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A\mnl[]n 

Tb_ _m][f[ncha []]ogof[ncih i` j_nlif_og-\[m_^ jifsg_lm b[m ^_jf_n_^ 
l_miol]_m [h^ l[cm_^ _hpclihg_hn[f ]ih]_lhm ^o_ ni nb_cl hih-l_]s]f[\f_ 
[h^ hih-\ci^_al[^[\f_ h[nol_. Cihm_ko_hnfs, nb_l_ b[m \__h [ aliqcha 
chn_l_mn ch \ci-\[m_^ jf[mnc]m, j[lnc]of[lfs [fa[f-\[m_^ \cijifsg_lm, qbc]b 
iff_l l_]s]f[\cfcns [h^ _]i-`lc_h^fch_mm. Afa[_-^_lcp_^ jifsg_lm b[p_ ^cmnch]n 
[^p[hn[a_m, mo]b [m [oninlijbc] aliqnb l_^o]cha al__hbiom_ a[m _gcmmcihm, 
l[jc^ aliqnb l[n_, fiq honlcncih[f l_kocl_g_hnm, [h^ l_mcfc_h]_ ni b[lmb 
_hpclihg_hnm. A^^cncih[ffs, [fa[_ _rbc\cn bcab_l jbinimshnb_nc] jin_hnc[f (10

-20%) ]igj[l_^ ni n_ll_mnlc[f jf[hnm (1%-2%). Tb_ l[ha_ i` [fa[f-^_lcp_^ 
jifsg_lm ch]fo^_m [fach[n_, f[gch[lch, `o]ic^[h, ][ll[a__h[h, [a[l, ofp[h, 
jifsbs^lirs[fe[hi[n_m (PHA), [h^ jifs-(Hs^lirs\onsl[n_) (PHB). Hiq_p_l, 
`olnb_l _ffilnm [l_ l_kocl_^ ni cgjf_g_hn nb_g ih [ f[la_ m][f_. Tbcm l_pc_q 
bcabfcabnm [fa[_'m jin_hnc[f [m [ l[q g[n_lc[f `il \cijifsg_l jli^o]ncih, 
_rjfilcha nb_cl ]b[l[]n_lcmnc]m [h^ [jjfc][ncihm ch ^cp_lm_ ch^omnlc_m fce_ `ii^ 
[h^ jb[lg[]_onc][fm. 

 

K_sqil^m  

Afa[_; \cijifsg_lm; jb[lg[]_onc][f ch^omnls; `ii^ ch^omnls  

 

Ihnli^o]ncih 

V[lciom jifsg_lm _rbc\cn _r]_jncih[f g[n_lc[f ko[fcnc_m, `ch^cha [jjfc][ncihm 

ch fcabnq_cabn j[]e[acha, [alc]ofnol_ `il cgjlip_^ ]lij sc_f^, ]img_nc]m, 
^_n_la_hnm, [h^ hip_f ijjilnohcnc_m (1, 2). Tb_ _m][f[ncha _hpclihg_hn[f 
^[g[a_ ][om_^ \s _rn_hmcp_ jli^o]ncih i` mshnb_nc] jifsg_lm b[m mjoll_^ 
nb_ jolmocn i` _]i-`lc_h^fs g[n_lc[fm (3). Gliqcha _gjb[mcm ih momn[ch[\cfcns 
b[m ^lcp_h nb_ _g_la_h]_ i` \cijifsg_lm—\ci-\[m_^ [h^ \ci^_al[^[\f_ 
jifsg_lm (4). Ti [^^l_mm mshnb_nc] jifsg_lm' j_lmcmn_h]_ [h^ hih-
^_al[^[\cfcns, ch]iljil[ncha ]igjih_hnm `il []]_f_l[n_^ ^cmchn_al[ncih b[m 
a[ch_^ jligch_h]_ (5). Bcijifsg_lm b[p_ a[lh_l_^ mcahc`c][hn [nn_hncih 
[giha m]c_hncmnm [h^ l_m_[l]b_lm ^o_ ni nb_cl jin_hnc[f _hpclihg_hn[f 
\_h_`cnm [h^ ]ih]_lhm l_f[n_^ ni bog[h b_[fnb. Tb_m_ jifsg_lm, ^_lcp_^ 
`lig fcpcha ila[hcmgm, jimm_mm ohcko_ jlij_lnc_m fce_ l_h_q[\cfcns, 
\ci]igj[nc\cfcns, [h^ \ci^_al[^[\cfcns (6). Tb_s [l_ ]ihmc^_l_^ jligcmcha 
[fn_lh[ncp_ ni `immcf-\[m_^ jifsg_lc] g[n_lc[fm, \on nb_cl ch]l_[mcha om_ b[m 
l[cm_^ ]_ln[ch _hpclihg_hn[f cmmo_m (7). 
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 Ih a_h_l[f, \ci-\[m_^ jifsg_lm [l_ miol]_^ `lig 
l_h_q[\f_ g[n_lc[fm mo]b [m jf[hnm, gc]liila[hcmgm, 
\[]n_lc[, [h^ [fa[_. Tb_s ][h \_ i\n[ch_^ ^cl_]nfs `lig 

nb_m_ miol]_m il mshnb_mct_^ `lig gihig_lm [h^ nb_h 
jifsg_lct_^. Sig_ q_ff-ehiqh _r[gjf_m i` \ci-\[m_^ 
jifsg_lm ch]fo^_ jifsf[]nc] []c^, jifsbs^lirs\onsl[n_, 
jifs L f[]nc^_, jifsbs^lirs[fe[hi[n_m (PHAm), 
jifsjlijsf_h_ (PP), [h^ jifs[gc^_ (Fca. 1) (8). Mil_ip_l, 
l_m_[l]b b[m mbiqh nb[n ]s[hi\[]n_lc[ [h^ gc]li[fa[_ [l_ 
j[lnc]of[lfs jligcmcha miol]_m `il ]_ffofim_, PHAm, 
jlin_chm, [h^ ][l\ibs^l[n_m (mj_]c`c][ffs mn[l]b) `il nb_ 
jli^o]ncih i` \cijf[mnc]m (9). Fil chmn[h]_, ]_ln[ch 
]s[hi\[]n_lc[ mj_]c_m fce_ Sjclofch[ mj., Ssh_]bi]smncm mj., 
Om]cff[nilc[ mj., Nimni] mj., [h^ C[finblcr mj. b[p_ 
^_gihmnl[n_^ PHA ]ihn_hn l[hacha `lig 1% ni 10%, 
^_j_h^cha ih nb_ mj_]c_m (10). A^^cncih[ffs, gc]li[fa[_ 
mj_]c_m fce_ Cbf[gs^igih[m l_chb[l^ncc [h^ 

Kf_\milgc^cog `f[]]c^og b[p_ \__h `ioh^ ni ]ihn[ch bcab 
f_p_fm i` mn[l]b, qbc]b ][h \_ oncfct_^ ch \cijf[mnc]m 
g[ho`[]nolcha (9, 11). Tb_ [jj_[f i` \ci-\[m_^ jifsg_lm 
fc_m ch nb_cl cgjlip_^ g_]b[hc][f jlij_lnc_m [h^ nb_cl qc^_ 
l[ha_ i` [jjfc][ncihm ch _f_]nlihc]m, g_^c][f ^_pc]_m, `ii^ 
j[]e[acha, [h^ _h_las m_]nilm (12). Am l_m_[l]b [h^ 
n_]bhifias ]ihncho_ ni [^p[h]_, \cijifsg_lm bif^ 
jligcm_ [m momn[ch[\f_ g[n_lc[fm qcnb l_^o]_^ 
_hpclihg_hn[f cgj[]n, j[pcha nb_ q[s `il [ al__h_l [h^ 
gil_ _]ifiac][ffs l_mjihmc\f_ `onol_. 

 Tbcm l_pc_q ]ih]_hnl[n_m ih nb_ mshnb_mcm i` 
\cijifsg_lm ^_lcp_^ `lig p[lciom [fa[f mj_]c_m [h^ nb_cl 
[jjfc][ncih ch ^cp_lm_ ch^omnlc[f m_]nilm, ch]fo^cha 
jb[lg[]_onc][fm [h^ `ii^. Tb_ [h[fsmcm [fmi _gjb[mct_m 

nb_ ]ofncp[ncih ]ih^cncihm [h^ msmn_g jl_l_kocmcn_m `il 
_ffc]c_hn gc]li[fa[_-\[m_^ \cijifsg_l jli^o]ncih. 

Folnb_lgil_, nb_ ]b[l[]n_lcmnc]m, _rnl[]ncih jli]_mm_m, [h^ 
]imn-_ff_]ncp_h_mm i` \cijifsg_lm miol]_^ `lig ^cff_l_hn 
[fa[f mj_]c_m [l_ _fo]c^[n_^. A^^cncih[ffs, nb_ l_pc_q 

^cm]omm_m nb_ l_m_[l]b a[jm nb[n h__^ ni \_ [^^l_mm_^ ni 
`[]cfcn[n_ nb_ ]igg_l]c[fct[ncih i` [fa[f-^_lcp_^ 
\cijifsg_lm []limm p[lciom ch^omnlc[f m_]nilm. 

 

R_pc_q M_nbi^ifias 

Tbcm l_pc_q-\[m_^ mno^s [cg_^ ni _rjfil_ nb_ oncfct[ncih i` 
gc]li[fa[_ [m [ jligcmcha [fn_lh[ncp_ `il \cijifsg_l 
jli^o]ncih [h^ nb_cl [jjfc][ncihm ch p[lciom ch^omnlc[f 
m_]nilm. Ti []bc_p_ nbcm, q_ ]ih^o]n_^ [ ]igjl_b_hmcp_ 
m_[l]b i` m]c_hnc`c] jo\fc][ncihm ch l_jon[\f_ _f_]nlihc] 
^[n[\[m_m mo]b [m W_\ i` S]c_h]_, SCOPUS, S]cFch^_l, 
DOAJ, [h^ MEDLINE/Po\M_^. Tb_ m_[l]b q[m j_l`ilg_^ 
omcha [ m_n i` mj_]c`c] e_sqil^m, ch]fo^cha "Mc]li[fa[_," 

"Cofncp[ncih i` [fa[_," "Ssmn_g l_kocl_g_hnm," 
"Bcijifsg_l jli^o]ncih," "N[nol[f miol]_m i` 
\cijifsg_lm," "Pli^o]ncih i` \cijifsg_lm `lig 
gc]li[fa[_," "Mc]li[fa[f mn[l]b," "Snlo]nol_ i` PHA," 
"Ernl[]ncih jli]_mm," "Cimn [ffil^[\cfcns i` [fa[f 
\cijifsg_lm," "Uncfct[ncih ch ch^omnlc_m," "Fii^ ch^omnls," 
"Pb[lg[]_onc][f ch^omnls," [h^ "Fonol_ j_lmj_]ncp_m." 
Ohfs mno^c_m nb[n chp_mnca[n_^ nb_ _ff_]n i` ^cff_l_hn 
]ofncp[ncih ]ih^cncihm il mnl_mm ]ih^cncihm ih nb_ mshnb_mcm 
[h^ sc_f^ i` \cijifsg_lm ch p[lciom [fa[f mj_]c_m [h^ nb_cl 
jl[]nc][f [jjfc][ncihm ch ch^omnlc[f m_]nilm q_l_ ]ihmc^_l_^ 
`il ch]fomcih. W_ _r]fo^_^ _rj_lcg_hn[f mno^c_m, 
^ojfc][n_m, [h^ cll_f_p[hn n_mn mo\mn[h]_m ni _hmol_ nb_ 
chn_alcns [h^ p[fc^cns i` iol [h[fsmcm. Tb_ l_f_p[hn 

ch`ilg[ncih _rnl[]n_^ `lig nb_ m_f_]n_^ mno^c_m q[m 
mogg[lct_^ [h^ jl_m_hn_^ ch `caol_m [h^ n[\f_m. Ti 

Fca. 1. Mif_]of[l mnlo]nol_ i` ^cff_l_hn \cijifsg_lm 
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_hb[h]_ nb_ pcmo[f l_jl_m_hn[ncih i` gif_]of[l mnlo]nol_m 
[h^ cffomnl[ncihm, q_ _gjfis_^ nb_ miftq[l_ "BciR_h^_l" 
`il ]l_[ncha cg[a_m [h^ "Cb_g Dl[q" `il ^l[qcha 

gif_]of[l mnlo]nol_m. Bs _gjfischa nbcm msmn_g[nc] 
[jjli[]b, q_ [cg_^ ni jlipc^_ [ m]c_hnc`c] [h^ 
]igjl_b_hmcp_ l_pc_q i` nb_ ]oll_hn mn[n_ i` ehiqf_^a_ 
l_a[l^cha gc]li[fa[_-\[m_^ \cijifsg_l jli^o]ncih [h^ 
cnm jin_hnc[f [jjfc][ncihm ch ^cff_l_hn ch^omnlc_m. Tbcm mno^s 
]ihnlc\on_m ni [^p[h]cha iol oh^_lmn[h^cha i` nb_ 
momn[ch[\f_ [h^ ]imn-_ff_]ncp_ oncfct[ncih i` gc]li[fa[_-
^_lcp_^ \cijifsg_lm ch p[lciom ch^omnlc[f m_]nilm. 

Cihp_hncih[f miol]_m i` \cijifsg_lm 

Tb_ jli^o]ncih i` \cijifsg_lm cm nl[^cncih[ffs ]f[mmc`c_^ 
chni nbl__ a_h_l[ncihm: `clmn, m_]ih^, [h^ nbcl^ a_h_l[ncih 
(13). Hiq_p_l, nb_ `clmn [h^ m_]ih^ a_h_l[ncihm g[s l_mofn 
ch nb_ ^_al[^[ncih i` jf[mnc]m chni gc]lijf[mnc]m, jimcha 
_hpclihg_hn[f lcmem. Ti [^^l_mm nbcm cmmo_, nb_ nbcl^ 

a_h_l[ncih `i]om_m ih omcha h[nol[f [hcg[f il jf[hn-\[m_^ 
`__^mni]e ni jli^o]_ \ci^_al[^[\f_ jifsg_lm qcnbion 
f_[pcha [hs nl[]_m i` gc]lijf[mnc]m il \s-jli^o]nm ch nb_ 
_hpclihg_hn. D_mjcn_ nb_ jligcmcha [jjli[]b i` oncfctcha 

n_ll_mnlc[f ]lijm fce_ jf[hnm, ]ilh, [h^ jin[ni_m [m h[nol[f 
miol]_m `il nbcl^-a_h_l[ncih \cijifsg_lm, nb_l_ [l_ 
m_p_l[f [mmi]c[n_^ ]b[ff_ha_m [h^ `f[qm. Oh_ i` nb_ 

jlcg[ls ]ih]_lhm cm nb_ `o_f-p_lmom-`ii^ ^_\[n_, qb_l_ 
nb_ om_ i` ]lijm `il \cijifsg_l jli^o]ncih ]igj_n_m qcnb 
nb_cl oncfct[ncih `il `ii^ jli^o]ncih, jin_hnc[ffs cgj[]ncha 
`ii^ m_]olcns. A^^cncih[ffs, nbcm jli]_mm l_kocl_m 
mcahc`c][hn [l[\f_ f[h^, f_[^cha ni jin_hnc[f f[h^-om_ 
]ih`fc]nm [h^ _]ifiac][f ^cmlojncihm. Tb_ ^_g[h^ `il 
honlc_hnm [h^ q[n_l cm [fmi bcab, l[cmcha ]ih]_lhm [\ion 
l_miol]_ ^_jf_ncih [h^ _hpclihg_hn[f cgj[]n (14, 15). 
T[\f_ 1 [h^ Fcaol_ 2 cffomnl[n_ mig_ i` nb_ g[ch 
]ihp_hncih[f miol]_m om_^ `il \cijifsg_l jli^o]ncih. 

Bcijifsg_l `lig gc]li[fa[_ [h^ cnm ]b[l[]n_lcmnc]m  

Mi^_lhct[ncih b[m `[]cfcn[n_^ nb_ ]igg_l]c[fct[ncih i` 
j_nlif_og-^_lcp_^ ]b_gc][fm fce_ PVC, PP, PE, _n]., ch nb_ 
]oll_hn g[le_n. Hiq_p_l, nb_cl fiha-n_lg om_ b[m 

mcahc`c][hnfs ^cmlojn_^ _hpclihg_hn[f _kocfc\lcog, 
h_]_mmcn[ncha nb_ m_[l]b `il mocn[\f_ mo\mncnon_m (16). Ti 
[^^l_mm nbcm cmmo_, m]c_hncmnm [l_ hiq _rjfilcha nb_ 
chn_lm_]ncih i` _]ihigc]m [h^ \cifias ni _hb[h]_ 

Bcijifsg_l Siol]_m Sj_]c_m Ajjfc][ncih R_`_l_h]_m 

Hs[folihc] []c^ 

  
B[]n_lc[ Streptococcum mj. 

Dloa ^_fcp_ls, ]img_nc], Vcm]i-
mojjf_g_hn[ncih, [h^ l_j[cl i` 

ncmmo_ 
 (70) 

C_ffofim_ B[]n_lc[ 
B_n[jlin_i\[]n_lc[,  

Gl[g-jimcncp_ \[]n_lc[ 
Wioh^ ^l_mmcha [h^ ch `ii^ 

ch^omnls  (70) 

G_ff[h B[]n_lc[ Sphingomonas mj. Fii^ [^^cncp_, ]ofnol_ g_^c[ 
[^^cncp_ `il _h][jmof[ncih 

 (70) 

Pifsbs^lirs 
[fe[hi[n_m (PHA) Mc]li[fa[_ Calothrix scytonemicola 

Pli^o]ncih i` \cijf[mnc] g[n_lc[f 
om_^ ni ][mn nbch [h^ \lcnnf_ jf[mnc] 

`cfg. 

 (25) 

  

Pifsbs^lirs 
[fe[hi[n_m (PHB) Mc]li[fa[_ Nostoc muscorum 

R_jf[]_g_hn i` j_nli]b_gc][f 
miol]_ i` jifsg_lm 

  
(30) 

H_n_lijifsm[]]b[lc^_ Fohac Coprinus comatus  Ahncirc^[hn; bsjiafs]_gc] (71) 

H_n_liafo][h Fohac Lasiodiplodia sp. Ahncgc]li\c[f; [hncirc^[hn; 
cggohigi^of[nils 

(72) 

Ms]i]_f 

Pf[hn ]_ffofim_ 

Ah^ Foha[f 
\cig[mm 

  

Foha[f mj_]c_m: G. applanatum, 
F. fomentarius, A. bisporus, T. 

versicolor, L. lepideus, P. 
squamosus, F. betulina 

Plant: Kraft fibre, Hemp fibre 
from Cannabis sativa 

Tb_ \cijifsg_l b[m mcahc`c][hn 
g_]b[hc][f jlij_lnc_m, [cl 

j_lg_[\cfcns, [h^ pclom `cfnl[ncih 
_ffc]c_h]s. 

B[m_^ ih nb_ jlij_lnc_m i` nb_m_ 
\cijifsg_lm, nb_s ][h \_ oncfcm_^ ch 

nb_ `ii^ j[]e[acha ch^omnls [h^ 
[fmi ch jl_j[l[ncih i` a[m j_lg_[\f_ 

g_g\l[h_m. 

(73) 

Xsf[h Pf[hn 
Z_[ g[sm (`lig ]ilh]i\m), 

F[aom mj_]c_m (`lig \__]b nl__ 
qii^) 

Xsf[h \[m_^ h[hi][llc_lm `ioh^ 
[]ncp_ [a[chmn Botrytis cinerea, [ 

`ohaom b[pcha ^_p[mn[ncha cgj[]n 
ih pcnc]ofnol_ [h^ bilnc]ofnol_. 

(74) 

Ciff[a_h [h^ K_l[nch Ahcg[f  Eaa mb_ff i` Salvator merianae Plipc^_ Bcig[n_lc[fm. (75) 

T[\f_ 1. Cihp_hncih[f Bcijifsg_lm O\n[ch_^ `lig Dcff_l_hn Siol]_m 
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\ci^cp_lmcns [h^ mi]c_ns. Tb_ `i]om cm ih ^cm]ip_lcha hip_f 
\ci^_al[^[\f_ mo\mn[h]_m miol]_^ `lig \cifiac][f 
l_miol]_m. Agiha jin_hnc[f ][h^c^[n_m, [fa[_ b[p_ 
_g_la_^ [m bcabfs jligcmcha. Tb_s jimm_mm m_p_l[f 
[^p[hn[a_iom ]b[l[]n_lcmnc]m mo]b [m gchcg[f honlc_hn 
l_kocl_g_hnm, l[jc^ aliqnb l[n_m, [h^ nb_ [\cfcns ni nblcp_ 
qcnbion nb_ h__^ `il p[mn [l[\f_ f[h^ (17-19). Afa[_ [l_ 
o\ckocniomfs `ioh^ ch p[lciom _hpclihg_hnm, l[hacha `lig 
g[lch_ ni `l_mbq[n_l, [h^ ][h \_ ]ofncp[n_^ nblioabion 

nb_ s_[l. Mil_ip_l, nb_s ][h \_ ]ofncp[n_^ omcha 
b_n_linlijbc], gcrinlijbc], [h^ [oninlijbc] g_nbi^m, 
\inb ih [ f[la_ m][f_ [h^ ch f[\il[nils m_nncham. Bs 
mo\d_]ncha [fa[_ ni honlc_hn chmoffc]c_h]s il inb_l ]_ffof[l 
mnl_mm, fcjc^, bs^li][l\ih, [h^ jifsm[]]b[lc^_ jli^o]ncih 
][h \_ _hb[h]_^ (20). A^ijncha [fa[_ [m nb_ jlcg[ls 
miol]_ `il \cijifsg_l jli^o]ncih iff_lm nb_ [^p[hn[a_ i` 
hin [^p_lm_fs [ff_]ncha nb_cl \ci^cp_lmcns ch h[nol[f 
b[\cn[nm. Afa[_ [l_ _[mcfs ]ofncp[n_^ [h^ qc^_fs [p[cf[\f_ 
gc]liila[hcmgm. Tb_ l_mofncha [fa[f-\[m_^ \cijifsg_lm 
jimm_mm bcab honlcncih[f p[fo_ [h^ ][h \_ oncfct_^ ch 
p[lciom ch^omnlc[f [jjfc][ncihm. Pbs]i]iffic^m, mo]b [m 
[a[l, [fach[n_, [h^ ][ll[a__h[h, _rnl[]n_^ `lig g[lch_ 
[fa[_, m_lp_ [m _mm_hnc[f mn[\cfct_lm, _gofmc`scha [a_hnm, 

[h^ a_ffcha [a_hnm ch hog_liom ch^omnlc_m (21). Tb_cl om_ 
]ihnlc\on_m ni [h _]i-`lc_h^fs [jjli[]b nb[n jligin_m 
momn[ch[\f_ l_miol]_ oncfct[ncih. 

 M[]li[fa[_ [h^ gc]li[fa[_ nia_nb_l ]ihmncnon_ [ 
^cp_lm_ alioj i` [fa[f mj_]c_m, qcnb nb_cl ]iff_]ncp_ ]iohn 
_r]__^cha ih_ gcffcih. Agiha nb_g, gc]li[fa[_ bif^ 
al_[n_l mcahc`c][h]_ [h^ mbiq jligcmcha jin_hnc[f ch \ci-
jifsg_l jli^o]ncih (22, 23). Do_ ni nb_cl [\cfcns ni 
oh^_lai jbinimshnb_mcm _p_h ch ]b[ff_hacha _hpclihg_hnm 
mo]b [m g[lch_ _hpclihg_hnm il ch`_lncf_ f[h^m qb_l_ 
nl[^cncih[f [alc]ofnol[f ]lijm ][hhin nblcp_, gc]li[fa[_ 
iff_l [ jimmc\cfcns i` l_jf[]cha j_nlif_og-^_lcp_^ 
]b_gc][fm. A^^cncih[ffs, gc]li[fa[_ _rbc\cn p[lciom 
g_n[\ifc] j[nbq[sm nb[n ][h \_ _rjficn_^ ni jli^o]_ 

mo\mn[hnc[f [giohnm i` \cijf[mnc]m, g[echa cn [h 
_]ihigc][ffs pc[\f_ [jjli[]b `il _ffc]c_hn \cijifsg_l 
jli^o]ncih [h^ inb_l bcab-p[fo_ [^^_^ jli^o]nm. Oh_ e_s 

[l_[ i` l_m_[l]b `i]om_m ih nb_ jli^o]ncih i` \ci`o_fm 
`lig momn[ch[\f_ gc]li[fa[f `__^mni]e, iff_lcha [h _ffc]c_hn 
[fn_lh[ncp_ _h_las miol]_ ni `immcf `o_fm (16, 24). R_]_hn 
l_m_[l]b `ch^cham b[p_ ^_gihmnl[n_^ nb_ jli^o]ncih i` 
\cijifsg_lm `lig [fa[_, qcnb jifsbs^lirs[fe[hi[n_m 
(PHA) \_cha ih_ i` nb_ jligch_hn \cijifsg_lm qcnb 
_rn_hmcp_ ch^omnlc[f [jjfc][ncihm. Mc]li[fa[f mnl[chm fce_ 
C[finblcr m]snih_gc]if[ (25), Ssh_]bi]i]]om _fiha[nom 
(26), [h^ Ssh_]bi]i]]om mo\m[fmom (27) b[p_ mbiqh nb_ 
[\cfcns ni jli^o]_ PHA. Ahinb_l mcahc`c][hn \cijifsg_l cm 
jifsbs^lirs\onsl[n_ (PHB), qbc]b cm jli^o]_^ \s mnl[chm 
mo]b [m Sjclofch[ mj. LEB 18 (28), Cbfil_ff[ pofa[lcm (29), 
[h^ Nimni] gom]ilog (30). Tb_m_ `ch^cham bcabfcabn nb_ 
jin_hnc[f i` gc]li[fa[_ ch [^p[h]cha momn[ch[\f_ 

\cijifsg_l jli^o]ncih [h^ iff_l [ j[nbq[s niq[l^m [ 
gil_ _]i-`lc_h^fs [h^ l_h_q[\f_ l_miol]_-\[m_^ 
ch^omnlc[f [jjli[]b. 

 Bcijifsg_lm, mo]b [m Pifsbs^lirs[fe[hi[n_m 
(PHAm), [l_ chnl[]_ffof[lfs mshnb_mct_^ jifs_mn_lm i` 

bs^lirs [fe[hi[n_m jli^o]_^ \s \[]n_lc[f [h^ [fa[f ]_ffm 
(31). Tb_m_ \cijifsg_lm _rbc\cn m_p_l[f ^_mcl[\f_ 
]b[l[]n_lcmnc]m, g[echa nb_g _hpclihg_hn[ffs `lc_h^fs 
[fn_lh[ncp_m ni `immcf `o_fm [h^ hih-^_al[^[\f_ jf[mnc]m (31, 
32). Sig_ i` nb_cl e_s jlij_lnc_m ch]fo^_ bcab 
bs^lijbi\c]cns, \ci^_al[^[\cfcns, nb_lgijf[mnc]cns, 
_f[mnc]cns, ch_lnh_mm, hih-nirc]cns, bcab ijnc][f jolcns, [h^ 
cgjlip_^ l_mcmn[h]_ ni ^_al[^[ncih ][om_^ \s ofnl[pcif_n 
l[^c[ncih (31, 32). A gc]li[fa[f mj_]c_m, L_jnifsha\s[ 

p[f_lc[h[, cm oncfct_^ `il PHA jli^o]ncih [h^ b[m \__h 
`ioh^ ni jimm_mm bcab_l nb_lg[f mn[\cfcns ]igj[l_^ ni 
inb_l PHAm (9). Tb_ af[mm nl[hmcncih (Ta) [h^ g_fncha 
n_gj_l[nol_ (Tg) i` nb_ mshnb_mct_^ \cijf[mnc]m `[ff qcnbch 
nb_ l[ha_ i` 4–10 °C [h^ 79–116 °C, l_mj_]ncp_fs (9). Tb_ 
\[mc] mnlo]nol_ i` PHAm ]ihmcmnm i` gihig_l ohcnm i` (R)-
bs^lirs `[nns []c^m ]ihh_]n_^ \s _mn_l \ih^m, qcnb [ mc^_ 
]b[ch i` m[nol[n_^, ohm[nol[n_^, \l[h]b_^, il mo\mncnon_^ 
[fesf aliojm (33). Dcff_l_hn PHAm ][h \_ jli^o]_^ 
^_j_h^cha ih nb_ mnl[n_ac_m [h^ mnl[chm om_^ ch nb_ 
jli^o]ncih jli]_mm. Fil chmn[h]_, Cojlc[pc^om h_][nil 
jli^o]_m mbiln-]b[ch-f_hanb PHAm, mo]b [m jifs (3-
bs^lirsp[f_l[n_) [h^ (3-bs^lirs\onsl[n_), qbc]b _rbc\cn 
lcac^cns [h^ \lcnnf_h_mm, g[echa nb_g ohmocn[\f_ `il 
\cig_^c][f [h^ j[]e[acha `cfg [jjfc][ncihm (34). Oh nb_ 

inb_l b[h^, Pm_o^igih[m g_h^i]ch[ jli^o]_m jifs (3-
bs^lirsi]n[hi[n_) qcnb [ g_^cog ]b[ch f_hanb i` 6-14 
][l\ih [nigm, qbc]b cgj[lnm _f[mnig_lc] jlij_lnc_m, 
[f\_cn qcnb gi^_l[n_ g_]b[hc][f mnl_hanb (33). 
A^^cncih[ffs, Pm_o^igih[m [_loachim[ jli^o]_m jifs(3-
bs^lirs j_hn[^_][hi[n_) qcnb [ 15-][l\ih ]b[ch f_hanb 
(33). Tb_ p[lc[ncih ch PHA ]b[l[]n_lcmnc]m ][h \_ [nnlc\on_^ 
ni ^cff_l_hn jli^o]ncih mnl[n_ac_m, mnl[chm, [h^ honlc_hn 
]ih]_hnl[ncihm ch nb_ aliqnb g_^c[ (31, 35). Sig_ 
l_m_[l]b_lm b[p_ l_jiln_^ _hb[h]_^ PHA aliqnb ch g_^c[ 
^_jlcp_^ i` ]_ln[ch honlc_hnm il \s omcha hih-`[mnc^ciom 
gc]li[fa[f mnl[chm fce_ Binlsi]i]]om \l[ohcc, qbc]b cm 
_mncg[n_^ ni b[p_ nb_ bcab_mn ]ihn_hn i` []]ogof[n_^ 
PHAm (31). V[lciom mno^c_m b[p_ \__h ]ih^o]n_^ ni 

Fca. 2. Pimmc\f_ N[nol[f Siol]_m i` Bcijifsg_lm 
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ijncgct_ PHA jli^o]ncih ch gc]li[fa[_. Fil chmn[h]_, 
Ssh_]bi]smncm m[fch[ q[m ]ofnol_^ ch BG-11 g_^c[ oh^_l 
honlc_hn-fcgcncha ]ih^cncihm, l_mofncha ch [ jifsg_l 

]ihn_hn i` 5.5-6.6% ch ^lc_^ ]_ffm (36). Scgcf[lfs, 
Ssh_]bi]i]]om _fiha[nom q[m ]ofncp[n_^ oh^_l 
gcrinlijbc] jbimjb[n_ [h^ hcnlia_h mnl_mm ]ih^cncihm, 
sc_f^cha [ PHA jli^o]ncih i` 17.15% ch hcnlia_h-^_`c]c_hn 
g_^cog mojjfc_^ qcnb 1% mo]lim_ [m [ ][l\ih miol]_. 
Cigj[l[ncp_fs, nb_ PHA sc_f^ q[m 7.02% ch jbimjb[n_-
^_`c]c_hn g_^cog qcnb 1% `lo]nim_ [m nb_ ][l\ih miol]_ 
(26). Hiq_p_l, nb_ sc_f^ i\n[ch_^ `lig [fa[_ (17.15%) q[m 
fiq_l nb[h nb[n i` \[]n_lc[f PHA jli^o]ncih msmn_gm. 
Tb_l_`il_, `olnb_l _ffilnm [l_ l_kocl_^ ni _hb[h]_ PHA 
sc_f^m ch [fa[_. 

 Cimn[ _n [f. (27) ]ih^o]n_^ [ mno^s ni chp_mnca[n_ 
nb_ cgj[]n i` hcnlia_h ^_`c]c_h]s ih nb_ jli^o]ncih [h^ 
jlij_lnc_m i` jifsbs^lirs[fe[hi[n_m (PHAm) \s ^cff_l_hn 

gc]li[fa[_ mj_]c_m: Ssh_]bi]i]]om mo\m[fmom, Sjclofch[ 
mj. LEB-18, [h^ Cbfil_ff[ gchoncmmcg[. Aft_l [ 15-^[s 
]ofncp[ncih j_lci^, nb_ l_m_[l]b_lm i\m_lp_^ nb[n 
Ssh_]bi]i]]om mo\m[fmom [h^ Sjclofch[ mj. LEB-18 
_rbc\cn_^ nb_ bcab_mn []]ogof[ncih i` PHAm, qcnb 

]ih]_hnl[ncihm i` 16% [h^ 12% (^ls q_cabn), l_mj_]ncp_fs. 
Hiq_p_l, Cbfil_ff[ gchoncmmcg[ ^c^ hin jli^o]_ [hs PHAm 
oh^_l hcnlia_h-^_`c]c_hn ]ih^cncihm. Tb_ PHAm jli^o]_^ 
\s Sjclofch[ mj. LEB-18 [h^ Ssh_]bi]i]]om mo\m[fmom 
_rbc\cn_^ ^cmnch]n jbsmc][f [h^ nb_lg[f jlij_lnc_m, 
bcabfcabncha nb_ ch`fo_h]_ i` nb_ jli^o]cha mnl[ch ih PHAm' 
]b[l[]n_lcmnc]m. Mc]li[fa[f mn[l]b cm [ \cijifsg_l 
]ihmcmncha i` ]igjf_r ][l\ibs^l[n_m, h[g_fs [gsfim_ [h^ 
[gsfij_]nch ]b[chm fche_^ \s α-1,4 [h^ α-1,6 afs]imc^c] 

\ih^m, l_mj_]ncp_fs. In m_lp_m [m [ jin_hnc[f `__^mni]e `il 
nb_ jli^o]ncih i` \ci^_al[^[\f_ [h^ jbinimshnb_nc][ffs 
_ffc]c_hn \cijf[mnc]m ehiqh [m nb_lgijf[mnc] mn[l]b. Tb_m_ 
\cijf[mnc]m nsjc][ffs ]ihn[ch 40% mn[l]b ]ihn_hn \s q_cabn 
(37-40). Tb_ ]lcnc][f jlij_lnc_m nb[n ^_n_lgch_ nb_ 
ch^omnlc[f mocn[\cfcns i` mn[l]b \cijifsg_l ch]fo^_ nb_ 
[gsfim_-[gsfij_]nch l[nci, mct_ i` mn[l]b al[hof_m, 
nb_lg[f jlij_lnc_m, [h^ ]lsmn[ffchcns. Cbfil_ff[ 
miliechc[h[, [ gc]li[fa[f mnl[ch, jli^o]_m mn[l]b ch 
l_f[ncp_fs fiq_l [giohnm \on ^_gihmnl[n_m bcab_l 
\cig[mm jli^o]ncpcns ]igj[l_^ ni jf[hn mj_]c_m. 
Ajjlircg[n_fs 80% i` nb_ _r[gch_^ mn[l]b al[hof_m `lig 
Cbfil_ff[ miliechc[h[ q_l_ `ioh^ ni b[p_ [ mct_ qcnbch nb_ 
l[ha_ i` 0.8-5.3 µg, g[echa nb_g c^_[f `il l_m_[l]b 
chpifpcha mg[ff-mct_^ al[hof_m [h^ mbiqcha jligcmcha 

_hlc]bg_hn jin_hnc[f \s nbcm gc]li[fa[f mnl[ch (38). 
Ahinb_l mno^s ih C. miliechc[h[ l_jiln_^ [h [p_l[a_ 
al[hof_ mct_ i` 1.5 µg, g[echa cn nb_ mg[ff_mn l_jiln_^ mct_ 
[h^ l_h^_lcha cn mocn[\f_ `il [jjfc][ncih [m [ `f[pil ][llc_l 
ch nb_ `ii^ ch^omnls (35). 

Afa[_ ]ofncp[ncih ]ih^cncihm [h^ msmn_g l_kocl_g_hnm 

Afa[f mj_]c_m [l_ nl[^cncih[ffs ehiqh ni \_ 
jbini[oninlijbc], l_fscha ih [ `_q honlc_hnm [h^ jlcg[ls 
[\cinc] ]ih^cncihm `il ]ofncp[ncih. Hiq_p_l, nb_ 
^_p_fijg_hn i` [fa[f ]ofncp[ncih n_]bhifiac_m cm ihaicha, 
[m nb_ _hpclihg_hn i` ]ofncp[ncih [h^ honlc_hn 
]igjimcncih ch nb_ aliqnb g_^cog mcahc`c][hnfs cgj[]n 
nb_cl aliqnb [h^ jli^o]ncih i` \ci[]ncp_ ]igjioh^m (41-

45). P[lnc]of[lfs, `il \cijifsg_l jli^o]ncih, [fa[_ [l_ 
]ofncp[n_^ ch nqi ]ihm_]oncp_ mn[a_m. Tb_ chcnc[f mn[a_ 
chpifp_m ]ihnchoiom ]ofnol_ qcnb moffc]c_hn hcnlia_h ch nb_ 

honlc_hn g_^cog ni []bc_p_ bcab ]_ff ^_hmcns. A mg[ff 
jilncih i` nb_ ]ofnol_ `lig nbcm jb[m_ cm nb_h nl[hm`_ll_^ ni 
nb_ m_]ih^ mn[a_, qb_l_ nb_ ]_ffm _rj_lc_h]_ hcnlia_h 
chmoffc]c_h]s il m[fchcns mnl_mm (46, 20). Dolcha nbcm mn[a_, 
\cijifsg_l jli^o]ncih n[e_m jf[]_. So\m_ko_hnfs, nb_ 
i\n[ch_^ [fa[f \cig[mm ]ihn[chcha _mm_hnc[f jl_]olmilm il 
\cijifsg_lm ][h \_ ]ihp_ln_^ chni p[fo[\f_ jli^o]nm 
omcha \ci]b_gc][f, g_]b[hc][f, _htsg[nc], il ]b_gc][f 
nl_[ng_hn g_nbi^m (47). Tb_ ]bic]_ i` ]ofncp[ncih msmn_g 
mcahc`c][hnfs ch`fo_h]_m [fa[_ aliqnb. Tqi ]iggihfs 
jl[]nc]_^ msmn_gm `il [fa[f ]ofncp[ncih [l_ ]fim_^ [h^ ij_h 
msmn_gm. Oj_h jih^ msmn_gm, qbc]b ch]fo^_ mb[ffiq 
[lnc`c]c[f jih^m il h[nol[f b[\cn[nm, [l_ `l_ko_hnfs gcr_^ 
omcha j[^^f_ qb__fm il lin[ncha [lgm [h^ b[p_ fiha \__h 

_mn[\fcmb_^ `il [fa[f ]ofncp[ncih. Tb_m_ msmn_gm [l_ 
]b[l[]n_lct_^ \s gi^_l[n_ jiq_l l_kocl_g_hnm, l_^o]_^ 
][jcn[f [h^ ij_l[ncha ]imnm. Tb_s ]igjlcm_ l[]_q[s 
jih^m, ]cl]of[l jih^m, [h^ n[hem. Hiq_p_l, ij_h msmn_gm 
[l_ gil_ mom]_jnc\f_ ni ]ihn[gch[ncih [h^ jiffoncih, 
_rj_lc_h]_ q[n_l ^_jf_ncih nblioab _p[jil[ncih, b_[pcfs 

l_fs ih q_[nb_l ]ih^cncihm, [h^ b[p_ fcgcn_^ ]ihnlif ip_l 
]lcnc][f j[l[g_n_lm mo]b [m n_gj_l[nol_, cffogch[ncih, 
honlc_hn f_p_fm, [h^ jH, f_[^cha ni fiq l_jli^o]c\cfcns. Tb_ 
g[ch fcgcn[ncihm mn_g `lig ch[^_ko[n_ gcrcha, l_mofncha ch 
fcgcn_^ cffogch[ncih [h^ ohm[ncm`[]nils mojjfs i` ][l\ih 
^circ^_ a[m (48). 

 Cfim_^ jbini\cil_[]nilm (PBRm) jl_m_hn [ pc[\f_ 
[fn_lh[ncp_ ni ij_h jih^ msmn_gm ^o_ ni nb_cl [\cfcns ni 

_ff_]ncp_fs l_aof[n_ ]ofncp[ncih j[l[g_n_lm [h^ ip_l]ig_ 
]ihn[gch[ncih cmmo_m. Tb_ ]fim_^ jbini\cil_[]nil msmn_g 
][h \_ ]f[mmc`c_^ chni nbl__ g[ch nsj_m: p_lnc][f ]ifogh, 
]fim_^ no\of[l, [h^ `f[n jf[n_ ^_mcahm. Tb_m_ 
jbini\cil_[]nilm _hb[h]_ \cig[mm sc_f^ [h^ jlin_]n nb_ 
]ofnol_ `lig gc]li\c[f ]ihn[gch[ncih \s [ffiqcha jl_]cm_ 
]ihnlif i` n_gj_l[nol_, jH, cffogch[ncih, honlc_hnm, [h^ 
nb_ l_f_[m_ i` irsa_h a[m jli^o]_^ ^olcha jbinimshnb_mcm. 
Mil_ip_l, nb_ ]ihnliff_^ ]ih^cncihm `[]cfcn[n_ a_hnf_ 
gcrcha, _hmolcha _p_h ^cmnlc\oncih i` ]_ffm, CO2 a[m, [h^ 
_mm_hnc[f honlc_hnm. Tbcm ]ihnchoiom gip_g_hn i` ]_ffm 
jl_p_hnm nb_cl [nn[]bg_hn ni p_mm_f q[ffm, g[chn[chcha 
ijncg[f cffogch[ncih f_p_fm `il jbinimshnb_mcm (48). 
Cigj[l_^ ni ij_h jih^ msmn_gm, ]fim_^ jbini\cil_[]nilm 
[l_ a[chcha jijof[lcns [h^ [l_ \_cha ch]l_[mchafs 

_gjfis_^ `il f[la_-m][f_ ion^iil ]ofncp[ncih i` gc]li[fa[_ 
ni jli^o]_ \cijifsg_lm. Hiq_p_l, cn cm qilnb hincha nb[n 
nb_m_ msmn_gm [l_ [mmi]c[n_^ qcnb bcab_l ]imnm [h^ _h_las 
]ihmogjncih. Cihm_ko_hnfs, nb_l_ cm [ n_h^_h]s ni fcgcn 
nb_cl _rjimol_ ni mohfcabn qbcf_ mncff _h[\fcha nb_ ]_ffm ni 
][lls ion jbinimshnb_nc] []ncpcnc_m _ff_]ncp_fs. Ti [^^l_mm 
nbcm ]b[ff_ha_, mig_ l_m_[l]b_lm b[p_ _rjfil_^ nb_ om_ i` 
LED fcabnm [m [ ]imn-_ff_]ncp_ [fn_lh[ncp_ ni nl[^cncih[f 
[lnc`c]c[f fcabncha g_nbi^m (41). 

Ernl[]ncih jli]_mm [h^ ]imn [ffil^[\cfcns i` 
\cijifsg_lm `lig gc]li [h^ g[]li[fa[_ 

Ih l_]_hn s_[lm, nb_l_ b[m \__h [ mcahc`c][hn `i]om ih nb_ 
_rnl[]ncih jli]_mm [h^ ]imn-_ff_]ncp_h_mm i` \cijifsg_lm 
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`lig gc]li [h^ g[]li[fa[_, g[chfs ^o_ ni nb_cl jin_hnc[f 
[jjfc][ncihm []limm p[lciom ch^omnlc_m. Tb_ _rnl[]ncih 
jli]_mm chpifp_m m_p_l[f _mm_hnc[f mn_jm, mn[lncha qcnb 

\cig[mm ]iff_]ncih, `iffiq_^ \s jl_nl_[ng_hn, _rnl[]ncih, 
jolc`c][ncih, [h^ `ch[ffs `ilgof[ncih. Ti \_ach, nb_ 
b[lp_mn_^ [fa[f \cig[mm oh^_lai_m p[lciom jl_nl_[ng_hn 
g_nbi^m, [cg_^ [n l_gipcha cgjolcnc_m [h^ _hb[h]cha nb_ 
ip_l[ff _ffc]c_h]s i` _rnl[]ncih. Ciggihfs jl[]nc]_^ 
jl_nl_[ng_hn n_]bhcko_m ch]fo^_ ^lscha, alch^cha, [h^ ]_ff 
q[ff ^cmlojncih. Fiffiqcha jl_nl_[ng_hn, nb_ _rnl[]ncih i` 
\cijifsg_lm `lig [fa[_ ][h \_ []]igjfcmb_^ omcha 
^cff_l_hn g_nbi^m. Tb_m_ g_nbi^m g[s chpifp_ mifp_hn 
_rnl[]ncih, _htsg[nc] bs^lifsmcm, il jbsmc][f [jjli[]b_m 
fce_ ofnl[mioh^ [h^ gc]liq[p_-[mmcmn_^ _rnl[]ncih (50). 

 Sifp_hn _rnl[]ncih cm [ qc^_fs oncfct_^ n_]bhcko_ ch 
qbc]b ila[hc] mifp_hnm ^cmmifp_ [h^ m_j[l[n_ \cijifsg_lm 
`lig \cig[mm. Ehtsg[nc] bs^lifsmcm chpifp_m omcha mj_]c`c] 

_htsg_m ni \l_[e ^iqh nb_ ]igjf_r mnlo]nol_ i` [fa[_ 
\cig[mm, l_f_[mcha nb_ \cijifsg_lm. Pbsmc][f g_nbi^m 
_gjfis g_]b[hc][f `il]_m il _h_las ni ^cmlojn ]_ff q[ffm, 
`[]cfcn[ncha \cijifsg_l l_f_[m_ (50, 51). Oh]_ _rnl[]n_^, 
\cijifsg_lm oh^_lai `olnb_l jolc`c][ncih [h^ jli]_mmcha 

ni []bc_p_ ^_mcl_^ jlij_lnc_m, ch]fo^cha `cfnl[ncih, 
]_hnlc`oa[ncih, jl_]cjcn[ncih, il ]blig[nial[jbc] 
n_]bhcko_m. So\m_ko_hnfs, nb_ jolc`c_^ \cijifsg_lm [l_ 
^lc_^ [h^ `ilgof[n_^ chni p[lciom `ilgm mo]b [m jiq^_lm, 
`cfgm, il `c\_lm, n[cfil_^ ni nb_cl chn_h^_^ [jjfc][ncihm (50, 
52). Fcaol_ 3 cffomnl[n_m nb_ mshnb_mcm i` \cijifsg_lm `lig 
[fa[f \cig[mm. Tb_ ]imn [ffil^[\cfcns i` \cijifsg_lm 
^_lcp_^ `lig gc]li [h^ g[]li[fa[_ ^_j_h^m ih m_p_l[f 
`[]nilm. Tb_m_ ch]fo^_ nb_ _rj_hm_ i` [fa[_ ]ofncp[ncih, 

b[lp_mncha, [h^ jl_-nl_[ng_hn, qbc]b ][h p[ls \[m_^ ih 
jli^o]ncih m][f_ [h^ [fa[_ `[lg fi][ncih. Mil_ip_l, nb_ 
]bic]_ i` _rnl[]ncih g_nbi^ cgj[]nm ]imnm, [m ]_ln[ch 
n_]bhcko_m g[s h_]_mmcn[n_ ]imnfs _kocjg_hn il 
]ihmog[\f_m. N_p_lnb_f_mm, cn cm _mm_hnc[f ni hin_ nb[n nb_ 
]imn i` \cijifsg_lm `lig [fa[_ b[m ^_]l_[m_^ ip_l ncg_ 
^o_ ni [^p[h]_m ch _rnl[]ncih n_]bhifiac_m, cgjlip_^ 
]ofncp[ncih jl[]nc]_m, [h^ _]ihigc_m i` m][f_. 

Folnb_lgil_, nb_ [\oh^[h]_ i` [fa[_ l_miol]_m qilf^qc^_ 
l_h^_lm nb_g [ jin_hnc[ffs ]imn-_ff_]ncp_ `__^mni]e `il 
\cijifsg_l jli^o]ncih. Am n_]bhifias ]ihncho_m ni 

[^p[h]_, nb_ ]imn [ffil^[\cfcns i` \cijifsg_lm `lig gc]li 
[h^ g[]li[fa[_ cm _rj_]n_^ ni `olnb_l cgjlip_, 
_mn[\fcmbcha nb_g [m [ pc[\f_ [fn_lh[ncp_ ni ]ihp_hncih[f 
jifsg_lm. 

Mc]li[fa[f Bcijifsg_l [h^ cnm Uncfct[ncih ch Ih^omnls 

Mc]li[fa[_ bif^ mcahc`c][hn cgjfc][ncihm `[l \_sih^ nb_cl 
]oll_hn l_m_[l]b [jjfc][ncihm, j[lnc]of[lfs ch nb_ ch^omnlc[f 
m_]nil ([m ^_jc]n_^ ch T[\f_ 2). Ih l_]_hn s_[lm, nb_l_ b[m 
\__h l[jc^ aliqnb ch nb_ oncfct[ncih i` gc]li[fa[_, 
a[lh_lcha [nn_hncih ^o_ ni nb_cl [\cfcns ni jli^o]_ bcab-
p[fo_ jli^o]nm, g[echa nb_g [ jligcmcha mo\mncnon_ `il 
`chcn_ l_miol]_m fce_ j_nlif_og, jf[mnc]m, [h^ jifsg_lm. 
Tb_ ch]l_[mcha l_fc[h]_ ih hih-l_h_q[\f_ l_miol]_m, mo]b 
[m `immcf `o_fm (]i[f, j_nlif_og, [h^ icf), b[m l[cm_^ 

_hpclihg_hn[f ]ih]_lhm. Cihm_ko_hnfs, nb_l_ cm [ aliqcha 
h__^ ni _rjfil_ hip_f [fn_lh[ncp_m ni a_h_l[n_ l_h_q[\f_ 
[h^ \ci^_al[^[\f_ l_miol]_m (21, 53, 54). Tb_ jf[mnc] 
ch^omnls, qbc]b jli^o]_m ip_l 300 gcffcih nihm i` 
j_nlif_og-^_lcp_^ jf[mnc]m [hho[ffs, jf[sm [ pcn[f lif_ ch 

nb_ afi\[f _]ihigs. Hiq_p_l, nb_ mfiq ^_al[^[ncih l[n_ 
i` jf[mnc]m, n[echa oj ni 100 s_[lm ih [p_l[a_, jim_m [ 
mcahc`c][hn _hpclihg_hn[f b[t[l^, ]ihnlc\oncha ni nb_ 
a_h_l[ncih i` b[t[l^iom q[mn_ (55). Mc]li[fa[_'m 
[\oh^[hn h[nol[f ]igjioh^m [h^ nb_cl mcgjf_ [h^ l[jc^ 
aliqnb ]b[l[]n_lcmnc]m g[e_ nb_g [ jligcmcha ][h^c^[n_ 
`il l_jf[]cha hih-\ci^_al[^[\f_ j_nlif_og-^_lcp_^ 
jf[mnc]m (21). Fca. 4 cffomnl[n_m p[lciom [jjfc][ncihm i` 
\cijifsg_lm ^_lcp_^ `lig gc]li[fa[_, bcabfcabncha nb_cl 

jin_hnc[f ch [^^l_mmcha nb_ _hpclihg_hn[f ]b[ff_ha_m 
jim_^ \s ]ihp_hncih[f jf[mnc]m. 

Use of microalgae in food industry 

Bs 2050, nb_ qilf^'m jijof[ncih cm jlid_]n_^ ni l_[]b 10 
\cffcih, h_]_mmcn[ncha [ 70% ch]l_[m_ ch `ii^ jli^o]ncih ni 
momn[ch [h [^^cncih[f 2.3 \cffcih j_ijf_ (56). M__ncha mo]b 
[ mo\mn[hnc[f ^_g[h^ `il `ii^ l_kocl_m _rjfilcha 
chhip[ncp_ miol]_m i` honlcncih, _mj_]c[ffs nbim_ nb[n ][h 
\_ ]ofncp[n_^ qcnbion nb_ h__^ `il [l[\f_ f[h^. Oh_ 
jligcmcha ][h^c^[n_ cm gc]li[fa[_, ift_h l_`_ll_^ ni [m 
"nb_ `ii^ i` nb_ `onol_" \_][om_ i` cnm [\cfcns ni jlipc^_ 
honlc_hn-lc]b `ii^ [h^ m_lp_ [m fcp_mni]e `__^ (57). Oh_ i` 
nb_ gimn mcahc`c][hn [^p[hn[a_m i` gc]li[fa[_ cm nb[n nb_s 
^i hin l_kocl_ [l[\f_ f[h^ il `l_mb q[n_l `il ]ofncp[ncih, 

jl_m_hncha [ jligcmcha mifoncih ni nb_ jli\f_g i` `ii^ 
m][l]cns. 

 Mc]li[fa[_, ehiqh `il nb_cl l[jc^ aliqnb, b[p_ 
a[lh_l_^ [nn_hncih [m [ jin_hnc[f miol]_ `il jli^o]cha 
\cijifsg_lm [h^ \cijf[mnc]m, j[lnc]of[lfs `il `ii^ 
j[]e[acha g[n_lc[fm (58, 59). Tb_ gc]li[fa[f-\[m_^ 
jifsg_lm iff_l m_p_l[f [^p[hn[a_m ch nb_ `ii^ ch^omnls ^o_ 
ni nb_cl _[m_ i` jli^o]ncih [h^ l_h_q[\f_ ilcach (59). 
A^^cncih[ffs, gc]li[fa[_ ]ihn[ch \_h_`c]c[f ]igjih_hnm 
mo]b [m jlin_chm, pcn[gchm, ][l\ibs^l[n_m, _mm_hnc[f 
gch_l[fm, [h^ jifsohm[nol[n_^ `[nns []c^m, g[echa nb_g 
p[fo[\f_ `il b_[fnb mojjf_g_hnm (60, 61). Sno^c_m `i]omcha 
ih gc]li[fa[_ fce_ Alnblimjcl[ jf[n_hmcm [h^ Cbfil_ff[ 
pofa[lcm b[p_ mojjiln_^ nb_cl jin_hnc[f [m honl[]_onc][fm 

Fca. 3. Sshnb_mcm i` Afa[f Bcijifsg_lm 
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(62). Onb_l gc]li[fa[_ mj_]c_m, ch]fo^cha Dunaliella salina, 
Haematococcus pluvialis, [h^ Phaeodactylum tricornutum, 
[l_ lc]b ch [hncirc^[hnm [h^ `ch^ [jjfc][ncihm ch ]img_nc]m 
[h^ nb_ `ii^ ch^omnls. Mc]li[fa[_ b[p_ \__h `ioh^ ni 
mshnb_mct_ p_ls fiha-]b[ch jifsohm[nol[n_^ `[nns []c^m 
(VLC-PUFAm) \_fihacha ni nb_ ig_a[-6 [h^ ig_a[-3 
`[gcfc_m, g[echa nb_g mocn[\f_ `il om_ [m `ii^ 

mojjf_g_hnm (63). Mil_ip_l, g[dil jcag_hnm jl_m_hn ch 
gc]li[fa[_, mo]b [m jbs]i]s[hch, fs]ij_h_, [mn[r[hnbch, 
jli^cacimch, ][hnb[r[hnbch, pcif[]_ch, \_n[-][lin_h_, 
g_f[hch, [h^ lc\i`f[pch, [l_ om_^ [m `ii^ ]ifil[hnm (64). 
Oh_ mno^s `i]om_^ ih nb_ al__h [fa[_ Chlamydomonas 
reinhardtii [h^ chp_mnca[n_^ cnm l_mjihm_ ni ]if^ mnl_mm, 
_p[fo[ncha nb_ jli^o]ncih i` ]igjioh^m oh^_l ^cff_l_hn 
n_gj_l[nol_ ]ih^cncihm. Tb_ `ch^cham l_p_[f_^ nb[n 
n_gj_l[nol_m l[hacha `lig 10 ni 20℃ ch^o]_^ nb_ 
[]]ogof[ncih i` ][lin_hic^m [h^ ]bfilijbsff ]ihn_hn ch C. 
reinhardtii. Tbcm moaa_mnm nb_ [fa[_'m [\cfcns ni []]fcg[n_ ni 
]if^ mnl_mm [h^ ch^c][n_m nb[n fiq_lcha n_gj_l[nol_m ][h 
_ff_]ncp_fs _hb[h]_ jcag_hn jli^o]ncih ch nbcm mj_]c_m 
(65). 

Use of microalgae in pharmaceutical industry 

Mc]li[fa[_ b[p_ a[ch_^ mcahc`c][hn [nn_hncih ch 
\cin_]bhifias `il nb_cl [\cfcns ni jli^o]_ p[fo[\f_ \ci-
]igjioh^m, mo]b [m \ci^_al[^[\f_ \cijifsg_lm. Tb_m_ 
\cijifsg_lm _rbc\cn jlij_lnc_m mcgcf[l ni ]ihp_hncih[f 
jifsg_lm \on iff_l _hb[h]_^ \ci]igj[nc\cfcns, g[echa 
nb_g j[lnc]of[lfs mocn[\f_ `il g_^c][f [jjfc][ncihm, 

ch]fo^cha nb_ g[ho`[]nolcha i` [lnc`c]c[f fcg\m [h^ monol_ 
g[n_lc[fm. Ih nb_ jb[lg[]_onc][f ch^omnls, [ \cijifsg_l 
][ff_^ jifs-3-bs^lirs\onsl[n_ (PHB), ^_lcp_^ `lig 
Sjclofch[ \cig[mm, cm oncfct_^ `il h[hi_h][jmof[ncih i` 
[]ncp_ chal_^c_hnm. Tbcm jli]_mm ]l_[n_m [ jlin_]ncp_ 
\[llc_l [lioh^ nb_ []ncp_ mo\mn[h]_m, jl_p_hncha `il_cah 
mo\mn[h]_m `lig chn_l`_lcha qcnb nb_cl _ffc][]s (66). 
R_]_hnfs, l_m_[l]b_lm b[p_ \__h `i]omcha ih oncfctcha 
_rnl[]_ffof[l jifsg_lc] mo\mn[h]_m (EPS) ch nb_ `[\lc][ncih 
i` gc]liila[hcmgm, qbc]b bif^m jligcm_ ch 
\cil_g_^c[ncih [jjfc][ncihm. Tb_ jb[lg[]_onc][f 
jin_hnc[f i` gc]li[fa[_ b[m jcko_^ chn_l_mn ch f[la_-m][f_ 
jli^o]ncih i` EPS `lig al__h gc]li[fa[_ (67, 68). 
Erjfil[ncih i` l_^ gc]li[fa[_ EPS, mj_]c`c][ffs `lig nb_ 

  Mc]li[fa[_ Bcijifsg_l Ajjfc][ncihm R_`_l_h]_ 

Arthrospira platensis jifsbs^lirs\onsl[n_ (PHB) Pli^o]ncih i` \ci`oh]ncih[fct_^ h[hi`c\l_m (76) 

Calothrix scytonemicola Pifsbs^lirs[fe[hi[n_ (PHA) 
Pli^o]ncih i` \cijf[mnc] g[n_lc[f om_^ ni ][mn 

nbch [h^ \lcnnf_ jf[mnc] `cfg. (25) 

Calothrix scytonemicola TISTR 8095 jifsbs^lirs\onsl[n_ 
Cihp_lmcih i` mif[l _h_las chni PHB 

(Ih [ \ci_h_las `ilg) 
(77) 

Chlorella vulgaris Pifsbs^lirs[fe[hi[n_m 
(PHB) 

Pli^o]ncih i` \ci^c_m_f (29) 

Chlorogloea fritschii jifs-3-bs^lirs\onsl[n_ Pli^o]ncih i` \cijf[mnc]m (78) 

Nostoc muscorum 
Pifsbs^lirs[fe[hi[n_m 

(PHB) 
R_jf[]_g_hn i` j_nli]b_gc][f miol]_ i` 

jifsg_lm (30) 

Spirulina mj. mn[l]b `ii^ ch^omnls (79) 

Eustigmatophyte nannochloropsis sp. mn[l]b F__^mni]e i` \ci`o_f [h^ \ci^c_m_f jli^o]ncih (80) 

T[\f_ 2. Mc]li[fa[_ \[m_^ \cijifsg_l [jjfc][ncih ch ^cff_l_hn ch^omnlc_m. 

Fca. 4. Dcff_l_hn Um[a_ i` Bcijifsg_l 
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Piljbslc^cog a_hom, b[m l_p_[f_^ cnm jlij_lnc_m [m [h 
_rnl[]_ffof[l jifsg_lc] mo\mn[h]_ qcnb _rn_hmcp_ 
\cig_^c][f [jjfc][ncihm. Tb_m_ [jjfc][ncihm ch]fo^_ 

[hncgc]li\c[f, bs^l[ncha, [hncirc^[hn, [h^ [hnc-
ch`f[gg[nils jlij_lnc_m (69). Tb_ \li[^ mj_]nlog i` om_m 
g[e_m l_^ gc]li[fa[_ EPS [ jligcmcha ][h^c^[n_ `il 
p[lciom \cig_^c][f [jjfc][ncihm. 

Fonol_ P_lmj_]ncp_m 

Tb_ _m][f[ncha afi\[f jli^o]ncih i` jf[mnc] q[mn_ b[m f_^ 
ni qc^_mjl_[^ jf[mnc] jiffoncih, h_]_mmcn[ncha ola_hn [h^ 
chhip[ncp_ g_[mol_m ni gcnca[n_ cnm _hpclihg_hn[f cgj[]n. 
E]imsmn_gm [h^ g[lch_ fc`_ b[p_ \__h m_p_l_fs [ff_]n_^ \s 
nb_ qc^_mjl_[^ ^_g[h^ `il jf[mnc] jli^o]nm. Am [ al__h_l 
[fn_lh[ncp_, \cijf[mnc]m b[p_ a[ch_^ jijof[lcns ^o_ ni nb_cl 
momn[ch[\f_ h[nol_, fiq ][l\ih `iinjlchn, fiq nirc]cns, [h^ 
bcab ^_al[^[\cfcns. Agiha nb_ p[lciom miol]_m `il 
jli^o]cha \cijifsg_lm, \ci-\[m_^ jifsg_lm ^_lcp_^ `lig 

gc]liila[hcmgm, jf[hnm, [hcg[fm, [alc]ofnol[f q[mn_, [h^ 
inb_l \cifiac][f l_miol]_m b[p_ _g_la_^ [m jligcmcha 
mo\mncnon_m `il nl[^cncih[f jf[mnc]m. Nin[\fs, gc]li[fa[_ 
jl_m_hn [ ohcko_ [h^ jligcmcha ijjilnohcns `il \cijf[mnc] 
mshnb_mcm [h^ q[ll[hn `olnb_l _rjfil[ncih [h^ 

_hb[h]_g_hn. Tb_ ]ih]_jn i` [ `_[mc\f_ \cil_`ch_ls 
j_lmj_]ncp_ `il oncfctcha gc]li[fa[_ \cig[mm ch \cijifsg_l 
jli^o]ncih iff_lm mcahc`c][hn [^p[hn[a_m [h^ ][ffm `il 
[^^cncih[f chp_mnca[ncih. Sj_]c`c][ffs, nb_ `i]om mbiof^ mbcft 
`lig mchaf_-mj_]c_m ]ofncp[ncih ni gofnc-mj_]c_m msmn_gm, 
qbc]b ][h mcahc`c][hnfs \iimn jifsg_l jli^o]ncpcns. 
Mil_ip_l, nb_l_ cm [ jl_mmcha h__^ `il chn_hmc`c_^ l_m_[l]b 
_ffilnm ni \cijlimj_]n hip_f gc]li[fa[f mnl[chm [h^ 
^_p_fij _ffc]c_hn g_nbi^m `il m]l__hcha, jli^o]cha, [h^ 

_rnl[]ncha \cijifsg_lm. Bs ^_fpcha ^__j_l chni nb_m_ 
[l_[m, q_ ][h ohfi]e nb_ `off jin_hnc[f i` gc]li[fa[_-
\[m_^ \cijf[mnc]m [h^ ]ihnlc\on_ ni l_^o]cha jf[mnc] 
jiffoncih ih [ afi\[f m][f_. Ih nb_ `ilnb]igcha s_[lm, cn cm 
]lo]c[f ni `i]om ih g[jjcha jifsg_l jli^o]ncih `lig 
^cp_lm_ gc]li[fa[_ mj_]c_m [h^ _gjfischa chhip[ncp_ [h^ 
]ig\ch_^ ]ofncp[ncih n_]bhcko_m ni _hb[h]_ sc_f^ qbcf_ 
l_^o]cha ]imnm (47). A^^cncih[ffs, nb_ j_l]_jncih i` 
]omnig_lm jf[sm [ jcpin[f lif_ ch jligincha nb_ [^ijncih 
i` [fa[f-\[m_^ \cijifsg_lm. Tb_l_`il_, _ff_]ncp_ g[le_ncha 
mnl[n_ac_m mbiof^ _gjb[mct_ nb_ [^p[hn[a_m i` [ ]cl]of[l 
_]ihigs, \ci^_al[^[\cfcns, [h^ nb_ ]imn-_ff_]ncp_h_mm i` 
[fa[_-\[m_^ \cijifsg_lm ni `imn_l [ jimcncp_ mi]c_n[f 
gch^m_n (14). Agiha nb_ gc]li[fa[_ mj_]c_m om_^ `il 

\cijifsg_l mshnb_mcm, Cbfil_ff[ [h^ Sjclofch[ mn[h^ ion [m 
nb_ gimn jijof[l ]bic]_m. Folnb_lgil_, gc]lifa[_ mo]b [m 
Synechococcus subsalsus, Calothrix sp., Oscillatoria sp., 
Spirulina sp., Synechocystis sp., [h^ Nostoc muscorum b[p_ 
^_gihmnl[n_^ nb_ [\cfcns ni jli^o]_ mcahc`c][hn ko[hncnc_m 
i` jifsbs^lirs[fe[hi[n_m (PHAm) [h^ nb_cl ^_lcp[ncp_m 
qcnbion ]igj_ncha `il [l[\f_ f[h^. Hiq_p_l, ni _hmol_ 
qc^_mjl_[^ [^ijncih i` \cijf[mnc] jli^o]nm ^_lcp_^ `lig 
gc]li[fa[_ ch nb_ g[le_n, _]ihigc] pc[\cfcns [n [h 
ch^omnlc[f m][f_ gomn \_ [^^l_mm_^. Tbcm h_]_mmcn[n_m 
`olnb_l ^_p_fijg_hn i` \cijf[mnc] g[ho`[]nolcha 
n_]bhcko_m `lig gc]li[fa[_. 

 

 

Cih]fomcih 

Tb_ _rn_hmcp_ om_ i` j_nlif_og-\[m_^ jf[mnc]m b[m 

\_]ig_ [ mcahc`c][hn _hpclihg_hn[f [h^ mi]c_n[f 
]ih]_lh. Ti [^^l_mm nb_m_ cmmo_m, nb_l_ cm [ ]lcnc][f 
h__^ ni ^_p_fij _]i-`lc_h^fs [h^ momn[ch[\f_ 
\cijf[mnc]m mocn[\f_ `il p[lciom ch^omnlc[f m_]nilm mo]b 
[m g_^c][f, `ii^, ]img_nc]m, [h^ honl[]_onc][fm. 
Agiha nb_ jin_hnc[f mifoncihm, [fa[f-\[m_^ 
\cijifsg_lm b[p_ _g_la_^ [m [ jligcmcha j[nb 
niq[l^m []bc_pcha [ ]cl]of[l \ci_]ihigs. Afa[f 
\cig[mm bif^m nl_g_h^iom jin_hnc[f `il l_jf[]cha 
j_nlif_og-\[m_^ [h^ mshnb_nc] jf[mnc] g[n_lc[fm ^o_ ni 
m_p_l[f [^p[hn[a_m. Nin[\fs, [fa[_ _rbc\cn [ l[jc^ 
aliqnb l[n_, l_kocl_ gchcg[f honlc_hnm, ^i hin 
h_]_mmcn[n_ f[la_ [l[\f_ f[h^, [h^ b[p_ [ bcab CO2 
`cr[ncih l[n_. Tb_m_ [nnlc\on_m g[e_ nb_g [h [nnl[]ncp_ 
l[q g[n_lc[f `il \cijifsg_l jli^o]ncih. Hiq_p_l, nb_ 

jli^o]ncih jli]_mm `[]_m m_p_l[f ]b[ff_ha_m nb[n h__^ 
ni \_ [^^l_mm_^. Tb_ \ci]b_gc][f j[nbq[sm chpifp_^ ch 
[fa[f \cijifsg_l jli^o]ncih l_g[ch ch]igjf_n_fs 
oh^_lmnii^. A^^cncih[ffs, _rnl[]ncih g_nbi^m, 
c^_hnc`c][ncih i` mocn[\f_ [fa[f mj_]c_m, [h^ 
ijncgct[ncih i` ]ofncp[ncih ]ih^cncihm [l_ ]lo]c[f 
`[]nilm `il nb_ mo]]_mm`of [jjfc][ncih [h^ 
]igg_l]c[fct[ncih i` [fa[f-\[m_^ \cijifsg_lm. 
Nih_nb_f_mm, cn cm _pc^_hn nb[n [fa[_ i``_l jligcmcha 
jin_hnc[f [m [ l_h_q[\f_ miol]_ `il jli^o]cha 
\cijifsg_lm, qbc]b ][h mcahc`c][hnfs ]ihnlc\on_ ni nb_ 
l_[fct[ncih i` [ ]cl]of[l \ci_]ihigs. E``ilnm ni 
ip_l]ig_ nb_ ]oll_hn \innf_h_]em [h^ `olnb_l l_m_[l]b 
chni nb_ chnlc][]c_m i` [fa[f \cijifsg_l jli^o]ncih qcff 

oh^io\n_^fs j[p_ nb_ q[s `il gil_ momn[ch[\f_ [h^ 
_hpclihg_hn[ffs `lc_h^fs [fn_lh[ncp_m ni ]ihp_hncih[f 
jf[mnc]m. 

 

A]ehiqf_^a_g_hnm 

Tbcm j[j_l b[m \__h mojjiln_^ \s nb_ al[hn jlipc^_^ \s 
DST, Gipn. i` Ih^c[ oh^_l nb_ jlid_]n (DST/INT/RUS/RSF/P-
60/2021). Tbcm j[j_l [fmi mojjiln_^ \s RUDN Uhcp_lmcns 
Snl[n_ac] A][^_gc] L_[^_lmbcj Plial[g. 
 

Aonbilm’ ]ihnlc\oncihm 

RD ][llc_^ ion nb_ ]ih]_jno[fct[ncih, ^[n[ ]ol[ncih [h^ 
qlcncha – ilcach[f ^l[ft. SM ][llc_^ ion nb_ 

]ih]_jno[fct[ncih, ^[n[ ]ol[ncih [h^ qlcncha – ilcach[f ^l[ft. 
SS ][llc_^ ion nb_ qlcncha – l_pc_q & _^cncha. NCJ ][llc_^ ion 
nb_ qlcncha – l_pc_q & _^cncha. PB ][llc_^ ion nb_ qlcncha – 
l_pc_q & _^cncha. RS ][llc_^ ion nb_ ^[n[ ]ol[ncih [h^ 
qlcncha – ilcach[f ^l[ft. VK ][llc_^ ion nb_ ]ih]_jno[fct[ncih 
[h^ moj_lpcmcih. PG ][llc_^ ion nb_ ]ih]_jno[fct[ncih [h^ 
moj_lpcmcih. 
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