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Comparative investigation of biological properties of extract and silver oxide
nanoparticles synthesized from aqueous extract of calyx of eggplant
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Abstract. Calyx of eggplant is recognized as agricultural byproducts containing significant levels of phenolic, flavonoid, and
anthocyanin compounds that facilitate the reduction of silver ions, enabling the eco-friendly production of silver oxide
nanoparticles through a green synthesis approach. The utilization of silver oxide nanoparticles has garnered considerable
interest in various industries due to their versatile applications and environmentally sustainable nature. Various analytical
techniques such as ultraviolet- visible spectrophotometry, X-ray diffraction, Fourier transform infrared spectroscopy, scanning
electron microscopy, and dynamic light scattering were employed to confirm the formation of silver oxide nanoparticles and
characterize their properties. The antioxidant, antibacterial, and antifungal activities of the silver oxide nanoparticles and the
aqueous extract of calyx of eggplant were evaluated through assays including 1,1-diphenyl-2-picrylhydrazyl radical
scavenging, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical inhibition, disc diffusion, minimum inhibitory
concentration and minimum bactericidal concentration. The absorption peak at 422 nm confirmed the presence of silver oxide
nanoparticles, with a particle size of approximately 140 nm determined by DLS analysis and a spherical shape observed
through SEM imaging. The biological activities of the silver oxide nanoparticles, including their antioxidant properties and
antimicrobial effects were found to be superior to those of the aqueous calyx of eggplant extract.

Key words. Antibacterial, Anti-oxidant, green synthesis, silveroxide nanoparticles, Solanum melongena

Received 28.03.2023/ Accepted 16.06.2024/ Published 19.06.2024 VEY YT :)wm\c.w.wyv Y NEY/-YY :C)Lal/\\‘~\’/~ \/-A :Q_t,[i)‘)

62/7Y


http://dx.doi.org/10.61186/nbr.11.1.62
https://system.khu.ac.ir/nbr/article-1-3672-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOI: 10.61186/nbr.11.1.62 ]

Alimoradi et al. Green synthesis of silver oxide nanoparticles from eggplant cap extract

slaoylas 5 JolS ol 5l ol gasbs (sliaolas 05Dl
5 Blsk slaisn o)las jlasliiul (plals Gl (gl
il Slgagils o 5w gl (295 @ 5 g wilewy
aile) Gl slacyglio s> LS slao,las ailoas
S aen (LogdglSUT L agseal s dotis ooy Sl Ly
Lot a5 M 5 s 036 Jsana Ll o IS ol oy
WS Joe oaiiSielal Jelge plgie 4 atlgi oo g 039 Canlo
oS Tyie 31 g ool ol &l j3gl JSas i 5 a4
.(Patra et al., 2015) silei s pSol> (sosslS cUl>) Loy
sloailos 5l ooel Cws 4 sloolac 5l solitul o ol 5o
Lo locasgs g oolw anlyd s a4 wilgs oo ogus b 2LS
Fri Gy Ly nlo 4 Cond 05 laan 5o g Con s
. (Saratale et al., 2020) axab ails (5 ydos o jo 340l
aiile (65,5LES aailonn 5l sas glsil 51 ooliul b &l 34l
PSS > 0ge gy g lasily ()3 Dluls e g
Wlodd i Coddge b ey (o9, Al Clay 5 g 0w
9 3Iigd (o1 (9oeed (2loJsSgese (sl ilons (nl
oy 00 bl Jsle lgie 4y ailes o g Qi gy
(Jabir et al., 2021 sl Joe goiie ly3gl o i 5o
and Roopan et al., 2013 and Harish et al., 2015).
5 SssS slasilay sl Ol3gls jiw pgas o
Sl 2lyShas 68 ouols il a8 5 O 50 e N
Lo Sk L s Lag Sk ol L agzlye ;5 pogas 4 o8
el 03503 (55558 |y ] S i daSTg (Tl @ pglie
(Sharma et al., ol e cowg 5o a5 O30
o Fm 53 (63,3188 (sladilany )15 (sladises 52016)
SlaSI Bl poles il b Sbad 55 L olS
o) 3t e 51 a3l o 585 S5 (sla T 5| S 5
Plem L yiegls A LYY olal 4 SbYoS Cangy 5l SlS 5
35 ol o lis 51 (e o151 SISl Hlgs (ST 5T
. (Sharma et al., 2016) .|
9 S35 St pogm Bl Ly o) O,5 95l s s
S5 5,8 5 olid mbio s JoSe lsieay  FuiSslol
PSS arus diwg 3l 2ogli YY B F o3l b 0,85 0,346y
e i Sl Sl pladiged ¢ 2188 lio ;3 gl 02
(Lateef et al., a_sb oo (55,5Li5 slosiloy 3l oolaiwl b
2016).
ooliil Ly 1) 0,85 &gl 2l Som 5 oobl,L Yo YN Jlo o
o, &l s Jol=e ¢ Zataria multiflora o5 16 lac |
il S8l Gaion (pl 50 3,5 s (5,6, jleslinul b

63/7Y

Olresly S o )las 5l 0,85 9pnST 0,350 ju i ), Sen g (50l peude

dodio

e g 0,8 Mo aile 1518 365l aiidS ans g0 o
097 93 3,8 & paiin ol dsSo b Sl Sy Jdo
429 )90 lerd 5 (onblise (55 (SS9 S sla S
leo 5 b o alexr it 00,15 5 Slinios slaossn
<ly34L .(Shnoudeh et al., 2019) wlazs 51,8 gl
Lo s, alex 5l il slas Sy, 5l oslitl b aiiles oo
b3y 50 Az ST aed g (S g (Sod (lend
2L ol po Olydels 5l ol o oy olend
Sl odiad idsy Jalse 4 5ls by, Gl Lal el ody (S
oo oolaiwl ol g .0l &l 35 o3lasl g5k, lasl
Mg 4 yzmie g aited oo D396 3kl 5 0g s
Sl @ladSSon an 5l 5, ol 5l wgdas 5 pae wileny
9 48,5 )18 4z g5 3)50 S Larmme jlcengs S35l o la
Sosli ol L )36l )] b a5 i sbabs, 4 il S
S (Ll g Lag B o iSh alex | lapuils)ls S
=2l sl jo (o aed 4y el ools iuli8l ) 098 o
Sl a5 8 Az g 8 )9 i € 35S SL
(Singhal et al., 2011)
s S5 S 398U 5w 6l oL Slge 5l ooliul
el oo ploml Lol 8590 50 (oS Slidss g oo dyo
a8l g basy ) daatug oS aile aLS sl 5l colain!
035 jraliibso (38 Dl y35i s )3 Slomy s g Laoges
$U o3 o 3gib glysl ol 51 .(Khalil et al., 2014) <.
Loy ol cdlage 5 Cnino o (g5l o2 0, )3
5295 K3 § o « Sk slws )l Sl (glod S aials
S aigo oyl sw sla jhg, B ol ool el a5 s
Gl ool a8ads amaz Ol alas 5l i sge ST Ll
sba ao i 950l 5l Cnlon S sl Can ) Janzme 5 (L]
Lol 3 50 el slagty,; il & ol cole Gy
o las sl oalaiul b s (hs; 4 3w ol (n Sml) &5 aSls
.(Oladipo, I. C., & Ogunsona., 2019) .l ;lals
sbahs 5l eslitwl g 0,8 S35 piw slatg) S b
Ols=e an (2L glao,las LS 5 5l eolitul b jes
i 5l bl g i S Sl s s 0niiSslsl Lelge
Laglo)lac 5 29, LS 5l s (hg) 50 Cul 0ads lag)]
(easSelal ploie @ gBlge (0 )3 9) Sl g Glgie 4
el U550 g Feiase oS cxb by, Gl ogb oe oslitul
. (Aboyewa et al., 2021) el olows i, 5


http://dx.doi.org/10.61186/nbr.11.1.62
https://system.khu.ac.ir/nbr/article-1-3672-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOI: 10.61186/nbr.11.1.62 ]

Nova Biologica Reperta 11(1): 62-76 (2024)

O Olomesl SO i yo (el nl g el (SoauSelo]
Pl SIS T o las asl oo o] ;K0 slais
Slmesly 3 ls 2V J5ib slyims 5 555 s (g 51
NPSTEUN I O U SCHN DU LR PORER PSS
(oS T 2 )b aloz 5l sy elyS g oulidisn,
Slite Ko S Ly pls Jb Slgize g b Guibesgil o)l
SN (el 00 alowil 55 a8 Slalllas 4y az g b o
S Ol3gl g ;3 wilony G Gy 4 Logas (lresly
S1y3gi e ol o cle aad 4y Gl 009y A>T 550
Sl oslil Uy oylomesl oLF SadlS T ol 5 0,5 annS]
39 Sl 48 S 13 (o) 2 350 FiaS a5 Sl sl )
Lo Sy b s 05 (o0 53 Jew i lahg; 095
Gl Glaolws § LacSuss 5l oslinul b &35l S5
(eS| T Pls5 Gszman (s Pl 5 S5 o)
s o 3 0,8 T 0,95 2 05 5 oSl 0
ad,5 8 Gloesly SaMS o)lac b (gl lio adlllas 550
U

b9y 9 dlge

S y) 0,85 o, s« (Solanum melongena) ylxesls oLS
[QERIA NS

o lac angi g 55w oobol

AFeY Jlo ols sls,> o (Solanum melongena) lesls
Sl 5L o ()l 3 plrasl casS dilaie 5l Lsiiins
T8 £9,% 5l G 9 955 ol liabl lmesly 435S (05
b glelid lidelS S by lresl 4355 g5 gl
rhie OTLs g eogai oz 1) (lomasl (uSI) S 4l i
Bl s o 5 JLé 50,5 )3 g S b ools giios
Sas 5585l 59 5 drl ) s 358 Bl Koo (Sogll
(rSidg) Sll Ly clyd o 5 S G sloo 5o 5, ¥
(Pushparaj et al., 2023). a0 o5 (sl 3

VOr 5035 09 |y SIS j00 5l )5 Ve wojlae angs sln
Ly e gsl> 0L i adlol )] &y oud o3iges ol sl L
4,85 10 S 4 ax,0 FO slod ;o Siigul gl olSws jo I,
Slo 325 L ool cowas pls o,lac colys jo ge0ls 13
(Alvand et al., 2019). 0 ;:ld <G o)l (rosly
Sigal gl 595 L 0y eS| 013636 i

ol 3 oslil Uy o, & ol s L2als b o,& apST &l 3430
S s el SIS o las 5 4 gl
Jsbre fdshon 80 L olS (ol olae 51 i hoe YO o5, a5

OFY)FY-YF 1) o)lods V) ala o i) psle o s sloazily

3l St iegil YOV 10 i g (e —Lyibisl B s
Al 0590 3 DS cpl b SL as (oleS s 9 9l 0,
. (Barabadi et al., 2021)cs 5 1,3
°l—.‘5 Lr‘T O)La.c )l d_..m U_" o M;
solawl 0,85 <l 3450 yw sl sConocarpusLancifolius
O LAz g S m il 8 e b olSis SeSTL o
lpyge;] s a0, &3l LSS tegils FYY
5 5 el Sl o oly s iS5 oS
(Oves et al., 2022). cusl ooy e 0,85 &l,3gib
Sl pgaz 1308 a0 VoYY Jlo o o) Ken g 0o
Acer oLS jl sais yuw o, ol olodl as g oL SL as
SlL3g aS wisls (las 5 o9, o3e;],o Oblongifolium
S ols Hlts Bz ol s (g5 (6L b Codlad o,
ad 5 6L as ¢ lanST 5T ples Ly o5 &l 3els
g Lo lon ooy g (558K 50 0an] 50 Aiilys s o Gl s
S8 eolainl 090 mslio (o dax 5l Ll 5Ls 0550 5)lge ple
.(Naveed et al., 2022) s .5
Gl oo sboolas 5V =YY Jlo o 2l Sen 5 gDl
0,8 Sly39l zw (sl e 5 50,8 S (o) o i
o 2L yShacs Ol oy g a5 aisd )8 ases g wisls )8
S, Bdad wloals a g ) o o )lac 3l aST 31,3430
(Wasilewska et al., 2023).
OB i (Ml ojlas 5IV-YY Lo jo 5 AlSen 5 ol
g aid )8 o, 0,8 Dl 3eils i o ca Sl lge 4
R B P R I PR SR e
0y lee 5 00l s 0,8 3gl YL & j08 5l S guls
. (Alzubaidi et al., 2023) el o 7,55 4 lacs =SL
sl Sl —imgh b il Sen g o Y-VF JLo o
plod @l (ol (235 518 sy 9550 5 L] (555
sl o ol 0,85 Sl,36 a4y bageaslSls Ko (loaisS
(Pushparaj et al., 2023).
Solanum  _ole oU L Solanaceagsslyls 4 slaie oylxosls

3590 Lid ;o 5589 am oS 1l 05—e .0l o Mmelongena
S5 ol s Ol FAO LT (ol 2055 o0 )13 8 s
SOl ot Bubs ol 0098 5 yaudie OV/Y Y-V Lo o
Slyls oloesl ogae (slaciond dan Y1) Jlu s il S
RISV S| RUNRIIES PRI 9% T P LR EN

64/7¥


http://dx.doi.org/10.61186/nbr.11.1.62
https://system.khu.ac.ir/nbr/article-1-3672-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOI: 10.61186/nbr.11.1.62 ]

Alimoradi et al. Green synthesis of silver oxide nanoparticles from eggplant cap extract

a0 ,S aslal sl JLSGol) lee as DPPH = Lo Y
48 4a85 10 a4 basges(Intan Soraya et al., 2017).
30 &I deoy e g Bl (6,055 BUT sles yo (SO

105 (6 5eSoI 25 5 & segil 1Y e Jsbo

Golosb oo o) aoles

[(Ao - A1)/Ag] x 100

el badiged (5,95 S8 Al g U5 5,98 JE2A

o ags DPPH Jgile &8, L SOW

sten 9 31 ool Ly (Sl T 5T alnd s
ABTSol3T JSal,

55 0 ST 365 5 (alS ojlae JlawuST T el
ABTS ol JLSsol, s by, 5l eslizul b ABTS i,
el ks Slalgu y Jawss ABTS sl ol s
oM jsb iz cnl 55 D98 oe JI00l, ABTS ol
NICHVENE RN ERPINE JIIVENCSERNCY &
4y g A by s (ABTS) Ssil g idg3lssie
OYF zos Job 10 9 5 oS GLT slos j0 4230 VD Suw

b dle ABTS sl (e any Jlgs 9oy gl

(Shaaban et al., 2024).
7B 9 byl ws culled
a5 ez wlS o)las (o35 05 Jeity 5,50 sl

g 93 9 (e 0,5 g o p S (Slas S ol (g ST

(Aspergillus 4 (Candida albicans (MTCC 227) ¢,
5SS skl Cota 5 slos ST, i lscioryzae)

ookl ool (ATTCCB538) s
5 (ATCC 9027) 15555 51 Lubisegdsw s(ATCCE633)
e o5 slasiSh lsieas (ATCCE538) IS Loty
~Joe LS 15 oas Slsesl slags S ol o olse!

0,5 A (Cebo YY) of 5 il az 0 VY leo jo g

S o LS Cnd

2 ebStas Jewty obs)l slp Oieetnd Sews G,
59 0B ST Sly39l 5 ol ojlas (il Ll 2
e S Sla Sl by, (nl 5o ol esliiul (6 351 49
E. coli (ATCC: 4 P. aeruginosa (ATCC: 9027) sl

Bacillus alex> 3l e 0,5 sl 5SU cpuizman 25922)

Staphylococcus aureus gsubtilis (ATCC: 6635)

28,5 )13 owy p 0,0(ATCC: 6538)
51 osliial b o) S 52 5l il e o) asds eb ay

(MHA) 5T (ygima Jgo ctS bamae 55; Joyimd Clgar S

s o e JyS Gloe 4 DMSO 51 s 0l oaiSTy,

65/70

Olresly S o )las 5l 0,85 9pnST 0,350 ju i ), Sen g (50l peude

ploe> )0 (o g byt Voo (o loo 90 Sl ii0 ) 85
a8 ) e Sae ay ol T ile a0 00 sles jo Sigul 2l
sloml Jodome 50 (6,500 S5yt &5 Sloj bl jgaboge
Do dy gradlowsg Gues (Slg VT2 35 ,0LS o) 05
dalol jo g jouiy il 4280 0 g0 P Caepw L anBo VO
Sae M p0 ol )T il ax o Ve sles jo &l 3gil g,
Sl colyd 4o el Sis Ly aci ool 1,8 celw YT
oS lo Bl Bi> (gl Wi Fi o, Sy
a0 F0r Gloo o celw ¥ Guas ds rd iged wl 3L
(Nouri et al., 2020). 550 osls &,l,> ol 3 Gl
0 AT 3956 b S5rg ow)
S m ol (s b ol b l)3gl LSLT (o)
Gl oS s U baasigas plos (o5 e - bl 8 i cils
b s pSojlal (Beckman, DU 650) o~ w
(Wasilewska et al., 2023).
oSl ansl il oS s U o, ST S35 s
(XRD)
STOE-ges il 5l oolizal Uy oSyl anl il (s9-5!
ae] cws 4 Cu Ka (A=1.541786 A) s LStidy-mp
(Wasilewska et al., 2023).
oo 5,8 (pgole LT olRws b0 j&5 w81 3536 (o 2

(FT-IR) 4,3
19 JASCO-680 ol Sy (g5, y basiges FT-IR il
SloSuns 5l osliiwl L (CM-1) Feo-Fe et il sagama

(Wasilewska et al., 2023). .5 <sKBr
=9y P9 58y Koo Ly 0,5 anST 3030 ) 2
(DLS)L;‘o)J o)L.b‘ 31y L;.\.\Sb.’ Q(SEM)
ool L» XL30 S w.a.»J.Aﬁ oKiwo K9y ¥ SEM )le.»d.’
3y 08t Sis s 6 Sk sl (M ok s S
9 6‘ o)é a)“d._.}‘ 59 Q;J..\f‘); vy 6‘):’ A ans Ko
3l esingy (9 S L 9Smg S (sl p JoSo (9, Glgie @
oyt Sy emnsl DLS olfiss Uy (655 o5l Lyl 5 51 a8
. (Wasilewska et al., 2023).cs 5 |3
o) LS R o)
JLSGol; Bas g, 5l eslazwl b L5;1hx,t..k.Sl‘_,;’;.;—\ Codled s
DPPH
50 0, ST O35 LS o lae oS sl codlas
—d8 VY JLSGoly Bas g, 5l eolawl L DPPH il
DPPH Jgitio &, s cyeess (DPPH) s5lane s S
4 aiged 2 5l e See T uolie 5 oads agsl X 10-4 M


http://dx.doi.org/10.61186/nbr.11.1.62
https://system.khu.ac.ir/nbr/article-1-3672-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOI: 10.61186/nbr.11.1.62 ]

Nova Biologica Reperta 11(1): 62-76 (2024)

0,85 dunST Sly39ib g 0l (> as el b3, Baa b
Aspergillus oryzae ; Candida albicans 45 slagz,6 ,
Al ooolaiwl el VY Coe 4 Swo lasl e, sl
sy PDA) (e s ST 5525 535 @8 Dgeilimsgns
Solw Gioled alhame S lawgs B cdale 5 oal ools
S b diged ()8 b Jauily plgae 4y e ddlate g (e

(Kimetal., 2009) &s,5
Somd SRy owir 9 o ©ldel Sl ol
SIS o jlae 5l osliial b oy awnST &l,360 3w 5l e
ST i 5 08 Sl LSas Sl sl lomast
OFTRed Gal..?m sleKiws 3l oslail g USS ygzmen S0
XRD, FT-IR Spectroscopy, « S, - i3 v b

& oolawl SEM y DLS

ol i b ol b wilydgil Sl owyy

&'

b oSiws ;o yiegll FYY zge Job )0 0,85 apnsT &l 3450
St iy 345 b plos s i e - i i
G addlas ol o eud iiw SlLdgil Cuwl oad sols lis
139l JoSis p gawml a wijle yiegil FYY jo oVL Qi
olac S5 5l ol Jole K, s ol 0,85 aS]
G290 doli 5 Gloged S5, 4y 0,8 Ol g sl SaMS

(Y).:B..a.:) S| o)_o.> A.U.MS‘ x_:‘)oyl) J_.im.: »

OFY)FY-YF 1) o)lods V) ala o i) psle o s sloazily

95 2 6oL gy S Pl ol a5 cenl sl ools ylis
FIVO alizeo glacdale aps 5l w0 las ol bl 5,251
DMSO o bases il Lo p» p5 ke YO 5 VYO
Glise SBEBLE b e os 0 58 b ilo BIS (slaSns
3 bS8 ead il slacedy (g3, 9 )T, aaiges
5 Nl eSSl (o] )F il 4> 0 YY) cel Y o 4y colys
Sre plgae ol BLEI (o des o ) ke 4l Jad
Cunhaetal., ) os 48,5 L o lbaiges Sb,SL oo collad
(2016

il 3 (MIC) Jilas> oS yln il gl
(MBC) s s5b suiuins” edals

as s byl sl Broth Dilution s, 51 MIC s
5O Gges caliSee glo Jole 050 co oolatul aaiges b S
Lolys o md hee ;o 05 oo o[- YF VY/D cdalé ongae
e a8 angs Jbw gl by, 5l eslanal b oyl
05 oo Tl les 170 g g S I i) (hee + /Y
2 g alal Gulesl alg J3ls diges i Joo /YO 4 &y
Al eSSl ol S cile 4> 0 YV les jo celu YT o 4y alg)
e 1 o)l Soe ) a5 iged cale Jlas ules o
(Wasilewska et al., 2023) o <3 MIC (lsicas o0 5 o
o 328, sed slo sl 3l 5 4l Sy MBCis Sl 5o
2 ek WO b s 5 p Sk 1o TE )
Sae a5 S ST gt Joe S o 1 (ilileo
Plas ol a6l ol 5 il a0 YV gl o el YF
P elle S Sl (2 JB al, a5 aiges e cdile
Krishnan et ) o a8 5 L .0 MBC wlas ;jlas 5T Lo
.@l., 2015

66/77


http://dx.doi.org/10.61186/nbr.11.1.62
https://system.khu.ac.ir/nbr/article-1-3672-fa.html

Alimoradi et al. Green synthesis of silver oxide nanoparticles from eggplant cap extract

Olesly SIS o las 310,85 anST 0,356 juw it o) K02 5 (g0l jorle

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOI: 10.61186/nbr.11.1.62 ]

0,85 Ol yd Sod g oylac

0.5 ST &l y3ili

Abs (a.u)

200

o )lac — )0
300 400 500 600 700 800
Wavelength (nm)

A,y 2l e Jsb el FYY zge Job 50 «Siigul gl g, 5l eoliul b S5 of cibs conds i ol )3gil omiw il ode ciub —) JSi
PH=4 5515 ol az,0 YO sled ;0 el ojlac 4 bogsyo (ogli Yoo B Yo+ o zge Jobo 5o

Figurel. Absorption of synthesized nano particles (blue line) based on ultrasonic method, in 422 nm wavelength,

orange line (The absorption from 200- 300 nm) is related to extract, 25°C, pH=4

3 Glomesly SIS 51 oad s 6,85 aenST 353 Sl o
0 Al gleald G 0 oyl Sy Aol g aygly ol
oy YA+ g £/ BV DO+ FF1 XFle XVIO- Gl
g CAY) (FYY) (YY) «(YVY) (Vo) OVY) Qbsl as ul
BB s oads alonl M a5 a5 Sla 515 b 5 (¥)))
Fayyadh et al., 2021 and Widyaningtyas et ) ool ol

.(al., 2019

(XRD)

D3l (s )5 3 olail g 08 UK oy jolaie @
Oldllas ol 5 ol oolaiwl XRD olfiws 51 0,85 oS
Voo o abols [0 920 aygly 50 0,8 anST &l 35k sus plxl
oals lid (Y paai) ;0 a5 job len iyl Gdo a0 A0 U

200 A

150

100

Intensity (a.u.)

50

0 T T
30 40 50

2Theta (Degree)

70 80

Figure2. XRD template of synthesized nanoparticles based on ultrasonic method, 25°C, pH=4

67/7Y


http://dx.doi.org/10.61186/nbr.11.1.62
https://system.khu.ac.ir/nbr/article-1-3672-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOI: 10.61186/nbr.11.1.62 ]

Nova Biologica Reperta 11(1): 62-76 (2024)

Sl PE o YTE CMT o Ladiges don ,0 il slacsy
2l ansls cdllas N-H LOH-) slaog,5 L cnl Sae a5
C=C ) \YAf (C=0) \#-- cm (U1 C-H) YAd-cm?
il oo (SekewS 92,5 0l L C-O JSIDY - V- cm™(SP2
Sl Gl asl jo oo cdslie odx g da o138 S 0
o sals sl sad a gy ol 3glsan po - cmM?t 5
(Alvand et al.,, 2019 and Azizi et al., 2016 )

OFY)FY-YF 1) o)lods V) ala o i) psle o s sloazily

3058 593lo LT oliuwd b 0,85 ST &l)35i6 )
(FT-IR) a5 598 bow

50 9290 sy 5 SLuS 5 cwyp slp FT-IR oKius
3 LS 5l gyl ol solatwl 0,85 wlST @l 3gl S S
osnlie bl pouw pgai ;o Yoo B YVFe (0 250 Job
Ll JenSgyaam 098 a4 baye by K88 ol ool
Sl 3l oo ST 4 YAG-CM™ g0 Job ,o la Kb g,
ol o)as Lot ondh gl o, 9T &l 356 FT-IR ol
3Py el oot ooy Las (F jyg—ad) jo oyloresl oS

o
g 4
o
2
o
= 2
e
]
s o |
g
g
58
=
o
=t
[=
2
o J
] # o8 gy = g @ = g om
2 8 2 2 ' B B ES 2 g B = ®
25 g 05 B 3 2 8 g <
. . . . . T :
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

F ool PH g ol 5 ol az,0 YO slos (FT-IR olfiws b 50T asecs -V sl
Figure3. Results of FT-IR analysis, 25°C, pH=4

FE15Q DLS Ly 0,5 aaS] Oldgil jhé oSl o
ol 4z 0Y0) bl sles o LT Ll ool pnd iegil
(B

19 (S9N ©aSwg o b 0 i dnsST Ol)3gIL (o

(DLS) Ly 9 SisTy 9 (SEM)
0585 dpaS] Bl3ei oS ol lis SEM oo 5 a5 gl
Sk ol g SEM gl ool S0 55,5 5 (Sen
oo o3l (A S8) aims o i |, Leliogil 3

3590y 0dd w0, dwST 139l (gl yiegll VFEY 1)

68/7A


http://dx.doi.org/10.61186/nbr.11.1.62
https://system.khu.ac.ir/nbr/article-1-3672-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOI: 10.61186/nbr.11.1.62 ]

Alimoradi et al. Green synthesis of silver oxide nanoparticles from eggplant cap extract

Olesly SIS o las 310,85 anST 0,356 juw it o) K02 5 (g0l jorle

26 KV 40.0 KX 1um

KYKY-EM3200 SN:0702

L gt B A 212 S e 0004110 e B L e e R A
i I ]
. 7 oo
g ' M
g |

l | -

|
; ]

[]
4 ]
I | PRI SRR N L
05 10 ] 10 o 10 %0 1000 000 10000
patcesze om

PH=4 5 51,5 le a0 YO (sles ;0 «Sbgml gl (o9, b oads ji 34556 (BY(DLS) 55301 5 (A) SEM (oS- F Jsio
Figure 4. SEM template (A), DLS template (B) of silver oxide nanoparticles based on ultrasonic method, 25°C, pH=4

AV-F oogasme ;o o, lastiul Trolox L Ao ;0 aus o £4
(B JS) 095 aus o

Hlge 0oy el DPPH crs s sles ABTS e ol
o lac 51 yids 0,5 ST G136 lawgs of1 sla G0,
.0<0.05) L wisb o

O Sl Sl e (650058 (g, S LT SG s s
L aab o ol oo ols> glyls als olos 5 LT sl
Ly oS o lae sl pleidlad olos codled (o Sile - o5
6,lolime glay a5 0gs duoy0 YF Lo 485 0,356 (gl g oo y0 YA
Al eSS d Cad

S dled adllas 5 )50 slodged slod ol aslllas yo
5 DPPH o555 4 calises (slapius Lanwsi (558 SlanS 5
el o ails flaie 4 algs o a5 wisls lis 1) ABTS
e sy St 50 O] sla 00!, ads s sl
g

) SRS 33 o

JISy3l; i g 3l oolil b i1 o5T Clled s
DPPH

ldises don il sla JGol, Lo slacudled ay azg b
Trolox L a5 wisls lis 1y 598 DPPH JISGol; jlee Jumsl

DPPH Ly Jowils ol dslin b8 o, lastw! (S olg,5)
@ laitul Trolox aS Jl> jo el o ,0 W LAY 5l eaiges
Job A ae o L we )0 1-AY eogase o ) lee oo
0,85 duanST 1,350 a gy o1 sla JGol, jlas doys IS
goylac 5IYD g VY £IVO lo clale wil oo o)lac 5 iy
(0 JSa) (p<0.05) L 46,34

JLSoly sl sogy 3l ooliian] b hammsST 5T cadlab (yonss
ABTS 51

Iy 598 SlouuS] 1 I3 ABTS ioiw )0 ladiges dod
-0 s ABTS o ol31 sla JIGol, jlee codlad .aisls o\Lis

100 4 *

3
3
L

Inhibition (%)
2
|

Y
2
L

20 4

Extract Ag20 | Extract Ag20 | Extract Ag20

DPPI |

ABTS | NO

SIYO 5 Y SV gle clale (P < 0.05 L cilises gla g, b ol sla JISuol, s duoys dnglicn) ol b o5 0T 356 il T 1 aylis — B S50

RO XWX P 0)55.'\1.3 9 o)La.c
Figure5. Comparison of antioxidant effects of silver oxide nanoparticles and extract (comparison of inhibition of free radicals based
on different methods, p < 0.05)

69/74


http://dx.doi.org/10.61186/nbr.11.1.62
https://system.khu.ac.ir/nbr/article-1-3672-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOI: 10.61186/nbr.11.1.62 ]

Nova Biologica Reperta 11(1): 62-76 (2024)

wile e 05 slas L gy cnl o b esliul (5 55
E. coli (ATCC: 4 P. aeruginosa (ATCC: 9027)
Bacillus al.> 3l cade ‘n)f sl xSL e o 25922)
5 subtilis (ATCC: 6635)

Q8,5 13w, p 0,90 (ATCC: 6538)
Sl Sl Sl aie S ojled Jgaz I a5 jsbles
E9 590 ;0 0,8 awnST Ol 3l g yloresl SIS <! oylac
el il Gl Ll I L e g St o8 5555
0,8 039l 5L b 5 5 lee Sl CiS Glgiee IS 45k
035 bawgi 5)lee Sl it el ol o)las I i
059 6YsS Lt il 6 55L (5o, » VO cdale b oyd apns]
bl 2 ojlas 5 FIVO cdalé biwg 6,138 51 0S5 ol

Staphylococcus aureus

! 00

OFY)FY-YF 1) o)lods V) ala o i) psle o s sloazily

7B 0 g Sl W Cadlad

wbS ojlas (2B s g (09N 2 Jeily 6L Sl
93 9 e )5 A5 93 9 Cutte p)5 WS 93 L 455 ez
s Candida albicans (MTCC 227)) z,6 «sw
Coie p)5 slas,SL i ol (Aspergillus oryzae
skl (ATTCCB538)  ogiysl  wsSsS ghedlinl Lol
5 (ATCCB538) IS Loiy sl 4 (ATCCH633)  woliole
slag L plgie 4 (ATCC 9027) 1555 51 wligagdge
YY) ol )8 il axy0 YA slos jo wul bl s o8
los 5o gt Jge T 50 oads Ol slags xS 5 (ceel
A0,S ady (Cels YF) ol 3 il ax 0 YV

S o Lias! Cand

St sl ity obsl Glp Gigis Saos Gy,
GlSe sdigw ply 50 0ya anST Oldgl 5 ol ojlas

S shn o e 05 g St )5 slas Sl e p 0 yE ST S350 51 Y Jguer
Tablel.Silver oxide nanoparticles inhibition effects on germ positive and germ negative bacteria

Compound Gram-negative Gram-positive
PreudomonasOeruginosa Escerichia Coli Staphylococcus oureus Bacillus Subtilis
mg/ml 6.25 125 25 6.25 125 25 6.25 12.5 25 6.25 12.5 25
Extract 8.40+0. | 9.60+ | 10.50 | 7.20+0. | 10.00 | 10.30 | 7.40+ | 850+ | 9.9040. | 8.00+ | 9.30+ | 10.70
12 0.20 | %0.26 19 +0.17 | £0.21 | 0.18 0.15 24 0.25 0.23 | £0.27
AG20 NPs 12.60+0 | 13.20 | 14.80 | 11.10+ | 12.30 | 13.40 | 8.40+ | 10.50 | 12.60+0 | 9.10+ | 10.20 | 12.10
g .16 +0.19 | +0.28 0.23 +0.20 | £0.22 0.25| +0.19 27 0.21 +0.27 | +0.24

Sl 085 ST S350 (5,58 S Y gz & a5
e lrasly SISl e 4 los 5T a3, e
ST D3l YL (FoiS )l ©yad saipslis a5 Cl

sl 0,85
£S5 sl ,iSh cas g oo ol Cawd 4 s a4 axg b
Al he o8 slag Sl A Cund (5t Cuglis ke
ol 035 5L 090 o] Jlew sl VL lacdile oS |z

clile Jilas g (MIC) Jblas FuidS ke cdile iulojl

(MBC) (635 ouits
@byt s Sl ol Gas L MIC, MBC la (505
oslitl hie o5 5 ke 0,5 SlapunlS s Son B35
05 s ,sSL as ols plas bawsl ¥ Jeaz 4 azes b ol

...\j)‘ow' ‘a)f‘_gb‘_g):flg@w‘. ‘_g)_..e‘.au‘).s\ S

70/Y -



http://dx.doi.org/10.61186/nbr.11.1.62
https://system.khu.ac.ir/nbr/article-1-3672-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOI: 10.61186/nbr.11.1.62 ]

Alimoradi et al. Green synthesis of silver oxide nanoparticles from eggplant cap extract

Olresly S o )las 5l 0,85 9pnST 0,350 ju i ), Sen g (50l peude

Felskeo 52 p S ko cn 2 MIC s MBC (glaggail b ite 05 5 e 0,5 (slacs 551 o 2 0,85 ST 13556 51-Y Jgur

Table2. Silver Oxide nanoparticles effects on inhibition of germ positive and germ negative bacteria based on MBC

and MIC tests (mg/ml)

Gram-negative Gram-positive
Compound PreudomonasOeruginosa | Escerichia Coli Staphylococcus Bacillus Subtilis
oureus
MBC MIC MBC MIC MBC MIC MBC MIC
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