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Production of biodegradable antibacterial silver nanocomposites
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Abstract

Background and Obijective: This study aimed to investigate the antibacterial effect of silver
nanoparticles on Gram-negative and Gram-positive bacteria and producing silver nanocomposites with
suitable and biodegradable antibacterial properties by Solution Blending method.

Method: To investigate the antimicrobial properties of silver nanoparticles, silver nanoparticles were
first synthesized by NaBH4 reduciton and after performing UV-VIS, DLS, XRD and TEM and FT-IR
tests, Staphylococcus aureus as a Gram-positive, Escherichia coli as a Gram-negative bacteri was
used, investigated by MIC, MBC and Inhibition Zone. In the next step, the nanocomposite was
prepared and prepared by Solution Blending method and its antibacterial activity was evaluated by
Inhibition Zone method.

Findings: The results showed that silver nanoparticles had inhibitory effect on Staphylococcus aureus,
Escherichia coli and Candida albicans at concentrations of 50, 20 and 355 pg / ml respectively and
also at concentrations of MIC. 60, 40 and 370, respectively, have the lethal effect on the
aforementioned microorganisms (MFC, MBC). A diameter of 3-5 mm was observed around the silver
nanoparticles in the cultures of the mentioned microorganisms and in the test of nanocomposite
Inhibiion zone, the halo was created based on expected values.the results of the experiments were
calculated with 3 replications and the amount of PValue was significant (P<0/0001)by ANOVA
method.we used also 3 antibiotic as control for Inhibition zone test.

Discussion and Conclusion: Silver nanoparticles showed good inhibitory and lethal effects on Gram-
positive and Gram-negative bacteria and Also, the nanocomposites produced by the mentioned method
have high antibacterial and viscolastic properties.

Keywords: Biodegradable coating, Chemical synthesis, Silver nanoparticles, Silver nanocomposites.
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Diagram 1. DLS diagram of Silver Nano particles
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Figure 3. UV-VIS diagram of Silver Nano particles
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Table 1. Nano-silver estimated concentrations
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Figure 2. Statistical findings of MIC test by ANOVA
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Table 3. The results of inhibition zone tests in silver nanoparticle

J93695T 0l | cmmslSuol | conbomiy | 0585 053 $GIYF HG/MI | 0,55 6,5 LAY pg/MI | 655k ob
- mm A mm ¥ mm v/ mm v/ E-Coli
- mm v mme¥ mm ¥ mm Y S.aureus
_ _ - 0/5 mm - Candidia.Albicanse
€0 jgpoli gl wy puae Alld Cowd g li-F Jgu
Table 4. The results of inhibition zone tests in nanocomposite
oy 0y ili/YF pg/ml oy 0y iB/\Y pg/ml o8- 55L b
mm ¥ mm ¥ E-Coli
mm v-o mms -y/o S.aureus
mm \/d mm Candidia.Albicanse

5 6L 4 S it Sl Gesl eSS sl
POT0) s 5 Bl wlesls IS b ol s
S Sh 50 (29,Send Sl Slds cpl cle 093 Dlidos
Felo o)z Sl oy Jlade 5 1) (e o8 g Cute )5
s Suo 05 las 5SL @ly jo 45 ws S 55 las S
2 S OBl asty ke i 08 las St o
e 4l dgine el ol (pl a5 Wls 053 gk olss
ans s (VOansl ansls o,a Sldgl il ol o i
adlas opl s b ded gdss 5l ool caws @ alive
@ 85 Slalllae oY+ V)l Kan 5 ESlamiLs o callas
SgsmgSan Cundg poo)i b gol> Cojnllal 3L
axsls  (Crocus sativus Ly Jl ! o)lyae )y e SYgb
Gl laie 4 0,8 Sldgl col> ol yorly imgds ol 4
TA N gloy o3k # o PPMYFece g ecFeec Aee AV
Db el g a8 S IS ) 9550 9, VAL 9 A FY
O3t 5o PPM (ol diges )3 opas 4 (29,50
9550 5k Wlg oo Hskewgil (gan aiy a5 ol (yLis o )8
ol SV )aes 2alS g JB Ol 4 1) oliie;

Ay ..\.ub.: < 6.!5:> O 0, u‘)ayb RER

5o eolaul BB o35l 5 Jelase 51 S5 0,85 ol 346
@3S Slge Glyie 4y ol 5l gl Jlb ganana,
L g o ol ydgil L dlge pilivgy Bk 5l 5 39 oo olitul
50l ol ) (0,8 955) o) Cue Slagys ool 1,3
o meld el Fee (99,5 end gandia slml
Slge cotel lajles (Som Sl 0,8 DlaS 5 5l (pham 1S losd
Sly 9,50 slagogdl Glyie 4 g (2bs)l byl (21
bl (Fp )0 $3desS cnlaiload edlel (andiny olgs
oad odliiul oyl 5 ez s oS S oz
GEOYANCHs 5 5 i i) ol (1T )]
Ll Gonaien Glaids o 1) o) D3gl o5 S
OIS 1y 0, Sldgl jeas o le (il elS g woged
Oy Cews 3l 5 b ;S olud Sl 6 1S slr czge a5 W0 S
e g,Babe floy o ialdl casad 10 g (gdse dlge
e 5 SaisS Chil S b elal (VP
0,85 363l lad axllas 5l ol Cawd & SNlosl cdale
Gl e wlg pedaenlEls e 0 e s e b
ol ol adllas aaiil jige lié dlse (s ke

Cote 05 5L p ol D09 o5 b easlie @l



Ohsen g (6990 slb

A9 olo cpor VoY 0 kot o ) buxo (55919550 g pale Y

@9z Cwglie o olxl jlassly Sl ey
@9 Sees slagylo plp )3 15 gilen SlapanslS )l S
Soie sl len @90 ploys 5 i 0 pee gle S
WUl p e slagyls o B e il
P Caglie ol Lol @lp 1 gaae slagdl
5 $Seyed Lo yielly (n et el 03,5 5L el g S
2 oyi D3l g Seens Jouily » o gles
Ga5elS > g cdale mbans [l (S wojlasl Jolds o135 oo
SLdgil il pailse il Sen 9 Dakal raghn ool
sdobe @ (Saimr Gk 3l 255 slodshe o)l
Jd slaaiss Jlade ;o posiile Jobo J21s )0 S9di ¢ 029,50
Sy gra¥yde 5 85T JIS00],) wdg 5 (ROS) 5051
22 Slacdl (ppa p Glye @ (29,50 JuSew i
g a5 Sladss (o cpl pogde(VV)od aislils 29,50
S iy plmil ey ol 5o (Y VA) il Ke 5 YN
Slr @5INsn39 5l Suligegdgm 63k » oyi O35l
5 M ewon Seestisn ey & (B oS slas S
035 gy Gl B sk a4 ol Seestisn gl
28 S @bl el ls e 10 (09,5000 S peilSe
b oeon YY) o, bod () ol oelas (90 0% o5
@ Jate (ufign 0 9 (e Ol b o9 YV 5 St 0l
oo ylis (Silejgailgn Judow g ajziaiad ololid o,
OS] sladisS adsi 5 Jobw slas o Shos L Jo5 oS
5oy Lol gbys (ROS) Jsho Jsls b
T sms e Lt a5 el o0y 08 3gl b Slas
by oo 25Ty plid lacsn bo)d slaosn il
4 5T ol (Jolo Jls Jlab 50T o ol38
5 @oSeedd SA(18)oss o o )ly (55 (Jsh slas
alllae b b llao SIS Ll s 0,8 lyds il peacilSo
5y (Y1) ) 5ea 3 POyamanesh .ol o pol>
3 lie losle Glyie & 1) 0,8 Cojenaligl Sloogas
OBl adlllae (nl j0.053)S (o) p (l3E Slge gk diw
e Slge (unaiey (lgis 4y 08 CujealSel 5l soli

bl Gy booyss &lydgil ol gudod pl joud gy p

e oo @l b @l o5 a8 oo | LoeacslS )l S
SbySbas J1 (YY)l Ken 5 Salomoni el
I, Pseudomonas aeruginosa (s :st s o, <ldgl
Clld gy n @ asdllas cpl sl IE s 5
90 50yl Veoojlail yo o)l oy Oldgil g, Seens
by olaws ply jo pglie P. @EIUQINOSE Sl Loy g
aon ialojl slaadl olul 5 aS as aslsy Sigw
ol Gl e 2 59,500 O gl Joloe 4 ladyge
oy D3l YL 59,50 o il saims lis A Wiog
Al-Shargi Lwg oo plosl lidss wlol 5 (Aasb o
2l o 0,8 Sdgl b Shas el (V- V)l S
Lalyd )0 (ogy] S sS shedlinl 5 (S Lo 131 (slags S,
gl 5l cdale lea lal S ol slpas ol iN Vitro
LaS (il des g psS9,5ue Voo g B YO VYD) o8
aé Collad plnil gl wad e oberd el Gy,
50,8 Oly3gil o ol Kot bl oolel b 2L
SIS psSus See @b 5l LSt sla sl slas
Slp Jlb 5eS sladisS Julos 5 325 3 SEM) o,
bl w08 Oldgl SnS g S Sles )
9S85 I3 (omin 3550 S5SL &S 93 e pln o Jb
Sb Cores 1ol el o, @l 34l a5 ol plis s
2 p59See B chale o ab jeSde lag Sl eaile
2ol 5 S chle s 5 Lssa 65l s e
robaicals (FasS 3l Gegl GesS s skdlisl (5551
sledsbs 51 CEM )iy, (5395501 o5Sms oo 41 Ly o
FB (S59098 90 Dlpis a5 ol lis pleys cod oL ST
ools 25 0,8 Shdglh b jlass 5l e ok slas 0 s
o cdld om Gldel a5 wes e plis mlbicwl
008 Jebnd lp wlge &5 Wl 68 DLt
S6)aigs oolitul gjlon 5 pae Slapslsly e
oy gl oYU og,Seedd idi yol> aslllas asilen
anllas b oael caws @ ol b gllas DlS 5 sas o )Lt
@ 095 Sldllas ,3(Y+19) ) Ken g Dakal.col oog yol>

Mz 4 odd pylie Slas Sl pooym Oldgl 3L )y



"W e g (o SLl Ghg)y 4 Ol o gy paduw b oyl 0,5930

ause e axg B iels colls L Solution blending
Ol sl eslaul jo comal Pl OIS alex 5l iz )b ploml slo
ol 50 oud plowl Sligdiod el 5 (S5 s9b radlioe )
e 08 Gl SL p o S Sl e 4l
Sglis Kl & Sl b Ghie 05 slas L 4 Cannd
olpd 55 d92ee UL oty Jlade 5 Jobe ojlms o

colyil sl
0,5 &35l 5l e oole e a5 Ll 5l ) ogdle
0> 5l 5 ol e (250,80 Suals leslaial Cg

G 5 il Gl 1A il o Slez o lailil [ 5lxe
o, Oldgl cuzm pl 5l g o)l sezy 2lde eole o

il ag,Sedds Slge gz seslie 3Kl il oo

Reference

1. Khodashenas B, Ghorbani HR.
Synthesis of silver nanoparticles with
different shapes. Arabian Journal of
Chemistry. 2019;12(8):1823-38.

2. Khezerlou A, Alizadeh-Sani M, Azizi-
Lalabadi M, Ehsani A. Nanoparticles
and their antimicrobial properties
against pathogens including bacteria,
fungi, parasites and viruses.

3. Deus D, Kehrenberg C, Schaudien D,
Klein G, Krischek C. Effect of a nano-
silver coating on the quality of fresh
turkey meat during storage after
modified atmosphere or vacuum
packaging. Poultry Science.
2016;96(2):449-57.

4. Roustami abolverdi F NM, Dadfar S.
Production of polyvinyl alcohol-
hydroxypropyl methylcellulose
nanocomposite  containing  silver
nanoparticles and investigation of its
physicochemical and antimicrobial
properties.  Twenty-third  National
Congress of Food Science and

b 5lo,d 3l jeax wwl Glp g A oleewd
zhw Gioles b oads (S5 Oyl solaiwl UVv-VvSs ST
S5 51 gl TAS ge Jobo 13 ppmdly Spmne i
JoSi5 5l Ol 59y GBey el ol JSCAS o )E
L ooy &l,3gb &lyd ol g JLislugl ol bl &34l
b ol SEM) s, oS0 osSus Seo
P ewpn D90 00l dd (Shjereliel pld ol Sbas
oSS skl J(ATCC 8739) Is Lus,al spSL
ol LYl a5 (V) 25>3(ATCC 6538) 05,1
O3 gl 09,500 wd il g 00gr Billae b aslllas 3l Jol>

U P SR PR

s @ pSoilail miens sl cletle)l ool
Sl g SorsS bld (teS g (Sl cbld o xS
ey 30 a5 J8 Slalllae 4 azgi b g(ad 5l Cailes dla
JurSsl o8 CujoralSoil 5 o)k (o9, Sen sl Conols
b G ol jo o] Cews 4y s cdllas g 09 ool plxl
1,36l 5l eolawl ciS lgi oo (B 4 oud ploul Clalllas
IR el s e i Slge gty lagidey ) o)8
W b aSbh gdon (2158 lge sba yae Job g 5 B uile
5 lag oole 4 olend sla S0938 5l eolatuwl 5l oges
@ dndo bl pas 5 ol oog iy R Grizee
5SSl (238 Slge 4 oy 0 Wil e elany arme
4 0,85 dlgegil @dly j0.00l 00isd Sgupy e lare Laa>
Slaog y> Sate )b A 9 Vb e 4 mhaw S o
S s 5 beasill)ly Soe b wiilgs oo 9>
) o> plpSbas elss 5wl atshy g in ol
Obey 3 ool Jo 4y K08 psm slates Glis 5se
9 e JAS5 08 Gla S gl s )3 olerd b
B oy 4 alejl (s ndy S5 g eads i Slgasils o3l

ey N ol OieelSel oy imen g cop el




Ohles 9 (5938 (el

A9 olo cpoge 14T 0lod o j bauxo (5599055 9 pole ¥

11.

12.

13.

14.

15.

16.

17.

Panpaliya NP, Dahake PT, Kale Y],
Dadpe MV, Kendre SB, Siddigi AG,
et al. In vitro evaluation of
antimicrobial  property of  silver
nanoparticles  and  chlorhexidine
against five different oral pathogenic
bacteria. Saudi Dent J. 2019;31(1):76-
83.

Cunha F, Maia K, Mallman E, Cunha
M, Maciel A, Souza I, et al. Silver
nanoparticles-disk  diffusion  test
against escherichia coli isolates.
Revista do Instituto de Medicina
Tropical de Sao Paulo. 2016;58:73.
SIMBINE EO, RODRIGUES LdC,
LAPA-GUIMARAES J,
KAMIMURA ES, CORASSIN CH,
OLIVEIRA CAFd. Application of
silver nanoparticles in food packages:
a review. Food Science and
Technology. 2019. 802-39: 793.
Fathifar M SN, Editors. Application of
silver nanoparticles in food packaging.
2016.

Abbaszadegan A, Ghahramani Y,
Gholami A, Hemmateenejad B,
Dorostkar S, Nabavizadeh M, et al.
The effect of charge at the surface of
silver nanoparticles on antimicrobial
activity against gram-positive and
gram-negative bacteria: a preliminary
study: Hindawi Limited; 2015. Article
53 p.

Eslami M, Bayat M, Mozaffari Nejad
AS, Sabokbar A, Anvar AA. Effect of

polymer/nanosilver composite
packaging on long-term
microbiological status of Iranian

saffron (Crocus sativus L.). Saudi J
Biol Sci. 2016;23(3):341-7.

Dakal TC, Kumar A, Majumdar RS,
Yadav V. Mechanistic Basis of
Antimicrobial Actions of Silver

10.

Technology of Iran: Islamic Azad
University, Quchan Branch. 2015.

Mathew S, S S, Mathew J, EK R.
Biodegradable and active
nanocomposite pouches reinforced
with silver nanoparticles for improved
packaging of chicken sausages. Food

Packaging and Shelf Life.
2019;19:155-66.
Al-Shargi A, Apun K, V M,

Kanakaraju D, Maurice Bilung L.
Enhancement of the Antibacterial
Efficiency of Silver Nanoparticles
against Gram-Positive and Gram-
Negative Bacteria Using Blue Laser
Light.  International Journal of
Photoenergy. 2019;2019:1-12.

Ehsani N SS, Familmomen R.
Development of two packaging
methods based on silver nanoparticles
to increase the shelf life of
strawberries. Food Science and
Nutrition. 2017.

Salomoni R, Léo P, Montemor AF,

Rinaldi BG, Rodrigues M.
Antibacterial effect of  silver
nanoparticles in Pseudomonas

aeruginosa. Nanotechnol Sci Appl.
2017;10:115-21.

Verma P, Maheshwari S. Preparation
of sliver and selenium nanoparticles
and its characterization by dynamic
light scattering and scanning electron
microscopy. Journal of Microscopy
and Ultrastructure. 2018;6(4):182-7.
Awad M, Hendi A, Mustafa Ortashi
K, Alotaibi RA, Sharafeldin MS.
Characterization of silver
nanoparticles  prepared by  wet
chemical method and their
antibacterial and cytotoxicity
activities. 2016;15:679-85.



A

e St (ol Ll Shgy A Oy gy po o b 0y 053950 3w

Pooyamanesh M, Ahari H, Anvar AA,
Karim G. Synthesis and
Characterization of Silver
Nanocomposite as a Food Packaging.
Journal of Food Biosciences and
Technology. 2019;09(2):73-82.

18.

Nanoparticles. Front  Microbiol.
2016;7:1831.-

Xueting Y, He B, Liu L, Qu G, Shi J,
Hu L, et al. Antibacterial Mechanism
of Silver Nanoparticles in
Pseudomonas aeruginosa: Proteomics

approach. Metallomics. 2018;10.




