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A\str[]t  

Tb_ ch]l_[mcha afi\[f h__^ `il `ii^ b[m mj[le_^ [ al_[n ^_[f i` chn_l_mn ch nb_ 
]ihmogjncih i` hip_f [h^ ^cp_lmc`c_^ miol]_m i` jlin_ch. Dc_n[ls jlin_ch hin ihfs 
jf[sm [ ]lcnc][f `oh]ncih ch nb_ jl_p_hncih i` Plin_ch Eh_las M[fhonlcncih (PEM) \on 
[fmi ch biq nb_ bog[h ^c_n [ff_]nm nb_ _hpclihg_hn. E[ncha chm_]nm b[m \__h 
jl[]nc]_^ `il [ p_ls fiha ncg_. E^c\f_ chm_]nm b[p_ ]f_[l _]ihigc] [h  ̂
_hpclihg_hn[f \_h_`cnm, [h^ l_]_hnfs, nb_cl boa_ jin_hnc[f ch hog_liom ch ômnlc_m 
b[m \lioabn nb_g ni nb_ `il_̀ lihn. Do_ ni ]ofnol[f jl_do^c]_m niq[l^m b[t[l^iom 
chm_]nm, _^c\f_ chm_]nm ch W_mn_lh h[ncihm [l_ gil_ fce_fs ni \_ om_  ̂[m [hcg[f `__^ 
nb[h [m bog[h `ii^, _p_h nbioab nb_cl [\oh [̂h]_ mbiof  ̂ \_ [^p[hn[a_iom ni 
bog[h b_[fnb. Hiq_p_l, chm_]nm [l_ [ g[dil miol]_ i  ̀jlin_ch `il g[hs ]iohnlc_m ch 
Amc[, A l̀c][, [h^ L[nch Ag_lc][. Ihm_]nm g[s \_ om_^ ni [^ l̂_mm cmmo_m qcnb nb_ 
]ihm_lp[ncp_ `ii^ mojjfs ]b[ch, mo]b [m nb_ m][l]cns i` f[h^, q[n_l, [h^ _h_las 
l_miol]_m. Ool [h[fsmcm mbiqm nb[n, ^_mjcn_ nb_ `[]n nb[n ]ihmog_lm [ff_]n_^ \s 
W_mn_lh _[ncha b[\cnm [l_ oh`[gcfc[l qcnb cn, _hnigijb[as cm mn_[^cfs aliqcha 
nblioabion nb_ qilf^. Nog_liom mno^c_m b[p_ \__h ^ih_ ni ch]l_[m_ nb_cl p[fo_, 
biq_p_l ko_mncihm [\ion nb_ m_]olcns i  ̀ nb_ `ii^ mojjfs b[p_ \__h l[cm_^. Ih nbcm 
l_pc_q i` fcn_l[nol_ mno^s, ]igj[lcmih b[p_ \__h g[^_ qcnb cha_mnc\f_ chm_]nm qcnb 
nbim_ i` inb_l ]ihp_hncih[f jlin_ch miol]_m. Tb_ ^_p_fijg_hn i` ]ihn_gjil[ls 
_hnigijb[as q[m ^cm]omm_^ [fiha qcnb nb_cl bcmnilc][f j_lmj_]ncp_. Tb_ jl[]nc][f 
g_nbi^m [h  ̂ n[]nc]m b[p_ \__h [fmi moaa_mn_^ ni _h]iol[a_ nb_ ]ihmogjncih i  ̀
_^c\f_ chm_]nm. 

 

K_ywir^s  

_^c\f_ chm_]nm, _hnigijb[as, honlcncih[f p[fo_, `ii^ jli]_mmcha, `ii^ m_]olcns 

 

Ihtri^u]tcih  

Hog[hm b[p_ bcmnilc][ffs ]ihmog_  ̂ nb_ _aam, f[lp[_, joj[_, [h^ [^ofnm i  ̀ chm_]nm, 
[h^ nbcm jl[]nc]_ ]ihncho_m ni [̂s ch mig_ ilnbi^ir ]iohnlc_m. Ih nb_ \_achhcha, 
g[h q[m [h ighcpil_ qbi [n_ [ fin i` chm_]nm. Plcil ni nb_ chp_hncih i` niifm `il 
`[lgcha il bohncha, chm_]nm q_l_ [ g[dil ]igjih_hn i  ̀ bog[h ^c_nm. Tb_ g[dilcns 
i  ̀ bog[hcns [fmi l_mc^_  ̂ ch q[lg ]fcg[n_m qcnb [ s_[l-lioh  ̂ ^cp_lmcns i  ̀ chm_]nm. 
Wb_h nb_l_ q[m hi g_[n [p[cf[\f_ l̀ig p_ln_\l[n_m, chm_]nm q_l_ ift_h [ q_f]ig_ 
miol]_ i  ̀ jlin_ch (1). Oh_ boh l̂_^ [h  ̂ nbcln__h h[ncihm nblioabion nb_ qilf^ mncff 
jl[]nc]_ _[ncha bog[h chm_]nm. Tb_l_ [l_ [lioh  ̂ 2000 \oa mj_]c_m nb[n ][h \_ 
]ihmog_^. B__nf_m, ][n_ljcff[lm, \__m, q[mjm, [h  ̂ [hnm [l_ nb_ mj_]c_m nb[n [l_ 
_[n_h gimn l̀_ko_hnfs ih [ afi\[f m][f_. Tb_s [l_ `iffiq_^ \s n_lgcn_m, ^l[aih`fc_m, 
]c][ [̂m, ]lc]e_nm, `fc_m, f_[`bijj_lm, al[mmbijj_lm, fi]omnm, [h  ̂ inb_l mj_]c_m. Ih 
A`lc][, Amc[, [h^ L[nch Ag_lc][, j_ijf_ _[n chm_]nm nb_ gimn (2). Hog[h cha_mncih i  ̀
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chm_]nm [l_ _r]__^chafs oh]iggih [h  ̂ l̀_ko_hnfs mi]c[ffs 
oh[]]_jn[\f_ il _p_h n[\ii ch nb_ g[dilcns i  ̀ Eolij_[h 
h[ncihm. Ihm_]nm b[p_ honlcncih[f p[fo_ nb[n cm ]igj[l[\f_ 
ni nb[n i` l_aof[l g_[nm. Cihmc^_l[ncih mbiof  ̂ \_ acp_h ni 
omcha _^c\f_ chm_]nm [m [h [hcg[f jlin_ch miol]_ acp_h nb_ 
_rj[h^cha bog[h jijof[ncih [h^ nb_ lcmcha ^_g[ĥ  `il 
nl[^cncih[f g_[nm fce_ \__`, bia, [h  ̂ ]bc]e_h(3).Tb_ 
`iffiqcha chm_]n mj_]c_m ]iof  ̂ \_ l[cm_^ [h^ ]ihmog_^ ch 
Eolij_ oh^_l nb_ lcabn `[lgcha ]ih^cncihm: nb_ biom_ 
]lc]e_n (Acheta domestica), nb_ J[g[c][h `c_f^ ]lc]e_n 
(Gryllus assimilis), nb_ s_ffiq g_[f-qilg \__nf_ (Tenebrio 
molitor), nb_ moj_lqilg (Zophobas morio), nb_ f_mm_l 
g_[fqilg (Alphito biusdiaperinus), nb_ q[r ginb (Galleria 
mellonella) [h  ̂ nb_ A l̀c][h gcal[nils fi]omn (Locust 
amigratoria) (4).  Ih ]igj[lcmih ni g[gg[fc[h ][nnf_, 
chm_]nm _rbc\cn \_nn_l `__  ̂ _ffc]c_h]s cĥ _r, cn ko[hnc`c_m 
biq q_ff nb_ [hcg[f ]ihp_lnm `__^ \ofe chni \i^s g[mm. 
V[h Hocm _n [f. (5) _p_h ]f[cg_^ nb[n nb_ `__^ ]ihp_lmcih i  ̀
nb_ biom_ ]lc]e_n (A. domestica) q[m gil_ nb[h 12 ncg_m 
bcab_l nb[h nb[n i  ̀ ][nnf_, `iol ncg_m bcab_l nb[h nb[n i  ̀
jcam, [h^ îo\f_ nb[n i` ]bc]e_hm. A nbilioab ip_lpc_q i  ̀
nb_ om[a_ i` chm_]nm [m `ii^ `il bog[hm g[s \_ `ioh^ ch 
Fcaol_ 1 \_fiq. 

Nutrctcih[f v[fu_ i  ̀chs_]ts  

P[f[n[\f_ chm_]nm b[p_ [ qc^_ l[ha_ i` honlcncih[f p[fo_ 
\_][om_ i` nb_cl [\oh [̂h]_ [h^ p[lc_ns i  ̀ mj_]c_m. Ep_h 
qcnbch [ m[g_ mj_]c_m, [h chm_]n'm honlcncih[f p[fo_ gcabn 
^cff_l al_[nfs ^_j_h^cha ih cnm ^c_n, miol]_, [h^ mn[a_ i  ̀
g_n[giljbimcm (9). P[sh_ _n [f. (10) `ioh  ̂ nb[n nb_ 
honlcncih[f ]ihn_hn i  ̀ chm_]nm ^cff_l_^ mcahc`c][hnfs 
\_nq__h mj_]c_m. Oh nb_ honlc_hn p[fo_ m][f_, g_[fqilgm, 
]lc]e_nm, [ĥ  j[fg q__pcf f[lp[_ [ff m]il_^ bcab_l nb[h 
\__` [h^ jiofnls, [h  ̂ hih_ i` nb_ mcr chm_]nm oh^_l mno^s 
q[m mn[ncmnc][ffs f_mm b_[fnbs nb[h g_[n. Tb_s g[s [fmi 
ch]fo^_ pcn[gchm mo]b [m `ifc] []c^, j[hninb_hc] []c^, 
\cinch, [h  ̂ lc\i`f[pch oh^_l mj_]c`c] ]ih^cncihm (11). 

Eh_ray v[fu_ 

Eh_las ]ihn_hn cm nsjc][ffs bcab_l ch f[lp[_ il joj[_ nb[h 
ch [^ofnm. Ih ]ihnl[mn, chm_]n mj_]c_m qcnb bcab jlin_ch 
]ihn_hn b[p_ fiq_l _h_las f_p_fm (12). Ih 78 ^cff_l_hn chm_]n 
mj_]c_m, R[gim- Efil^os _n [f. (13) [mm_mm_^ nb_ ][filc`c] 
p[fo_, qbc]b l[ha_  ̂ l̀ig 293 ni 762 e][f j_l 100 a i` l̂s 
g[mm. Tb_ _h_las ]ihn_hn i  ̀ [ `_q mj_]c_m i  ̀ _^c\f_ 
chm_]nm, l_jl_m_hn_^ ch e][f j_l 100 a i  ̀ l̀_mb q_cabn, cm 
mbiqh ch T[\f_ 1(5). 

Fca1. Ffiq]b[ln i` p[fo_ i` chm_]nm [m bog[h `ii^ (6-8) 

Or^_r Ciggih h[g_ S]c_htc`c] h[g_ Pb[s_ Ar_[ 
Eh. v[fu_ 

(e][f/100 a) 
Olnbijn_l[ 

  

  
  

  

L_jc^ijn_l[ 

Hsg_hijn_l[ 
  

Cif_ijn_l[ 

  
  

  

Aomnl[fc[h jf[ao_ fi]omn 

qi-mjinn_^ ]lc]e_n 
J[j[h_m_ al[mmbijj_l 

Bliqh-mjinn_^ fi]omn 

A`lc][h gcal[nils fi]omn 
Scfeqilg 

W_[p_l [hn 

M_rc][h f_[` ]onncha [hn 

Y_ffiq g_[fqilg \__nf_ 

Chortoicetes foraminifera 

Gryllus bimaculatus 
Oxya japonica 

Cyrtacanthacris tatarica 

Locusta migratoria 
Bombyx mori 

Oecophyllas maragdina 

Atta Mexicana 

Tenebrio molitor 

A^ofn 

A^ofn 
A^ofn 

A^ofn 

A^ofn 
Poj[ 

A^ofn 

A^ofn 

L[lp[_ 

Aomnl[fc[ 

Tb[cf[h  ̂
Tb[cf[h  ̂

Tb[cf[h  ̂

N_nb_lf[h^m 

Tb[cf[h  ̂
Aomnl[fc[ 

M_rc]i 

USA 
  

499 

120 
149 

89 

179 
94 

1272 

404 

206 

T[\f_ 1: Eh_las p[fo_ i` _^c\f_ chm_]n (5) 
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Prit_chs 

S_p_h ech^m i  ̀ chm_]nm q_l_ mno^c_^ `il nb_cl nin[f jlin_ch 
]ihn_hn (12). Aff p[lc_nc_m i` chm_]nm nb[n q_l_ g_[mol_  ̂
b[  ̂ lioabfs nb_ m[g_ [giohnm i` nin[f jlin_ch, qcnb nb_ 
_r]_jncih i` nb_ jlin_ch ]ihn_hn i  ̀ nb_ q[r ginb (G. 
mellonella), qbc]b q[m domn 38.4% (13). Y_ffiq g_[fqilgm 
(T. molitor) g[^_ oj 50.7% i` nb_ inb_l mj_]c_m, qbcf_ 
A`lc][h gcal[ncha fi]omnm (L. migratoria) g[^_ oj 62.2%. 
100 chm_]n mj_]c_m' jlin_ch f_p_fm q_l_ _r[gch_  ̂ \s 
Xc[igcha _n [f (14). T[\f_ 2 mbiqm nb[n, \s ^ls g[nn_l, nb_ 
jlin_ch ]ih]_hnl[ncih p[lc_^ ̀ lig 13 ni 77%. Folnb_lgil_, 
_^c\f_ chm_]nm b[p_ mig_ _mm_hnc[f [gchi []c^m, ch]fo^cha 
nbl_ihch_, fsmch_, [h^ nlsjnijb[h qbc]b ][h \_ chmoffc]c_hn 
ch ]_ln[ch jf[hn il al[ch jlin_chm (15, 16). T[\f_ 3 mbiqm 
nb_ chm_]nm `lig ^cff_l_hn il^_l [h^ nb_cl honlcncih[f 
]ihn_hn, mo]b [m jlin_ch, `[n, nbc[gch_, [h^ lc\i`f[pch. 
Op_l[ff, nb_ _^c\f_ chm_]nm g[s \_ [ b_fj`of ]igjf_g_hn ni 
^c_nm, _mj_]c[ffs ch [l_[m qb_l_ inb_l `ii^m g[s f[]e 
]_ln[ch honlc_hnm. (5,17). 

 

 

Lcjc ŝ 

B_nq__h 10% [h^ 60% i  ̀ nb_ l̂s g[mm ch _^c\f_ chm_]nm cm 
g[^_ oj i  ̀ `[n (T[\f_ 4). Ih ]igj[lcmih ni [^ofnm, nbcm cm 
bcab_l ch nb_ f[lp[f mn[a_m (14). A]]il^cha ni mno^s \s 
Ttigj[-Sim[ _n [f. (20) j_l 100 a i` L_jc^ijn_l[h 
][n_ljcff[lm ]ihn[chm [\ion 8.6 ni 15.2 a i  ̀ nb_ nin[f `[n 
]ihn_hn, jf[]cha nb_g [giha nb_ chm_]nm qcnb nb_ al_[n_mn 
`[n ]ihn_hn. Ih ]igj[lcmih, al[mmbijj_lm [ĥ  mcgcf[l 
ilnbijn_l[h mj_]c_m b[p_ [ `[n ]ihn_hn `lig 3.8 a ni 5.3 a 
j_l 100 a i  ̀ chm_]nm. Ih nb_ chm_]n, `[n ][h \_ `ioh  ̂ ch [ 
p[lc_ns i  ̀ `ilgm. Tb_ m_]ih -̂gimn mcahc`c][hn ][n_ails cm 
jbimjbifcjc^m. Pbimjbifcjc^m g[e_ oj f_mm nb[h 20% i` ̀ [n 
ch gimn ][m_m, \on nbcm p[lc_m ^_j_h^cha ih nb_ jb[m_m i  ̀
fc`_ ]s]f_ [h^ mj_]c_m i  ̀ chm_]n (20,21). Tb_ ]bif_mn_lif cm 
nb_ bcabfs jl_^igch[hn mn_lif ch chm_]nm. Tb_ ]bif_mn_lif 
f_p_f i` nb_ `[n l̀ig nqi l_aof[lfs _[n_h [hcg[fm ch Nca_lc[: 
nb_ ][n_ljcff[l Imbrasia belina [h^ nb_ n_lgcn_ 
Macrotermes bellicosusq[m chp_mnca[n_^ \s Eeji _n [f (21) 
[h^ `ioh^ nb[n nb_ fcjc^ l̀[]ncih b[  ̂ [h [p_l[a_ 
]bif_mn_lif f_p_f i  ̀ 3.6%. B_mc^_m ]bif_mn_lif, j[f[n[\f_ 
chm_]nm g[s [fmi jlipc^_ inb_l mn_lifm mo]b [m 
][gj_mn_lif, mncag[mn_lif, [h^ mcnimn_lif (22). 

Ihs_]t h[g_ Or^_r Lc`_ St[a_s Prit_ch ]iht_ht (% ch ^ry g[tt_r) 

B__nf_m 

Bonn_l`fc_m 

H_gcjn_l[hm 

Higijn_l[hm 

Hsg_hijn_l[hm 

Dl[aih f̀c_m 

Olnbijn_l[hm 

Coleoptera 

Lepidoptera 

Hemiptera 

Homoptera 

Hymenoptera 

Odonata 

Orthoptera 

L[lp[_ [h^ A^ofnm 

L[lp[_ [h^ Poj[_ 

L[lp[_ [h^ A^ofnm 

Eaam, f[lp[_ [h^ A^ofnm, 

_aam, f[lp[_, A^ofn [h^ joj[_ 

h[c[ m̂ [h^ Â ofnm 

hsgjbm [h^ A ôfnm 

23–66 

14–68 

42–74 

45–57 

13–77 

46–65 

23–65 

T[\f_ 2: Plin_ch ]ihn_hn i` mig_ chm_]n mj_]c_m (12) 

Or^_r 
Ihs_]t’s ]iggih 

h[g_ S]c_htc`c] h[g_ 
Prit_ch 
(a/ea) 

F[t 

(a/ea) 

C[firc_s 

(e][f/ea) 

Tbc[gch_ 

(ga/ea) 

Rc\i`f[vch 

(ga/ea) 

Dcjn_l[ 

  

  

  

  

  

  

Bf[]emif^c_l 

Ffs(f[lp[_), 

Hiom_`fs([^ofnm) 

Hiom_]lc]e_n 
([^ofnm) 

Hermetia illucens 

  

Musca domestica 

  

  

175 

  

197 

  

  

  

140 

  

19 

  

  

  

1994 

  

918 

  

  

7.7 

  

11.3 

  

  

  

16.2 

  

77.2 

  

  

  

Olnbijn_l[ 

  

  

Soj_lqilg 
(f[lp[_) 

Acheta domestica 

  

205 

  

  

68 

  

1402 

  

0.4 

  

34.1 

  

Cif_ijn_l[ 

M_[fqilg(f[lp[_), 

M_[fqilg([^ofn), 

Gc[hn g_[fqilg 

(f[lp[_), 

W[rqilg(f[lp[_) 

Scfeqilg(f[lp[_) 

  

Scfeqilg(Minb) 

Zophobas morio 

  

Tenebrio molitor 

  

Tenebrio molitor 

  

  

Tenebrio molitor 

  

Galleria mellonella 

  

Bombyx mori 

  

107 

  

187 

  

237 

  

  

184 

  

141 

  

  

93 

  

177 

  

134 

  

54 

  

  

168 

  

249 

  

  

144 

  

2423 

  

2056 

  

1378 

  

  

2252 

  

2747 

  

  

674 

  

0.6 

  

2.4 

  

1 

  

  

1.2 

  

2.3 

  

  

3.3 

  

7.5 

  

8.1 

  

8.5 

  

  

16.1 

  

7.3 

  

  

9.4 

  

T[\f_ 3: Sig_ j_lnch_hn chm_]nm' honlcncih[f ko[fcnc_m ch l_f[ncih ni inb_l bcab-jlin_ch ^c_nm (18, 19) 
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Fc\r_ 

A mo\mn[hnc[f [giohn i` `c\l_ ][h \_ `ioh^ ch _^c\f_ 
chm_]nm. Tb_ gimn jl_p[f_hn nsj_ i  ̀ `c\l_ ch [h chm_]n'm 
\i^s cm chmifo\f_ ]bcnch, qbc]b cm jlcg[lcfs `ioh  ̂ ch nb_ 
_rime_f_nih. Ih ]igg_l]c[ffs `[lg_  ̂ chm_]nm 2.7 ni 49.8 
ga i  ̀]bcnch q_l_ ̀ ioh  ̂ch j_l ecfial[g i` ̀ l_mb q_cabn (c._. 
_kocp[f_hn ni 11.6 ni 137.2 ga j_l ea i` ̂ ls g[nn_l) (5, 23). 
Cbcnch cm mncff ]ihmc^_l_^ [h ch^ca_mnc\f_ `c\l_ _p_h nbioab 
bog[h mnig[]b ]ihn_hnm ]ihn[ch nb_ _htsg_ ]bcnch[m_ 
(24). A^^cncih[ffs, chm_]nm ][h \_ [ miol]_ i` `c\l_ [h  ̂
]ihn[ch p[lc[\f_ f_p_fm i` `[n, ch]fo^cha _mm_hnc[f `[nns 
[]c^m. Cbcnch, [ ]igjih_hn i` chm_]n _rime_f_nihm, g[s 
[fmi b[p_ cggoh_-\iimn_lcha [h  ̂ [hnc-[ff_la_hc] 
jlij_lnc_m (25, 26,27). In cgjfc_m nb[n gil_ chp_mnca[ncih 
chni nb_ ^c_n[ls [ĥ  b_[fnb [^p[hn[a_m i` _^c\f_ chm_]nm 
g[s l_mofn ch bcab_l ]ihmogjncih [h^ \li[^_l []]_jn[h]_ 
i` chm_]nm [m \_h_`c]c[f ̀ ii  ̂miol]_m (T[\f_ 5). 

Mch_r[fs 

Wb_h cn ]ig_m ni nb_ honlcncih[f p[fo_ i  ̀ gch_l[fm fce_ 
][f]cog, jbimjbilom, g[ah_mcog, g[ha[h_m_, [h  ̂
]ijj_l, [m q_ff [m clih, tch], jin[mmcog, mi^cog, [h  ̂
jin[mmcog, _^c\f_ chm_]nm ][h \_ [h chnlcaocha ijncih (5). 
Fil chmn[h]_, 8-20 ga j_l 100 a i  ̀ ^ls g[nn_l i` nb_ 
al[mmbijj_l L. migratoria [h  ̂ 31-77 ga j_l 100 a i` l̂s 
g[nn_l i  ̀ nb_ \ca gij[h_ f[lp[ i  ̀ nb_ ginb Gonimbrasia 
belina[l_ ]ig\ch_^ mbiq_^ bcab ch clih ]ihn_hn (28). 
Wb_h 26.5 ga j_l 100 a i` l̂s g[nn_l i  ̀j[fg q__pcf f[lp[_ 
Rhynchophorus phoenicis ]ig\ch_^ qcnb14 ga j_l 100 a i ̀
^ls g[nn_l i` gij[h_ ][n_ljcff[lm `ioh^ ni \_ [h _ff_]ncp_ 
miol]_ i  ̀ tch] (7). Hiq_p_l, Hsoh _n [f. (29) `ioh^ nb[n [h 
_^c\f_ al[mmbijj_l, Ors[ chinensis formosana, b[p_ nb_ 
b_[ps g_n[f ]ih]_hnl[ncih qbc]b q[m gchcg[f [h  ̂m[`_ `il 
bog[h ]ihmogjncih. In b[^ jfog\og [n 0.01–0.03 ga/100 

a, ][^gcog [n 0.002–0.005 ga/100 a, [lm_hc] [n 0.07–0.17 
ga/100 a, [h  ̂ g_l]ols [n 0.0003–0.0007 ga/100 a. Aff nbcm 
]ih]_hnl[ncih i  ̀ b_[ps g_n[f ch nb_m_ chm_]nm `ioh  ̂ ni \_ 
m[`_ i` bog[h ]ihmogjncih. 

Vct[gchs 

Nog_liom q[n_l-mifo\f_ il fcjijbcfc] pcn[gchm [l_ `ioh  ̂
ch chm_]nm (17,30,31). Boee_hm (17) jlipc^_^ [ fcmn i` m_p_l[f 
chm_]nm nb[n ]ihn[ch nbc[gch_. Inm ]ih]_hnl[ncih q[m 0.1 ni 
4 ga j_l 100 a i` l̂s g[nn_l qbcf_ _[]b 100 a i  ̀^ls g[nn_l 
i` mig_ chm_]nm ]ihn[chm lc\i`f[pch l_nchif [h  ̂6.8–8.2 a i  ̀
\_n[-][lin_h_. Sig_ f_p_fm i  ̀ l_nchif nb[n q_l_ f_mm nb[h 
20 a j_l 100 a i` l̂s g[nn_l [h^ -][lin_h_ nb[n q_l_ f_mm 
nb[h 10 a j_l 100 a i  ̀ ^ls g[nn_l q_l_ `ioh^ ch s_ffiq 
g_[fqilgm T. molitor, moj_lqilgm Z. morio, [h  ̂ biom_ 
]lc]e_nm A. domesticus ( [̂n[ mbiqh ch `caol_ 2) (17,30).  
Vcn[gchm A, D, [h  ̂ E g[s \_ `ioh  ̂ ch _aam [h^ _m][gif_m 
`lig nb_ Filgc]c^[_ `[gcfs. Tb_s ch]fo^_^ 2.22 ga i  ̀
_[]b100 a i` [fjb[-ni]ijb_lif, 3.31 ga j_l 100 a i  ̀
]bif_][f]c̀ _lif, [h^ 505 a j_l 100 a i` l_nchif. Ih a_h_l[f, 
chm_]nm [l_ bcab ch lc\i`f[pch, j[hninb_hc] []c^, [h  ̂ \cinch, 
[]]il^cha ni Rogjif  ̂ [h  ̂ S]bfün_l (11). N_p_lnb_f_mm, 
nb_m_ [l_ hin [ ^_j_h^[\f_ miol]_ i` nbc[gch, pcn[gch A, 
pcn[gch C il hc[]ch. Oihi]r [h  ̂ Dc_l_h`_f  ̂ (31) [fmi hin_  ̂
nb_ fiq pcn[gch E ]ihn_hnm (6–16 ga/ea DM) ch nb_ 
g[dilcns i` nb_ _r[gch_^ chm_]n mj_]c_m, _r]_jn Drosophila 
melanogaster [h  ̂ Microcentrum rhombifolium nb_s b[p_ 
112 [h  ̂110 ga j_l ea DM l_mj_]ncp_fs. Aff mj_]cg_hm b[  ̂
fiq f_p_fm i` l_nchif, [ g[le_l i` pcn[gch A []ncpcns, \on 
nb_m_ f_p_fm p[lc_^ qc^_fs \_nq__h m[gjf_m i  ̀ 0.670–886 
ga/ea DM. In cm cgjiln[hn ni hin_ nb[n nb_ pcn[gch [h  ̂
gch_l[f ]ihn_hn i` qcf  ̂ _^c\f_ chm_]nm’ ]b[ha_m qcnb nb_ 
m_[mih [h^, `il `[lg-\l_^ mj_]c_m, ][h \_ ]ihnliff_^ \s 
`__^.  

Or^_r Ciggih h[g_ S]c_htc`c] h[g_ Lc`_ St[a_ 
F[t ]iht_ht (% ch ^ry 

g[tt_r) 

Cif_ijn_l[ 

  

  

Scfeqilg 

Y_ffiq g_[fqilg 

Gc[hn g_[fqilg 

Bombyx mori 

Tenebrio molitor 

Zopho basatratus 

Poj[ 

L[lp[ 

L[lp[ 

29 

36 

40 

Hsg_hijn_l[ W_mn_lh bih_s \__ Apis melifera Blii  ̂ 31 

L_jc^ijn_l[ W[r ginb Galleria mellonella C[n_ljcff[l 57 

Olnbijn_l[ 

  

  

A`lc][h gcal[nils fi]omn 

J[g[c][h `c_f^ ]lc]e_n 

Locust amigratoria 

Gryllus assimilis 

Nsgjb 

Nsgjb 

  

13 

34 

  

T[\f_ 4: P_l]_hn[a_ i` `[n ch ^ls g[n_lc[f i` _^c\f_ chm_]nm (12) 

Or^_r ]iggih h[g_ S]c_htc`c] h[g_ Lc`_ St[a_s Fc\r_ ]iht_ht  

Hsg_hijn_l[          Hih_s \__ (q_mn_lh) Apis melifera Blii  ̂ 11 

Olnbijn_l[ 

  

gcal[nils fi]omn(A`lc][h) 

J[g[c][h `c_f^ ]lc]e_n 

Locust amigratoria 

Gryllus assimilis 

Nsgjb 

Nsgjb 

27 

8 

Cif_ijn_l[ 

  

Y_ffiq g_[fqilg 

Gc[hn g_[fqilg 

Scfeqilg 

W[r ginb 

Tenebrio molitor 

Zopho basatratus 

Bombyx mori 

Galleria mellonella 

L[lp[ 

L[lp[ 

Poj[ 

C[n_ljcff[l 

18 

17 

14 

21 

  

  

T[\f_ 5: Ih nb_ ^ls g[nn_l i` _^c\f_ chm_]n’m ]ihn_hn i` h_onl[f-^_n_la_hn `c\l_ (12) 
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Ihs_]t `ii  ̂[h  ̂cts []]_jt[h]_ 

Tb_l_ [l_ m_p_l[f q[sm ni jl_j[l_ [h  ̂ _[n chm_]nm, 
ch]fo^cha 

Wbif_ chs_]t: C_ln[ch chm_]nm, ch]fo^cha ]lc]e_nm, [l_ 
_^c\f_ chn[]n [ft_l nb_s'p_ \__h ]iie_^. M_[fqilg f[lp[_ 
][h [fmi \_ _[n_h qbif_ [ft_l nb_s b[p_ \__h ]iie_^ (33, 
34). 

D_by^r[t_  ̂ [h  ̂ ]rusb_^: Ti [^^ jlin_ch il inb_l 
honlc_hnm ni [ p[lc_ns i` `ii  ̂ jli^o]nm, mo]b [m 
`l[he`oln_lm, chm_]nm ][h [fmi \_ l̂c_^ [h  ̂ ]lomb_  ̂ (Fcaol_ 
3) (35). 

A^^_  ̂ `r_sb, wctbiut ^rycha, ti `ii  ̂ jri^u]ts [ft_r 
ecffcha: M_[fqilgm ][h \_ om_^ ni g[e_ jli]_mm_^ `ii^m 
fce_ \ola_lm \s [^^cha nb_g qbif_ ni \__` [ft_l nb_s b[p_ 
\__h ecff_^ \on \_`il_ l̂scha (34). 

As _xtr[]t_  ̂ hutrc_hts: Ihm_]nm honlc_hnm ][h \_ _rnl[]n_  ̂
[h^ ch]iljil[n_  ̂ chni ^c_n. Fil chmn[h]_, ch il^_l ni 
ch]l_[m_ nb_ jlin_ch ]igjimcncih i  ̀ `ii  ̂ jli^o]nm, Zb[i 
_n [f. (36) _rnl[]n_^ [h  ̂]b[l[]n_lcm_^ g_[fqilg jlin_ch. 

Afnbioab g_[fqilg f[lp[_ b[p_ bcab jlin_ch ]ihn_hn, \on 
h_ijbi\c[ [h^ ]ofnol[f ]ih^cncihcha g[e_ cn ^cffc]ofn `il 
j_ijf_ ni []]_jn nb_g [m `ii^ (37). Ti jl_p_hn jbi\c[m 
nb[n ][h me_q nb_ l_mofnm, m_hmils n_mncha ih `ii^m g[^_ 
`lig chm_]nm gcabn h__  ̂ ni \_ ][llc_^ ion ih j_ijf_ `lig 
]ofnol_m qb_l_ _[ncha chm_]nm cm [ nl[^cncih (37,38). 
A]]il^cha ni mig_ l_m_[l]b, [^^cha _hncl_ g_[fqilg 
f[lp[_ jiq^_l ni g_[fm g[s \_ []]_jn[\f_, [h^ ̀ f[piolcha 
g_[fqilg-\[m_^ aii^m g[s ch]l_[m_ nb_cl [nnl[]ncp_h_mm 
(33,34,39). Hiq_p_l, nb_ ech^ i  ̀ `ii  ̂ g[nlcr [h  ̂ nb_ 

ko[hncns i  ̀ g_[fqilg [^̂ _^ [l_ cgjiln[hn `[]nilm 
ch`fo_h]cha ]ihmog_l [jjlip[f, [m [^^cha nii go]b 
g_[fqilg ni [ g_[f ch jf[]_ i  ̀ g_[n ][h ch]l_[m_ iff-
`f[piol [ĥ  l_^o]_ doc]ch_mm (34). 

Hcstirc][f j_rsj_]tcv_ i  ̀t[echa chs_]ts [s `ii  ̂

Ah]c_hn nlc\_m jli\[\fs ]ihmog_  ̂ chm_]nm ift_h mch]_ nb_s 
b[  ̂ q_ff-^_p_fij_^ bohncha mecffm [h  ̂ `_q [ p̂[h]_^ niifm 
(40). Hiq_p_l, chm_]n-_[ncha ]omnigm b[p_ \__h 
^cm[jj_[lcha ch g[hs jf[]_m mch]_ nb_ chnli ô]ncih i  ̀
`[lgcha [h^ nb_ îg_mnc][ncih i  ̀ [hcg[fm (41). Do_ ni 
_pifpcha mi]c_n[f [nncno^_m, chm_]nm b[p_ _pifp_^ `lig 
\_cha [ jlcg[ls `ii^ miol]_ ni mh[]em, aiolg_n ^_fc][]c_m, 
[h^ \[cn (42). N_p_lnb_f_mm, m_p_l[f h[ncihm ]ihncho_ ni 
nbcm ^[s ni om_ chm_]nm [m mn[\f_ `ii^ miol]_m (43). 

 Ih Amc[, nb_l_ [l_ mig_ h[ncihm, fce_ Cbch[, qb_l_ 
nb_l_ [l_ hi _rjfc]cn lof_m `il nb_ l_aof[ncih i` chm_]nm, 
qb_l_ nb_s b[p_ fiha \__h oncfcm_^ [m `ii  ̂ [h^ `__^. 
C[hh_^ mcfeqilg joj[_ [h  ̂ Scfeqilg(Bombyx mori) 
]ihmog_  ̂ ch Kil_[ (44,45,46,47,48). Flc_  ̂
al[mmbijj_lm [l_ om_^ ch nb_ J[j[h_m_ ]ocmch_ (45). Ih 
Cbch[, Scfeqilg (Bombyx mori), Tomm[l mcfeqilg 
(Anthera eapernyi), M_[fqilg (Tenebrio molitor) _n]. 
\_cha ^_piol_^ (45,46,49,50,51). Ih Ih^c[, nb_ joj[_ i  ̀
nb_ Elc mcfeqilg (Samiaricini) [l_ jlct_  ̂ (47). Ih 
Tb[cf[h^, j_ijf_m ]ihmog_^ Scfeqilg (Bombyx mori), 
Glioh^ ]lc]e_n (Allonemobius fasciatus), W_[p_l [hn 
(Oecophyllas maragdina) _n]. (45,48, 49, 50,51).  

 Tb_ À lc][h `ii  ̂ ]ofnol_ jf[]_m [ mcahc`c][hn _gjb[mcm 
ih _^c\f_ chm_]nm (52). Ihm_]nm l̀ig il^_l L_jc^ijn_l[, 
Olnbijn_l[, [h  ̂ Cif_ijn_l[ [l_ [fmi l̀_ko_hnfs 
]ihmog_  ̂ (45,53). Macrotermes spp. (T_lgcn_), 
Ruspolia nitidula (Gl[mmbijj_l), Chaoborus edulis 
(L[e_ `fs), Ruspolia differens (Gl[mmbijj_l)[l_ 
]ihmog_  ̂ \s Ua[h^[ j_ijf_ (54). Scfe ginb, n_lgcn_m 
[l_ _[n_h \s Cihai j_ijf_ [ĥ  ch K_hs[ \f[]e [hn 
(Carebara vidua), Gl[mmbijj_l (Ruspolia differens), 
Wcha_^ n_lgcn_ (Macrotermes subhylanus) chm_]nm [l_ 
[fmi ]ihmog_  ̂(45,51,52). 

 Ih P[jo[ N_q Goch_[, [ ]iggih _^c\f_ chm_]n cm nb_ 
m[ai alo\ (Rhynchophorus ferrugineus) [h  ̂ cm nb_ 
]_hnl_jc_]_ i  ̀ [h [hho[f alo\ `_mncp[f (55). A]]il^cha 

Fcaur_ 2. Nonlcncih[f _p[fo[ncih i` mn[h^[l^ ^c_nm [h^ s_ffiq g_[fqilg f[lp[_. p[fo_m `il jlin_ch, fcjc^m, [ĥ  [mb_m \[m_^ ih ^ls q_cabn. 
Siol]_: B[m_^ ih [̂n[ `lig Afp_m _n [f. (32). 

Fcaur_ 3. Tb_ l̀__t_-^lc_̂  qbif_ s_ffiq g_[fqilg f[lp[_ (A) [h^ nb_ 
gcff_̂  [ĥ  `l__t_-^lc_^ f[lp[_ (B) (Pbini \s Xo_ Zb[i, SLU, Sq_^_h) 
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ni M_s_l- Ri]biq [h  ̂ Cb[haecd[ (56), gif_-]lc]e_nm, 
g[hncm_m, ]lc]e_nm, fi]omnm, [h^ _p_h mjc^_lm [l_ _[n_h 
fi][ffs. A]]il^cha ni M[]`[lf[h_ (57), ch^ca_hiom 
]ofnol_m cha_mn_^ [ ^cp_lm_ l[ha_ i  ̀ chm_]nm `lig nb_ 
Cimmc^[_, Ni]noc^[_, C_l[g\s]c [̂_, [ĥ  \__m (58, 
55,56, 57). H_l_ chm_]nm [l_ hiq iff_l_  ̂ ih l_mn[ol[hn 
g_hom (59). 

 Ih nb_ Ag_lc][m, Wig_h [h^ ]bcf l̂_h []ncp_fs ai ion 
bohncha `il _^c\f_ chm_]nm, qbc]b [l_ [h cgjiln[hn 
miol]_ i` jlin_ch `il Ag[tihc[h nlc\_m (60). P[fg 
q__pcf (Rhynchophorus palmarum), Ahn (Liometopuma 
piculatum), Snche \oa (Atiziestax coensis) [l_ 
]ihmog_^ ch M_rc]i [h^ ]ihmog_^ nsj_ [l_ f[lp[_, 
[^ofn, joj[_ (45,61,62). B__nf_m (Caryobruchus 
scheelaea), W[mjm (Poly biaignobilis), Gl[mmbijj_l 
(Aidemona Azteca) [l_ ]ihmog_^ ch Cifig\c[ (61,62). 
Tb_ F_^_l[f Fii^ [h  ̂ Dloa A^gchcmnl[ncih (FDA) ch 
nb_ USA cm ch ]b[la_ i` jifc]cha nb_ m[`_ns i  ̀ [hcg[f 
`__^ ch Nilnb Ag_lc][ (63) qb_l_ [ fcmn i` _^c\f_ 
chm_]nm cm ]f[mmc`c_^ [m `ii^ [^^cncp_m.  

 A ]ih]_lh ni ]ihmog_l b_[fnb [h  ̂ m[`_ns cm jim_^ \s 
Bipch_ Sjihac̀ ilg Eh]_jb[fij[nbs (BSE), qbc]b b[m 
[h cgj[]n ih Eolij_[h l_aof[ncihm l_a[l^cha nb_ om_ 
i` chm_]nm [m `__^ (64, 65). Y_ffiq g_[fqilg, f_mm_l 
g_[fqilg, biom_ ]lc]e_n, \[ĥ _^ ]lc]e_n, `c_f  ̂
]lc]e_n, \f[]e [lgs `fs, [h^ ]iggih biom_`fs [l_ 
[giha nb_ chm_]nm nb[n ][h \_ om_^ (66, 67, 68). M[hs 
chm_]n mj_]c_m fce_ Apis mellifera, Bombyx mori,Acheta 
domesticus, Locust amigratoria, Tenebrio 
molitor,Galleria mellonella, Gryllus assimillis, Hermetia 
illucens ]ihmog_^ ch Eolij_ (69). 

Fii  ̂jri]_sscha i  ̀_ ĉ\f_ chs_]ts 

Mcffcihm i` j_ijf_ qilf^qc^_ _[n _^c\f_ chm_]nm, qbc]b [l_ 
bcab ch jlin_ch, pcn[gchm, [h^ gch_l[fm (70). Fii  ̂
jli]_mmcha i` _^c\f_ chm_]nm ][h _hb[h]_ nb_cl j[f[n[\cfcns, 
^ca_mnc\cfcns, [h^ m[`_ns. H_l_ [l_ mig_ ]iggih `ii  ̂
jli]_mmcha g_nbi^m om_^ `il _^c\f_ chm_]nm: 

1.Cf_[hcha: B_`il_ jli]_mmcha, chm_]nm h__  ̂ ni \_ ]f_[h_  ̂
ni l_gip_ [hs ^cln, ^_\lcm, il ohq[hn_^ g[n_lc[f. 

2.Ri[stcha: Ri[mncha cm [ ]iggih jli]_mmcha g_nbi  ̂
nb[n cgjlip_m nb_ `f[piol i` chm_]nm. In chpifp_m b_[ncha nb_ 
chm_]nm [n bcab n_gj_l[nol_m, qbc]b [fmi b_fjm ni ecff [hs 
\[]n_lc[. 

3.Drycha: Dlscha cm [ aii  ̂ q[s ni m[p_ chm_]nm `il `onol_ 
om_. In _hn[cfm l̂scha ion chm_]nm \s jf[]cha nb_g oh^_l [h 
_rn_h^_^ j_lci  ̂i  ̀fiq b_[n. 

4.Grch^cha: Umcha chm_]nm [m [h chal_^c_hn ch ^cff_l_hn 
]ofch[ls jli^o]nm ][h \_ []]igjfcmb_^ \s alch^cha chm_]nm 
chni [ `ch_ jiq^_l. A jlin_ch-lc]b cn_g nb[n ][h \_ oncfcm_^ 
ch \[e_  ̂jli^o]nm, mh[]em, [h^ inb_l ̀ ii^m cm chm_]n `fiol. 

5.F_rg_ht[tcih: Ehb[h]cha nb_ `f[piol [h^ ̂ ca_mnc\cfcns i  ̀
chm_]nm nblioab `_lg_hn[ncih. Ih il^_l ni \l_[e ^iqh nb_ 
chm_]nm' jlin_chm [h  ̂ inb_l honlc_hnm, nbcm n_]bhcko_ 
ch]fo^_m [^^cha b_[fnbs \[]n_lc[ il s_[mn ni nb_ chm_]nm. 

6.Extr[]tcih: Bs ]lombcha il alcĥ cha nb_ chm_]nm, cn cm 
jimmc\f_ ni []kocl_ chm_]n icfm [h^ _rnl[]nm. Tb_m_ ][h \_ 
ch]iljil[n_^ chni [ p[lc_ns i` `ii^ cn_gm, mo]b [m m[f[  ̂
^l_mmcham, m[o]_m, [h^ g[lch[^_m. 

7.Fr__zcha: Fl__tcha chm_]nm cm [ ]iggih g_nbi  ̂ `il 
jl_m_lpcha nb_g `il f[n_l om_. Siojm, mn_qm, [h^ mncl-`lc_m 
[l_ domn [ `_q i  ̀ nb_ l_]cj_m nb[n ][h \_h_`cn l̀ig omcha 
`lit_h chm_]nm (70). Ihm_]nm [l_ ch]l_[mchafs m__h [m nb_ 
g_[f i  ̀ nb_ `onol_ [m ]ihp_hncih[f g_nbi^m i  ̀ ]ihmogcha 
[hcg[f jlin_ch [l_ ko_mncih_^ (71). A]]il^cha ni mno^c_m 
[cgcha [n [ [̂jncha chm_]nm `il W_mn_lh n[mn_m, mig_ 
chm_]nm (mo]b [m fi]omnm [ĥ  g_[fqilgm) [l_ hiq mif^ [n 
l_n[cf g[le_nm ch nb_ N_nb_lf[h^m [m j[ln i` _ffilnm ni 
_h]iol[a_ _hnigijb[as (72). Ti l_^o]_ pcmo[f 
[mmi]c[ncihm [h  ̂ cgjlip_ j[f[n[\cfcns, chm_]nm b[p_ \__h 
nl_[n_  ̂ chni jiq^_l il g_[f (73). T[\f_ 6 mogg[lcm_m 
jl_pciom mno^c_m ih nb_ om_`of jlij_lnc_m i  ̀ _^c\f_ chm_]nm 
`il `ii^ jli]_mmcha. Ih [^^cncih, [jjlijlc[n_ _rnl[]ncih 
n_]bhcko_m, mo]b [m tsgifsmcm, mihc][ncih, ^_̀ [nncha, jH 
[^domng_hnm [l_ \_cha mno^c_^ \s Mcmbsh[ _n [f.; 

Ol^_l S]c_hnc`c] h[g_ Sn[a_m i` chm_]nm O\m_lp[ncih R_`_l_h]_ 

L_jc^ijn_l[ 
Cirina forda,Bombyx mori L. 

  
L[lp[_, 
L[lp[_ 

Plin_ch mifo\cfcns 
Ocf[\miljncih ][j[]cns 

Flinbcha mn[\cfcns 
W[n_l [\miljncih][j[]cns 

Egofmcih ][j[\cfcns 
Plin_ch mifo\cfcns 

W[n_l bif ĉha [\cfcns 
Ocf bif ĉha ][j[]cns 

Flinbcha ][j[]cns 
Egofmcih ][j[]cns 

W[n_l \ch ĉha ][j[]cns 
Ocf cgg_lmcih ][j[]cns 

W[n_l [\miljncih ][j[]cns 
Flinbcha ][j[]cns 
Flinbcha mn[\cfcns 
Flinbcha mn[\cfcns 

Egofmcih ][j[]cns 
Egofmcih mn[\cfcns 

F[n \ch ĉha ][j[]cns 
Plin_ch mifo\cfcns 
Flinbcha mn[\cfcns 

G_f `ilg[ncih 

 (78) 
  
  
  
  
  
  
  

 (79) 
  
  
  
  

(80) 
  

 (81) 
  
  
 

(73) 
  
 
  

(82) 
  
  
  

Olnbijn_l[ 
Gryllodes sigillatus 
Acheta domesticus 

Schistocerca gregaria 

L[lp[_, 
Clc]e_n, 

Gl[mmbijj_l 

Cif_ijn_l[ 

Tenebrio molitor 
Oryctes owariensis 

Zophobas morio 
Alphitobius diaperinus 

Clc]e_n, 
L[lp[_, 
L[lp[_, 
L[lp[_ 

Dcjn_l[ Hermetia illucens L[lp[_ 

Bf[nni^_[ Blaptica dubia Ci]eli[]b 

T[\f_ 6: Sno^c_m ]ih^o]n_^ ch nb_ j[mn ih _^c\f_ chm_]nm' [\cfcns ni g_n[\ifcm_ `ii  ̂

https://horizonepublishing.com/journals/index.php/TCB/index
https://en.wikipedia.org/wiki/Lepidoptera
https://en.wikipedia.org/wiki/Orthoptera
https://en.wikipedia.org/wiki/Beetle
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Nihaihc_lg[ [ĥ  FcntG_l[f^; Polm]be_ _n [f., [h^ Yc _n [f. 
(74,75, 76,77). Tb_m_ chp_mnca[ncihm qcff mojjiln nb_ om[a_ 
i` chm_]nm [m `ii^ ]igjih_hnm ch ]ihp_hncih[f ̂ cmb_m. 

Pri^u]t g[^_ `rig chs_]ts 

Ih ]ofnol_m qb_l_ _[ncha chm_]nm chn[]n cm ]iggih [h  ̂
]ihmc^_l_^ [ ]ofch[ls nl[^cncih, nb_ jl[]nc]_ ^[n_m \[]e 

]_hnolc_m. E[ncha nb_g [m mh[]em, mncl-`lscha nb_g, alcffcha 
nb_g ip_l ]i[fm, il [^^cha nb_g ni mn_qm il miojm. Tb_s 
[l_ i]][mcih[ffs alioh^, om_^ [m `f[piol, [h  ̂ i]][mcih[ffs 
jli]_mm_^ chni jiq^_l [h  ̂ \f_h^_^ qcnb m[fnm [h^ mjc]_m 
(83,84). T[\f_ 7 l_jl_m_hnm nb_ Pli^o]n g[^_ l̀ig chm_]nm, 
nb_cl honlcncih[f ]igjih_hn [h  ̂nsj_m i` chm_]nm om_^.  

Pri^u]t g[^_ `rig 
chs_]ts Nutrctcih[f ]igjih_ht Pri^u]t h[g_  ̂ Ihs_]ts us_  ̂ R_`_r_h]_s 

Ihm_]n Plin_ch \[lm Plin_ch Cb[jof S_p_l[f \oam 
Clc]e_n 

         (83) 

Bl_[  ̂
Plin_ch 
Mch_l[fm 

Vcn[gch B12 
Cloh]bs Clc]e_n Li[  ̀ Glioĥ  ]lc]e_nm 

M_[fqilgm 

Bola_lm 
Ilih 

C[f]cog 
M[ha[h_m_ 

Boa Bola_l Boa 

C[h^s & ]bi]if[n_ ]ip_l_^ 
chm_]nm 

Plin_ch 
C[l\ibs^l[n_ 

Ahn q[`_lm, qilg 
mo]e_lm, ]lc]e_n [h^ 

g_[fqilg ]bi]if[n_, 
chm_]n g[lmbg[ffiqm, 
g_[fqilg fiffcjijm, 

Gl[mmbijj_l 
Ahn 

M_[fqilg 
Bf[]e mif^c_l `fc_m 
Scfeqilg joj[_ 

S]iljcihm 
Soj_l qilgm 
S[ai qilgm 

Ciff__ 

Vcn[gch 
M[ah_mcog 
Pin[mmcog 

Pb_hifc] ]igjioĥ m 

J[j[h_m_ Clc]e_n 
Bf_h^ ]iff__ 

J[j[h_m_ Clc]e_n 
Glioĥ  chm_]n 

Clc]e_nm 
Gl[mmbijj_lm 

Scfeqilg joj[_ 

Ciiec_ 
C[l\ibs^l[n_ 

Plin_ch 
Fc\l_ 

Bcnns'm ]iiec_m Boam 

Clcmjm/]bcjm C[l\ibs^l[n_ 
F[n Ag_lc][h Cbcljm Clc]e_n 

Clcmjm \l_[  ̂
Vcn[gch B12 

Og_a[-2 
Ilih 

Swedish Eat:em. M_[fqilg 
Clc]e_n 

I]_ ]l_[g Plin_ch "ento milk” black soldier fly larvae 
Cricket 

M_[n l_jf[]_g_hn 
(l_jf[]cha gch]_^ g_[n) Plin_ch Sirkkis Cricket 

Nii^f_m 

F[n 
C[l\ibs^l[n_ 
Dc_n[ls `c\l_ 

Si^cog 

Boam [̀lgmo^i 
hii^f_m 

Nonlc\oam ]lc]e_n lc]_ 
hii^f_m 

Bug 
Cricket 

P[h][e_ gcr 
Plin_ch 
Mch_l[fm 

Pl_-\cinc] c̀\l_ 
ZIRP pancake mix Cricket 

P[mn[ 
Plin_ch 

Ilih 
Vcn[gch B12 Cihn_hn 

Hijj[ Fii m̂ E[n 
Cl[qf_lm Ccl]f_ 

H[lp_mn Jcgchc'm 
Nonlc\oa 

Cricket 
M_[fqilgm Scfeqilg 

joj[_ 

P[mn[ m[o]_ Pin[mmcog 
C[l\ibs^l[n_ Glsffc_m Tig[ni S[o]_ Cricket \ifiah_m_ 

  

Pâné / \l_[^ mjl_[^ / 
\onn_lm 

Plin_ch 
F[n [h^ `c\l_ 

Mch_l[fm 
Clc]emn_l Bugs 

Piq^_l (mig_ncg_m ][ff_^ 
Ffiol) Plin_ch Boa `fiol 

Clc]e_n `fiol 
Acheta domesticus Clc]e_n 

Bf[]e Sif ĉ_l Ffs f[lp[_ 

Piq^_l / \[echa f̀iol 
C[f]cog 

Vcn[gch B12 
F[nns []c m̂ 

Clc]e_n `fiol Cricket 
Bug 

Sb[e_m [h^ jlin_ch 
jiq^_l 

Ilih 
Zch] 

Vcn[gch B12 
Plin_ch 

Clc]e_n jlin_ch 
jiq^_l 

Clc]e_nm 
M_[fqilgm 

Boam 

Plin_ch Sh[]em Plin_ch Insect meal Cricket 

Ri[mn_^ qbif_ chm_]n (qcnb 
^cff_l_hn `f[piolm) 

Plin_ch Cbcffc fcg_ ]lc]e_nm Gl[mmbijj_lm M_[fqilgm 
Clc]e_nm 

S[om[a_m Plin_ch 
F[n 

Sclee[h[eec," il 
"]lc]e_n m[om[a_ Cricket 

Sb[e_m [h^ mgiinbc_m Plin_ch Sclee[ mgiinbc_ Clc]e_nm 
M_[fqilgm 

Sjc]_m & m_[mihcha 

Plin_ch 
Vcn[gch 

Emm_hnc[f [gchi []c  ̂
Og_a[ - 3 

Sbiln-Hilh moj_l 
m_[mihcham 

Ahn 
Clc]e_n 

Sift l̂chem C[l\ibs^l[n_ 
Soa[l 

J[j[h_m_ T[a[g_ 
Cc^_l Gc[hn W[n_l \oa 

T[\f_ 7: Lcmn i` jli^o]nm g[^_ `lig chm_]nm 
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Ihs_]t jrit_ch vs g_[t jrit_ch 

Ep_h gil_ mi nb[h g[gg[fm, chm_]nm ][h m_lp_ [m [ miol]_ 
i` jlin_ch. A]]il^cha ni [ l_m_[l]b ch nb_ Eolij_[h 
Jiolh[f i  ̀ Cfchc][f Nonlcncih, chm_]n mo]b [m ]lc]e_nm b[p_ [ 
jlin_ch ]ihn_hn i` 9.96 ni 35.2 al[gg_m j_l 100 al[gg_m, 
]igj[l_^ ni 16.8 ni 20.6 al[gg_m ch g_[n. Hiq_p_l, 
^_j_h^cha ih nb_ ech^ i  ̀ \oam `_^, jlin_ch ^_hmcns î_m 
p[ls mcahc`c][hnfs. Ojncihm [\ioh  ̂ qcnb [jjlircg[n_fs 
2,100 ^cff_l_hn _^c\f_ \oa mj_]c_m [p[cf[\f_. Clc]e_nm, 
p[lciom [hn mj_]c_m, [h^ g_[fqilgm [l_ nb_ ][n[fsmn i  ̀
chm_]n jlin_ch gip_g_hn gimnfs \_][om_ i  ̀ nb_cl bcab 
][filc_ [h^ jlin_ch ̂ _hmcns (85). 

Fii  ̂s_]urcty 

Fii^ m_]olcns ][h \_h_`cn l̀ig _^c\f_ chm_]nm, _mj_]c[ffs ch 
[l_[m qcnb fcgcn_^ il ^cffc]ofn-ni-[]]_mm nl[^cncih[f `ii  ̂
miol]_m. Ihm_]nm [l_ [ gil_ momn[ch[\f_ [h  ̂ _ff_]ncp_ 
miol]_ i` `ii^ mch]_ nb_s ][h \_ l[cm_^ qcnb [ `l[]ncih i  ̀
nb_ f[h^, q[n_l, [ĥ  `__^ l_miol]_m h__^_^ `il l[cmcha 
]ihp_hncih[f fcp_mni]e (86,87). Do_ ni nb_cl bcab 
[^[jn[\cfcns [h  ̂[\cfcns ni \_ l[cm_  ̂ ch [ l[ha_ i  ̀ b[\cn[nm, 
ch]fo^cha ol\[h ih_m, chm_]nm g[s \_ [\f_ ni b_fj mifp_ 
^cffc]ofnc_m qcnb ol\[h `ii^ ^_m_lnm [h^ `ii^ chm_]olcns 
(88). A^^cncih[ffs, nb_l_ g[s \_ ]ih]_lhm l_f[n_^ ni nb_ 
m[`_ns [h  ̂ ko[fcns i  ̀ chm_]n-\[m_  ̂ `ii  ̂ jli^o]nm, 
j[lnc]of[lfs c̀  nb_s [l_ hin jli^o]_  ̂ [h  ̂ jli]_mm_^ oh^_l 
[jjlijlc[n_ ]ih^cncihm. Tb_ b[t[l^m i` \[]n_lc[f ch`_]ncih 
][hhin \_ ]igjf_n_fs _fcgch[n_^ \s \icfcha (89, 90). 
Dolcha nb_ jli^o]ncih [h^ mnil[a_ jb[m_m, jl_][oncihm 
gomn \_ n[e_h. Op_l[ff, [ p[lc_ns i` `[]nilm, mo]b [m nb_ 
^_p_fijg_hn i` mocn[\f_ jli^o]ncih [h^ jli]_mmcha 
g_nbi^m, nb_ [p[cf[\cfcns i  ̀ mocn[\f_ `__^ miol]_m, [h^ nb_ 
cgjf_g_hn[ncih i  ̀ [jjlijlc[n_ l_aof[nils mnlo]nol_m ni 
ao[l[hn__ nb_ m_]olcns [h  ̂ _r]_ff_h]_ i  ̀ `ii  ̂ cn_gm 
^_lcp_^ l̀ig chm_]nm, qcff ^_n_lgch_ nb_ `ii  ̂ m_]olcns 
jin_hnc[f i  ̀_^c\f_ chm_]nm (91, 92). 

Cihsug_r []]_jt[h]_ i  ̀_^c\f_ chs_]t 

Cihmog_l []]_jn[h]_ i  ̀ _^c\f_ chm_]nm p[lc_m ^_j_h^cha 
ih l_acih [h  ̂]ofnol_, qcnb chm_]nm \_cha [ nl[^cncih[f ̀ ii  ̂
miol]_ ch g[hs j[lnm i  ̀ Sionb Ag_lc][, Amc[, [h^ À lc][, 
\on hin qc^_fs []]_jn_^ ch Nilnb Ag_lc][ [h  ̂Eolij_ (93, 
94, 95). F[]nilm mo]b [m ]ofnol[f hilgm, n[mn_ jl_`_l_h]_m, 
[h  ̂ j_l]_cp_  ̂ b_[fnb [h  ̂ _hpclihg_hn[f \_h_`cnm ][h 
ch`fo_h]_ []]_jn[h]_. Effilnm ni ch]l_[m_ ]ihmog_l 
[]]_jn[h]_ ch]fo^_ _^o][ncih ][gj[cahm ni jligin_ nb_ 
honlcncih[f [h  ̂ momn[ch[\cfcns \_h_`cnm i` chm_]n 
]ihmogjncih (96, 97).  

Futur_ ^cr_]tcih 

A aliqcha afi\[f jijof[ncih'm honlcncih[f h__^m g[s \_ 
g_n \s _^c\f_ chm_]nm ch [ ^cff_l_hn [h^ momn[ch[\f_ q[s 
(98, 99). Afnbioab cn cm ohehiqh biq go]b [aihs [h^ j[ch 
chm_]nm _rj_lc_h]_, nb_s [jj_[l ni jim_ fcnnf_ ^cffc]ofnc_m `il 
[hcg[f q_f`[l_. Mofnc^cm]cjfch[ls l_m_[l]b ih _^c\f_ 
chm_]nm cm \_cha ]ih^o]n_^, `il chmn[h]_, [n nb_ P[h-A`lc][h 
Ihn_lh[ncih[f C_hnl_ i` Ihm_]n Pbsmcifias [ĥ  E]ifias 
(ICIPE) ch N[cli\c, K_hs[. A m]c_hnc`c] l_m_[l]b 
ila[hcm[ncih, ICIPE'm jlcg[ls ai[fm [l_ ni cgjlip_ nb_ 
b_[fnb [h^ ̀ ii  ̂m_]olcns i  ̀nbim_ qbi fcp_ ch nlijc][f [l_[m. 
ICIPE ]l_[n_m [h^ cgjf_g_hnm chhip[ncp_ [jjli[]b_m [h  ̂

n_]bhifiac_m `il g[h[acha chm_]nm nb[n [l_ jl[]nc][f, 
_ffc]c_hn, hih-b[lg`of, _]ihigc][f `il l_miol]_-mnl[jj_  ̂
]iggohcnc_m, [h  ̂ []]_jn[\f_ `lig [ ]ofnol[f [h  ̂ mi]c[f 
mn[h^jichn (100). Ih il^_l ni [mmol_ nb_ h_]_mm[ls 
chp_mng_hnm [h  ̂ ]iljil[n_ mnlo]nol_m, ]igjl_b_hmcp_ 
f_a[f l̀[g_qilem `il nb_ jli^o]ncih [ĥ  nl[^_ i` chm_]n 
jli^o]nm [l_ h__^_^ ih [ h[ncih[f [h  ̂qilf^qc^_ \[mcm. 

 

Cih]fuscih 

Ih ]ih]fomcih, _^c\f_ chm_]nm g[s mojjfs mcahc`c][hn 
ko[hncnc_m i  ̀ jlin_chm, fcjc^m, pcn[gchm, [h  ̂ gch_l[fm qcnb 
mcahc`c][hn _]ihigc] [h^ _hpclihg_hn[f \_h_`cnm. 
Ehnigijb[as bif^m nb_ [hmq_l ni g__ncha nb_ qilf^'m 
_rj[h^cha honlc_hn h__^m. Ihm_]nm ][h \_ om_  ̂ ch [ p[lc_ns 
i` \_mc^_m \_cha ]ihmog_^ [m `ii^m [h^ mh[]em. Tb_ 
nbilioab mno^s i  ̀ chm_]nm b[m f_^ ni nb_ ^_p_fijg_hn i  ̀
hog_liom ]ihn_gjil[ls cn_gm. E[ncha _^c\f_ chm_]nm cm 
\_]igcha gil_ [h  ̂ gil_ ]iggih ch ^cff_l_hn ]iohnlc_m 
qilf^qc^_. Ih [^^cncih ni _[ncha chm_]nm `il `ii^, j_ijf_ 
^i mi `il _hn_ln[chg_hn. Sncff, nb_l_ [l_ qillc_m [\ion nb_ 
jin_hnc[f m_]olcns [h  ̂ b_[fnb b[t[l^m [mmi]c[n_^ qcnb 
_gjfischa _^c\f_ chm_]nm. Coll_hnfs, nb_ g[le_n `il _^c\f_ 
chm_]nm cm hin ch fch_ qcnb nb_ [^p[hn[a_m nb_s g[s iff_l. Ti 
_hnc]_ [h  ̂ l_[mmol_, jli ô]ncih [ĥ  jligincih mnl[n_ac_m 
[l_ moaa_mn_^. In cm [ p̂cm_^ ni om_ m_gc-]ofncp[ncih 
\_][om_ cn ][h mo]]_mm`offs ch]l_[m_ nb_ ionjon i` mig_ 
chm_]nm. Binb chm_]n [h^ chm_]n jli^o]nm mbiof^ \_ i  ̀ bcab 
ko[fcns, b_h]_ `[lgcha [h  ̂jli]_mmcha jl[]nc]_m h__^ ni \_ 
mn[h^[l^cm_^. Fil _ff_]ncp_ ]iff[\il[ncih [h  ̂ ch]l_[m_  ̂
_[lhcham, ]iggohc][ncihm \_nq__h `[lg_lm [h^ ch^omnlc_m 
[l_ _h]iol[a_^. Tb_ ]l_[ncih i` h_q chm_]n jli^o]nm, 
[^p[h]_g_hnm ch ]ofncp[ncih, [h  ̂ jli^o]ncih ijncgcm[ncih 
[l_ [hnc]cj[n_^ ni f_[  ̂ ni [alc]ofnol[f ch^omnlc[f 
chn_al[ncih. 

 

A]ehiwf_^a_g_hts 

W_ []ehiqf_ â_ qcnb nb[hem ni [ff nb_ g_g\_lm i  ̀L[\il[nils 
i  ̀ P[l[mcnifias, V_]nil Bcifias, N[hin_]bhifias `il nb_cl 
n_]bhc][f  [h  ̂a_h_l[f mojjiln.  
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37. H[g_lg[h EJ. Ciiecha [ĥ  ^cmaomn m_hmcncpcns ch`fo_h]_ 
jl_`_l_h]_ `il [nn_h^cha chm_]n-\[m_^ `ii^ _p_hnm. Ajj_ncn_. 

http://www.wageningenur.nl/en/Expertise-Services/Chair-groups/Plant-Sciences/Laboratory-of-Entomology/Edible-insects/Worldwide-species-list
http://www.wageningenur.nl/en/Expertise-Services/Chair-groups/Plant-Sciences/Laboratory-of-Entomology/Edible-insects/Worldwide-species-list
http://www.wageningenur.nl/en/Expertise-Services/Chair-groups/Plant-Sciences/Laboratory-of-Entomology/Edible-insects/Worldwide-species-list
http://www.wageningenur.nl/en/Expertise-Services/Chair-groups/Plant-Sciences/Laboratory-of-Entomology/Edible-insects/Worldwide-species-list
https://doi.org/10.2903/j.efsa.2015.4257
https://doi.org/10.1146/annurev-ento-120811-153704.
https://doi.org/10.1146/annurev-ento-120811-153704.
http://dx.doi.org/10.1016/j.foodres.2014.05.052
https://doi.org/10.5897/AJPP.9000216
https://doi.org/10.5897/AJPP.9000216
http://dx.doi.org/10.5219/605
https://doi.org/10.3390%2Fmd8020292
http://dx.doi.org/10.1111/j.1748-5967.2012.00469.x
http://dx.doi.org/10.18193/sah.v1i2.29
https://doi.org/10.1371/journal.pone.0147791
https://doi.org/10.1371/journal.pone.0147791


 24  PARVIN ET AL 

bnnjm://bilctih_jo\fcmbcha.]ig/diolh[fm/ch^_r.jbj/TCB/ch _̂r 

2016; 96: 319-326. Dic: 10.1016/d.[jj_n.2015.09.029.  

38. B[l\_l[ F, V_lh_[o F, Ag[ni M, Gloh_ln K. Uh^_lmn[ĥ cha 
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65. B_ffo]i S, H[ffil[h A, Rc]]c A. N_q jlin_ch miol]_m [ĥ  `ii  ̂
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