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Abstract

Objective

Fennel (Foeniculum vulgare) has important medicinal compounds with the ability to inhibit DNA
oxidative damage. In the present study, metal nanoparticles were first biosynthesized from the
aqueous extract of the aerial parts of the fennel plant, and after evaluating the structure and size
of the nanoparticles, the effect of the aqueous extract obtained from the aerial parts of the fennel
plant and the metal nanoparticles biosynthesized from it was investigated on the growth and
survival of bacteria. E. coli and S. aureus were investigated.

Materials and methods

The size of the resulting nanoparticles was analyzed using scanning electron microscope (SEM)
and nanoparticle size distribution (DLS), and the chemical structure and bonds in the composition
of nanoparticles were investigated using FTIR. The amount of antibacterial activity of the
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resulting extract (at a concentration of 20, 10, 5 and 2.5 pl/ml) and iron oxide nanoparticles (at a
concentration of 10, 5, 2.5 and 1.25 pl/ml), copper, zinc oxide and silver (in concentrations of 2,
1,0.5and 0.25 pl/ml) on culture media containing E. coli and S. aureus bacteria were investigated
using the diffusion plate method and the minimum inhibitory concentration (MIC).
Results
According to the SEM results, biosynthesized iron oxide, copper, silver and zinc oxide
nanoparticles had an average size of 25, 22, 23 and 24 nm, respectively, which can be highly
effective in the process of dealing with different bacteria. According to the results, E. coli bacteria
were more sensitive than S. aureus to concentrations equal to the treatments used and created
larger halos. Also, the size of the formed halos depended on the concentration and their size
increased with the increase of the concentration. Among the treatments used, the use of
biosynthesized silver nanoparticles (especially in concentrations of 10, 5, 2.5 and 1.25 mg) had
more antibacterial properties. In terms of the survival rate and growth of bacteria cultured using
the MIC method, the ICso of E. coli bacteria is lower than that of S. aureus bacteria at
concentrations equal to the applied treatments, indicating the high sensitivity of the bacterial
strain. E. coli compared to S. aureus bacteria.

Conclusions

Aqueous extract of fennel plant and metal nanoparticles biosynthesized from it have high

properties in controlling S. aureus bacteria as gram positive bacteria and E. coli as gram negative

bacteria. In this research, it was found that silver nanoparticles biosynthesized from the aqueous
extract of fennel plant have high antibacterial properties compared to iron oxide, zinc oxide and
copper nanoparticles.

Keywords: Antibacterial properties, F. vulgare, Green synthesis, Metal nanoparticles

Paper Type: Research Paper.

Citation: Bourang Sh, Jahanbakhsh-Godekahriz S, Asghari-Zakaria R, Parsa-Khankandi H,
Noruzpour M (2024) Green synthesis of iron oxide, copper, zinc oxide and silver
nanoparticles from aqueous extract of F. vulgare and evaluation of their structural and
antimicrobial properties. Agricultural Biotechnology Journal 16 (3), 61-88.

Agricultural Biotechnology Journal 16 (3), 61-88. DOI: 10.22103/jab.2024.23102.1557
Received: June 26, 2024. Received in revised form: August 09, 2024.
Accepted: August 10, 2024. Published online: September 30, 2024.

Publisher: Faculty of Agriculture and Technology Institute of Plant

@@ Production, Shahid Bahonar  University of Kerman-Iranian
Biotechnology Society.

© the authors

1y

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



:, & S29bS (5598 i gu Aloxo @. @
:/u/tv.’}',’,),:\./{l dl,/'/fwsih
i " TYYA—50e 1Sy 2SI UL TYYA-5Y+8 silo L i

Lol o295 9 (5,0l olgd (25,1 5 (vulgare

)9 Lowwd

5@[5 A.S.\;J). 9 A;Jy GM).\.:.Q:A 09).? ‘ ﬁ“"‘b... etﬁ 9 Lg)'”L;.S O.).iu.u'“b ‘L;L.‘:f‘))l émn Dm].} cd)sjyli.)% Lg).’f.) 6971.....»). ‘.'.].)

shbourang@gmail.com :acbLl, .\l ! s

RAS 035 Sisuilea alaw
5&))] “.S'bls k_itu)’ 9 J.:J?J Ls_w.}.;.e(o 09)5 ‘ ;xMJom é{tﬁ 9 d})BLﬁS D.\iub.b ‘;;Lf.“i"))l ’99?00.” ol&ily bl :J?:MA OM?J.L—

jahanbakhsh@uma.ac.ir :abb, .

LS 5820l gm,

asghari@uma.ac.ir

CWSSB Loyl wels

allbly olpl Jed)l (gjeSeSloy 09,3 gilwgly uSily (Ju)l wnly ((Sdh o pele ol babusl
h.parsa@arums.ac.ir

193929 Ol

m.noruzpuor@gmail.com :asbLl, . !

VXSOV e ik dnl VEYe 0N kol 0d Mol LB dlys Gyl VY ¥/ 0 il s gl

S
53wl DNA (go5laasT glacal oo oUlg b pte (29 bS5 lyls (Foeniculum vulgare) 4, :ux
& 36 05181 5 Uil b5yl 5 e 5 00 s &bl oS alen plil T ojlas I (o3l gl ) yils imgd,

slocs S Slaoj 5 455 (59, 2 o jload Situge (538 gl g b3, oS 2lgm plil 5 ol ol oyl ;3T o

A5 asly, S, aureus 4 E. coli


https://orcid.org/0009-0008-6783-0072
https://orcid.org/0000-0002-6400-302X
https://orcid.org/0000-0002-1613-4455
https://orcid.org/0000-0001-6447-9899
https://orcid.org/0009-0003-3447-0035

BN,

(VEF 5l F 0)lowd 37 0,93) (55,9WiS (559935 gt oo

s,

5 (DLS) ©l3gl ojlusl zj55 5 (SEM) (g (39,8 ©58—sgSin S &y ol 035l oLl s 109 9 310
ool oylas ol i el sge 805 oy FTIR (K0S & @35l S 5 53 39390 (slabisgg 5 sloarss sl
(i ao )3 259,50 VYD 5 Y/O b Ve clale )3) yala ST el dgib g (5 oo 5D yidg)Suo VB 9 0 Ve (Fe clile )
S. 9B coli 5L (g5l slocis bme o (e 10 p)55)See /Y0 9 /D ) Y Gl 1) 0,85 5 (g9 y8nST ¢ oo
8,5 13 syt 350 (MIC) 05 )losl cale Bl ¢ L] Gl g, SaS 4 AUIGUS

VO iy 4y baagio 0183l (gl 00id Fioge (59)3emnST g 0485 ¢ o coyplanST 356 SEM ) Juols ol b gl
ol ol b il s Gilisen (slas Sl b ablia dld 5 YL L) 51 g5 e & g0 y2egil YE 5 VY Y
Mool ly 6585 sladlla g o3g 5wl odlatl 3)50 sl ply lacbale 4 S. aureus 4 co.s E. coli s
ey 8l Laal53l bl ol ccdale 253l L g o3gy clalé ay a s g od s LS5 claalln ojll pin e i3S
02> (S o VYD 5 Y/O & Ve laclale 0 yoguad &) odd jwaw 0,8 Clydgl i edlaiwl 0l salituwl (sbaloss
8L 1Cs0 e 55 MIC o) S8 e 0 S (sla 681, 1) g Sloossj e 5k 5l ol (i b yShas
a6V ol Sl 5 038 5l 00 Jlas! cloylagi ply cloclale ,3S. AUFEUS (£, 4 Cous E. O
g S, aUreus (¢S 4 cows E. COli ¢80

4 S. aureus sl Jyus o 2V oolss ol jlead sy 538 gl g wbjly olS o o)las 35 5 Aol
035 Cl)3gil & Us aside Shmgly ol )3 sl Jl3y08 5 (hie £)5 35k lsie 4 B COlT g cute 5 (68 e
P23 5 2Vl b8 las (ol 5l e 5 (69y8emST (alanST Cl)36L L dulio )3 L, olS (ol o)las jl o g
Lol

Al b ySlas el 5l gl g :B0jlgals

singi Wle £

Foo 3 (VF4) e s5259098 dol (uSSB Lojly e Jgmy LyS 5 mol i 22505 Sismilen o S5 )5 23U
eSwedd g 6,5le Lolgs oLl g (F.vulgare) sbjly ol ol sjlas 5l 0,8 ¢ (69yns] ¢ o coyplanns] el 4l

PN-M (NS opolisS (o7)5iTi0 dloeo o]

Publisher: Faculty of Agriculture and Technology Institute of Plant

@ @@ Production, Shahid Bahonar University of Kerman-Iranian
Biotechnology Society.

© the authors

¢

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

wamsml,

dodko

dlox 5k pole ) Ll clooje> (535Sl sl ] (g sl A dk (S5P9STl mre sla STy 5l S
Jds 4 05950l (Usman et al. 2020) 5,5 o p 33 1y 0 g S piSUl ( Sdpy (65l wlgo (wodito «(6jy9lisS
Hasan & Al-) sloas Lol g5 cpiin ply 55 palie (cla 6 S glgil 3l agun i dacSgn o 5l ag) o ool
b Sdi g oloys sbvainia ili3l s 4 lag)ls 4y Comnd baeunslS g S Canglio (eoluaisl L5 .(Harmoosh 2020
& G iliee sl usilSe 5,k 5l ln g xSL (Tacconelli et al. 2018) col ol3dl s )3 sloasS 1,55 s s
el (6950 Hlscullad dguo o D 09,5ueds Jolge olwlis (Belete 2019) uis o iy cuglio lag,ls
5 35S o ol 8 Lng gl (sbion b auolis )3 Cilises dgo sleow s 5 (So3b olgS S Sz (ol s (53955
345 col gl g9l 5l las s Ssnel .(Bourang et al. 2024) 5,8 oslal ) cld g8 el o 5l olgs oo
S Sy 0 659959k 3,8 .(Zheng et al. 2021) 5 yls el ba g ylon JS g (Sl ygyld eyl ¢ yausiss die
oo 3l Wil e 0, )3l 0as plosl @it 5 5.k (Bourang et al. 2024) s, o a5 4 b bews S,
S5 olgis 0,36l S —disu 3l e (Bruna et al. 2021) wisb g,5e lacigie J S g eSKan 51 ly
Sanchez-Lopez et al. ) s o |y byl Sloosss liwe 45 ol o5 SKLST dinjls g ySla s Jols
s g, 5l A s Lol cilaly dscws )39l ol iSlics Collsd s gl (g30xie B SWiST &S s ,3.(2020
2lShas olgs hls ©lydel 4 Tslite gl die p)S 5 Cute o) caes Sk (Zheng et al. 2021) s ailys
&l 5l dalisee Slalllas (ol (Khan et al. 2018) s s cilite 55 bl byl la oy, (bl ool p 48 3551
Yusof etal. ) coul iie p)5 (5381 655 S g Cuto p)5 681 45 S Sl Jolis il lags 55k () 2 39l
D) (K 5L 3590 sloodly gg5 4y (63905 U Ol )dgil iy Sl liee oLl Cas el Gl Suss (2019

o alex J a4l 52y 2lySla 5 (olss L gl ply ) s Sl Cuaglie o S il claig,
dlox 31 %05 poszey st § (MBC) iS50 cdale s (MIC) oaiiS oo cbale JBlus hoxin 4 ol
Llon 0,395L pix (Siva et al. 2020) 3905 0,Lil poudgjl 5 Sad LialS Jiomiw g 0350 b o) (slags ySb (650l
8 adlllae 350 (09)Ssatis olgd Cap Mo g (ZNO) (59,3081 (TIO2) positiinsliss (FE30) alans] ¢ s o)
3 slodg JSs a1y ol pShas slapanslSo e g 0,8 ¢ gg, ke l3ls I 5 (Kheiri et al. 2019) coul a5
009l b )3 b5 g 5,15 (b oled b clls j3 ol sSlen 500 GLS 5 a5 Cundls )3 (ol dimd o (LS D95
40,0950 G 5l b Shas el punslSe 5oy L8,k 51 (Sagib et al. 2019) k)l 1y g xSb as, s oUles s
ot Lol JolS yobo s )36 oaled ol Sl @l ] (555 pansilSlo oS Canndls 53 ) ensl Soglise [ (loydgil

5 Jola sLié coy p ldgil 15l Loled 4 lei e oolinin (sbapmwilSe dos ;I .(Thakur & Verma 2021) el

10

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5l F 0)lowd 37 0,93) (55,9WiS (559935 gt oo

s,

& aw l5ee (Nifi0-Martinez et al. 2019) sg05 0,Ls1 b 3Sb sla sk 90 4 S bas g3l slayg (gilodlj]
slp cplpl 28 oo palyd |y BLbl Lo b 0I5 iy Jolos (ISl 4570k oo (a3l ol (ials L lydgl S5 oo
Ajinkya et ) wms s al5 ) (b Slas 31 bl o & e s G108 5 s, 3o 5 55 bas @3
(al. 2020
ElS IaSige 3T 1 odial (g 1y (e )5 Butos) (651 (sloigus 3] sy it 3 (o so & (55, 38
Streptococcus 4 StreptococCus aureus siles beSign 1 4 polie slacs xSk (sly (59,0t )39l 003 0
&9y 2 e 16l Sbxl b (59,081 @l 3556 (Thakur & Verma 2021) el jls,8 5 oYU cuess jl agalactiae
Bgdior (ljpe Sye ol )3 9 68 Jslow 10 53 glaant 15 QI cge (681 JBI> 4 3959 9 (Jobow SLis
PH (a0 4 aus 9 0/0 55 PH) capl glalae 13 (590081 @ldgb ¢35 STy (Mohd Yusof et al. 2020)
ErSsie 3)Sas 5> IS g0 g a8 WS (oo ST ZN" sl ooy g g azily (1331 (b8 lo gl
d—isn Qbjes Sladsbos Sro ol 3 5 DNA & ol s pgeslieuSlyy ROS plygh cis59058 sloJsl

Mohd ) siwn 5 e 5YL glackale 13004 cdale & amly (69)081 )36 cuens (Dappula et al. 2023)

oy 9 ol Caomw Jdd 4 il 0 50 (69,81 Sly39ib 5l edlaiul oais 1)) zls 54 (YUsOF et al. 2020
(Brindhadevi et al. 2020) 1L o tiaid ) Hlus Stochan Sluygyls < YU (505,55l
Sl 85 (0 )138 03lail 390 3L jl g 4y (Sl di i (g pSLa—s Jole o plgis 4 0, 5l orlat ]
SrVL b ySlhas el 5l T 039k g9 1 oS ol anb 6Sbus 6 S lgie 4 0,8 .(Yaqoob et al. 2020)
oS 0y 3l el VY lasvgie ad b oyds <ol 36l s plosl ilis )5 5. (Tang & Zheng 2018) el Jlsyes 5
Noruzpuor et ) s’ » .59l (Salmonella typhi 4 Vibrio cholera [Escherichia coli) Law. ¢35 ¢ SL
LS 5 g ednlS cladid cosi 4 e 5 Ml p cul (6551 Jolas slié [l 4 W5lg5 e 0,8 <l 346 (@l 2024
ooy, L oyis wlydels (NOruzpuor et al. 2024) 6555 la s ySb S ye 4y jomio 4o )3 5 00 (oo Mygiuio (yg,
Sl 5 diel il (g9) blinsd b b s )0 Yoane 45 sy b 5emS] 0,555 (sl ol s, oaind
(Noruzpuor et al. 2024) 1S o 5,5 ¢ DNA 15§ Johos aunnds 51 g 00l S8 LS5 ki ld g5 g S2lS'5
b 2Lyl Jsls J31 4 39)9 9 Jobow st (9 2 B8lio sl b e 35l laogs 0053 31 CU™ (glaygy
o 085 (6 )38 giun 5 Shae RNA DNA 5 3], ¢ Jolw maunds ) g 4l 1590 COOH— g SH— (claog 5
g 578k sl sl o8y o | cage g 03905 Sl M3 0 g il 5 Sl ((Jolw (19)3 jo—w 5 CE 5
3 g ol 3 1) 398 . Jlad (CUO) e ol )3gsli .(Samuel et al. 2020 Rajeshkumar et al. 2019)
"

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

wamsml,

(Maliki et al. 2022) xlesls oLz Escherichia coli 5 aureus Staphylococcusales ;I oL zSU slayjeb
MFe204) Lglss (slac b 5 (FE203) acuadle (FE304) e Jolis ol 1uS] 4 e @3l I lises gl
oSt gl 5l e Mol b (Bankier et al. 2019) el (1_sb Zn L Ni Mn Co wlgs o M ] )3 &S
(mmaolize )3 (6151509205 T(MRI) (dolize uilis) 5yl 905 3 Blgien cJols (SPION) Lpudolisal s 900
iloliz 5 Bl o (st S o0l « SS9 sl g ool Bl oy dag)ls sieban Jygow T(MPI)
OS] b cloaisS g b ol uS! @l )39l (Dulinska-Litewka et al. 2019) 5,5 sslii ol ba JsSgo cau
(Duan et al. 2019) 355 .o DNA 5 la 55555 4 e oyt w290 F(ROS)
o)l ) g (plrond (N33 slaby) 4 plgies & 33 3929 3B 39l Elgl iw Caa (il slasb,
ol alS g jese «Sils ) (g Sb I ookl b )3l i clixe 4 ) by, ((Flieger et al. 2021) sge

5 ol Sk o3l @ S35l cul sblie o ) oS Al e (SSUS Galro 5 Lo el (bord 5 (S3d slagsts,

A e 9 (S5 o) 4 Cumd gy sblie (Slsn slaby, (Pal et al. 2019) coulab S )15 oy
Gub 1 SLdgl s iy ol 581> Vb (233l 5 (i b (Bl pie Mg o5 Al mjlae b )55
S 3y90 )3 Sate (slah)lS amd o Sl 55 elie 3 W L]y ool (lalsjo S Sl DTS o alS o)l ac
L ol 5 (Kiitnal et al. 2018) coul oas &l avgs LB Sojslen lacdled b alS (clao,las 5l oslimwl b <34k
g 4 29> QalS (slao)loas )3 3290 0y 5 ol dassglsSUl o b il gl dauggiods s (gl (53]
iy Bl oSy dlos 1 LS Gilisee slacioud S o Jos (36 Ol y3gil oaiS Cuts g 0aildg wainls Jalgs
4,5 )13 oslil y90 438 39l g e bl o> a3 Scdplio iz 9 4l sy o JS o )lus s
daclyimg S dlos 5 oo)ls ptee (olens ©luS 5 51 L, Foeniculum vulgare .(Jadoun et al. 2021) .|
gl gy )3 o wid gl 5 L8 LS 5 o968 Ay logS dosigigs daagdg il dacil do syl
(Anka et al. 2020) ool Jls,5 » oYL coenl jl 536
9 BSgmgud | olitul (o (29)Sads 1) oS e plgie & daSgn B Slay ol 51 (S oMoy
alox 5l (29 HalS ¢ b SKogwgud) Siend bS5 Sl (Amirteymoori et al. 2021) ceul gl olals

Vahabzadeh et al. 2021; Jafari Ahmadabadi et al. ) 5,15 ()l (sblze darsgighs 5 SIS da il

1 -Superparamagnetic Iron Oxide Nanoparticles (SPION)
2- Magnetic Resonance Imaging (MRI)

3-Magpnetic particle imaging (MPI)

4-Reactive Oxygen Species (ROS)

%%

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5l F 0)lowd 37 0,93) (55,9WiS (559935 gt oo

s,

S9s80  HnS1 Bl g (29,8000 5 Slae ljdl (ol slacylon | 6 pSntin Sl 45 )le oo oyl 5l am (2023
Safaei etal. ) olsmalSgun Sl il 5 ( S5 155 loylne Gl i 4 by (slam 5l 3500 518 slacJled
ehie 5)Slee dgup el i 4 po)h ol § b Kgugud (393381 45 00 o3l L5 ,(2022; Shokri et al. 2023
g A bdloro  0g,Sue s olgd )y a5 o9l LS oy e 5| S (Vahabzadeh et al. 2020) >5—s -
Foeniculum vulgare ) «bjl, cowl 8,3 1,8 Ll oaliul )50 4308 Jlus (slacyloj 5l g 0390 (665 s (Sl
oy yd &by 39380 a5 el 03,5 ol wlllae b (Shahsavari et al. 2022) c.l Apiaceae oyl ;I (mill
| CslS5en 5 05 508 (sl 3 Shiss S o 3 1y (Jgbo (it o 0g5om 435 035l 5 e ljEl sl i
S Gl Cumdg g (2Ll o0 IS Lo Sl JS 0las 5 WS (o i 1) SargS 039 Jobo 9 (g edmd e il
Hajalizadeh et al. 2019; Safaei et al. 2023; Mohammadabadi ) 1S’ o Joleie Iy 53 459 9 S o0 Sl |,
ols mlio Ll oo 4135 plosl ylalS L 5l Cilises (6318 @ldeil it die) j3 (oo lisines 45 51 .(6T Al. 2023
s930m0 s s 8L 59, 2 Wyl 558G 5 (FoENicUlum vulgare) &bl olS 5l 316 gl wgs e oyiwd
) olS )3 sa5slSIl 5 i gad LS 5 g (LS (9,0 SI3lb 1l g gg) 9 08 e 0] YL ko & a2 L
st Sdgl suangn 4 bl haghy cnl )3 a8l J10y55 5 (6318 ©l3eL Adg5 53 (VL Jeiliy jlolS ol das) o0 s &
il oo 5o w9 b a3l aibjly olS lgn pluil ol oylas 10,8 g (gyhuanST ¢ o ¢yl @l 393k alos
ojbac 15l oy 0 Coles )3 9 48,5 )3 wyp 3,90 " SEM 0 DLS (SaS &y o siawge (518 3936 051551 aloss |
Sloosj 538y (595 p ol 5 03b Fiswger 0y 5 (59 y4mST o c2lanST S35 5 bl LS glon plul 5l Juols

A5 a3y Y MIC ¢ S jlisl gy SKeS & (ute p,5) S. AUFRUS 4 (b p)5) E. COlT (slacs 8L

LS9, 9 dlge
S e St o)) Wbl (LS diged ) Sialejl ol )3 edlisl 3)90 LS ke 1 ALS Aiged drd
w9l alS Clidss 3850 )3 (Jud)) Gliw pd) Jus)l (bl jod Glad>s S e o and jody jl 4Bl 4 (o
bl 5 palls o ) camlio g (5l 8B s> (Gladd Lt p 50B (pglen Judyl (Sbjy pole oltils (g3log,ld 0uSiil>

L5 S Y0 OC lod jd (ilolin 5l e Ban cladiges 5ad e olSivloj] @ g

5- Dynamic Light Scattering
6- Scanning Electron Microscopy
- Minimum Inhibitory Concentration
TA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

wamsml,

(o0d yebai )1 93) plae o S8 4y ()| Bime oSl (659)5iSSigm oBtlojl )3 (5 S0 las 11,3 16 S0 s luas
A plasl cuelw YA (loj e 53 g (M yid (oo 10 42 (LS diged )5 S4) ) V0 G VS 1 (09
4iB> 50 593 Feoo )3 (Lo yteg,Sun Y/B Jblio b ¢ yeily) Blo JElS I joue 5l L J—ol> 4505 (Alizadeh et al. 2016)
2855 )15 odlitsl 5,90 Salof] el (LS (25 o)las lgie 4 ) Uged 5 00D oyl

Hasan s, 5l oalawsT bl o5t pslaio 1ol amuST O3950 shamgn— (518 O 353U jiawgn
5,5 VDA g (FECls. 6Ho0) 1,15 (1) cya] Sai 5l 8 VIFY o 1] )3 b o3lisl s oS L et A, (2022)
o a0 ol il ibe Ve g 4, 6t ke Y0+ ailed 4w ol U315 4y (FEClo. 4H50) 1,18 (11) cpa] S
L B)k Slgie s Ad odped B (4903 4 5L B0 HLES L (g I Sd 4l g geiwsles ailay S 4y s AL
5 oo V0 aiB> Vo Sloj 03l 50 e a5 03 Vb AT C b Lo g (48> ;0 493 Yoo ) 0did 03 )b ciKe S5 I ool
WYeo 5 NAOH i Lo 5+ lie (s 3ib 48Ls] Joloo 4y 6,ka8 6,lad )90 & (F. VUIGArE) L3, olS ol o,lac
5100 e @9l 98 sbynl j ealil b g odly Jsl puis 4y b Shgiome Jgloee S5y s jl dm g odud adlsl ol
(ebalojl sloalgh 1 aaB> )3 593 Voe e )3 5oy 8l | gy Juols (sladigad (285 )18 gl 3,90 9 (6yglqen ity S
@ g plsl SLis dlesol sl 9y Juols (sladiges xS0l =A-PC 508 5 JLasl el VY 9 5035 ¢ )glaes
L S Celw dw Sde

oy A pbol s oS L Akbari et al. (2020) iy 45 (e Sldgil ji g 2 o €91,3930 3mwga
YE oo 4y ol gl puas 15 a8L5) b8 ol o)liae 52 slis Vo 4y (CUSO4) o lilias ;Yoo Vo izl jliio
5oyl baawgy Juols @33l Lylgs s o3l (S5 adBd )3 593 5+ 593 55 ,Susd olKiawd Lauwgi ©0+C (glod 3 5 sl
C Lbod 5 Jbxsu yo ealawnl oyloj b Sid slosl slStwd bowgs s Sid g Sland [BU bawgs guiind 51 s 9 (gjlolis
LA o)l —A-°

A o Voo 4 (AGNO3) 0,8 @l Vo oo 6 Ll 0,8 1,390 juuwjiinn glato 4 :0 85 4390 Ficanguy
s dee Vo o 8,5 )8 (a88d 40 590 ¥e) 1S olKiwd (g9 3U1 (slod > celin ¥ e 4y g 0aid a8Lisl 0 juiged
393 Veroe p3 Jlai 300 Jolote uaaw 315 S5y s (a5 3y90 Jolme aids ¥o JIVe 5l Ly ab adlsl ol & alS o,liac
2 by A5y dus (gl Jla3 dyg0 iguy (09 Joloe Ll I L AD Sauds 5l 48 VD de 4 YOOC  (glod g 4By
25 (6455 = A-OC olod > (oam Sliuloj] s «Sid losul ol bawgi ini Sid s g gmiand ©lad

(Ahmadi-Nouraldinvand et al. 2024)

14

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5l F 0)lowd 37 0,93) (55,9WiS (559935 gt oo

s,

O+ 4 (ZN.2H20) g9y bl }Ygo /Y il (g9)0uS] S35l 5iiwgn (sly 259 ytummS T 3930 g
Ve s 15 035 o G (5l 53 4B FO oo &y (ol (B2 (3500 Ko & 5 LS 015 0355 O 2 o
S90Sl G 0k o)laB g0y g Al Vel g 23,8 LNl 4yl po iy (o 3 0l al ylas | e
25 S 4 o S5y Jslome PH (20381 Lol (2l381 VY 6 @ Jolore PH b a8l ] 4 ;Y50 oty (NAOH)
Sy 4 13 0:°C 4y (rblite (B (50m oS3 (slod Gl L il 4ol 250m aT8 ol ¥ b g 0350 s
29 4B V0 Ce 4y a3 390 Jolone s Cassl (69,8081 gL i ;Silo oS 3948 0 0l Jole 53 (159, (6 e
@l S i S (St slool elfis g g 0 (6yglaer (o ey 5 00 GonkaySls 4By 53 93 Ve
(Dappula et al. 2023) w5 (¢ )X —A+°C clod > ol slaioles] sl

oS Laogi 05 5 (59)dnST e o planST 3530 o3lail g JS5 25 318 O 393l lmogmiad (w2
(ol 98 el 120 PLUS by Carl Jao LIBRA Zeiss SMT 5 ,3) (SEM) (ivgy (595 GoSangySuo
ol 1 ookl b ol 3iugn 04 5 (59 yST ¢ o e yla ST El3gl  Sealisdgphn o prinan Aid (¢S 0jl]
A5 o (0l 98 sl Horiba eS8 s DLS) (Sealis y95 (SaSly

00D g 058 5 (59)dmST ¢ o ¢S] S3gL plSlas Co b () S 3G S Wiged g
(ATCC-25923) cute p )5 395L 9 Escherichia coli (PTCC-1276) i p)5 555L 5l b, olS o o)las |
. ookl Staphylococcus aureus

l) jolate oy ((Disk Diffusion) Sawsd LSl (pig, KoS a Wly395U (29 ySwoiad Cudlad yioxiaw
A 5 Mol chaly S lae (g9l (sla i3 6y (4950 & W) BSe clale bl » E. cOli 4 S. aureus s
2 el See Yog Vo /D) clle )3 bl oS ol soslas Jols slaisyis sy 2 SasS SlaSal slxul | g
o cn S35 9 (sl ko 3 )5 oo Vo 5 0 VD AIVD) lalé 3 obS o olas S ol ol o335 o2 L
sl (SlacSand s 9 028 BLSI aSaly (ol (1953 (e 13 595500 VgV /0 o /27D) Clale )3 (69)00u81
YV/0 °C &)l dn s b 5silisSl dy Wacady ol Ll )3 50 o3l 515 acSals ol 51 plaS o (9, UV decil gy oas
b odlawl dal b laie d lSHLwl s (gols sl a6l S celw V¥ e 4 5 00 o0l Jlazl
.(Chandrasekhar et al., 2020)

ke 0 096 & e cntS lama Sl 2 i Y opshaie 0 IMIC (S0iS oo e JBlas (v 3

Cute p)S 58k Olyie 4 S, AUTBUS (6 35L) (b 3Sb milimgun Sl 3l o V Oljes s 38 Jiio Jyisl L)y >

oS o 4 S baoo by JolS (0 bgloes 1 ey 9 223)5 Blsl S Laomo 4y (ke p)5° 5581 lsie & E. CO
\'

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

wamsml,

& sojlas p9,Seetis Cusls i)y jolaie & b LI (Sl ygrailiwgas | Ry Saa Vo0 Sl A lacSaly
A2 5l o 3,5 L] LS o jlas 5 yidgsSn Vo v ol Sals 4y ] 1 o siiwsm (56 ©ly3gil 5 F. vulgare oLs
Saly 51 laySen 1+ b bolsn o ot e 2l S Vo b sl b 6lSlan b 4 faine (LS o,lae
@ g adly ped Sl 5l g Sue Vee adome S 1SS (35 bglse oo g aub Jitie pgd Saly &y 9 0ab 4ty ol
Y Sl calag 5 (WY ol Sals) 6,5 plal 65 45 el ol Kol b Ju ) il Jisl oy Saly
@3 b gbesil 4y iie )5 g Cute p)5 oSl ool A1 AF Culy b aiB) 93 g 0aid Aty g Sue Ver Gl
9 PS5 e ¥o clale b ala ST 0360 (sl Hlas 5590 dilyd 050 eSSl el YF oo 4 g 00 Jiithe cowlio &)l >
0396 b ojlas jlcd) cpplas el S olS ol o)lias slo 5 e Vo CBIE b (g9 0T g 085 ¢ e 3950
o 5yglS Slyuss lise b 48 )5 (a5 > MIC lgie 4 595 (60Sb 0y (500 Sjle 4 b lawe 908 51 il Wilgiy &S
(Alshareef 2021) wi )y ;)5 Y1 olKiod bwg aSals i sl
L ool 5 (99 i ol S5 b 5ol S o B 53 (ol 3 o 43326 suizlol 25
el s ool s sl 5 ol (sl ly 525 0,5 5 ny0 3390 ool S5alsS 9031 ki
Ol apn 13,5 osliwl EXCEL Jl58le 5 51 s )lages muoy (sly 28,5 plousl SPSS Ver. 26 léls 5 5l eslitul joy> S

A5 oy GraphPad Prism8 1l » 5 S8 4 558L slaodgs  Slooss;

=W
Ia_my oJud presmy e 0)53 9. (89) cume <utb] u‘))yb GAAJIMAJM) :(SEM) ‘_;-u‘}.es) ‘39)&‘ &;)9&“9’&3‘0 @l}’.}
$SeoS 0s jiiw gl s ojlal dx ya .l ol D g C B A=Y JSs 15 (SEM) iy, (9,583 GoSng ySn
b gb (Weietal. 2018) wb o iol33l (b Sbus olss des ) gyl ol 5 abl iol38l joled adaws bl
g YO U Yo o 0,8 cyiegilb YO U Ve o o cyiogil ¥o Ve o cpalinST onds 5img l,3g5b ojl] sel cowd 4
Slal ¥ S5 ) adid 03> i (DLS) i siawgue @lydgib o318l @595 51 Juols zuls gy yiegl YO B Y o (s9530m8] 4
F.) bl olS ol o)las 5l odd 5iiugn 59yl g 0y ¢ o eyl ST @l )36l 0,8 auli 1) sad i @39l

(Y US5) aBb oo yiogil VF o VY VY 50 iy & (Seelungyun jlad <lyls (vulgare

\A

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5l F 0)lowd 37 0,93) (55,9WiS (559935 gt oo

s,

¢ A . \.’ \h
‘n‘\‘ & Rt o Al "l"-j)'} y A 1.0 S

(D 50585 (C ¢ o (B e lumanST (A ©1,3956 51 (SEM) _sbisgy 539 5SII gSang Sepo yagluas .Y JSud

(F. vulgare) aibjl, olS ol o las 5 oo Fiwsn (59 )]

Figure 1. Scanning Electron Microscope (SEM) images of A) iron oxide, B) Copper, C) silver

and D) Zinc oxide nanoparticles biosynthesized from agueous extract of F. vulgare
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Figure 2. Size distribution of nanoparticles biosynthesized from the aqueous extract of F.

vulgare: A) iron oxide, B) Copper, C) silver and D) Zinc oxide nanoparticles
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Figure 3. FTIR spectrum of nanoparticles biosynthesized from aqueous extract of F.

vulgare: A) iron oxide, B) Copper, C) silver and D) Zinc oxide nanoparticles

Sobs slaculy 53 o0 A dla ojluil a8 sl L Waodly il g 4o 5l Juols zols 1yl 31 00wl Jiawgas (59 yuuamS ]

03i)bjl Jale g9 pili ez (P < 0.01) (gl sime y5bo 40 (S. QUIRUS) custo pS o (E.CONN) Liio p)5 ¢S udisS 4

Al

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5l F 0)lowd 37 0,93) (55,9WiS (559935 gt oo

s,

() Jgiz) <O 5 o ojl Joloe

co2laamnS1 1,3450 o (F. vulgare) &b jl, obS o o las b pSbaws Collad Olay po (il .Y Joia

Of 51 0ad gt (59 yamST 9 0,55 ¢ o
Table 1. Mean square of antibacterial activity of aqueous extract of F. vulgare and iron

oxide, copper, silver and zinc oxide nanoparticles biosynthesized

MS  :Ske ©lajpe
SOV alus gie

df ol a5 S. aureus E. coli
Between different treatments 19 13.55 ** 42.23 **
Between different concentrations of aqueous extract 3 9.86 ** 8.22 **
Between different concentrations of iron oxide
) 3 8.11 ** 8.33 **
nanoparticles
Between different concentrations of copper nanoparticles 3 10.88 ** 14.52 **
Between different concentrations of zinc oxide
] 3 12.55 ** 12.30 **
nanoparticles
Between different concentrations of silver nanoparticles 3 16.97 ** 75.55 **
Error 40 0.61 0.50
CV (%) (10,) Slyis ey - 6.75 10.28

#% :Significance at the 1% probability level
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Figure 4. Halo size caused by the antibacterial activity of aqueous extract of F. vulgare and
biosynthesized iron oxide, copper, silver and zinc oxide nanoparticles
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Figure 5. The size of the halo created on S. aureus bacteria obtained from: A) aqueous
extract of fennel plant (F. vulgare), B) nanoparticles of iron oxide, C) copper, D) zinc oxide
and E) biosynthesized silver; The halo size created on E. coli bacteria obtained from (F)
aqueous extract of fennel plant (F. vulgare), (G) nanoparticles of iron oxide, (H) copper, (1)

zinc oxide, and (J) biosynthesized silver. Discs containing tetracycline were used as controls
in both types of bacteria
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Table 2. Mean square effect of aqueous extract of F. vulgare and biosynthesized iron oxide,
copper, silver and zinc oxide nanoparticles from it on the survival rate (IC50) of S. aureus
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MS 5 Ske wley
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df ol e S. aureus E. coli
Between different Treatments 4 5.39** 3.18**
s Error 10 0.009 0.007
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== :Significance at the 1% probability level
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Figure 6. The ICs value of S. aureus and E. coli bacteria under the influence of different
concentrations of aqueous extract of F. vulgare, biosynthesized nanoparticles of iron oxide,

copper, silver and zinc oxide

oLS oy 4 a3, oLS (Ishak et al. 2019) ylai o ool 1y o35 Sl3gil jiiu a5 5 (yrahion] a1l
Anka et al. ) ssb o Jgb SlS 5 g aabeaMs (Yl e alor 51 ool 35,0 bl gy (o5, L ooyl
93 il (slas Sk a9y » o Sl g 518 3L A5 2550 3 Cilisee (sla I3 3529 pas S 4 (2020
G55 9 59y » DS 5 oal LS el iz o g (Sesledyee o Sl (S alex 5l ol Sl ead sy
B8 8wy 390 S AUNEUS 4 E. coli ¢S,
Nyl oYL UJL\,_MSIUJ ool Fovulgare ols oSy g 4l cung daaly ales 5l cilises (slaciond (go)lac
= b (2015) Poorgholi 4 Jafarirad . jimgs oyl ;5 edel cowd 4 gl b bwlyea (Di Napoli et al. 2022)
SaS 4 ol 5l 0ds Fiwgw 0,8 g me l)3g3b 4 (Fumaria officinalis) o gols olS ol o)luas laws] ol Loles
il ol SlauuS1 5T oles e 00 jiwwgn ©lydgil g ol oyloae clale (il b as 1,8 ol DPPH s,

.(Jafarirad & Poorgholi 2015) 1b ..

YA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

V&Y co‘)&o.hgsi;)y‘

wamsml,

—
—ry
—

1504 Plant Extract 150+ Iron nanoparticle Copper nanoparticle
* Ecol : Ecol . Ecol
10 109 L 0 .
b o § aureus E‘ o e Q o § aureus
z : 5
K g 5 § N
5 > ’
g £ ®
0 T — 1 0 T 0 T 1 f Tl
i ) 1 { 2 j 05 10 15 20 25

o Concentration of Plant Extract @,50. Concentration of Iron NPs @su- Concentration of Copper NPs

R

1507 Zinc nanoparticle - Silver nanoparticle
"0 +* Ecol 100 #* Eool
* §awew 2 * § s
8 5- 8 5
> >
S *
0 0 T 1
0 05 10 15 20 25 05 10 15 20 25
8= Goncentraton of Zinc NPs. o_su_ Concentration of Silver NPs

olS o o las (A liseo slacdalé 155 cow E. coli 9 S. aureus gla s xS Sboss; Hlages .Y IS
(E) 28 5 (D) 59y9amST (C) o d(B) oylaawST uui iwans 2,396 «(F. vulgare) &by 51,

Figure 7. Survival diagram of S. aureus and E. coli bacteria under the influence of different
concentrations A) agueous extract of F. vulgare, biosynthesized nanoparticle of iron oxide
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