch jf[hn ^_`_hm_ [a[chmn b_l\cpil_m. 

Pf[hn cggohcns [a[chmn j_mnm chpifp_m ]igjf_r l_aof[nils 

msmn_gm nb[n l_fs ih nqi e_s bilgih_m: S[fc]sfc] []c^ (SA) 

[h^ J[mgihc] []c^ (JA), qbc]b []n [m ^_`_hm_ mcah[fm (30). 

SA ch^o]ncih ][h b[p_ ^_nlcg_hn[f _ff_]nm ih [nn[]echa 

b_l\cpil_m, []ncha [m [ ^_n_ll_hn [h^ _p_h [m [ nirch ni 

chm_]n b_l\cpil_m (31). Tb_ jl_m_h]_ i` SA ch ch`_mn_^ 

jf[hnm [fcahm qcnb jl_pciom `ch^cham i` SA-ch^o]_^ ^_`_hm_ 

l_mjihm_m [a[chmn b_l\cpil_ `__^cha [h^ _aa ^_jimcncih ch 

Al[\c^ijmcm (32).  

 A^^cncih[ffs, iol mno^s ^_n_]n_^ [hinb_l jb_hifc] 

]igjioh^, bs^likochih_, ehiqh `il cnm [hncirc^[hn 

jlij_lnc_m. Pf[hnm jli^o]cha [hncirc^[hn g_n[\ifcn_m [l_ 

\_nn_l _kocjj_^ ni ]iohn_l[]n nb_ a_h_l[ncih i` l_[]ncp_ 
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irsa_h mj_]c_m ch^o]_^ \s mnl_mm `[]nilm, ch]fo^cha chm_]n 

ch`_mn[ncih (33, 34). Folnb_lgil_, nb_ g_n[\ifcn_ m]l__hcha 

ch iol mno^s l_p_[f_^ nb_ ch^o]ncih i` cgjiln[hn jb_hifc] 

]igjioh^m fce_ kochc] []c^ [h^ mcah[fcha g_n[\ifcn_m 

mo]b [m gsi-chimcnif. Tb_ jl_m_h]_ i` m[fc]sfc] []c^ [h^ 

bs^likochih_ ch ch`_mn_^ jf[hnm `olnb_l moaa_mnm nb_cl lif_ 

ch giohncha [h _ff_]ncp_ ^_`_hm_ l_mjihm_ [a[chmn chm_]n 

ch`_mn[ncih. Ih ]ihnl[mn ni nb_m_ jb_hifc] ]igjioh^m, nb_ 

g_n[\ifcn_ Pslc^ch_, 2-bs^lirs _rbc\cn_^ [ mcahc`c][hn 

^_]l_[m_ ch ]ih]_hnl[ncih ch ch`_mn_^ \[le ]igj[l_^ ni 

hih-ch`_mn_^ \[le. Pslc^ch_ ^_lcp[ncp_m [l_ ehiqh `il nb_cl 

[hncgc]li\c[f [h^ chm_]nc]c^[f jlij_lnc_m cgjfscha [ 

jin_hnc[f lif_ ch jf[hn ^_`_hm_ [a[chmn chm_]nm (35). 

Scgcf[lfs, g_n[\ifcn_ 1,3-Plij[h_^cif mbiq_^ [ mcahc`c][hn 

^_]l_[m_ ch ch`_mn_^ \[le. Afnbioab cnm mj_]c`c] lif_ ch jf[hn 

^_`_hm_ cm hin _rn_hmcp_fs mno^c_^, 1,3-Plij[h_^cif b[m 

\__h l_jiln_^ ni jimm_mm [hnc`oha[f jlij_lnc_m, moaa_mncha 

cnm jin_hnc[f ^_`_hmcp_ `oh]ncih (36). Uhfce_ nb_ 

[`il_g_hncih_^ g_n[\ifcn_m, 4-Pslc^chif _rbc\cn_^ [ 

mcahc`c][hn ch]l_[m_ ch ]ih]_hnl[ncih ch ch`_mn_^ \[le. 

Wbcf_ cnm _r[]n lif_ ch jf[hn ^_`_hm_ l_g[chm oh]f_[l, cn 

gcabn \_ chpifp_^ ch ^_`_hm_ l_mjihm_m il mcah[f 

nl[hm^o]ncih j[nbq[sm nlcaa_l_^ \s chm_]n ch`_mn[ncih. 

A^^cncih[ffs, m[fc]sfc] []c^, [ q_ff-ehiqh mcah[fcha 

gif_]of_, jf[sm [ jcpin[f lif_ ch []ncp[ncha ^_`_hm_ a_h_m 

[h^ ch^o]cha msmn_gc] []kocl_^ l_mcmn[h]_ (SAR) [a[chmn 

j[nbia_hm (37). Scgcf[lfs, L-g[fc] []c^ b[m \__h [mmi]c[n_^ 

qcnb ^_`_hm_ [a[chmn j[nbia_hm, []ncha [m [h chn_lg_^c[n_ 

ch ^_`_hm_-l_f[n_^ g_n[\ifc] j[nbq[sm [h^ j[lnc]cj[ncha 

ch nb_ jli^o]ncih i` m_]ih^[ls g_n[\ifcn_m chpifp_^ ch 

jf[hn ^_`_hm_ g_]b[hcmgm (38). Hs^likochih_, ih nb_ 

inb_l b[h^, g[s\_ [ ]igjih_hn i` nb_ jb_hsfjlij[hic^ 

j[nbq[s, l_mjihmc\f_ `il mshnb_mctcha jb_hifc] 

]igjioh^m mo]b [m fcahch [h^ `f[pihic^m. In ]iof^ [fmi \_ 

chpifp_^ ch nb_ mbcecg[n_ j[nbq[s, qbc]b jli^o]_m 

[lig[nc] [gchi []c^m (39). 

 Tbcm mno^s b[m cffogch[n_^ [ `[m]ch[ncha chn_ljf[s 
\_nq__h Z. mauritiana [h^ f[] chm_]nm. D_mjcn_ \_cha 

chcnc[ffs ^_n_ll_^, nb_m_ chm_]nm _rbc\cn cgjl_mmcp_ 

[^[jn[\cfcns [ffiqcha nb_g ni mo]]_mm`offs ]ifihct_ [h^ 

]igjf_n_ nb_cl fc`_ ]s]f_ qcnbch nb_ m[g_ fi][ncih. Tbcm 

chnlc][n_ l_f[ncihmbcj bcabfcabnm nb_ lif_ i` \[le 

jbsni]b_gc][fm [h^ g_n[\ifcn_ p[lc[ncihm ch mb[jcha nb_ 

ion]ig_ i` jf[hn-chm_]n chn_l[]ncihm. Folnb_l l_m_[l]b chni 

nb_ mj_]c`c] jbsni]b_gc][fm chpifp_^ [h^ nb_cl 

g_]b[hcmgm i` []ncih qcff ^__j_h iol oh^_lmn[h^cha i` 

nb_m_ ]igjf_r _]ifiac][f ^sh[gc]m. Ool mno^s jlipc^_m 

chmcabnm chni nb_ ^sh[gc] l_mjihm_m i` Z. mauritiana ni f[] 

chm_]n ch`_mn[ncih, qcnb [ `i]om ih nb_ g_n[\ifc] ]b[ha_m 

nb[n i]]ol [m j[ln i` nb_ jf[hn'm ^_`_hm_ g_]b[hcmgm. Tb_ 

i\m_lp_^ [fn_l[ncihm ch g_n[\ifcn_ ]ih]_hnl[ncihm, 

j[lnc]of[lfs nb_ ch^o]ncih i` gsi-chimcnif, oh^_lm]il_ nb_ 

]igjf_rcns i` jf[hn-chm_]n chn_l[]ncihm [h^ bcabfcabn nb_ 

lif_ i` mj_]c`c] g_n[\ifcn_m ch chcnc[ncha [h^ l_aof[ncha 

^_`_hm_ l_mjihm_m. Folnb_l l_m_[l]b chni nb_ g_]b[hcmgm 

oh^_lfscha nb_m_ g_n[\ifc] ]b[ha_m qcff _hb[h]_ iol 

oh^_lmn[h^cha i` biq jf[hnm [^[jn [h^ l_mjih^ ni chm_]n 

ch`_mn[ncih. In cm cgjiln[hn ni hin_ nb[n nb_ g_n[\ifcn_m 

^cm]omm_^ [l_ jlcg[lcfs hih-pif[ncf_ [h^ ch]fo^_ ila[hc] 

[]c^m, moa[lm, [f]ibifm, [h^ ^_lcp[ncp_m. Hiq_p_l, cn cm 

qilnb ]ihmc^_lcha nb[n pif[ncf_ ]igjioh^m, ch]fo^cha 

n_lj_h_m, [f^_bs^_m, [h^ [lig[nc] ]igjioh^m, [fmi jf[s 

mcahc`c][hn lif_m ch jf[hn ^_`_hm_ [h^ ]iggohc][ncih. 

Tb_m_ `ch^cham ]iff_]ncp_fs bcabfcabn nb_ ]igjf_rcns i` 

jf[hn-chm_]n chn_l[]ncihm [h^ nb_ gofnc`[]_n_^ h[nol_ i` 

jf[hn ^_`_hm_ g_]b[hcmgm [a[chmn chm_]n ch`_mn[ncih. 

 

Con]luscon   

L[] chm_]nm, ehiqh `il nb_cl m[j-`__^cha \_b[pcil [h^ 

^_j_h^_h]s ih bimn jf[hn honlcncih, b[p_ ^_gihmnl[n_^ 

nb_cl [\cfcns ni mo]]_mm`offs ]ifihct_ bimn jf[hnm ^_mjcn_ nb_ 

jl_m_h]_ i` p[lciom jbsni]b_gc][f ^_`_hm_m. Tbcm 

i\m_lp[ncih moaa_mnm nb[n f[] chm_]nm jimm_mm jbsmc][f il 

]b_gc][f ]o_m nb[n _h[\f_ nb_g ni ip_l]ig_ nb_ jf[hn'm 

^_`_hmcp_ l_mjihm_m. 

S_p_l[f jon[ncp_ g_]b[hcmgm g[s _rjf[ch nbcm 
jb_hig_hih: 

1. Formation of Salivary Flanges and Sheath: L[] 

chm_]nm g[s _gjfis nb_ mnl[n_as i` `ilgcha m[fcp[ls 

`f[ha_m [h^ [ m[fcp[ls mb_[nb [m jlin_]ncp_ \[llc_lm 

^olcha `__^cha. Tb_m_ mnlo]nol_m ]iof^ jl_p_hn [cl 

]ihn[]n qcnb chdol_^ il ch`_mn_^ jf[hn ]_ffm, nb_l_\s 

gchcgctcha nb_ jf[hn'm l_mjihm_ ni nb_cl `__^cha 

[]ncpcnc_m (12). 

2. Production of Specific Enzymes: L[] chm_]nm g[s 

jli^o]_ mj_]c`c] _htsg_m ][j[\f_ i` \l_[echa ^iqh 

m_]ih^[ls g_n[\ifcn_m `ioh^ ch bimn jf[hnm. Bs 

]ihp_lncha nb_m_ ]igjioh^m chni mcgjf_l gif_]of_m, 

nb_ chm_]nm g[s [pic^ nb_ b[lg`of _ff_]nm i` jf[hn 

^_`_hm_m [h^ _hb[h]_ nb_cl [\cfcns ni nblcp_ ih nb_ 

bimn. 

3. Evolutionary Adaptations: Op_l ncg_, f[] chm_]nm g[s 

b[p_ _pifp_^ g_]b[hcmgm ni \sj[mm il chbc\cn jf[hn 

^_`_hm_ j[nbq[sm, mo]b [m nb_ J[mgih[n_ j[nbq[s, 

qbc]b cm ehiqh ni \_ chpifp_^ ch jf[hn l_mjihm_m ni 

chm_]n [nn[]em. 

4. Microbial Partnerships: L[] chm_]nm g[s bimn mj_]c`c] 

aon gc]li\cin[ il _h^imsg\cihnm ch [^^cncih ni 

ehiqh _h^imsg\cihnm, fce_ Wolbachia, Wif\[]bc[ 

Pb[a_, [h^ YLS (40, 41). Tb_m_ gc]liila[hcmgm ]iof^ 

jf[s [ lif_ ch h_onl[fctcha il gi^of[ncha nb_ jf[hn'm 

l_mjihm_ ni ch`_mn[ncih, []ncha [m j[lnh_lm ch nb_ 

chm_]n'm [^[jn[ncih ni cnm _hpclihg_hn. 

 A^^cncih[f mno^c_m, mo]b [m `oh]ncih[f [mm[sm, 

g_n[\ifigc]m [h[fsm_m, a_h_ _rjl_mmcih mno^c_m, il 

a_h_nc] [h[fsm_m, ][h jlipc^_ ^__j_l chmcabnm chni nb_ 

^_`_hm_ j[nbq[sm [h^ chn_l[]ncihm \_nq__h nb_m_ 

g_n[\ifcn_m [h^ f[] chm_]nm. Folnb_lgil_, chp_mnca[ncha 

nb_ ]b_gc][f jli`cf_m i` p[lciom bimn jf[hnm [h^ nb_cl 

cgj[]n ih f[] ]l[qf_l m_nnf_g_hn j[nn_lhm ]iof^ sc_f^ 

_mm_hnc[f ch`ilg[ncih `il ijncgctcha f[] jli^o]ncih [h^ 

_hb[h]cha iol oh^_lmn[h^cha i` nb_ chnlc][n_ chn_l[]ncihm 

\_nq__h f[] chm_]nm [h^ nb_cl bimn jf[hnm. Tb_m_ l_mofnm 

gcabn ]ihnlc\on_ ni [ gil_ fiac][f [mm_mmg_hn i` nb_ Z. 

mauritiana bimn jf[hn'm jin_hnc[f [m [ aii^ bimn [m ^_mjcn_ 

[h ch]l_[m_ ch nb_ ]ih]_hnl[ncih i` nb_m_ m_]ih^[ls 

g_n[\ifcn_m nb_ chm_]n ][h chp[^_ nb_ jf[hn ncmmo_m 
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mo]]_mm`offs. Tbcm ihaicha l_m_[l]b g[s f_[^ ni nb_ 

^_p_fijg_hn i` mnl[n_ac_m `il cgjlipcha f[] jli^o]ncih 

[h^ g[h[a_g_hn jl[]nc]_m ch f[] ]ofncp[ncih. In qcff [fmi 

]ihnlc\on_ ni [ \_nn_l oh^_lmn[h^cha i` nb_ ]i-

_pifoncih[ls ^sh[gc]m \_nq__h f[] chm_]nm [h^ nb_cl bimn 

jf[hnm, mb_^^cha fcabn ih chm_]n-jf[hn chn_l[]ncihm [h^ 

jin_hnc[ffs iff_lcha p[fo[\f_ [jjfc][ncihm `il f[] 

jli^o]ncih [h^ g[h[a_g_hn. 

 

A]knowl_^a_m_nts 

Tb_ [onbilm [l_ nb[he`of `il nb_ `ch[h]c[f mojjiln jlipc^_^ 

\s nb_ D_j[lng_hn i` S]c_h]_ [h^ T_]bhifias (DST), N_q 

D_fbc ni IGNTU, Ag[le[hn[e ch nb_ `ilg i` nb_ DST-SERB 

(CRG/2021/004163) jlid_]n al[n_`offs []ehiqf_^a_^.  
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