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A\str[]t  

Ih nbcm mno^s, nb_ mcfp_l h[hij[lnc]f_m b[p_ \__h al__h mshnb_mct_^ omcha Coscinium 
fenestratum   (Gaertn.) Colebr.:. Sshnb_mct_  ̂ mcfp_l h[hij[lnc]f_m b[p_ \__h 
jl_fcgch[ls p[fc [̂n_^ \s nb_ ]ifil ]b[ha_ ni lomns \liqh l̀ig al__hcmb s_ffiq [h  ̂
(UV-mj_]nlim]ijs). Miljbifiac][f [h[fsmcm nblioab Fc_f^ _gcmmcih m][hhcha 
gc]lim]ijs (FE-SEM) mbiq_  ̂ ]o\c] [h  ̂ mjb_lc][f mb[j_m i  ̀ mshnb_mct_  ̂
h[hij[lnc]f_m [h  ̂nb_ ^c[g_n_l i` nb_ mshnb_mct_^ h[hij[lnc]f_m l[ha_^ l̀ig 30.18 
ni 184.89hg. Tb_ (EDS) _h_las- ^cmj_lmcp_ r-l[s mj_]nlim]ijs mj_]nlog b[m 
]ih`clg_  ̂nb_ mshnb_mcm i` mcfp_l h[hij[lnc]f_m (AaNPm). Tb_ j_[em [lioh^ 400 ]g ̄ 1 
ni 600 ]g ˉ1 ch nb_ IR mj_]nlog ch^c][n_^ nb_ pc\l[ncih i` g_n[fm- irsa_h (Aa-O), 
qb_l_[m \[h  ̂[n 1365.60 ]g ˉ1 [h^ 1357.89 ]g ̄ 1 mbiqm nb_ bŝ lirsf alioj \_h^cha 
qbc]b ]ih̀ clgm nb_ mshnb_mcm i` h[hij[lnc]f_m. Tb_ mshnb_mcm_^ mcfp_l h[hij[lnc]f_m 
_rbc\cn_^ [hnc\[]n_lc[f []ncpcns [a[chmn Escherichia coli qcnb 20±0.3 gg (Zih_ i  ̀
chbc\cncih). 
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Ihtri^u]tcih  

A mcahc`c][hn [l_[ i` jl_m_hn-^[s l_m_[l]b cm h[hin_]bhifias, [ `c_f^ ]ih]_lh_^ qcnb 
nb_ ^_p_fijg_hn, g[h[a_g_hn, [h^ g[hcjof[ncih i` j[lnc]f_ mnlo]nol_m \_nq__h 1 
[h  ̂ 100 hg ch mct_. Ih l_]_hn s_[lm, h[hij[lnc]f_m mshnb_mcm b[m l_]_cp_^ [nn_hncih 
\_][om_ i  ̀ cnm p[lciom jlij_lnc_m fce_ ijnc][f, _f_]nlc][f, ]b_gc][f [h^ g[ah_nc]. 
Cb_gc][f [h[fsmcm, chn_al[n_^ ]cl]ocnm, ]_ff _f_]nli^_, [h  ̂ [hnc\[]n_lc[f ^_i^il[hn 
`c\l_ [l_ [ `_q [jjfc][ncihm `il mcfp_l h[hij[lnc]f_m (1). A l[ha_ i  ̀ h[hig[n_lc[fm 
b[p_ [jjfc][ncihm [m [hncgc]li\c[f [a_hnm, qbc]b ch]fo^_ g_n[f-\[m_^ 
h[hij[lnc]f_m, ][l\ih-\[m_  ̂ h[hig[n_lc[fm, jifsg_lm, h[hi]igjimcn_, 
h[hi_gofmcihm, fcjimig_m, [h  ̂mg[ln h[hig[n_lc[fm (2). 

 A ]lo]c[f [l_[ i  ̀ ]ihn_gjil[ls h[hin_]bhifias l_m_[l]b cm nb_ ]l_[ncih i` 
^_j_h^[\f_ al__h jli]_mm_m `il nb_ g[hò []nol_ i  ̀ mcfp_l h[hij[lnc]f_m. V[lciom 
g_nbi^m omcha jf[hnm, `ohac [h  ̂ \[]n_lc[ b[p_ \__h om_  ̂ ni mshnb_mct_ 
h[hij[lnc]f_m (3). Tb_ mshnb_mcm i  ̀g_n[ffc] mcfp_l h[hij[lnc]f_m l̀ig nb_cl jl_]olmil 
m[fnm [h  ̂ nb_ mn[\cfcns i` nb_ mcfp_l h[hij[lnc]f_m ch [ ]igjfc][n_^ l_^ir-g_^c[n_^ 
jli]_mm cm `[]cfcn[n_^ \s [ hog\_l i` ko[fcn[ncp_ ]igjih_hnm `ioh^ ch jf[hnm. Tb_ 
nbl__ g[ch mn_jm `il nb_ `ilg[ncih i  ̀ nb_ mcfp_l h[hij[lnc]f_m [l_ R_^o]ncih, 
Aaafig_l[ncih [h^ Sn[\cfct[ncih (4). Tb_ ]b_gc][f l_^o]ncih i  ̀[h [ko_iom mifoncih 
i` mcfp_l hcnl[n_ cm ih_ i  ̀ nb_ gimn qc^_fs om_  ̂ jli]_mm_m `il nb_ mshnb_mcm i  ̀ mcfp_l 
h[hij[lnc]f_m. 
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 Tb_ l_[]ncih p_mm_fm b[p_ nb_ [jj_[l[h]_ i  ̀ [ 
s_ffiqcmb-\liqh ]ifil ch^c][ncha nb_ `ilg[ncih i  ̀ mcfp_l 
h[hij[lnc]f_m (5). Wcnbion [hs n_gjf[n_m, [^̂ cncp_m, il 
[]]_f_l[hnm, C. fenestratum f_[  ̀ _rnl[]n q[m [\f_ ni 
jli^o]_ h[hili^m [n liig n_gj_l[nol_. Tb_ mshnb_mcm i  ̀
mcfp_l h[hili^m g[s \_ ^o_ ni nb_ \_l\_lch_ [ĥ  inb_l 
[fe[fic^m ̀ ioh  ̂ch C. fenestratum (1). 

 Cigj[l_  ̂ ni ]ihp_hncih[f AaNPm, \cifiac][ffs 
mshnb_mcm_^ AaNPm _rbc\cn _p_h \_nn_l ][n[fsnc] [h  ̂
_f_]nlc][f jlij_lnc_m. Tb_ gimn ]iggih [jjfc][ncih i  ̀
nb_m_ ][n[fsnc] jlij_lnc_m cm nb_ nl_[ng_hn i` q[mn_q[n_l. 
Ih il^_l ni nl_[n q[mn_q[n_l, nb_ mn_g _rnl[]n l̀ig C. 
fenestratum q[m om_^ ni ]l_[n_ AaNPm (6,7). 

 AaNPm b[p_ \__h c^_hnc`c_^ [m ih_ i` nb_ jin_hnc[f 
g_n[ffc] h[hij[lnc]f_m `il q[mn_q[n_l nl_[ng_hn nb[n ][h 
l_gip_ b_[ps g_n[fm [h^ ^s_m. Tb_s [l_ `l_ko_hnfs om_^ 
ch nb_ nl_[ng_hn i  ̀ q[mn_q[n_l ni a_n lc  ̂ i  ̀ gc]li\_m 
\_][om_ nb_s b[p_ [hncgc]li\c[f jlij_lnc_m nb[n [l_ qc^_fs 
l_]iahct_^. In b[m [fmi \__h qc^_fs om_^ [m \cim_hmilm ch 
nb_ `ii  ̂ch^omnls [h^ ̀ il nb_ ^_n_]ncih i  ̀b_[ps g_n[fm (8).   

 

M[t_rc[fs [h^ M_tbi^s 

Tb_ l̀_mb f_[` m[gjf_m q_l_ [cl-^lc_^ [n liig n_gj_l[nol_ 
`il 72 bl ni l_gip_ gicmnol_. Tb_ ^lc_  ̂ f_[` m[gjf_m q_l_ 
alioh  ̂ chni [ `ch_ jiq^_l. A nin[f i  ̀ 3 al[gm i` l̂c_^ f_[  ̀
jiq^_l q[m i\n[ch_^ `lig nb_ chcnc[f 100 a i` `l_mb f_[  ̀
m[gjf_m. Tb_ q_cabn i` nb_ l̂c_^ f_[  ̀ jiq^_l q[m 
[]]ol[n_fs g_[mol_^ [h^ l_]il^_^. 

Scfv_r hctr[t_ sifutcih jr_j[r[tcih 

Fil nb_ jl_j[l[ncih i` 1gM, 3gM [h^ 5gM Scfp_l hcnl[n_ 
(AaNO3) 0.018a, 0.05a [h^ 0.09a i` AaNO3 q_l_ [^^_^ ni 
100 gf i` ^cmncff_^ q[n_l l_mj_]ncp_fs. Ti jl_p_hn nb_ mcfp_l 
`lig [oni-irc^[ncih, nb_ mifoncih q[m nbilioabfs gcr_  ̂
[h^ g[chn[ch_  ̂ch [h [g\_l-]ifil_^ \innf_ (1). 

Scfv_r h[hij[rtc]f_s ar__h syhtb_scs 

Fl_mb mcfp_l hcnl[n_ mifoncih q[m jl_j[l_^ omcha ^cmncff_^ 
q[n_l [n [ ]ih]_hnl[ncih i` [\ion 1 ga/gf ch nb_ ^[le. Bs 
]ig\chcha jl_j[l_^ f_[  ̀ _rnl[]nm qcnb mcfp_l hcnl[n_ 
mifoncih (AaNO3) [n [ l[nci i  ̀1 ni 1 gif (90 gf i  ̀[ko_iom 
mifoncih ]ihn[chcha 1 gM, 3Mg, 5gM mcfp_l hcnl[n_ q[m 
]ig\ch_  ̂ qcnb 10 gf i  ̀ C. fenestratum _rnl[]n), cn 
[jj_[l_^ `_[mc\f_ ni ]ihp_ln Aa+ ni Aa0. Tb_ l_mofncha 
gcrnol_ i  ̀jf[hn _rnl[]nm [h  ̂AaNO3 b[m \__h e_jn qcnbch [ 
l[ha_ i  ̀ 27 °C. A pcmc\f_ [fn_l[ncih ch ]ifiol q[m om_^ ni 
nl[]e nb_ l_^o]ncih i` mcfp_l cihm ch nb_ mifoncih. Tbcm 
mbiqm nb_ `clmn _pc^_h]_ nb[n C. fenestratum q[m ]l_[n_  ̂
`lig mcfp_l h[hij[lnc]f_m (C`-Aa h[hij[lnc]f_m). Tb_ 
gcrnol_ q[m nb_h ch]o\[n_^ `il [h _hncl_ hcabn [n liig 
n_gj_l[nol_ ch nb_ [̂le (1). 

Ahtc\[]t_rc[f [ss[y 

Ih nbcm [hnc\[]n_lc[f [mm[s, h[hij[lnc]f_m mshnb_mct_^ omcha 
_nb[hifc] f_[  ̀ _rnl[]n q_l_ n_mn_^ `il nb_cl [hnc\[]n_lc[f 
[]ncpcns [a[chmn nqi \[]n_lc[f mnl[chm. Tb_ [hnc\[]n_lc[f 
[mm[s q[m _mncg[n_^ omcha nb_ [a[l ^cm] ^cffomcih g_nbi  ̂
[a[chmn nb_ \[]n_lc[f mnl[ch E.coli [h  ̂Bacillus  licheniformis 
(8). 

Ih mogg[ls, nb_ m_f_]n_^ \[]n_lc[f j[nbia_hm q_l_ _p_hfs 
^cmnlc\on_^ omcha mn_lcf_ ]innih mq[\m ih nb_ mol`[]_ i  ̀
mifc^c`c_^ (Lolc[ \linb) LB g_^c[ jf[n_m. Sn_lcf_ `cfn_l j[j_l 
^cm]m q_l_ nb_h fi[^_  ̂ qcnb ^cff_l_hn ]ih]_hnl[ncihm i  ̀
nb_ mshnb_mct_  ̂ mcfp_l h[hij[lnc]f_m i  ̀ _nb[hifc] f_[  ̀
_rnl[]n (25μf [h  ̂50μf) [h  ̂ ch]o\[n_^ `il 24 biolm [n 37˚C 
[h^ i\m_lp_^ nb_ chbc\cncih tih_. 

Cb[r[]t_rcz[tcih g_tbi^s 

Umcha [ Sbcg[ t̂o UV-1800 mj_]nlim]ijs, nb_ UV-pcmc\f_ 
mj_]nlog i  ̀ mshnb_mct_  ̂ Aa NPm q[m l_]il^_^ [n [ 
q[p_f_hanb l[ha_ \_nq__h 300 [h^ 600 hg. S][hhcha 
_f_]nlih gc]lim]ijs (FE-SEM-TESCAN MIRA 3) q[m om_  ̂ ni 
[h[fst_ nb_ mol`[]_ giljbifias, mct_, [h  ̂ EDS [h[fsmcm 
q[m om_^ ni [h[fsm_ nb_ _f_g_hn[f g[e_oj i  ̀ mshnb_mct_  ̂
Aa NPm. Umcha [h IR mj_]nlim]ijs (FTIR- 00585, 
P_lechEfg_l), nb_ ]b_gc][f ]igjimcncih i  ̀ C. fenestratum, 

Aa NPm q[m _r[gch_^ [h^ l_]il^_^ ip_l 400–4000 ]g−1 
(9). 

 

R_sufts 

Firg[tcih i  ̀Aa h[hij[rtc]f_s 

Ih nbcm mno^s, nb_ mshnb_mcm i  ̀ mcfp_l h[hij[lnc]f_m (Aa NPm) 
`lig C. fenestratum f_[` _rnl[]nm q[m mo]]_mm`offs []bc_p_̂  
\s ]ig\chcha AaNO3 qcnb \inb g_nb[hifc] [h  ̂ _nb[hifc] 
_rnl[]nm. Oh_ i` nb_ mnlcecha i\m_lp[ncihm ôlcha nb_ 
mshnb_mcm jli]_mm q[m nb_ al[^o[f ]ifil ]b[ha_ `lig 
al__hcmb ni lomns \liqh. Tbcm pcmo[f nl[hm̀ ilg[ncih m_lp_  ̂
[m [h chcnc[f ]ih̀ clg[ncih i` Aa NPm mshnb_mcm (Fca 1). Tb_ 
]ifil ]b[ha_ jb_hig_hih cm [nnlc\on_^ ni nb_ mol`[]_ 
jf[mgih l_mih[h]_ i` Aa NPm, qbc]b cm [h ch^c][nil i  ̀
h[hij[lnc]f_ `ilg[ncih. In i]]olm ô_ ni nb_ ]iff_]ncp_ 
im]cff[ncih i  ̀ l̀__ _f_]nlihm ch nb_ g_n[f h[hij[lnc]f_m 
qb_h _rjim_^ ni _f_]nlig[ah_nc] l[^c[ncih, l_mofncha ch 
nb_ [\miljncih i  ̀ mj_]c`c] q[p_f_hanbm [h  ̂ nb_ 
g[hc`_mn[ncih i` ^cmnch]n ]ifilm *6+. Ih iol mno^s, nbcm 
]b[ha_ l̀ig al__hcmb ni lomns \liqh ]f_[lfs ch^c][n_^ nb_ 
l_^o]ncih i  ̀nb_ jl_]olmil m[fn (AaNO3) ni Aa NPm. 

Fca. 1. A: Sshnb_mcm i` h[hij[lnc]f_m \s g_nb[hifc] _rnl[]n [ft_l 3 ^[sm. B:  
Sshnb_mcm i` h[hij[lnc] f_m \s _nb[hifc] _rnl[]n [ft_l 3 ^[sm. Ih nbcm `caol_,  
nb_ jli]_mm i` h[hij[ln c]f_ m shnb_mcm cm  ^_jc]n_^ , on cfct cha [h g_nb[hifc]  
[h^  _nb[hifc] f_[  ̀ _rnl[]n [h^ [ffiqcha nb_ l_[]ncih ni jli]__^ `il 3 ^[sm. 
Vcmo[f ]b[ha_m il inb_l j_lnch_hn i \m_lp[ncihm [l_ jl_m_hn_^, ]ih`clgcha 
nb_ mshnb_mcm i` h[hij[lnc]f_m qcnb nb_ _nb[hifc] _rnl[]n.  

https://horizonepublishing.com/journals/index.php/TCB/index
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 Nin[\fs, nb_ ]ifil ]b[ha_ q[m hin i\m_lp_^ qb_h 
fiq_l ]ih]_hnl[ncihm i` f_[` _rnl[]n (1 gM [h  ̂3 gM) q_l_ 
_gjfis_^ ch nb_ mshnb_mcm jli]_mm. Am mo]b, nb_ 5 gM 
]ih]_hnl[ncih i` f_[  ̀ _rnl[]n _g_la_^ [m nb_ ijncg[f 
]bic]_ `il nb_ ]b[l[]n_lct[ncih i  ̀ nb_ mshnb_mct_  ̂ Aa NPm 
ch nbcm mno^s. 

UV sj_]tris]ijy 

Ih iol mno^s, q_ oncfct_  ̂ UV mj_]nlim]ijs ni [h[fst_ nb_ 
g_nb[hifc] [h  ̂ _nb[hifc] f_[  ̀ _rnl[]nm i  ̀ C. fenestratum 
[ft_l nb_ mshnb_mcm i  ̀ mcfp_l h[hij[lnc]f_m (Aa NPm). Tb_ UV 
mj_]nl[, [m ^_jc]n_^ ch Fcaol_ 2, jlipc^_  ̂ ]lo]c[f chmcabnm 
chni nb_ `ilg[ncih [h^ ]b[l[]n_lcmnc]m i` Aa NPm qcnbch nb_ 
l_mj_]ncp_ _rnl[]nm.  

 Ihn_l_mnchafs, ch nb_ ][m_ i` nb_ _nb[hifc] f_[  ̀
_rnl[]n, [ ^cmnch]n [h  ̂ \fohn j_[e q[m i\m_lp_  ̂ [lioh  ̂
400hg [ft_l 72 biolm i` ch]o\[ncih (Fca 2). Tbcm 
oh_kocpi][f j_[e `ilg[ncih m_lp_  ̂ [m mnliha _pc^_h]_ 
]ih`clgcha nb_ mo]]_mm`of mshnb_mcm i  ̀ Aa NPm. Tb_ mb[lj 
j_[e [n [jjlircg[n_fs 400 hg cm [ `_[nol_ [mmi]c[n_^ qcnb 
nb_ mol`[]_ jf[mgih l_mih[h]_ i` Aa NPm *3+, `olnb_l 
p[fc^[ncha nb_cl jl_m_h]_ [ĥ  mn[\cfcns qcnbch nb_ _nb[hifc] 
_rnl[]n. 

 Cihp_lm_fs, nb_ UV mj_]nlog i  ̀ nb_ g_nb[hifc] f_[  ̀
_rnl[]n (Fca 2) _rbc\cn_  ̂ [ ^cff_l_hn jli`cf_. Wbcf_ cn 
ch^c][n_^ nb_ chcnc[ncih i` Aa NPm `ilg[ncih, nb_ j_[e q[m 
hin [m jligch_hn il ^cmnch]n [m nb[n i\m_lp_^ ch nb_ 
_nb[hifc] _rnl[]n. Tbcm i\m_lp[ncih moaa_mnm nb[n ch nb_ 
g_nb[hifc] _rnl[]n, nb_ `ilg[ncih i` Aa NPm gcabn \_ ch 
nb_ _[lfs mn[a_m, [h  ̂ nb_cl ]ih]_hnl[ncih il mct_ g[s hin 
\_ [m mcahc`c][hn [m ch nb_ _nb[hifc] _rnl[]n. 

FTIR Ah[fyscs 

Tb_ FTIR mj_]nlog i` C. fenestratum g_nb[hifc] (Fca 3A) 
[h  ̂ _nb[hifc] f_[  ̀ _rnl[]n (Fca 3B), Aa NPm q_l_ mbiqh. 
FTIR mj_]nl[ i  ̀ g_nb[hifc] f_[` _rnl[]n (Fca 3A) Aa NPm 
^cmjf[s C=O mnl_n]bcha [n 1728.22]g  ̄1,\li[^ [h  ̂ h[lliq 
j_[e i` N-H \_h^cha [n 1589.34]gˉ 1 ,\li[^ j_[e ì O-H 
\_h^cha [n 1365.60]gˉ 1,mb[lj j_[e i` S=O [n 1033.85 ]g  ̄1 
[h^ q_[e j_[e i` N-O mnl_n]bcha [n 1512.19]g  ̄1.Onb_lm 
j_[e [n 711.53]g  ̄1 ,725.23]g  ̄1 [h  ̂ 833.25]gˉ 1 ]ihnlc\on_̂  
`il C=C \_h^cha. FTIR mj_]nl[ i  ̀ _nb[hifc] f_[  ̀ _rnl[]n (Fca 
3B) Aa NPm ^cmjf[sm q_[e [h^ \li[^ O-H mnl_n]bcha [n 
2916.37]gˉ 1 [h^ 2846.93]gˉ 1.O-H \_h^cha [n 1357.89]g  ̄1, 
mnliha C=O mnl_n]b [n 1728.22]gˉ 1, C=C mnl_n]bcha [n 
1597.06]gˉ 1, mnliha C-OH mnl_n]bcha [n 1111.0]gˉ 1, 1072.42 
]gˉ 1 [h  ̂ 1033.85]g  ̄1 [h  ̂ N-O mnl_n]bcha [n 1504.48]g  ̄1. 

Fca. 2. A\mil\[h]_ Sj_]nl[ i` M_nb[hifc] [h^ Enb[hifc] L_[` Ernl[]n [n V[lciom Ojnc][f D_hmcnc_m (OD) l_mj_]ncp_fs. A\mil\[h]_ mj_]nl [ i` nb_ g_nb[hifc] [h^ 
_nb[hifc] f_[` _rnl[]n q_l_ g_[mol_^ [n p[lciom  ijnc][f ^_hmcnc_m (OD), mj[hh cha nb_ l[ha_ `lig 0.1 ni  3.5 OD oh cnm.  Tb_ al[j b j l_m_hnm nb_ [\mil\[h]_ j li`cf_  
[]limm nb_ UV-pcmc\f_ mj_]nlog, b cabfcabncha nb_ [\mil\[h]_ \_b[pciol i` nb_ _nb[hifc] f_[` _rnl[]n [n nb_ mj_]c`c_^ OD p[fo_m.  

Fca. 3A FTIR Sj_]nlog i` M_nb[hifc] L_[` Ernl[]nm i  ̀ C. fenestratum  
Cihn[chcha Scfp_l N[hij[lnc] f_m (Aa NPm). Tbcm FTIR (Fiolc_l -nl[hm`ilg 
ch`l[l_^) mj_]nlog l_jl_m_hnm nb_ ]b_gc][f ]igjimcncih i` g_nb[hifc] f_[  ̀
_rnl[]nm `lig C. fenestratu m ]ihn[chcha m shnb_mct_^ mc fp_l h[hij[lnc] f_m (Aa 
NPm). Tb_ mj_]nlog q[m []kocl_^ ni _fo]c^[n_ nb_ `oh]ncih[f aliojm [h^ 
gif_]of[l chn_l[]ncihm jl_m_hn ch nb_ f_[` _rnl[]n `iffiqcha nb_ mshnb_mcm 
jli]_mm.  

Fca. 3B FTIR Sj_]nlog i` Enb[hi fc] L_[` Ernl[]nm i` C. fen estratum  
Cihn[chcha Scfp_l N[hij[lnc] f_m (Aa NPm). Tbcm FTIR (Fiolc_l -nl[hm`ilg 
ch`l[l_^) mj_]nlog l_jl_m_hnm nb_ ]b_gc][f ]igjimcncih i` _nb[hifc] f_[  ̀
_rnl[]nm `lig C. fenestratu m ]ihn[chcha m shnb_mct_^ mc fp_l h[hij[lnc] f_m (Aa 
NPm). Ih nb_ mj_]nlog, mo]b [m j_[e jimcncihm [h^ chn_hmcnc_m, [l_ ch^c][ncp_ 
i` nb_ p[lciom  ]b_gc][f \ih^m [h^  `oh]ncih[f aliojm  ch pifp_^  ch nb_ 
mn[\cfct[ncih  [h^ ][jj cha i` nb_ Aa NPm . Tb_ FTIR [h[fsmcm  jlipc^_m p[fo[\ f_ 
chmcabnm chni nb_ gif_]of[l _hpcli hg_hn i` nb_ Aa NPm qcnbch nb_ f_[  ̀
_rnl[]n, mb_^^cha fcabn ih jin_hn c[f \ci[]ncp_ ]igjioh^m l_mjihmc\ f_ `il 
nb_cl mshnb_mcm [h^ mn[\cfcns.  
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Tb_m_ [l_ _pc^_h]_ i` nb_ jl_m_h]_ i` \_l\_lch_ ]ihn_hn 
qbc]b cm l_mjihmc\f_ `il nb_ `ilg[ncih i  ̀ h[hij[lnc]f_m. 
Tb_ Aa+ cihm g[s \_ mn[\cfct_^ \s \_l\_lch_ fih_ _f_]nlih 
j[clm, [h  ̂ ho]f_[ncih mcn_m g[s \_ ]l_[n_^ qcnbion AaNP 
]fomn_lcha. Tbcm l_m_[l]b `ioh  ̂ nb[n jf[hn- ^_lcp_  ̂
gif_]of_m q_l_ om_^ ni ][j AaNPm, qbc]b g[s b[p_ 
^_]l_[m_^ nb_ Aa (I) jl_]olmilm [h^ jlipc^_  ̂ [ mn[\cfctcha 
_ff_]n. 

EDS Ah[fyscs 

Tb_ mshnb_mcm i  ̀ mcfp_l h[hij[lnc]f_m (AaNPm) ch \inb nb_ 
g_nb[hifc] [h  ̂ _nb[hifc] f_[  ̀ _rnl[]nm i  ̀ C. fenestratum 
q[m `olnb_l mo\mn[hnc[n_^ nblioab _h_las-^cmj_lmcp_ X-l[s 
mj_]nlim]ijs (EDS) [h[fsmcm. EDS jlipc^_  ̂ p[fo[\f_ 
chmcabnm chni nb_ _f_g_hn[f ]igjimcncih i` nb_ mshnb_mct_  ̂
h[hij[lnc]f_m. Ih nb_ EDS mj_]nlog i` nb_ _nb[hifc] f_[  ̀
_rnl[]n (Fca 4B), mcfp_l (Aa) _rbc\cn_^ nb_ bcab_mn [h  ̂
g[rcgog hog\_l i  ̀ j_[em, ]illi\il[ncha nb_ mo]]_mm`of 
mshnb_mcm i` AaNPm. Tbcm jlihioh]_^ jl_m_h]_ i` Aa j_[em 
oh^_lm]il_m nb_ [\oh^[h]_ [h  ̂ jolcns i  ̀ mcfp_l qcnbch nb_ 
h[hij[lnc]f_m `ilg_  ̂ch nb_ _nb[hifc] _rnl[]n. 

 Cihp_lm_fs, ch nb_ EDS mj_]nlog i` nb_ g_nb[hifc] 
f_[  ̀ _rnl[]n (Fca 4B), qbcf_ mcfp_l (Aa) q[m nb_ _f_g_hn qcnb 
nb_ bcab_mn j_[e, ][l\ih (C) ^cmjf[s_  ̂nb_ gimn jligch_hn 
j_[e. Tbcm i\m_lp[ncih moaa_mnm nb_ jl_m_h]_ i` [ 
mcahc`c][hn ][l\ih[]_iom ]igjih_hn ch nb_ h[hij[lnc]f_m 
mshnb_mct_^ ch nb_ g_nb[hifc] _rnl[]n. Tb_ ]i_rcmn_h]_ i  ̀
][l\ih j_[em qcnb mcfp_l j_[em g[s ch^c][n_ nb_ jl_m_h]_ 
i` ila[hc] ][jjcha [a_hnm il mn[\cfct_lm ch nb_ mshnb_mct_  ̂
AaNPm.  

SEM Ah[fyscs 

Tb_ mnlo]nol[f ]igjf_rcns i  ̀ mcfp_l h[hij[lnc]f_m (Aa NPm) 
cm q_ff-^i]og_hn_^ [h^ ][h _rbc\cn p[lc[ncihm ch`fo_h]_  ̂
\s hog_liom `[]nilm, ch]fo^cha nb_ mshnb_mcm g_nbi^, 
l_[]ncih ]ih^cncihm, [m q_ff [m mct_ [h  ̂ mb[j_ ]ihnlif. Ih 
nbcm mno^s, Fc_f^-Egcmmcih S][hhcha Ef_]nlih Mc]lim]ijs 
(FE-SEM) q[m _gjfis_  ̂ ni jlipc^_ p[fo[\f_ chmcabnm chni 
nb_ giljbifiac][f ]b[l[]n_lcmnc]m i  ̀ nb_ mshnb_mct_^ Aa 

NPm. A]]il^cha ni nb_ FE-SEM cg[a_m jl_m_hn_^ ch Fcaol_ 
5, nb_ mshnb_mct_^ Aa NPm _rbc\cn_^ ^cmnch]n mnlo]nol[f 
`_[nol_m. Ih Fcaol_ 5A, [ ]o\_-fce_ mnlo]nol_ q[m i\m_lp_  ̂
ch nb_ g_nb[hifc] f_[` _rnl[]n, mbiq][mcha nb_ ]o\c] 
giljbifias i  ̀ nb_ h[hij[lnc]f_m. SEM [h[fsmcm l_p_[f_^ [ 
l[ha_ i  ̀ h[hij[lnc]f_ ^c[g_n_lm, mj[hhcha `lig 30.18 ni 
83.12 hg. 

 Cihp_lm_fs, ch Fcaol_ 5B, nb_ _nb[hifc] f_[  ̀ _rnl[]n 
^cmjf[s_^ mjb_lc][f h[hij[lnc]f_m qcnb [ q_ff-^_`ch_^ 
mjb_lc][f giljbifias. SEM [h[fsmcm i  ̀ nb_ _nb[hifc] 
_rnl[]n l_p_[f_^ [ \li[^_l l[ha_ i  ̀ h[hij[lnc]f_ 
^c[g_n_lm, l[hacha l̀ig 45.17 ni 184.89 hg. 

Ahtc\[]t_rc[f [ss[y 

Ih nbcm [hnc\[]n_lc[f [mm[s, nqi \[]n_lc[f mnl[chm q_l_ 
n_mn_^ `il nb_cl mom]_jnc\cfcns ni nb_ [hnc\[]n_lc[f [a_hn. 
Fil E. ]ifc, nb_ chbc\cncih tih_ ^c[g_n_l q[m g_[mol_  ̂ [m 
20 ± 0.3gg qb_h 25 µL i  ̀ nb_ _nb[hifc] f_[  ̀ _rnl[]n q[m 
om_^ [h^ 25 ± 0.2gg qb_h 50µL q[m om_^ (Fca 6). Tbcm 
moaa_mnm nb[n nb_ f_[` _rnl[]n b[^ [ gi^_l[n_ chbc\cnils 
_ff_]n ih nb_ aliqnb i  ̀ E. ]ifc, qcnb [ mnliha_l _ff_]n 
i\m_lp_  ̂ qcnb nb_ bcab_l ]ih]_hnl[ncih (50µL). Oh nb_ 
inb_l b[h^, `il B. licheniformis, hi chbc\cncih tih_ q[m 
^_n_]n_^ [n _cnb_l 25 µL il 50 µL i` nb_ [hnc\[]n_lc[f [a_hn. 
Tbcm ch^c][n_m nb[n nb_ _nb[hifc] f_[  ̀ _rnl[]n ^c^ hin mbiq 
mcahc`c][hn [hnc\[]n_lc[f []ncpcns [a[chmn B. licheniformis 
oh^_l nb_ ]ih^cncihm n_mn_^. 

 In'm cgjiln[hn ni hin_ nb[n nb_ [\m_h]_ i  ̀ [h 
chbc\cncih tih_ ^i_m hin h_]_mm[lcfs cgjfs ]igjf_n_ 
ch_ff_]ncp_h_mm [a[chmn nb_ \[]n_lc[f mnl[ch, [m inb_l ̀ []nilm 
mo]b [m nb_ \[]n_lc[f l_mcmn[h]_ g_]b[hcmgm [h^ nb_ 
mj_]c`c] jlij_lnc_m i  ̀ nb_ f_[` _rnl[]n g[s ch`fo_h]_ nb_ 
l_mofnm. Folnb_l n_mncha [h  ̂ [h[fsmcm g[s \_ l_kocl_  ̂ ni 
`offs oh^_lmn[h  ̂ nb_ [hnc\[]n_lc[f []ncpcns i` nb_ [a_hn 
[a[chmn nb_m_ \[]n_lc[f mnl[chm. 

 

Fca. 4A  EDS Sj_]nlog i` M_nb[hifc] L_[` Ernl[]nm i` C. fen estratum  
Cihn[chcha Scfp_l N[hij[lnc] f_m (Aa NPm). Tbcm EDS (Eh_las-Dcmj_lmcp_ X-l[s 
Sj_]nlim]ij s) mj_]nlog jl_m_hnm nb_ _f_g_hn[f ]igjimcncih i` g_nb[hifc] 
f_[` _rnl[]nm `lig C. fenestratu m ]i hn[chcha m shnb_mct_^ mc fp_l h[hij[lnc] f_m 
(Aa NPm). Tb_ mj_]nlog q[m i\n[ch_^ ni c^_hnc`s [h^  ko[hnc`s nb_ _f_g_hn[f 
]ihmncno_hnm qcnbch nb_ f_[` _rnl[]n, qcnb [ j[lnc]of[l `i]om ih nb_ jl_m_h]_ 
i` mcfp_l  (Aa). 

Fca. 4B EDS Sj_]nlog i` M_nb[hifc] L_[` Ernl[]nm i` C. fenestratum 
Cihn[chcha Scfp_l N[hij[lnc] f_m (Aa NPm). Tbcm EDS (Eh_las-Dcmj_lmcp_ X-l[s 
Sj_]nlim]ij s) mj_]nlog jl_m_hnm nb_ _f_g_hn[f ]igjimcncih i` g_nb[hifc] 
f_[` _rnl[]nm `lig C. fenestratu m ]i hn[chcha m shnb_mct_^ mc fp_l h[hij[lnc] f_m 
(Aa NPm). Tb_ jligch_hn  j_[em ch nb_ mj_]nlog ]ill_mjih ^ ni nb_ 
]b[l[]n_lcmnc]  X -l[s _gcmmcihm  i` nb_ _f_g_hnm jl_m_hn. Tb_ jl_m_h]_ i` 
mnliha mcfp_l j_[em ]ih`clgm nb_ _rcmn_h]_ i` Aa NPm ch nb_ f_[` _rnl[]n.  
A^^cncih[ ffs, inb_l _f_g_hn[f j_[em, c` ^_n_]n_^, g[s jli pc^_ chm cabnm chni  
nb_ jin_hnc[f jl_m_h]_ i  ̀ [^^cncih[f _f_g_hnm, qbc]b ]iof^ \_ [nnlc\on_^ ni 
nb_ jf[hn _rnl[]n'm jb sni]b_gc][f ]igjimcncih .  
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Cih]fuscih 

Ih nbcm mno^s, q_ mo]]_mm`offs mshnb_mct_^ mcfp_l 
h[hij[lnc]f_m (AaNPm) omcha nb_ f_[  ̀ _rnl[]n i  ̀                       
C. fenestratum nblioab [ al__h mshnb_mcm [jjli[]b. Ool 
chp_mnca[ncih _gjfis_^ [ gofnc-`[]_n_^ ]b[l[]n_lct[ncih 
[jjli[]b, ch]fo^cha UV mj_]nlim]ijs, FTIR [h[fsmcm, EDS 
_f_g_hn[f [h[fsmcm, [h  ̂ SEM cg[acha, ni ]igjl_b_hmcp_fs 
_r[gch_ nb_ jlij_lnc_m [h^ jin_hnc[f [jjfc][ncihm i` nb_m_ 
AaNPm. Tb_ UV mj_]nlim]ijs ]ih̀ clg_  ̂ nb_ mshnb_mcm i  ̀
AaNPm, qcnb ^cmnch]n mj_]nl[f ]b[ha_m ]ill_mjih^cha ni nb_ 
jl_m_h]_ i` h[hij[lnc]f_m. FTIR [h[fsm_m jlipc^_^ chmcabnm 
chni nb_ ]b_gc][f `oh]ncih[f aliojm chpifp_^ ch nb_ 
l_^o]ncih [h  ̂ mn[\cfct[ncih i  ̀ AaNPm, hin[\fs bcabfcabncha 
nb_ lif_ i  ̀ O-H mnl_n]bcha. Oh_ hin[\f_ [^p[hn[a_ i  ̀ iol 
al__h mshnb_mcm [jjli[]b cm cnm m][f[\cfcns ni ch^omnlc[f 
jli^o]ncih, iff_lcha [ momn[ch[\f_ [h  ̂ _]i-`lc_h^fs 
g_nbi^ `il AaNPm jli^o]ncih. Mil_ip_l, nb_ EDS 
_f_g_hn[f [h[fsm_m l_p_[f_^ nb_ _f_g_hn[f ]igjimcncih i  ̀
nb_ mshnb_mct_^ AaNPm, qbc]b ch]fo^_^ mcfp_l [fihamc^_ 

inb_l _f_g_hnm, oh^_lm]ilcha nb_ ]igjf_rcns i  ̀ al__h 
mshnb_mcm jli]_mm_m. 

 Tb_ SEM [h[fsmcm _h[\f_^ nb_ pcmo[fct[ncih i  ̀AaNPm 
mct_, mb[j_, giljbifias, [h^ ^cmnlc\oncih, l_p_[fcha 
^cff_l_h]_m \_nq__h nb_ g_nb[hifc] [h  ̂ _nb[hifc] f_[  ̀
_rnl[]nm. Nin[\fs, nb_ _nb[hifc] _rnl[]n sc_f^_^ AaNPm qcnb 
f[la_l mct_m ]igj[l_  ̂ ni nb_ g_nb[hifc] _rnl[]n [n nb_ 72-
biol ch]o\[ncih j_lci^. Folnb_lgil_, iol l_mofnm ch^c][n_  ̂
nb_ jin_hnc[f [jjfc][ncih i` AaNPm mshnb_mct_^ `lig nb_ 
_nb[hifc] f_[  ̀ _rnl[]n [m [hnc\[]n_lc[f [a_hnm [a[chmn 
mj_]c`c] \[]n_lc[f mnl[chm. Tb_m_ `ch^cham bif  ̂ jligcm_ `il 
^cp_lm_ [jjfc][ncihm, l̀ig h[hin_]bhifias ni 
\cig_^c]ch_. 

 Hiq_p_l, cn cm _mm_hnc[f ni []ehiqf_^a_ nb_ 
fcgcn[ncihm i  ̀ iol mno^s. Fclmnfs, iol chp_mnca[ncih jlcg[lcfs 
`i]om_^ ih ]b[l[]n_lctcha nb_ mshnb_mct_^ AaNPm [h  ̂
[mm_mmcha nb_cl [hnc\[]n_lc[f jin_hnc[f [a[chmn m_f_]n_^ 
mnl[chm. Folnb_l l_m_[l]b cm h__^_^ ni ^_fp_ chni nb_ 
^_n[cf_^ g_]b[hcmgm i` [hnc\[]n_lc[f []ncih [h  ̂ jin_hnc[f 

Fca. 5A FE-SEM Ig[a_m i  ̀ Scfp_l N[hij[lnc]f_m (AaNPm) Sshnb_mct_^ `lig 
M_nb[hifc] L_[` Ernl[]n i` C. fenestratum. Tb_m_ Fc_f^ -Egcmmcih S][hhcha 
Ef_]nlih Mc]lim]ijs (FE -SEM) cg[a_m ^_jc]n nb_ giljbifiac][f 
]b[l[]n_lcmnc]m  i` mcfp_l h[hij[ln c]f_m (AaNPm) m shnb_mct_^ om cha g_nb[hifc]  
f_[` _rnl[]nm i` C. fenestratum. Tb_ FE -SEM [h[fsmcm q[m j_l`ilg_^ ni 
chp_mnca[n_ nb_ mct_, mb[j_, [h^ ^cmnl c\onci h i` nb_ AaNPm. Ih  nb_ cg[a_m, nb_ 
mcfp_l h[hij[lnc] f_m [l_ pcmo[fct_^ [m ^cmnch]n, mjb_lc][f h[himnlo ]nol_m. Tb_ 
mct_ [h^ ohc`ilgcns i` nb_ h[hij[lnc]f_m ][h \_ i\m_lp_^, i ff_lcha chmcabnm  
chni nb_ ko[fcn s i` nb_ mshnb_mcm jli]_mm.  

Fca. 5B FE-SEM Ig[a_m i` Scfp_l N[hij[lnc]f_m (AaNPm) Sshnb_mct_^ `lig 
_nb[hifc] L_[` Ernl[]n i` C. fenestratum. Tb_m_ Fc_f^ -Egcmmcih S][hhcha 
Ef_]nlih Mc]lim]ijs (FE -SEM) cg[a_m ^_jc]n nb_ giljbifiac][f 
]b[l[]n_lcmnc]m i` mcfp_l h[hij[lnc] f_m (AaNPm) mshnb_mct_^ omcha _nb[hifc] 
f_[` _rnl[]nm i` C. fenestratum. Tb_ FE -SEM [h[fsmcm q[m j_l`ilg_^ ni 
chp_mnca[n_ nb_ mct_, mb[j_, [h^ ^cmnl c\onci h i` nb_ AaNPm. Ih  nb_ cg[a_m, nb_ 
mcfp_l h[hij[lnc] f_m [l_ pcmo[fct_^ [m ^cmnch]n, ]o\c][ f h[himnlo]nol_m. Tb_ 
mct_ [h^ ohc`ilgcns i` nb_ h[hij[lnc]f_m ][h \_ i\m_lp_^, i ff_lcha chmcabnm  
chni nb_ ko[fcn s i` nb_ mshnb_mcm jli]_mm.  

Fca. 6 Ahnc\[]n_lc[f []ncpcns i` mcfp_l h[hij[lnc] f_m (AaNPm) [a[chmn A) Escherichia coli (E. coli) [h^ B) Bacillus licheniformis (B. lichen iformis), qcnb Ci hnlif:  
Snl_jnigs]ch Dcm ]. Tbcm `caol_ jl_m_hnm nb_ l_mofnm i` nb_ [hnc\[]n_lc[f []ncpcn s [mm[s ]ih^o]n_^ ni [mm_mm nb_ _ff_]ncp_h_mm  i` mcfp_l h[hij[lnc]f_m (AaNPm) [a[chmn 
nqi \[]n_lc[f mn l[chm. Fil E. co li (P[h_f A) , nb_ ] f_[l tih_m i` chb c\cncih [lioh^  nb_ ^cm ]m ch^ c][n_ nb_ _rn_hn i` \[]n_lc[f aliqnb  chbc\cnci h, Tb cm moaa_mnm n b[n nb_ 
AaNPm b[^ [ gi^_l[n_ chbc\cnils _ff_]n ih nb_ aliqnb i` E. coli, qcnb [ mnliha_l _ff_]n i\m_lp_^ [n nb_ bcab_l ]ih]_hnl[ncih. Ih P[h_f B, l_jl_m_hncha B. 
licheniformis, nb_ [\m_h]_ i` chbc\ cncih t ih_m [lioh^ \inb  nb_ ]ihnlif Snl_j nigs]ch  ^cm] [h^  nb_ AaNPm nl_[ng_hn ^cm]m ch^c][n_m nb[n nb_ AaNPm ^c^ hin _rbc\ cn  
mcahc`c][hn [hnc\[]n_lc[f []ncpcns [a[chmn B. fc]b_h c`ilgcm oh^_l nb_ ]ih^cncihm n_mn_^.  
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]sninirc]cns. Mil_ip_l, nb_ ]igjf_rcns i  ̀ h[nol[f _rnl[]nm 
[h^ nb_ p[lc[ncihm ch jf[hn g[n_lc[f ][h chnli^o]_ 
p[lc[\cfcns ch h[hij[lnc]f_ mshnb_mcm, qbc]b g[s l_kocl_ 
`olnb_l ijncgct[ncih `il ]ihmcmn_hn l_mofnm. 

 Ih ]ih]fomcih, nbcm mno^s jl_m_hnm [ al__h mshnb_mcm 
[jjli[]b `il AaNPm omcha C. fenestratum f_[  ̀ _rnl[]n, 
iff_lcha p[fo[\f_ chmcabnm chni nb_cl jlij_lnc_m [h  ̂
jin_hnc[f [jjfc][ncihm. Wbcf_ iol `ch^cham bif^ jligcm_, 
[^^cncih[f l_m_[l]b cm q[ll[hn_^ ni [^ l̂_mm nb_ c^_hnc`c_^ 
fcgcn[ncihm [h  ̂ `offs ohfi]e nb_ jin_hnc[f i  ̀ nb_m_ AaNPm 
`il p[lciom jl[]nc][f [jjfc][ncihm ch nb_ ̀ onol_. 

 

A]ehiwf_^a_g_hts 

Tb_ [onbilm qiof^ fce_ ni []ehiqf_^a_ Apch[mbcfcha[g 
Ihmncnon_ `il nb_cl p[fo[\f_ n_]bhc][f [mmcmn[h]_. W_ [l_ 
al[n_`of ni nb_ ^_j[lng_hn i` \cin_]bhifias `il jlipc^cha 
qlcncha [mmcmn[h]_ [h^ aoc [̂h]_ nblioabion nb_ 
jl_j[l[ncih i` nbcm g[hom]lcjn. 

W_ qiof^ fce_ ni _rjl_mm iol [jjl_]c[ncih ni nb_ 
^_j[lng_hn i  ̀\cin_]bhifias `il nb_cl a_h_l[f mojjiln [h  ̂
_h]iol[a_g_hn ôlcha nb_ ]iolm_ i` nbcm l_m_[l]b. 
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