[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

St (sl Al
\fe¥ }:{b‘: A GJLQ.M:" A% 693
> ISSN 2717-0632 (s 21 ISSN 2716-9804

SR 3Ky S ol s Koo 51 o3biil b 535518 oy 3L

@20.1001.1.27170632.1403.17.3.4.6 ooy illis g5

':E:'"_;Aw ‘;LG s\w}w BX’) 6-\.@?‘ |_,:.~:r

Ol 0l a3l olSiils s sbe SR (S5 5k s S 03,5 oS5 s S 575 Sl )
Olpl 0l o I ol&ils 3 sl 0dSCESs (55 5 S0 03,5 (S5 sm Sm il =Y
a.mohammadi@alzahra.ac.ir
AR ZARVARRHE- R Y, Gl NPFYNAY il s &0

O/\—/\O W

ol

Slatilay 5l (glos S o (3553 SV pame (sl Lol at; OF wian 5 Ol Camar 15
Sl Ol peas Ysane 8 Lidloy ) ol 0dd LS Jasescon s Ll G a0 oS 358 00 U5 (555U
ool b DY mame 4 BAS gl el o b el sl mie G Ol e L e S eslizad LB il
(S30ES Sl i, o 9as (S5 s ,SKm A (s S,y Anl e laiay o333l
a3l e a1y (o5 bl 5 dms S | Ay wds 5l 56 Jasme s S ST (5 e S sbay 15 s
e GRS e s au TS S L S 5 T bl 0,5 s O s oS 0
Lil ogr i ool D ois J 28 5 IS a8 2als 55 5 05 5SS bt ST 20585 4 cadilony
Ol 03 i Sl (655538 s S s b b Sl eslial (Soluang 4 e IS e s S5 opl S e
Pl (solal shise 5 (5355l Slatilany CIL3L AnT 3 55 el 515 Son 18 oy 1 4 ((S0s 0 dlie
S Olgea (555U gl bl VL il @ opmamen 50 o s Wb s ol Jaecan s
B LS 5 gME el 5 lo s slaml Gl 4 Ll e oS A daly Slods s edul 51y Ml el

led S o b mlie 4 (Sals

gy Aol s (AL 03 5 (LS el LU (sl pls slaml s 558l k55l i adS gbaely

oA


https://journalofbiosafety.ir/article-1-593-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journalofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.“oli bﬁ})&iiuwg)b&j\ abwﬁ:‘b.dj)}u;s .bl.w CJL{)L céM}Aﬁﬂ)xdw‘ "

Sioslis Olals sl sl =Y K8

RAdds (6551 b 45 A e OLES a0 »
Glols 1S 5l aoys e LY uls o 5ol
Khaswal et ) v Y4000 Jlo U Ol 65,51

.(al. 2024; Oyedeji et al. 2024
My b S5 5l (S Olpe s g5sliS
Babuetal. ) 555 o axlils glollS a8
sl osly il ) K5 s &S b oles (2022
03 ohsam ($3ulS lakilany O s Sl
s a8 el el Blas 51 S L]
Sl b IS claw 5 S5l ol
LS Ol A5 o0 iy S pdke Sla B
Sl ks 56 S 5 0kl Bl w1 W38
o=l s alS s C}'ﬁﬂd"?u\
e 53 RS LSS (5,88 a o S
sla il J o Llg e gouslis cluls
lollS glasl HLanl 5 g5 51 cuel 4 s e
bl Hliie ( IS 55 b S S
Or s> dolas Ol 53 ol U5 (g5 LS

Babu et al. 2022; ) c—ul & 5 5L

o4

.

400
3w el sousliS sblilens Co p e
ot b Sl mhw s elal gl AL
5 SAakb @ oax s e 08 a5l
Cmenl Aol OV pame 4 Slgls opl Las
CBL3L o 2 (e 08 3 5 Sl 05 STy
ede 258 15 pleld ssse e Sluls
Aoy s ikgi oo bilewy (pt proms 2 ke
st P =B galadl 5 Jamecin; OASES
Alan and Koker, 2023; Duque-Acevedo ) » 5.
~esw gioslis Llaew ¢y nie (et al. 2020
o s Lot 5 oolatl sl ey e
ale s e Al L sl sles 2 oS
T e e N N RS T TR pevryy
@3laasl sloul an a5 oz se 03 S SS
Sal= sioslas Ol bl e Ll 5 ol
s ety b 5l b glad S5
Gl Olyea Ll e &S Loes O da 5 S

V\HJS )‘)_; oalaul D) 4—n ﬁ.l_v“.l.i.)oé (55)-"


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

TIFOE b O asled WV a0 (i) (el don”

Slras o 15 e e Sk il G s s
5L esls RS 1 Wby s ST (6,6
Osselin etal. 2019; ) s o5 501, Ll (85
.(Oyedeji et al. 2024; Vigneswari et al. 2024
ufua; o S 4l ol I Cua
L oosls sladilay < L5L sy
Sl S e Ol gt b o815 S (6 5,84
05 Sl LG slo pls slasl O G 4 LIS
slas,aly s s 4 adlas ol bl ol
15 AlS slaes o has ¢l iz S5
Sl Ul ea 55580 55,0 Ly oY yamme 4
W o Ol s dile Jsliie o S slas Sy
Sl Sua S Sbml (G551 5 Slse Sl Slanay
Slesli ol LTS 5 Lol Il Koo
s 5o oy S Slap o oS
Fhe am s Gl s e sla eS8l S
Gl als 5 3w S glatle e
Rasool and Irfan, 2024; ) ol Llewy o i
Sl o s dlie ol ccslg s (Vu et al. 2023
il Gt S 31 s 51l
e 65558 sl s ae slaasT
Slagiass Gl ol stk Ol b ol
o ol S 3 oS Cl 5 sd

as Al e Ladl; ol ((Sumiyati et al. 2024
bl YU ol 55,0 b il O oo
U

534S el goladl G sle pls slasl
st 53 OLSGl s 5 s 5 slse Jie (]
5 @3l (sl L s dile e L (sl
a5 AS e G e e 8l 551 sl L
Bl 5 N pams e x5S 0T JLo
3 dae SO oS e el Ladl; 00 S
Lol pmad 3 IS o g Lkl e
slaa i bl 5 el a sl gla tassy
e —lde ﬁbbl_; s adl) Co il
Sl S s w4 5 el L lAS L
slatd ) pm Oladss (roman LS KaS Ll
oS s dn s Gl s land L
Sl 5L 350 i ol b Lol e laay b
Alan and Koker, 2023; Liu et al. 2024; )
.(Vigneswari et al. 2024

el Ly el a s 4oy
Coal cllegy oy pde o LA(._.M_:_.}K)UJS?»
Mds e oSGy ol ol o STy (sles
oyt b o oladl 5 ey gLl
Fals sl ol gl ol 51 S5 Olse s
5 Sl ol Bl 4 5 btilewy e
S g ) eslinl sy e 4 S

Dliw sy Ghos Wias sioslas cluls ¢l


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.:L_o bﬁ)}&iuwgﬂj&j\ o:L&.z,:ll{Lg)'))L:S Jul.a.w.l QJL}JL 4&M}®Jw}ﬁ:éw‘ "

Wil by, gl L15 gl 5 Lol Jels
(s ST 35 g e I3l o s
ol Aiten W dleny cpl 52 50 LSLL 5 S
e Al e s VU e s 4 el
L oV S 5 Jpose M5 le ot
Alan and Kaéker, 2023; ) auly Clasay 555l
.(Hasani et al. 2023; Mamivand et al. 2024
Ll o 65,808 Llen tl};l Tl ok
5 S SaS cnilas (ST 56 S s o
L sooslas mbe Sl eslanal (G3luang romen
Shademe ealinal 5 CBL5L 4 a5 Ll feges
slasl S5 slowl an 1l e adilaay o]
Baharloo et al. ) 55,8 = jlusl 5 sle pls

(2024

ilowy SBb b 93 B il 519 3Cao il
S3o9ls”

LS 5 s S Al L“M@JUJ&:-‘
S o Wl (65,5508 Wlany 53 35 50 JT 340
Slap Al I 5 L S Son Dls s s
Sl SLS 5 au | sdzen JT 50 ccilises
e Al L Al ol S e
SaS s lan (S35 (68 e 5 Lleny
Gl b Y s A 5 4 Ll e S S

Boondaeng et al. ) 553 > 50 YL o5 538!

7

S35l Wlowy £l

o lile 3L sl s 5l Glas sams 45 (5, 5L0S Llany
Jold oS 55l o OBl (55,58 slac Il
ladnl b s sadad s gladly 5 LS L
Ll ol A2l o g 5 (65,508

o e s L SIS b
Al OlalsS cilisee olpl els ( alS Ll
Ja slacie 5 olS baile vy WS
e S st 55 1l e s Ll (pl ks
Sk i e Sl e
ladul 3 s adsl sl Olpe ey AlS
Bl b oY e s L 5 28L5L
S s eslan il 55 e saS 5 3LS 5
sbtles 31 s axs (Chojnacka, 2023)
S L o $5,5WS bedl; (gyoslis
Sl b 3 iU sy s sl Jal
Yyons Ladlls opl il o 55,508 OV pames
o OlyS e g s e 5 Lol el
sty (LT ik 5| Calises glaana gy
o Lo ol o8 LSl 5 (KsensS
Lied (55508 Sladkileny #1530 5 s S
DU,y b lae g sbaokile 3L Jold oS
Y PO By [ N G W U SO
W1 g AL lse ol il o (K S S
Shirahigue ) &35 s ool b oY same 4

(¢35 sl (and Ceccato-Antonini, 2020


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

TIFOE b O asled WV a0 (i) (el don”

McCarthy, 1987; Montoya et al. 2015;
.(Vigneswari et al. 2024

B s Sl N S s sl
BBl SR PV TS BE S T E N o,
LT3 IS8T Joal e S o gl 05351
Aoea aslga 5 osby PpH ey feld s
L 815 S0 Ol 534S uels I s
LT Of Ole s s delr bl s S5
Clulo leslawl (gl s a3 say (LS e
Sl il sl gl 5 55l
S a8l godare sl s ol ol e
el 5 Somly Slikes laan e (Ol 4 jnes
533015 el mem a1y el Ol g s 5L
s LAM@JUJ@ LGL‘: eSS 53 ‘J{Li.a
s Sl G o=l s S e ) sl
5,8 AT gbaacal 5 JpUl o SV pame
Chilakamarry et al. 2022; Sadh et al. ) >,ls
.(2018; Zhang et al. 2021

Ol =l 35518 sler 15 bl wam 5
$303ES Sluls (5 O Tr 55 UL
ol pe Olpis ey A1 0 4SS (0 IS
S 3 eslinal 350 mle s anl b sl
53 b1 S 5l s sols e onlale
Sloml ag A5l o (5550 Blay Co uds

7Y

2024; Vigneswari et al. 2024; Zhang et al.

(2021
Aol s b e il S 51 o e gl
Al s slle g5, sLls Bleas 3L 5L

(’) W&l ﬁéjzsb LJ;‘;‘ d‘}.&dﬁ

Olsea Bacillus spp s Pseudomonas spp
53 VU BT el b s S Slap go S
S iosles sbdl; 5 I sbaea VT oo
Clostridium sla s =SU ¢ piomman L sd o 2
Sl slaasl b s Sl & 55spp
Olyean 35 bz )b s o Wl JIslse a5
ot i sS1 3 I slpe ol QS0 o 5
DS 5 s ol Glampl s s
o 1 S s s Sl el
Pleurotus , L d_u@u oigan Aol o
4> Phanerochaete chrysosporium  ostreatus
Lt Aa TS Sl (53 58 3l 52
a5 5y @YU LUl 550 Aspergillus niger
Gl o 5 Sl Sl sk en 5 sk
S ol ekl a5 S5 5SS s 5 IS
Olpea— bbo o St l o O3
3l a2 Sl 050 Gl S5 S
5 Md e atlod ponS 5 &I B ek
Sluls 5l o g S PR VPN

Ak et al. 2023; ) oS )y gh,slLiS


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.:L_o bﬁ)}&iuwgﬂj&j\ o:L&.z,:ll{Lg)'))L:S Jul.a.w.l QJL}JL 4&M}®Jw}ﬁ:éw‘ "

R N P I U
A5 o aS 3 d o BBl s Sl S
g s il ) e T8 s
sla P Sl =S5 Olpean Lo ey g LI 5
at s bl Co pde o Ll 5 &lsT e
5 b osb S La ke 0l a0t s
o Al e i e S s RS
Gy las S5 T 2alS 5 Sl CuiS s
e e T e e e
o s Cosenl 51 (EPSS) Lo, 5L L 555

o3, 2

3l VAP s 5l
Ol Sy 5 0lly Wibe s Ko sl Sl L
== S S S a8 Lleddas o 5L &
i 5 Ve s Yo Dol Sl W)
S [-F| G- | U W P W B 4 | E e
il (ol g La 0T b jgn b ey s
Co e 53 5l slednT Sisn b ol YL
il o Sy s 5l Bl 5 Lilile g

.(Tabassum et al. 2023)

& S35 Syl 11 55
039351 b33 b Y paro

Slopls slasl 555 53 0581 5,sles Dluls

3 Rl e Olpea ol

Gl Y a5 (gl oAl (gl ns

s ol S 6 S5 L e il

7y

1S SaS sl b OV a5 5 e ST

.(Farzanfar et al. 2025)

28 Bl 513 50 3 ;o (SUd il
B lowy 4 325

oS i 5l S e e b b 815 S
Ll ey a5t 53 ege St o sl
e A b il ol 5 SGaS
2 BT eS8l S a3l s sl
4SS o 5 55 s e GV
SladsSse an sl (AT OLS 5 40«
W5 ey 4 Anlp ) S e S Sesla
e eI TS NS BII S R PREES
sols ll o al e wgplS
Boondaeng et al. 2024; Vigneswari et al. )

(2024
oSt s 53 Lag sSh (5l a3
bl p S ASls 5 ST a1 T sl
3 Lloy o2 o SBS 4 ) on) S
spba 5 S o SS YL ol
03 5 e sl (gilhin seS Hs Slos S
03 Sl e sl SL il o s (Jlie
SES g 1036 5 aS e e 03S| Ol
3l 55 aie G Sl A8
O3l s LIL a3 ol aS ol a3

[(Indran et al. 2021) s 32 s plnsl 58 50


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

BARSM I SN AL FSTRRIEE N P

S seeS 5 lp Il e s 5o
Alan and Koker, 2023; ) & 45 o a3 S LS
4B i sla By, 3l eslana! (Babu et al. 2022
3] SEEUTCUPPIRC RN EES JE IS PRPCY PU JreS pou
Jols s gy ol ool iy J 3 s e
5 SSNB ewliger G s 815 Sn 6 58w
5 S eSS 35 Sl 0S5 LS S
Gy O5d 4y e L3k oo 15 Ol Slals
S a3 s e A s
el s, Slee 5y 5 Glwcn S

.(Sumiyati et al. 2024; Vyas et al. 2022)

Sl o Olged Gy Olulo
o Mg
P L P T ST S YFPUET QU
L siosbes Sl o das o L Ol Gl
(S dSlss 5 Olae Jold) 58 5
S5 e S Ulgsa S5 S LS
—2d St 5 050 00 A Aidda
S slazes Mz s 5 SL 655 (il sn o
s g S e ad s I sl L
Sl les L3 laled e o 58 1) (g3lal
S5 e 5l 50 g il @ a5 L
Olssas LS 50 (Swdle 5 Ol e

b Sl 3 A sy g0 i Sl 5 s

7Y¥

Slaes s ol Ol or s Sladnl
L oled oV 5l ey ik 0 1) LS
(SSosbay oses fdd e mlo 55 )8
Sluls ol a5 Sl s o2
Oszmanr Y game LB 55 Ol 0 1 ooslaS
Sl (i duﬁjﬂ LS e e gaS
o S By LSS s T
S8 g b 2l 5 s Slaes s

U RPN P IE
(s Sl s ] Sl S el S
LSL%—M:JK)UJ-Q«“ o Hsba Y i
3ol olg OV ame 5 0T 28 (axls
ol 1 souslis Cluls 1l 5
(oo oAl LB Olpea Jade pl A
Gl Slir ol Glp mle by
o=l S s caalsl js sl e V,.mlj.e gy
350 g3 e ysbas ol B 551 e e

35S 2 A e

Sl e Olgisd SHglis” Ollo
o g™ Ml o
Sl a4 LS Glalany s
= A Ll (a5 58 Ol e e ool
5 S CdS s 4 aSL S oSS Lley
53 sl o 55 O (Gds 3lpe (g stes 2l 53]

Lol s ol sl SL Sl s 5 dals )


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journalofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.“ol:v_ Dﬁ})&ilﬁﬁ@)b&j\ aJwM‘l{LSJ')}uS J\JLMo-l C,.‘BL}JL céM}Aﬁﬂ)ﬁ:éw‘ "

@lopls slamdl sl 53 501 L SV ame A58 5 355l Glatileony Cil3L o be eSS 25 - Jguer

JA.L—C‘ C)LM éﬁ)lSJ wl.@.: JMaA 6.1.\15 V.m.:ﬂg» B u:.i; uﬁ}[.ﬁr dLAV.M.:.SL{)UJ.:A u:“))‘ L; J\J._JJ}/ J}M s_.i;”é)
Basu et al. 2021; Javed ) S8l s 5uaS A3 <dﬂ slsn (S5l sn 4y s Bacillus spp aule s5lsa sla g xSU o) 35S 5 S gpaS \
(et al. 2021 5 S calS s slse 038 Sdae ()l > Trichoderma .le bz,
S geilo > S s DlS 5 A5 5 gdae La Cen 52S |
(PGPR) LS Li,
Wirth et al. 2012; ) ﬁ.li.xi_ans S5 C?;») J‘lS/jﬁ Loy 43525 (S5 o rm Silsa o L;LArx..ﬂjM;S (Ol 50) )’fo.! Y
(Jiménez et al. 2025 (sl 5 G, Ay sl wle s 5 O3St s 58 s Slodenl (St s sla g xSL Jols
u_f,\;i‘}ﬂ Seals JeSTes 5 (CHa) Ol & Methanobacterium asle La3lu Ol
oS
Ravindran et al. 2018; ) Sl e sl 3l b 0sp syl L Trichoderma Aspergillus niger 1uls Ls 2, SV k) as sla g 5 Al
(Singh et al. 2025 5 ety s plde sla i dolr S esd G,k 5l reesei Gl U1
Bacillus spp 4ule la g xS
rl: Sy slatilens 55, (SSF)
Al ayse Jals Sl ams sl g3y s
S35k 525
(Huang et al. 2022) Slads oy S pasd Aspergillus niger < e Aosl (SasY (Sjw) JJT sl ¥

B u.i‘.,\.& @Lmﬁ) &ij‘;?"" .,\.:.»‘
(25015

s 5 SSY el
(PLA

I 5 4 ) St dal

( d:&k—.p

J.;.J.l..ﬁ) J.;La..w.i )] ol C‘J,};Z..u‘
O (S Bl e Sy

Sl b I sl

Lactobacillus spp LSy ol

Acetobacter pasteurianus Sl dowl

(Kl

7o


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journalofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

"\f"ﬂ J".‘.'.’.\i Y UL«...‘Z AV [BET) g‘;zwij ‘;'«u.‘ 4.17'99"

Ritala et al. 2017; Yunus )

(et al. 2015

i L pls STy
Ol sl o lde sla JuSs
e o Sl Shals

S RS

O);)‘;:‘-:.“. 9 u_:‘)s )l oslanul
Sl i Ol badileny
P e s A T s A

e 9y Bl

Fusarium venenatum .sls ue)ts

la s =S

(SCP) axxly S i

(Martinaud et al. 2024 )

b Szl 5

R R e D
(uli} sl gg.::.wﬁk.;

ol g anay

e ek g5lue 23
o003 iy 2 S
L);JS LSJA,J.i \i(PHA)

JOUCES R O P | I PN WO
(PLA)

PHA Cupriavidus necator
Lactobacillus ;| SN deol 5Le (i PLA

(PHA, PLA) s Kzl 5

Jin et al. 2022; Priharto )

(et al. 2025

s ge) J U g 5m 5 J 5050

(o535 o (shomt

oS SLasl ials

e b iUl s
J b d 550 5= 0 sl
51 Jeol> slaiis (ABE)

.,\JL».M.;T J.,J)J\.,\?A

Saccharomyces cerevisiae J 5:U| 50

Clostridium acetobutylicum J 4 g 5o

JsUlsm) s o s 5o

(J556 5 5

Ahmed et al. 2025; )
(Fenibo et al. 2019

(il lo) S g g

(j)\b)a.liqu‘}.‘i}

GL'Mp s edunS L) ol

(e

E) \JAC,JLZK.‘B)}M .L:J}S
Sl ey slas 8L

S slatibay

(Aspe) 5201 ,) Pseudomonas aeruginosa
(3355 5 5.0) Bacillus subtilis

(olsl) Xanthomonas campestris

9 LJA\L.‘:LL{ﬁ)}M}T_z

(EPS) Lo, Sl Ly 5551

144


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journalofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.“oli :ﬁ})&:ung\jﬁﬁj\ azww‘héj))ufs J\JLMo-l C,.‘BL:)L céM}@ﬂ)ﬁ:éw‘ "

Chen et al. 2012; Lopes )

et al. 2022; Quifiones-
Cerna et al. 2024; Li et

(al. 2025

el by s 8 )

o sl sl L

5 oYk

3 Sl= (Bioremediation)

ab}.ﬂ 6LA uT

Sl s sla,Kaly )
Qs3) Sl JKas latilony
wals 528 (o3 1 S
oo 4 i o sl

e

Yarrowia Lilbe) Ghlate o gla aske
s sladileny <l (lipolytica
(Halomonas 4ibe) w5 Kad slas ,xSL

s ) s gl e

s sl (Spirulina wsbe) L oSG sl
CO:
¢l Gerratia wibe) 145 08 la g xSU

b 4t s slalleny

Sl RS sla,Kal,

ool sls s

Jiménez et al. 2015; )

Marx et al. 2013; Shahab
(et al, 2020

claanT s IS olekl, il

Ls:‘“"“l)'

5 Gl 5eS Olay als

BRESEN

Sl p S e G\ S
slajlle Sual,l8 w4 pe
gJ'J)J...» A&:;Q) A.X:.?:;:i
A5 Gaob 51 Glsha san

th__:'}.:T JA[S AL gama

‘LSJ:SL. 3 G)u E":S‘;;) g_}'.’ﬁjg?" LSL“(’}:?“'J*“"S

(Trichoderma + Bacillus tils

Jj )l,w }A_<:J u:.m..i j e A J";

'

7V


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

BARSM I SN AL FSTRRIEE N P

Sosld ) 1 ol slas B (ladkai
T O s N CE IR S PP
e (Sl LS s a5 3T
Sleslewl g3lbwang 5 Jod slacss o
Alan and ) 1S s (g5,5LiS Cluls Ll

.(Koker, 2023; Tripathi et al. 2024

Sl (e Olgisd Sirls” ol
b 5T A8
Sl Sl slolw il Gl sladle s
Sooslas Cluls co pde oo LILL la >l
(Agriculture Food Wastes, AFWs) _lis
&l 3o ol 5l eslital 4 Gleaddle 4 e
e AT G b Sl S e sl A s
(Solid-State Fermentation, SSF) J_.l>cJl>
s sy SS Ol e Gy ol ol el
LS ol slampl s ol o
atlod 65,5LS OV s Sluls 1 eslanl
e Ol e OoslS Slals syl
GolSen G b 5l Lol a5 sl
So o (Lag B 5 g L) L‘”p—m:ilf)‘ﬁ,&:‘
TGNV W VU W o e i o) 5>
Ul b1 e ol 5 ol |5
ok el 0diS @ Gla BT A5 b
Lo wd AFWS o a s sl 3 5 WSl

BeigMohammadi et al. 2023; EI-Bakry et al.)

7 A

Akin et al. 2023; Alan and Koker, ) o_.!
LL el olii=s.(2023; Sumiyati et al. 2024
Lisd S e iy glaslllalos s e )y
L oVame LI Gl gl glaae G
o=l a8 Sl gisslas wluls 31 sl
Sl 5 by SalS o Ul e 5 S0,
dan 55 et DS SaS el eslan
Sledbl 4 u_gL::._..N: Sl L;LL:DU sl S,
Slaosls 5 s S e e b cnl o3 S5
Alan ) ol Hls, 55 5 Glos s Caanl 5lcp o

.(and Koker, 2023; Tripathi et al. 2024
Al gbvesee b onsa (gislis Sluls
G ol g e sl JWE 2 i OS]
(i OlS 5 s S UYL sle s
Marx ) 151s 58 50 4 bl @l ook Jeily
oL.s 5 (et al. 2013; Sobczak et al. 2022

dl_}.oﬁ Qﬁ &Lﬁcﬁ N YEBLIE R - R % ;i.:.‘_}.d

T DN SR CCESI SV V| VIV Y JE- 31 Iy | IS O UOPL Y
3 s 50 o S w ol olls
ol oAl 3 LS edas 0L 5 Sk pan
Al e Yo CaSL S 5 W5 s Sluls

.(Chubur et al. 2024 )
st S s a8 3 Ll 5 Ll (S sbe
5 LT on e (bl o5 a5 Jlss s
SISl s 5 r b Db il sl

slac sl ol sl 50w onl s i


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.:L_o bﬁ)}&iuwgﬂj&j\ o:L&.z,:ll{Lg)'))L:S Jul.a.w.l QJL}JL 4&M}®Jw}ﬁ:éw‘ "

Sly oo Olgied SHsgls” Clule
ST ol wdg

L sioslis oluls 51 Il gbaal Ly
03 e Al B b oS80 Se 51 el
g Al g 4S el Fais ulide s
Sy e e Sl eslanal (Gleane 5 oL
o=l 31 = .(Kumar Sarangi et al. 2023)
Biae 45 Conl e Al e ST sl
Aspergillus o5 g4 (La ases 5 Lagol Loy
sl slas 8 aul pl s s s e a5 niger
5odims ab (anb olisls &K Olyea 5 300
5 el glb—e pH (‘.\_ld.u Sl = lesls
53 o 35S ol ealital ) se Gl
OlaeST 2T G Olpear byl 5 ol b
3ok 255 eSS 4 eliias oab osble
G gy Bl 3l eslaal oy Oladlas
cdslast s S Al WS 5 (6l e s
G gy 45 o3l oL axdlae S W gad Ol e a
Sl Cmad 01 as Olysas L1 55 oo 550
« Aspergillus niger ;! eslaa) b ol -pl W) s

.(Kareem and Rahman, 2013) »,, ,S
—te S baaal 51 K oSSy sl
S (6 e s SL b 5 Ll e S ]
glee 53 Al ol 5 5d AJ 45 Lactobacillus
Y a3 syl &5 glosle Ol g olde

)bW}Qw;)waﬂ»M

74

2015; Khaswal et al. 2024; Ravindran et al.
.(2018

daoz 3l iz ol «.Suri)j o= s
el (aslasy (Lasbslls (s sdlsl-a
PG % W) W | VU LV | W PL L
b 3l laslsY sl e Sl eS8
slse 51 aes anels 3l eslizal L 5 SSF (g5l
s e A5 ol 6531w Ol e 4 AFWS
AL TO L edmte VL Sl mlan 3
ool oins QLIS 45 3505 1) b 5T A5 g
Bl 3 5535 ol (S35 Sty
clam il s sl @oslis Syl )
A s Olpe s 1YYV L s sl s
ol ol oS g e antlis b 5T S5 sans
s it 5 e p e s
O Al o Ll 5l e Olpe s (s555LS
(S edS A5 e Ol o INY L
Fls feily 5 ooslaS YL e b bl
e
Babu et al. 2022; Khaswal ) .S’ s (5,13 16 ¢
.(et al. 2024; Ravindran et al. 2018
SiosliS Sluls 51l s 5 Wy, ol
AS oSS e sladnT b s 4 S w
55 Slals Sl 5wl Sl Sy e & oS


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

BARSM I SN AL FSTRRIEE N P

ol ek s B 5 L s
Lietal. 2006; Vashisht et al. 2019; ) L., .

.(West, 2023

Sl (e Olgisd Simls” el
(S50 w95 Mg

SoosliS Cluls 51 s S g o A S
o Bl e ol s sl sy S Olen
25 5 sl el g BB IS
3,00 ol S SaS osmals 5 oIS @L'v.a
e ($5oaS Dl e Lo pde 4 lgsw
Sl sl Il a o Sl L s
B FPRSCTY S T CH IO IR ¥
slacs, oo Lo asls 5o 50 | soldsls
Slresd o)l b SIS Jhlsl 5 (S54088
PETYCSVRRIC PRSI L SR SV e
Sl sl s eslbasl Kl S Olpe
sy orbe sdnl s iy Gl el

.(Bogale, 2020; Raei et al. 2025)
o n A e g LS S ol
) W sanl B sleang 5 up e i

5 < "a' L X Ad,.; W) awj_','jﬁ

s At g 1 0T 03 5 0o n ke

s 1 e e ok Sl o S

sl 5 Lassls ad s sl ool b
OB @ eas g3lasl lad s ale ( (Si 5
g5 Sl (ol edhe g o
L i S s s v S
ol adlas SO 5 s S e )5 eslin
s el sl Olyea Sis WL 5 Ll 8L
5 ledd B 3l o dals slacstlw s
J s ¢l Lactobacillus delbrueckii s :SU
Gl sddan S LS an Laol 51 SesY
.(Vashisht et al. 2019)

STl s 51 Saal dewl ccpl o oshe
L ossam (A s b 5l oS ol g
slag SL s 5 Acetobacter I esliz |
s mlao 5o dal pl sl e A ]
sl mls 3 50l s aS e Olysw
LSS, bSaadly a5 gl adsl esle Ol e
Sl 5,8 e )18 eslinal 5550 Loyl
b ol s pluls oS el O 5l S
«!,— Acetobacter pasteurianus SKYAA25
o Sl e IS ) Sl el W
Aol pl A5 5 s Sluls 51 6ol e e
oslital i L5 Ol (pl ml LS SaS
Vashisht ) coul Lailes Jals el ) e
.(et al. 2019

Sl 51 AT slad il 1) 5 IS sbay

$osliS Glallany o pie 4 LS (g5 5LaS


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.:L_o bﬁ)}&iuwgﬂj&j\ o:L&.z,:ll{Lg)'))L:S Jul.a.w.l QJL}JL 4&M}®Jw}ﬁ:éw‘ "

DL é)‘.la"l.i ;LZ_:)\ 9 Qb—:l—@ JZ.ALJ é‘ﬂ

Sl (o Olgisd Sigls” Slulo
358l g (2l Slge Ao
Gl Sl Ol S
2 e slagusls 3 S sle ety
Sl s 5 Gy e 5l G bl
e 3 Y mene sl s i e s
SUNP TSP S rr{U X v DNOWRR WU VPR VR VR E
3Bl ey sl Shs e w5 Wpd e
S (b OUSE o g g e Sy S
e Sl s S SaS e sla Sl
sl Srals ¢l = e ol Olpe e
Sl Sty 5l (3L sl (Sl 5 (Saatly
e LOT Sl eslizal 5 Wpd o antlis i

el g sl gl Lol el
sl b bS5 5 sl
I A RS PP U R TP T
o S Lol ) VL ay e s 3l
S Ele Al e a8 el e sl Szl
S om et b e xS Sl
SELSe sl (Shs el e S s
Al Sl ) o3V e glie 5 b ol sl
e ol slas S Cus st 4 el ol S

S eslinal 50 age il 51 s (S 550 e

A

Wle ol sl pe Sl ealizal L dla s 5L 5 56
(s o=l s e A8 sHoslAs Sluls
Llss oo 3,5 o 53 &S (g3date sLlse aail s
s s sy el ool S Dl ey
sy alod mlbe Gy pde 5 108 el Sler
el p e Sl (S0 DB slas 2
rl; Sl st Can 3 Las 5,8 RS S
Ll S s S el ik
35 ple Sy L L adlwS Ol e
o= Gospls am Shis onl 28 13 eslinad
Sl sl o sl s 48 das e | O
Lol el s Jls s s 5 esls ralS |
Bogale, 2020; Nigam ) aas 'cwg La(a\; sl
.(and Singh, 1996

sla g gl GL;—».& 03 o=l e dle
Sl s Pl (et mle Olpea 25
g o) e Pore OB AS S e )
s SN pame W5 5o WS e s
Sl 3 egam 5 S o BN A
s esliul 350 gla s 5 ALS gla S
IS Ll e e 5 0Ll sbali
.(Bogale, 2020; Raei et al. 2025)

Sluls Sl s S S W5 (S sba
S ol re,e $ln o b 56 $5usls

b o 3 AL ) o sledia 35 g @L;.»


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

BARSM I SN AL FSTRRIEE N P

S AT P IS LR bl gl
Neagu and Stancu, 2025; Ye and ) .S .
S L s sl 15 s o) .(Chen, 2021
Wb J=B Glhbes Ll 5 Wl s 2als
Sladkilons lopls Lol 55 1) Gl sla sl

AgliS e gioslas

Cu 90 53 3990 Sadiges (o) y
S329ks” Srilow

NS b sislas gbibn oo e
Sl siS 3 wlsls 5 S5 S s gla b
slacd g Lol 5 Lol 5o ogisany el
Lo S el il 03,5 i 1y 5 St

jLau\“ 'L.‘.'.'.)\LS *4:6)54_{.4\_24.\)5&

..,\.25&..«55)'};- u_»\ BERERE R 6&0’;5\;-

Country Collaboration Map

el 2 Sy W5 Gl b sl sl
SSIaS sl a5y ola S ol Slis
Sl adsl ool Ol e 5,5liS sbalileny
el S L eslinl S s S
Akin et al. ) 15 IS 5U Llie mle codla

.(2023; Vigneswari et al. 2024
Glaos S dslize laeuilE 15 Ko osdle
Jomsly 45 Wsls s 5 5 K aass
sl s el el el YL
Yarrowia ascs (4l ged 5l Al Llees
(=f ) Ll O ae . LBL lipolytica
5 s s Ol IS Gl o Ll
Colacicco) das o wlil Lolay ¢35 cpl 2V
wlia jsbas (et al. 2022; Liu et al. 2015

ol Halomonas aile vy Sas sla g xSL

Sladisg $ln s bl 51canl odd ol 2S5, sad 4 Bibliometrix 5, b 51 Ls 508 o pede (51S0n =Y Jss

YL lasl gedias OLiS 6,0 ladsle oS o ealiza) Shas SVl gl S50 bl 515 658 S 5 S 2ia

sl oS CS 5l Godias OLLS s, glaagle Yl

C)la_iu UJ d}:.l.\.AVO' S g~ MVL«U LLSJJJL:S

S e S8 goosles el 5l SLK


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.:L_o bﬁ)}&iuwgﬂj&j\ o:L&.z,:ll{Lg)'))L:S Jul.a.w.l QJL}JL 4&M}®Jw}ﬁ:éw‘ "

Sl 5 LIl gla i8S (Lol o538 s
Sloses sbadlilons w2 sl urm:;tf,\))icﬂ
oo OV y a1 Ly AS e eslinul
S5 St s o s L 5T sl
) S g S T ) Sl VL ala
S e SeaS Oluls il @ Lwa s S,
dete DY pame sl 1) slidr slasll S
Baharloo et al. 2024; Tripathi ) 5, o2l 3

(et al. 2024
23 e Jlasl L o oS (iomen

sla il ;J—il v uJ”H ¢ olul 5

sl (51 ale S s 5
LS s a8 s Labilemas sl 5l 3does
ol 53 s diad 5 LS s el s, S 1L
b il 65 slasls Wl e biale S
A5 eman S el L G 5 G e S
s bom Cylme (sl sl dagial Olse
S e R e

.(Tripathi et al. 2024)
5 obsl s G saalses ol (IS sba
Hedln sla e, San 5525 5 LS 50 LS5
slagsls YL by 5 Coenl oias 0L
s oluls Jals ol G35 W8 5 s

el Cens 3 daes oS oS

\A

G 8L els el slalilons o Sodas
el Sl o Skl 5 2 A5 oS (i olS
L oo eSS, ol bl &0 5o
SIS am gles 1S jsba b e85 S SaS
o LS A e et (nl o pd e 4B S
Olpea alg ez aSL AS 0 S8 Loy
5 Gose e ORI e (cast u’ﬂ 355
doa e IUl 51 ok pioman 550 e e
e S5 S e A5 GlaelS 8 g e
a0 Olpea o Llasls 5 5,5ls sLle
ala Y 550 oaasle lols 5 s s
.(Babu et al. 2022) s ;&

S3la o e sladnT b Sl eslinal b
S s QS 5 0 5 S5 Sl s S
SSA M S e s nl s g
oz s o Sals b S o SaS St
W Lo & e deas o ials 551, s
L Sl oot Oluls ealannlsl 5l ds s
Tripathi et al. ) c—ul esls jolatl 5o 4
.(2024

N —Se b i 505 s
ssdls i GLle 4 o LQMK)‘)J'{?‘
Se slpe dadilons ] S8 @ S3H S
S e 5 B8 a3l S w s
SioaltS Gose e oIl Sl S

(Tripathi et al. 2024) .5 . &S


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

TIFOE b O asled WV a0 (i) (el don”

Coskun and Kantar, 2025; Hoang et al. )
.(2020

Js Je 035 55 ) sl s sl
adls s Bl o gladla 5y s
sl JSm o3 o 03 lsl 51 gyl o
LU sl 30 s 5 35 #8 550> 0S| 5 AS
ol LS e s S s S e
Ao pals glesls iy fe> 53 1, (CHa)
Uiy e ol 53 ol b Lyl sl
Vo G me a bge asdS Jle 5y 5 ool
il ol ol sl Ol s CaSo e O sdes
Co g oKl YO 51 gl gluls uimmen
Sl 45 sl e (CNG) o325 b SIS
Akin et al. ) cool ojs ol 55 58 Ctla
2023; Coskun and Kantar, 2025; Tripathi et
.(al. 2024

Lo il 5 4l s i,
Olyea a1y o i8S slaila g
Ady a5 A Jee S g3lasl glacs b
sl ) sl b ls SGS Il gslasl
ssban Lad ol sl ol 5 OIS e il
W g GRS s 53 53,5 (S)15 e g g

il ol

9ol Sla s W

V¥

Sl il pu

fo—o e S Ol an 555l sl
Pl G e Gl sl 53 Slides
NAAA Jlo sl alan S 51,5 adlas 5550 Jlo
Bl Gl ) e 5 B b dsie a4 e s
b sl s P 5l Ay LY s
odd ize ojs pl 4 by e ede OIS
ool o ia ¥ S 53 a8 b0k Lol
gl s Olis Olseas 5 L odee OV
la, 0S8 (;—i‘ Sladss Ll o aslil s
S3osliS Ll 5l ols e 35 Bias
Y pame 5l AL e sa Ll opl el 5 et
Loy S opl & Aiten 55 5 piS Wile ol
Sl gl 53 SBASU S S5 Olse s
Akin et al. 2023; Duque-) 45, o i

.(Acevedo et al. 2020
sbdle s pdoies gl sl Sl A,
03 el 4l il o Kk b
G O ma 3L Y/F Lo g5 50l YYY UL
e Lol amsbsl s sl (a5 1, Sle
23 TOIN 316 dd 5 5 pdpdodend slas) Sl
el odew; YOVY Jle 53 L A/A 4 Y00 JL
S5 SITEe 0sShen 58 s cpbe onl Obe o
N R P L

LU SRl e s & VoY JL b ol W5 oS


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )\.L:L_o b&p&h@@j;ﬁg)\ a.)l.ﬂ..’;wllgéj)jufs J;La.w.l C,.‘BL:)[; céM}@ﬂ)ﬁ:ng‘ "

Trend Topics

Term

‘00

L 2
M
L
*
L 2
.
P—
@
L
® Term frequency
e P
®
. e -
> L ]
.
°
*
.
&
L3

Year

Bibliometrix 51 eslizwl b S LS Gu b 51 0l dsb 55 i Slessse sla 6.5 Cugr -Y K3

Sl 53 L3l 5 oMl i3 Ll
(i s, s 4 s Lol 585
G Ols ady Al G T glaes s>
ool epmis 5 aeS 5 oIl Gl o e e
sl el 3 LS LBl 5 e Y pas
g o5 a8 iy $Hldde s RSM) Lulid s
Yoo bS8 L 5 (YeYY=Y2YY) [ eb s sl
G5t o1 Sl 55 e sl iy ol
Ale) AdS sladnyl 3o prnadr (gleang
Shestial L pd S pare (il sden b sless e
slayo, b RSM) nld gy mhaw &uly
(Al Artificial Intelligence) ¢ y2s iy
et Sl e ey SNl Ss gl
Lol gl sl e 5 0loy pH Les ile
Jymame 035 bl Chle s il
A e IS 5 B by 15

Aas ulssl | (scalability )

Vo

S 4SS o sdpe A, (7 JS2) Sls sl
L YerA) ol Jab o3 1y Laeslsnds oS 3
das o 0L b e Olidsd oy s (VoYY
Ol slgdn ¢l o 1) ghwdisl sbeolls
o3l b (55,5088 Wloy 335G a0y L3 ST

Aas e 4l uMK,\j;ﬁ 5!
GYeYe onsa) ol sladle 5o oS Sle gy
sdins OLES (lyls 1y o pls o310 xiy (Y4 YF
LaoT s hed Sliiod oo gLl 5 55 5o
Ji S el Sle e ) s
«(Optimization) (3L« (Bioconversion)
(Hydrolysis) ;Js,4a (Fermentation) ..
.Li.s (Ethanol-Production) Jslsl uJ e
Response ) ,sls s, CJM b sbaellsalds
Green ) ;. ;. (Surface Methodology
Circular ) le s 52131 «(Synthesis

oLis (Valorization) 148 55,1 s(Economy

MJ)_..D\-.& Jszji‘iﬁj_wj‘)jﬁjxajc“:


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

BARSM I SN AL FSTRRIEE N P

o5t 5 i 5T A5 ¢l SSF (bl
b s srl plie 2 L Slidss (o S
7S e grmsday w55 SSF slas st
1 Al e 51T b ) B s
e 3 ol JUasl 585 asllae (ooman 5y,
Sacassde 5l S 5> sl SSF Jb s

REOW I Y PPN T
Sl sl sdes 53 H5eb s Al S e i
SPLS ahai K olaen (lignin) oS 5 el
DML Sl o la sy o5 5o G Ll
Slbe 3l eslarul wsle) Cs jlae Sl s
Gl b L Gaer STy g dd> (s
osban oS (e s Sl oo 31 5,550
Gl el Sl S e Gl 1 &) S5
s Soss b alesd glaanl 3 03Kl
Ll b e b slasls B AL 5w 52
Jot 1 sle 3L ) 5108 25,0 5 hals

Y

Solaidl g 6 S dguc 9 b il
!B 00 (295 S e
Sy Ollo
sl o Logouslis oluls ol 2
2 d S Slsdeel Dls 658 53 4z ST o S
rlye s sla s U Jae 53 Ll il

335 o 5h Slls s w e sl s

Ve

53 &S B0l 5 slemls slal gleejlsads
Sl Wles S am 20 1y Ad, Lot sladla
S o Ay e SO 5 5 B o L
TS VR L. ¥y CRIBNG SRR VP W PRt
Gaal |, (Integrated Biorefinery)
el (Total Valorization) Juls S8 5
sl oldles s bl sl b slaol >
Sae Aile) YU s 58l 255l L OV sams Al oS
ST b sS b s 3lse ity aloss
@slasl golul b wsls m aul B glaslasl
Dy S o5y

ol trichoderma-reesei 5 xylanase .S 5
Hh DS 03 ke pen lasdes Coeal sdias
L L R e B N
sLs oly s L Trichoderma o5 54 o5 e
6uﬁjj c—Js 55, 5 (Overexpression)
33U Asle) ke pon oS g den ol
Sl el ol LBl S e (Gl S 8-
FRUSUP SENPEURTY- [CBAE i} B UMW &
el Sl (6 e glaas ea 3l G153
Jo Gl b s b andllae (rmen
sleedi sl clale uile) Coew bl i s NG
b sl Gl iy
JERCNCPRCH W JRRT VR VE OV P
@alal 5 e s bl a5 conl S


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.:L_o bﬁ)}&iuwgﬂj&j\ o:L&.z,:ll{Lg)'))L:S Jul.a.w.l QJL}JL 4&M}®Jw}ﬁ:éw‘ "

Al e S AEL aiils sp gy g s S
Coley cplpl cdi oo 1) baaen STl
Shestaal GLS Glakoa 53 ol s 1S5 5
i 6 iy 3BT 5 Aty SLlS (sl 55ST 5y
225 O e Bl S0 055 Wb 2 )
S bobas ! Slelasl ades 1l B olols
cl ol blse ol OlLa, PBlas s ¢l
Tiedje et al. 1989; Gallagher et al. 2015; )
.(Asin-Garcia et al. 2023

el e bls By nl 5 salasl s )
sddpled Caad e 5555 Y pae L
sl g il s S Yy
355 b OLlen bt lie 53 st s
Slat gl adsl ol 8wl w5 ool 3L
RV ER R UV VI S RS Sy P E L
pde 5 adsl sy el s SULeg el 0553
S o2l DV a2 5L 1 Oliabel
Capanoglu ) das o o153l 1y o3y ol Jbe
.(and Tomas-Barberan, 2022

S Slgr &S > a8 b Jpnll
s sl eV 0SSl ilezls 5 0 S 6S slad
5 sl Gk 5l Lt ol

203 5y dieddga gla g IS sl

Ololgiy 9 (S 5 domd

vy

Coew il 5 0550 ol s S 5 &S
o) IS e el 1y d e Al b Lad
SNl gy S 053 35 0 ey Kl
Sl s 3S i m Sluls plil e
o 456 sk oS s bl S
Foster et al. 2010; ) c—u! jlas s 4 s
.(Coskun and Kantar, 2025

ool ol 3 4e L;uw@,lbi:ﬁ G G
ol e Il ol o 558 (sl Lo
A S e frae 1S S ebde 53 0T
) N CCEUUU NI ON U MY S SOV
sk o M5 les iy AT 534S s islssl
L o T3 ST o Al oS e
Sl 2l 5 oluldr b plasl codd s
Sor M s (i8S b Sl ol J pasee
spt A A dg e sy P LS el
Jankovi¢ et al. 2024; )-"—“u-‘ ol
.(Anggraini, 2025

s S sba,sls VL Jeily o8 e
3Ol s Glp e el Ol 4
3,0l S ol s e Laol sl s
o sh— (Sro wle 5 l—*’*;v-—wrﬁlf)‘)f{:ﬂ
St Gl KB S kg slaa S
Ol 48 5,51 o 555 a1y SIS pl o3 Sas

sladorer L (S5 dsls 5 Bslas olala,


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

BARSM I SN AL FSTRRIEE N P

saccharomyces-cerevisiae

worzaon €LNIANOI-Production

crop residues

anaerobic-digestion @G FICUITUIral WASEe wrichoderma-reesei

solid-state fermentatioi
n I yGaoslt i S IDﬂ_
saccharificationDIOCONMUGFSION S s

e NYATOIYSIS 10|

cellulase production

puiication

ethanolsis=:

ases agricultural wastes
lignoceliulose

T e straw ONIMIZation biorefinery
e wsorowth Pretre atment: e woucon

comersion @iZymatic-hydrolysis
sugarcane hagasse

Bibliometrix | eslizal L sdS 0315 gslus; pa =F |3

gl ol s Y e b b s am i L
by edild s Slals ol e 5 ol
ot 3 3dme eslinal 5 C3lSL @ el
Lol s 3eor go (i lge 4 a5 Lod g4 g
S s YO U Y sou> Ol ol js sl d)
WS agd e b Oluls @ goslis il g
o=l essls dlw 5o Vs 5,LLL 0 dsbee L35
b pl s ool Sl By 2l # LB Ol
Sl Sl cpl ool 5488 2 el Ao s YO
bl sl Sl e a5 5L
Cmila il Co s sl os sl Kl
Khouzani and Ghahfarokhi, 2022; Haji-)

.(Rahimi et al. 2024
sl sl lasls e Y sk (Jla e
ol A b S s s e LS sl

5ol T 3 (Il sy o e 4 3l se

VA

LS s sdidesls il o s ge Lisw
oYL slacs s coale (F S2) i S
b3S e o L ousleS glakibeny s
Sl Sl oIl G Ol a on 5l (5
rrtie ol G Ols e o 5 Ol S
e 3,5 sl S LSS WS
Sl aelsl 53l le pls slaml J iyl 5 aul

LS o e cdas o OLE Kley o531
s sl oy s L L”p—wf'lf)‘ﬁzg*:‘
Olyeay 5 sl 5osls sbadlilan, oy s
L bbby ol 3lsL OGT Glul 63,55,
| Ll oo g5 Al ol S o pal 3
oS s Ci s (Sap T 51 el s
035731 E5ol L OV pame a5 4 &S AS

ﬁ&&éﬂaﬁb—dﬁ:&.ﬁl}:ﬁ)


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.LL: bﬁ)}&iuwgﬂ_}&j\ oJLiLwll{ng)juS Jul.a.w.l Q&LL)L 4&M}&~:ﬂ)ﬁ:éw‘ "

5 P Sledul Gl 4 Wl e 5 LS dal g
Conins 5ol g0 ctalgd s S Ses Sl
I semS rodsl Hgb slaans; (gioslis
Sy LISTRTSIN L SR S PRI P P JU U v
sladda Heb Gl ol hre o5 ool

'JJ}T@ V.A‘Jj M\)}T_}JJSJHMS

S5l Tl
e S BT Sl el S sl 51 aewsin s
sla glaall s p‘ji**\?“ wlorons (Shases
oRas il e mod e slcales 5 el
&l SLl 5l e Ll planil e 4 1
JlaS s Gads Sl s 5 dllie ¢sb 5 sleiyy

.CJ\J‘)JQ

References

5Ll &Lasudl;- L lalony 51 sdome oslixs!
R0 s s PH b s g bl 5 4
S pamasi o 5L s sl i 035

ST
L e slaadl) 51 A aes 5o Slidos
L Ceale s 0 b iS50 S 51 eslixal
il pyle 53l i w5 0T gland,
o=l s s )y aw sl sl L5l
Sl S slSal, S Olsed Ll o bl
Sl sl s oluls Co pde mle leang
3G S el ASS e L sl
Lol A5 4 Ll e 055 ol )3 ann s
35,8 poie Gl L 5L 5 5 s
slace oy 5 olagss alsl (ol o esde

e adnl ol xi leang o sl

Ahmed B, Ansari FA, Shoeb E, Akhtar J, Siddiqui K, Naz A, Ali B, Badar U. 2025. Cost-effective
biosurfactant production by Pseudomonas aeruginosa analyzed through experimental design
methodology. International Journal of Agriculture and Biology. 33: 1-7.

Akin M, Bartkiene E, Ozogul F, Eyduran SP, Trif M, Lorenzo JM, Rocha JM. 2023. Conversion of
organic wastes into biofuel by microorganisms: A bibliometric review. Cleaner and Circular
Bioeconomy. 6: 100053. https://doi.org/10.1016/j.clcb.2023.100053.

Alan H, Koker AR. 2023. Analyzing and mapping agricultural waste recycling research: An integrative
review for conceptual framework and future directions. Resources Policy. 85: 103987.
https://doi.org/10.1016/j.resourpol.2023.103987.

Anggraini W. 2025. The Role of Microbial Enzymes in Organic Waste Bioconversion: A Biochemical
and Renewable Energy Perspective. Journal Pijar Mipa. 20(5): 835-841.

Asin-Garcia E, Robaey Z, Kampers LF, Martins dos Santos VA. 2023. Exploring the impact of
tensions in stakeholder norms on designing for value change: The case of biosafety in industrial
biotechnology. Science and Engineering Ethics. 29(2): 9. https://doi.org/10.1007/s11948-023-00432-6.

Babu S, Rathore SS, Singh R, Kumar S, Singh VK, Yadav S, Yadav V, Raj R, Yadav D, Shekhawat
K. 2022. Exploring agricultural waste biomass for energy, food and feed production and pollution
mitigation: A review. Bioresource Technology. 360: 127566.

va


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

BARSM I SN AL FSTRRIEE N P

https://doi.org/10.1016/j.biortech.2022.127566.

Baharloo A, Esfandabadi SAJ, Roodi MZ. 2024. The effects of technology spillovers on private sector
investment in Iran's food-agricultural industries. Iranian journal of food science and industry. 21: 61-75.
https://doi.org/10.22034/FSCT.21.151.61.

Basu A, Prasad P, Das SN, Kalam S, Sayye R, Reddy M, El Enshasy H. 2021. Plant growth
promoting rhizobacteria (PGPR) as green bioinoculants: recent developments, constraints, and prospects.
Sustainability. 13(3): 1140. https://doi.org/10.3390/5u13031140.

BeigMohammadi Z, Hamidi Esfahani Z, Khosravi Darani K. 2023. Optimization of phospholipase
production condition in submerged medium for Trichoderma atroviride sp. ZB-ZH292. Journal of Food
Science and Technology. 20: 169-179. https://doi.org/10.22034/FSCT.19.135.169.

Bogale TT. 2020. Microbial protein production from agro-industrial wastes as food and feed. American
Journal of Life Sciences. 8(5): 121-126.

Boondaeng A, Keabpimai J, Trakunjae C, Vaithanomsat P, Srichola P, Niyomvong N. 2024.
Cellulase production under solid-state fermentation by Aspergillus sp. IN5: Parameter optimization and
application. Heliyon. 10(5): 1-9. https://doi.org/10.1016/j.heliyon.2024.e26601.

Capanoglu E, Tomas-Barberan FA. 2022. Introduction to novel approaches in the valorization of
agricultural wastes and their applications. Journal of Agricultural and Food Chemistry. 70(23): 6785-
6786. https://doi.org/10.1021/acs.jafc.2c03433.

Chen PH, Liu HL, Chen YJ, Cheng YH, Lin WL, Yeh CH, Chang CH. 2012. Enhancing CO bio-
mitigation by genetic engineering of cyanobacteria. Energy & Environmental Science. 5(8): 8318-8327.
https://doi.org/10.1039/C2EE21124F.

Chilakamarry CR, Sakinah AM, Zularisam A, Sirohi R, Khilji 1A, Ahmad N, Pandey A. 2022.
Advances in solid-state fermentation for bioconversion of agricultural wastes to value-added products:
Opportunities and challenges. Bioresource Technology. 343: 126065.
https://doi.org/10.1016/j.biortech.2021.126065.

Chojnacka K. 2023. Valorization of biorefinery residues for sustainable fertilizer production: a
comprehensive  review. Biomass Conversion and Biorefinery. 13(16): 14359-14388.
https://doi.org/10.1007/s13399-023-04639-2.

Chubur V, Hasan G, Kéra J, Hanzlikova I, Chernysh Y, Sedlaéek J, Wang J, Roubik H. 2024.
Utilization of citrus, date, and jujube substrates for anaerobic digestion processes. Biofuels, Bioproducts
and Biorefining. 18(6): 1917-1929. https://doi.org/10.1002/bbb.2665.

Colacicco M, Ciliberti C, Agrimi G, Biundo A, Pisano 1. 2022. Towards the physiological
understanding of Yarrowia lipolytica growth and lipase production using waste cooking oils. Energies.
15(14): 5217. https://doi.org/10.3390/en15145217.

Coskun NY, Kantar E. 2025. Hierarchical structure analysis of electricity consumption based on
alternative energy sources: A comparative assessment of 66 countries. Bozok Journal of Science. 3(1):
10-19. https://doi.org/10.70500/bjs.1679895.

Duque-Acevedo M, Belmonte-Urefia LJ, Cortés-Garcia FJ, Camacho-Ferre F. 2020. Agricultural
waste: Review of the evolution, approaches and perspectives on alternative uses. Global Ecology and
Conservation. 22: e00902. https://doi.org/10.1016/j.gecco.2020.e00902.

El-Bakry M, Abraham J, Cerda A, Barrena R, Ponsa S, Gea T, Sanchez A. 2015. From wastes to
high value added products: novel aspects of SSF in the production of enzymes. Critical Reviews in
Environmental Science and Technology. 45(18): 1999-2042.
https://doi.org/10.1080/10643389.2015.1010423.

Farzanfar F, Sadeghi Mahoonak A, Ghorbani M, Hosseini Qaboos SH. 2025. Production of bioactive
peptides from flaxseed meal: the effect of protease type and concentration, hydrolysis time, and
microwave pretreatment. Journal of Food Science and Technology. 21: 191-204.
https://doi,org/10.22034/FSCT.21.157.191.


https://doi.org/10.22034/FSCT.21.157.191
https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.Ll._o bﬁ)}&iuwgﬂ)&j\ oJLiLwll{ng)juS Jul.a.w.l Q&LL)L 46J~—W}&~:Jw)ﬁ:§¢o.>-‘ "

Fenibo EO, ljoma GN, Selvarajan R, Chikere CB. 2019. Microbial surfactants: the next generation
multifunctional biomolecules for applications in the petroleum industry and its associated environmental
remediation. Microorganisms. 7(11): 581. https://doi.org/10.3390/microorganisms7110581.

Foster CE, Martin TM, Pauly M. 2010. Comprehensive compositional analysis of plant cell walls
(lignocellulosic  biomass) part 1. lignin. Journal of Visualized Experiments: 37: e1837.
https://doi.org/10.3791/1745.

Gallagher RR, Patel JR, Interiano AL, Rovner AJ, Isaacs FJ. 2015. Multilayered genetic safeguards
limit growth of microorganisms to defined environments. Nucleic Acids Research. 43(3): 1945-1954.
https://doi.org/10.1093/nar/gku1378.

Haji-Rahimi M, Bahmanzad K, Ghaderzadeh H. 2024. Challenges of applying circular economy in
agricultural sustainable development: A case study of Kurdistan Province, Iran. Advances in
Environmental and Engineering Research. 5(4): 1-16. http://dx.doi.org/10.21926/aeer.2404022.

Hasani B, Shahidi F, Mortazavi SA, Mohebbi M, Farhoos, R. 2023. The effect of using ultrasound
pretreatment and pectinase enzyme on the extraction efficiency and antioxidant properties of the
polyphenolic extract of sour grape (Vitis viniferia) waste. Journal of Food Science and Technology. 20:
196-218. https://doi.org/10.22034/FSCT.20.142.196.

Hoang DL, Davis C, Moll HC, Nonhebel S. 2020. Can multiple uses of biomass limit the feedstock
availability for future biogas production? An overview of biogas feedstocks and their alternative uses.
Energies. 13(11): 2747. https://doi.org/10.3390/en13112747.

Huang T, Lu ZM, Peng MY, Chai LJ, Zhang XJ, Shi JS, Li Q, Xu ZH. 2022. Constructing a defined
starter for multispecies vinegar fermentation via evaluation of the vitality and dominance of functional
microbes in an autochthonous starter. Applied and Environmental Microbiology. 88(3): e02175-02121.
https://doi.org/10.1128/aem.02175-21.

Indran S, Divya D, Rangappa SM, Siengchin S, Christy PM, Gopinath L. 2021. Perspectives of
anaerobic decomposition of biomass for sustainable biogas production: A Review. E3S Web of
Conferences. https://doi.org/10.1051/e3sconf/202130201015.

Jankovi¢ T, Straathof AJ, Kiss AA. 2024. A perspective on downstream processing performance for
recovery of bioalcohols. Journal of Chemical Technology and Biotechnology. 99(9): 1933-1940.
https://doi.org/10.1002/jctb.7690.

Javed Z, Tripathi GD, Mishra M, Dashora K. 2021. Actinomycetes—the microbial machinery for the
organic-cycling, plant growth, and sustainable soil health. Biocatalysis and Agricultural Biotechnology.
31:101893. https://doi.org/10.1016/j.bcab.2020.101893.

Jiménez DJ, Maruthamuthu M, van Elsas JD. 2015. Metasecretome analysis of a lignocellulolytic
microbial consortium grown on wheat straw, xylan and xylose. Biotechnology for Biofuels. 8(1): 199.
https://doi.org/10.1186/s13068-015-0387-8.

Jiménez J, Carabeo-Pérez A, Espinosa Negrin AM, Calero-Hurtado A. 2025. Addition of microbial
consortium to the rice straw biomethanization: effect on specific methanogenic activity, kinetic and
bacterial community. Preparative Biochemistry and Biotechnology. 1-12.
https://doi.org/10.1080/10826068.2024.2448182.

JinY, Zhang L, Yi Z, Fang Y, Zhao H. 2022. Waste-to-energy: biobutanol production from cellulosic
residue of sweet potato by Clostridia acetobutylicum. Environmental Engineering Research. 27(5).
https://doi.org/10.4491/eer.2021.372.

Kareem S, Rahman R. 2013. Utilization of banana peels for citric acid production by Aspergillus niger.
Agriculture and Biology Journal of North America. 4(4): 384-387.
https://doi.org/10.5251/abjna.2013.4.4.384.387.

Khaswal A, Mishra SK, Chaturvedi N, Saini S, Pletschke B, Kuhad RC. 2024. Microbial enzyme
production: Unlocking the potential of agricultural and food waste through solid-state fermentation.
Bioresource Technology Reports. 27: 101880. https://doi.org/10.1016/j.biteb.2024.101880.

Khouzani MRZ, Ghahfarokhi ZD. 2022. Evaluation of agricultural waste management mechanism in

A


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

BARSM I SN AL FSTRRIEE N P

Iran. Industrial and Domestic Waste Management. 2(2): 113-124.
https://doi.org/10.53623/idwm.v2i2.112.

Kumar Sarangi P, Subudhi S, Bhatia L, Saha K, Mudgil D, Prasad Shadangi K, Srivastava RK,
Pattnaik B, Arya RK. 2023. Utilization of agricultural waste biomass and recycling toward circular
bioeconomy. Environmental ~ Science and  Pollution  Research.  30(4):  8526-8539.
https://doi.org/10.1007/s11356-022-20669-1.

Li J, Yang J, Huang X, Zhang KQ. 2006. Purification and characterization of an extracellular serine
protease from Clonostachys rosea and its potential as a pathogenic factor. Process Biochemistry. 41(4):
925-929. https://doi.org/10.1016/j.procbio.2005.10.006.

Li Y, Gu M, Xu W, Zhu J, Chu M, Tang Q, Yi Y, Zhang L, Li P, Zhang Y. 2025. Whole-genome
analysis of Halomonas sp. H5 revealed multiple functional genes relevant to tomato growth promotion,
plant salt tolerance, and rhizosphere soil microecology regulation. Microorganisms. 13(8): 1781.
https://doi.org/10.3390/microorganisms13081781.

Liu HH, Ji XJ, Huang H. 2015. Biotechnological applications of Yarrowia lipolytica: past, present and
future. Biotechnology Advances. 33(8): 1522-1546. https://doi.org/10.1016/j.biotechadv.2015.07.010.

Liu J, Liu J, Zhang H, Zhou T. 2024. How does agricultural land scale affect recycling behavior of
agricultural wastes: evidence from CLES. Frontiers in Sustainable Food Systems. 8: 1440786.
https://doi.org/10.3389/fsufs.2024.1440786.

Lopes M, Miranda SM, Costa AR, Pereira AS, Belo I. 2022. Yarrowia lipolytica as a biorefinery
platform for effluents and solid wastes valorization—challenges and opportunities. Critical Reviews in
Biotechnology. 42(2): 163-183. https://doi.org/10.1080/07388551.2021.1931016.

Mamivand Z, Emamifar A, Salehi F, Karami M. 2024. Modeling of microwave pretreatment effect on
the oil extraction from tomato seeds by artificial neural network method. Iranian Journal of Food Science
and industry. 21: https://doi.org/10.22034/FSCT.21.152.181.

Martinaud E, Hierro-Iglesias C, Hammerton J, Hadad B, Evans R, Sacharczuk J, Leste D, Derry
MJ, Topham PD, Fernandez-Castane A. 2024. Valorising cassava peel waste into plasticized
polyhydroxyalkanoates blended with polycaprolactone with controllable thermal and mechanical
properties. Journal of Polymers and the Environment. 32(8): 3503-3515. https://doi.org/10.1007/s10924-
023-03167-4.

Marx 1J, Van Wyk N, Smit S, Jacobson D, Viljoen-Bloom M, Volschenk H. 2013. Comparative
secretome analysis of Trichoderma asperellum S4F8 and Trichoderma reesei Rut C30 during solid-state
fermentation on sugarcane bagasse. Biotechnology for Biofuels. 6(1): 172. https://doi.org/10.1186/1754-
6834-6-172.

McCarthy A. 1987. Lignocellulose-degrading actinomycetes. FEMS Microbiology Reviews. 3(2): 145-
163. https://doi.org/10.1111/j.1574-6968.1987.tb02456.x.

Montoya S, Sanchez OJ, Levin L. 2015. Production of lignocellulolytic enzymes from three white-rot
fungi by solid-state fermentation and mathematical modeling. African Journal of Biotechnology. 14(15):
1304-1317. https://doi.org/10.5897/AJB2014.14331.

Neagu S, Stancu MM. 2025. Novel halotolerant bacteria from saline environments: Isolation and
biomolecule production. BioTech. 14(2): 49. https://doi.org/10.3390/biotech14020049.

Nigam PSN, Singh D. 1996. Processing of agricultural wastes in solid state fermentation for microbial
protein production. Journal of Scientific and Industrial Research. 55(5-6): 373-380.

Osselin F, Saad S, Nightingale M, Hearn G, Desaulty A, Gaucher E, Clarkson C, Kloppmann W,
Mayer B. 2019. Geochemical and sulfate isotopic evolution of flowback and produced waters reveals
water-rock interactions following hydraulic fracturing of a tight hydrocarbon reservoir. Science of the
Total Environment. 687: 1389-1400. https://doi.org/10.1016/j.scitotenv.2019.07.066.

Oyedeji S, Patel N, Krishnamurthy R, Fatoba PO. 2024. Agricultural wastes to value-added products:
Economic and environmental perspectives for waste conversion. Biowaste to Value-added Products:
Economics and Technologies. 215-248. https://doi.org/10.1007/10_2024 274,

AY


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.Ll._o bﬁ)}&iuwgﬂ)&j\ oJLiLwll{ng)juS Jul.a.w.l Q&LL)L 46J~—W}&~:Jw)ﬁ:§¢o.>-‘ "

Priharto N, Setiawan A, Astuti DI. 2025. Optimized bioethanol production from banana stem waste via
simultaneous saccharification and fermentation with Saccharomyces cerevisiae. Indonesian Journal of
Biotechnology. 30(1): 56-67.

Quifiones-Cerna C, Rodriguez-Soto JC, Hurtado-Butrdn F, Centeno-Calderdn L, Mejia-Ruedell R,
Lopez-Quiroz E, Galvez-Rivera J, Ugarte-Lopez W. 2024. Efficient chitin extraction from shrimp
exoskeletons through single-step fermentation by Pseudomonas aeruginosa QF50 and Serratia sp.
QCS23. Processes. 12(6): 1184. https://doi.org/10.3390/pr12061184.

Raei P, Khomeiri M, Sadeghi Mahoonak A, Moayedi A, Kashiri M. 2025. Antioxidant activity of
sesame meal protein hydrolysate produced with fermentation by Bacillus species. Journal of Food
Science and Technology. 21(156): 80-91.

Rasool G, Irfan M. 2024. The role of microbial diversity in lignocellulosic biomass degradation: A
biotechnological perspective. ChemBioEng Reviews. 11(3): 613-635.
https://doi.org/10.1002/cben.202300073.

Ravindran R, Hassan SS, Williams GA, Jaiswal AK. 2018. A review on bioconversion of agro-
industrial  wastes to  industrially  important  enzymes.  Bioengineering.  5(4):  93.
https://doi.org/10.3390/bioengineering5040093.

Ritala A, Hakkinen ST, Toivari M, Wiebe MG. 2017. Single cell protein—state-of-the-art, industrial
landscape and patents 2001-2016. Frontiers in Microbiology. 8: 2009.
https://doi.org/10.3389/fmich.2017.02009.

Sadh PK, Kumar S, Chawla P, Duhan JS. 2018. Fermentation: a boon for production of bioactive
compounds by processing of food industries wastes (by-products). Molecules. 23(10): 2560.
https://doi.org/10.3390/molecules23102560.

Shahab RL, Brethauer S, Davey MP, Smith AG, Vignolini S, Luterbacher JS, Studer MH. 2020. A
heterogeneous microbial consortium producing short-chain fatty acids from lignocellulose. Science. 369:
eabb1214. https://doi.org/10.1126/science.abb1214.

Shirahigue LD, Ceccato-Antonini SR. 2020. Agro-industrial wastes as sources of bioactive compounds
for food and fermentation industries. Ciéncia Rural. 50: €20190857. https://doi.org/10.1590/0103-
8478cr20190857.

Singh H, Janiyani K, Gangawane A. 2025. Mutational enhancement of Aspergillus niger tiegh. for
higher cellulase production comparable to trichoderma species in solid-state fermentation. Journal of
Applied Biology and Biotechnology. 16: 132-154. https://doi.org/10.7324/jabb.2025.200551.

Sobczak A, Chomaé-Pierzecka E, Kokiel A, Rézycka M, Stasiak J, Sobon D. 2022. Economic
conditions of using biodegradable waste for biogas production, using the example of Poland and
Germany. Energies. 15(14): 5239. https://doi.org/10.3390/en15145239.

Sumiyati S, Samadikun B, Widiyanti A, Budihardjo M, Al Qadar S, Puspita A. 2024. Life cycle
assessment of agricultural waste recycling for sustainable environmental impact. Global Journal of
Environmental Science and Management. 10(2): 907-938. https://doi.org/10.22034/gjesm.2024.02.30

Tabassum Z, Mohan A, Mamidi N, Khosla A, Kumar A, Solanki PR, Malik T, Girdhar M. 2023.
Recent trends in nanocomposite packaging films utilising waste generated biopolymers: Industrial
symbiosis and its implication in sustainability. Institution of Engineering and Technology
Nanobiotechnology. 17(3): 127-153. https://doi.org/10.1049/nbt2.12122.

Tiedje JM, Colwell RK, Grossman YL, Hodson RE, Lenski RE, Mack RN, Regal PJ. 1989. The
planned introduction of genetically engineered organisms: ecological considerations and
recommendations. Ecology. 70(2): 298-315. https://doi.org/10.2307/1937535.

Tripathi A, Jadhav G, Jadhav DA, Ghangrekar MM, Surampalli RY. 2024. Electromethanogenic
reactor for biogas production using agricultural and livestock waste and its comparative analysis with
biogas plant: A mini-review. Biomass and Bioenergy. 185: 107246.
https://doi.org/10.1016/j.biombioe.2024.107246.

Vashisht A, Thakur K, Kauldhar BS, Kumar V, Yadav SK. 2019. Waste valorization: Identification

AY


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

BARSM I SN AL FSTRRIEE N P

of an ethanol tolerant bacterium Acetobacter pasteurianus SKYAA25 for acetic acid production from
apple pomace. Science of the Total Environment. 690: 956-964.
https://doi.org/10.1016/j.scitotenv.2019.07.070.

Vigneswari S, Kee SH, Hazwan MH, Ganeson K, Tamilselvan K, Bhubalan K, Amirul AA,
Ramakrishna S. 2024. Turning agricultural waste streams into biodegradable plastic: A step forward into
adopting sustainable carbon neutrality. Journal of Environmental Chemical Engineering. 12(2): 112135.
https://doi.org/10.1016/j.jece.2024.112135.

Vu VN, Kohari-Farkas C, Filep R, Laszlovszky G, Ban MT, Bujna E, Gupta VK, Nguyen QD.
2023. Design and construction of artificial microbial consortia to enhance lignocellulosic biomass
degradation. Biofuel Research Journal. 10(3): 1890-1900. https://doi.org/10.18331/BRJ2023.10.3.3.

Vyas P, Sharma S, Gupta J. 2022. Vermicomposting with microbial amendment: implications for
bioremediation of industrial and agricultural waste. BioTechnologia. 103(2): 203-215.
https://doi.org/10.5114/bta.2022.116213.

West TP. 2023. Citric acid production by Aspergillus niger using solid-state fermentation of agricultural
processing coproducts. Applied Biosciences. 2(1): 1-13. https://doi.org/10.3390/applbiosci2010001.

Wirth R, Kovacs E, Mar6ti G, Bagi Z, Rakhely G, Kovéacs KL. 2012. Characterization of a biogas-
producing microbial community by short-read next generation DNA sequencing. Biotechnology for
Biofuels. 5(1): 41. https://doi.org/10.1186/1754-6834-5-41.

Ye JW, Chen GQ. 2021. Halomonas as a chassis. Essays in Biochemistry. 65(2): 393-403.
https://doi.org/10.1042/EBC20200159.

Yunus FN, Nadeem M, Rashid F. 2015. Single-cell protein production through microbial conversion of
lignocellulosic residue (wheat bran) for animal feed. Journal of the Institute of Brewing. 121(4): 553-557.
https://doi.org/10.1002/jib.251.

Zhang Z, Shah AM, Mohamed H, Tsiklauri N, Song Y. 2021. Isolation and screening of
microorganisms for the effective pretreatment of lignocellulosic agricultural wastes. BioMed Research
International. 2021(1): 5514745. https://doi.org/10.1155/2021/5514745.

A¥


https://dor.isc.ac/dor/20.1001.1.27170632.1403.17.3.4.6
https://journalofbiosafety.ir/article-1-593-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-05-27 ]

[ DOR: 20.1001.1.27170632.1403.17.3.4.6 ]

" )U.Ll._o bﬁ)}&iuwgﬂ)&j\ oJLiLwll{ng)juS Jul.a.w.l Q&LL)L 46J~—W}&~:Jw)ﬁ:§¢o.>-‘ "

Recycling Agricultural Waste Using Microorganisms: A
Sustainable Approach

Shiva Ahmadipour Sereshkeh?, Ali Mohammadi?”

1-Ph.D. Student, Department of Microbiology, Faculty of Biological Sciences, Alzahra
University, Tehran, Iran
2-Associate Professor, Microbiology, Department of Microbiology, Faculty of Biological
Sciences, Alzahra University, Tehran, Iran
a.mohammadi@alzahra.ac.ir

Abstract

With the increasing global population and the consequent rise in demand for agricultural products, vast
amounts of agricultural waste are being generated, posing a significant environmental challenge. These
residues, often regarded as worthless and unusable, are in fact a valuable resource, offering considerable
potential for conversion into value-added products. Innovative approaches in microbiology, particularly
the microbial degradation of agricultural waste, can effectively mitigate the environmental impacts
associated with waste disposal. Such processes transform agricultural leftovers into valuable resources,
including compost, biogas, microbial protein, organic acids, and bioplastics. This not only reduces waste
volume but also contributes to ecosystem enhancement, playing a vital role in reducing greenhouse gas
emissions and mitigating climate change. These approaches can further optimize the use of natural
resources and promote sustainable agriculture. This review article examines the role of microorganisms in
the recycling of agricultural waste and discusses the economic, social, and environmental benefits of
these methods. Additionally, it highlights the substantial potential of agricultural waste recycling as a
sustainable solution for the future, which can contribute to realizing a circular economy, enhancing food
security, reducing poverty, and decreasing dependence on non-renewable resources.

Keywords: Value addition, Circular economy, Agricultural waste recycling, Plant biomass, Biological
process
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