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Figure 1: XRD pattern of bentonite sample from Dyhuk, Tabas area
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Figure 2: XRD pattern of surfactant modified bentonite sample.
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Figure 4: FTIR analysis of raw chitosan and AgO-chitosan composite

Wil YL cas base o LSt s SleS s G bty 65SL i Somd gy @S w2
b oo o ol Sl 5l (g i alold b L ST 2o Sl 5 G5ime Sl 5 (o) S 4 S
33 e JuSh (T oS 5 90 50 68k wd; jlee (Sl A S Comslas (pl azye g w200 LS (029,50

A%



o8 ) sl S LG a3 s

sobilen 0l oo wlegy pomigel Jie (65 Jomsol
oSS g ol 4 az g5 b ol et S5 5l a8
ol (99,80 aS Cunols Cudgin a0 JslS
bl eads Golejl (95,500 0o oS5 0,5 a8
@ d g pS e YABY 5 FY/AD oie 4 MBC

05.14.9.;30‘”‘ 5\‘ )bu.u)s

SX by (6 1L Wy pas A 51 Jol> @ulis 1) Joue

(0 (o cons )
Table 1: Zone of inhibition results agaist Yersinia
ruckeri (mm)

s3> oligss gy Sy oligks &g5
0 5 S| 0w Lo I e bt
oIEYE- DY UAESIAYS 23l a3 L
Al Al <5,

Sy Jewol i S90l5 ColiSE e b oo Mol cl>
5 o8 ST sl (g 5 wlen paidsel e
g Jalis sla 09,5 o wawl oo 00,51 Y o lei Jgux
09,55 esaliv (65wl e Hled e sl
(O JSs)
95w do Edled IMBC g MIC yl5m0 oy
P oo JS5 53 o) aenS] (sl 39S CujgeaS
obos Gl b mg,See wd Casls Canl 0al 03,4
Wl Gl agSee wb oole Jlade Ll g eles
e 5 085 58T sl (IS (5Sm 0 St
Jaie 4 MBC lyls Yersinia ruckeri sSU
sllas ;3 MIC s 09 yid 5 )5 e YAIOY
VEIYA 5l 2aS) 35 MBC ladie 5l a8 oud plowl
o Zools Sk Voojled IS eSS e
Sl Sl e b ooad ol Cudgiy (9,50

9 (4.49\ o)) ‘5’9.»;[5 wm)s.w b [ CN.»A‘ g A.)LHS)J ..\.:b) pos db 0 J&J»

G Lo . (6551 ade (Cawly Caoww) 0,85 ST (59l 39S
Figure 5: Zone of inhibition of surfactant modified bentonite (left) and AgO-

chitosan composit agaist Yersinia ruckeri

AT
= i
0 B
gl s
) .
£-1 F/
B .

/ x

Reduction log CFU (%)

]

P

Comeentration (mz/ml)

ilisio (b sloud 58 (5551 Liww p2 6551 Olime (SBS p2 0,85 dnST (g9l (395 Cu jgmeS 5151 Jolo gl 7 IS
Figure 6: Percent reduction in the number at different time and concentrations AgO-chitosan composite.



Ol oM gale lae

e |

_ x ;
£ i
3 i
o i 10 min
7 /
g '4‘ ® =30
= !
F] i ke 1
g {
2 o e 3
T ]
e i

i

TN s M g B 85T 1w

Concentration (ngml)

w0
o
- *”
E X6l
J
w oen2
- 2n
g w240
g 7
=
6
95
M3 e 4285 Sl e BT 10 I3 s s
Concentration (mgml)

g g ylowd 50 65Ty Loumw p2 538 (yl o B 1 o0 MOl Cadgiiy 151 ol gl Y Sl
Figure 7: Percent reduction in the number at different time and concentrations AgO-chitosan composite.

JAS ez 5988 gils g Bl )0 (98 ws
ol 0050 K5 oawline Ll Sb xS sles e

Sl b sl oo oS g JUib b 2S5
Slsie 5 w5 i BLil b el s Sen Jobo
ilizee elgil lilisd gm 5l aisS Joo 6551 wd Jalge
@l o)l S5y g et 5 Fesl (G Oype
Cllad el CSliSEgw oS ol lis Slillas Sy
(Grant et al., 1992) wls s 29,50 o
LSS g 29, Scne > Collad a8 ol i lidios
Zhi et al., )5l LilSl g Jlsle 4 S
9, Se a5 Cellad oy iy a5 ol olis b (2014
05y 50 S VeoVE ol GilSE e a5 Sy o
Nagamune et al., ) 555 o sdalie w,ls 3454 Ll
ColiSS g ledoSge o miizme bl wlwl » (2000
el Wad (oo L Gare SlaS S mhaw o oS
37 5 i e s 55,5 o bn (52551 S
Ol ;s (GUSE 5 LS 5 lawgs 0ol 2ol (Sl
bl gy, g ool 4S5 ColSE,gm aS ol
LS G ot s Sodgin sl aY 5 (b
Malek et al., ) 5o o LT 028, e 5 Eules 5 Ll &
YEe B y0 odd e Sledlbl 4 a4 L (2016
L ooad ol bome oluSy @8l o el
S iS5 slo JsSge Hlal e 4y bS5
SFSL sl Jsho g aSl (s 00l ol e
Wb oo SlaS S ol e (65) SSlSE 0 Y

sne 3 N LS 5 s 5 00 oailii (g3l Sl 5
Y9

-
5 odbod Jed 5l b oeansS gie as l Ygans
Jolse 51 b sleigae JuS slp (05 coiVle
A e ool ol iyen slalE s I les

0S5 Oyge lprhale jo cunl o SLS S ol o)l
5haby eslaal o B,k 5l asls saas Ll gly oS
@ Gaon il o LS (S wile LSk as s
oy o8 5 053 e by Jlo o Sk S e
SN G Sl ojlgen 5 Lisely S8 sle G
ao OlaS g 1wl 0g Cans pl lsie o
0L el ol 51 (S Wl o0 900 e 00iS (Sske
ol o saxin sl cuS Sgae wo I eslail
Wang ) 5o 5 oo 1y lem e xSL 50 a)ls Cuwglie
S ol ployd jo Cudsge pae (et al., 2007
slagyls yae il romen w5 Geje Sl Lo
Cuoglio g j9iS 50 pywye SlSeisn (5 ol
dog)ls 51 gl pln yo @lie Sl S (538l 5,
3 ookl ancey o dsdlae 4 cpdisne (]S caw
Slrles Jolse Bdm YL clB L pogar oloS s
Y0 Gl Ken 5 Jole)awl o3g0i o2l 8 1, b ST
30 68 OlS 5 awgi cal 2ol codssy 5l ol
Joharietal.,) oo, slobe > ,B sl JpsS
(Sarkheil et al., 2016) ksle oL SL 5 (2013
SIS 08 Uy Cwl A pdy O)g0 Gdie Ly
Sools b Sudgin al p SleS 5l eslitul p (e



o8 ) sl S LG a3 s

Yersinia 551, Liwy Sk elS gl
M sole e . 2Kiole;l Lyl o ruckeri
BN (!

Akmaz, S., Adjguzel, E.D., Yasar, M and
Erguven, O., 2013. The effect of Ag
content of the chitosan-silver nanoparticle
composite material on the structure and
antibacterial activity. Advances in Materials
Science and Engineering, 12:1-6.DOI:
10.1155/2013/690918.

Beppu, M.M., Vieira, R.S., Aimoli, C.G and
Santana, C.C., 2007. Crosslinking of
chitosan membranes using glutaraldehyde:
Effect on ion permeability and water
absorption. Journal of Membrane Science,
301: 126-130
.DOI:10.1016/j.memsci.2007.06.015.

Bestor, M.S., Mustamaki, N., HeiniKainen,
S., koshki, V.H., Jeffryes, D.V., Wiklund,
T., 2010. Introduction of Yersinia ruckeri
biotype 2 into Finnish fish farms.
Aguaculture, 308: 1-5.

DOI: 10.1016/j.aquaculture.2010.08.009.

Dananjaya, S.H.S., Godahewa, G.l,,
Jayasooriya, R.G.P.T., Lee, J., De Zoysa,
M., 2016. Antimicrobial effects of chitosan
silver nano composites (CAgNCs) on fish
pathogenic Aliivibrio (Vibrio) salmonicida,
aquaculture, 450: 422-430. DOI:
10.1016/j.aquaculture.2015.08.023.

Furones, M.D., Rodgers, C.J., Munn, C.B.,
1993. Yersinia ruckeri, the causal agent of
enteric redmouth disease (ERM) in fish.
Annual Review of Fish Diseases, 3: 105-
125. DOI: 10.1016/0959-8030(93)90031-6.

ool b olge 51 S0 (S 5 i Jed 5l st
oolawl O 0des Js.w.n J.vg.u.v P Py @s)iuo o
3 s 318 DS 5 ale 5550 iz SLS 5
o & w3l oo gl o by Ol Qi g o)k
Olas 5l eolasu] il oo alidee slpslasl jo iles
15 05 b 3] adlhe o end ol uisiy ey
(EO9dw Slas ol suis uu)‘)f SH9.r LS)"T [GST SOV-}
2 0 Gl ligeS (9,5ee Wb Zuols a0
Dananjaya et al., ) coul 48,8 &y00 90 S5
ol Sy a5 ol las wlides ol mbs (2016
b 5L 38, om 2ol Gt sla by, 5l o)k
ok JB1o a4 0,8 39i5 4l abexr 5l 050 (e
Sy Jsko DNA 5 6l 31y LS
2N S 0 e WS e ST
colad ogei e (aliySl Jsbe slid o¥els
oarsS ol GlIuoly 0y 5 cendgtew Sl
Oy o 3l el Gyl cnl g 99t (oo sk 0990
OloS 5 as ol las Gadss ol gl 00,5 oo L iSL
5 omlin Sl soliiwl 5,90 JT g Some ool Lo
o &5 wols Glis 293 Sl oy p 990 Sl S Bd>
Coio YL ShE L was olS 2 fleie 4wy

S 18 ool 5550 559065

SNy g JSKiS
Seid Bl g 409 (yoges palp Ll 4 pledol
29h (o0 (6l Kl

P W
9 .‘ ‘t;;LQJ"‘ ‘.é 5‘#) 5.5 ‘659.?5,.«.» 09&:)
2l (95 CiliSE 9w 9 (ale S —gamul )
B 4.'L‘7J9.MJ 9 Glawsd G‘a...?bo (WS ‘_ng o..x..;ﬂ
FV-F. YA ‘G“’u Ja.au 4.1.7:4 ‘SS9 ‘_g)j UL...«.:
‘.d-’yé‘) d\.g,.@.“ ‘.ﬁ “}.b} 4.1):5 ‘.laé) 5‘5}514 ‘.ﬁ ‘JQLC
oo B obiSh 4o Sl adlle AYAD

AR



o8 3 sl RS LG a3 s

Grant R.L., Yao C., Gabaldon D., Acosta D.,

1992. Evaluation of Surfactant Cytotoxicity
Potential by Primary Cultures of Ocular
Tissues: |. Characterization of Rabbit
Corneal Epithelial Cells and Initial Injury
and Delayed Toxicity Studies. Toxicology,
76:  153-176. DOI:  10.1016/0300-
483X(92)90162-8.

Haldori, Y., Shim, J., 2013. Chitosan-Zinc

Oxide hybrid composite for enhanced dye
degradation and antibacterial activity.
Composite Interfaces, 20: 365-377. DOI:
10.1080/15685543.2013.806124.

Jain, P and Pradeep, T., 2005. Potential of

silver nanoparticle-coated polyurethane
foam as an antibacterial water filter.
Biotechnology and bioengineering, 90: 59-
63. DOI: 10.1002/bit.20368.

Johari, S.A., Kalbassi, M. R., Yu, J., 2013.

Toxicity comparison of colloidal silver
nanoparticles in various life stages of
rainbow trout (Oncorhynchus mykiss).
Iranian Journal of Fisheries Sciences, 1276-
95. DOI: 0.12980/JCLM.2.2014J28.

Li, G.Y., Jiang, Y., Hoang, K., Ding, P,

Chen, J., 2008. Preparation and properties
of magnetic Fe304—chitosan nanoparticles.
Journal of Alloys and Compounds, 466:
451-456. DOL:
10.1016/j.jallcom.2007.11.100.

Lv, Y., Liu, H.,, Wang, Z., Liu, S., Hao, L.,

Sang, Y., Boughton, R. I., 2009. Silver
nanoparticle-decorated porous ceramic
composite for water treatment. Journal of
Membrane Science, 331: 50-56. DOI:
10.1016/j.memsci.2009.01.007.

\RR

Malek, N.A., NurAzalisa, W., Lin, C., 2016.
Antibacterial activity of
cetyltrimethylammonium bromide modified
silver-bentonite. Applied Clay Science, 45:
265-272. DOI:
10.1051/matecconf/20166003005.

Nagamune H., Maeda T., Ohkura K,
Yamamoto K., Nakajima M., Kourai H.,
2000. Evaluation of the cytotoxic effects of
bis—quaternary ammonium antimicrobial
reagents on human cells. Toxicology In
Vitro, 14: 139-147. DOI: 10.1016/S0887-
2333(00)00003-5.

NCCLS., 2003. Methods for dilution
antimicrobial ~ susceptibility tests  for
bacteria that grow aerobically. Approved
standard-6th  ed.  M7-A6.  National
Committee  for  Clinical Laboratory
Standards, Wayne, Pa.

Ozdemir, G., Yapar, S., Limoncu, M., 2013.
Preparation of cetylpyridinium
montmorillonite for antibacterial
applications. Applied Clay Science, 72:
201-205. DOI: 10.1016/j.clay.2013.01.010.

Sarkheil, M., Sourinejadad, 1., Mirbakhsh,
M., Kordestanid, D., Joharie, S.A., 2016.
Application  of  silver  nanoparticles
immobilized on TEPA-Den-SiO2 as water
filter media for bacterial disinfection in
culture of Penaeid shrimp larvae.
Agquacultural Engineering, 74: 17-29. DOI:
10.1016/j.aquaeng.2016.05.003.

Soltani, M., Fadaii, F., Mehrabi, M.R., 1999.
First report of a yersiniosis-like infection in
Iranian farmed rainbow trout. Bulletin-



o8 ) sl S LG a3 s

European Association of Fish Pathologists.
9:173-177.

Soltani, M., Shafiei, Sh., Mirzargar, S.S.,
Ebrahimzadeh Musavi, H.A.,
Ghodratnama, M., 2014. Study of efficacy
of vaccination against yersinosis in rainbow
trout using local strains of Yersinia ruckeri.
Journal of Veterinary Research, 69: 57-63.
DOI: 2008-2525.

Tobback, E., Decostere, A., Hermans, K.,
Haesebrouck, F., Chiers, K., 2007.
Yersinia ruckeri infections in salmonid fish.
Journal of Fish Diseases. 30: 257-268. DOI.
10.1111/j.1365-2761.2007.00816.x.

Tobback, E., Decostere, A., Hermans, K.,
Ryckarert, J., Duchateau, L.,
Haesebrouck, F., 2009. Route of entry and
tissue distribution of Yersinia ruckeri in
experimentally infected rainbow trout
Onchorhynchus  mykiss. Diseases of
Aguatic Organisms, 84:219-228. DOI:
10.3354/da002057.

Tukmechi, A., Ownagh, A., Mohebbat, A.,
2010. In vitro antibacterial activities of
ethanol extract of iranian propolis (EEIP)

pathogenic bacteria

(Aeromonas hydrophila, Yersinia ruckeri

against fish

and Streptococcus iniae). Brazilian Journal
Microbiolgy, 41: 1086-1091. DOIL:
10.1590/S1517-83822010000400030.
Turker, H., Birinci yildirim, A., Pehlivan
karkas, F., Koyluoglu, H., 2009.
Antibacterial activities of extracts from
some Turkish endemic plants on common
fish pathogens. Turk Journal Biology.
33:73-78. DOI: 10.3906/biy-0805-18.

Wang, C.Y.C,, Shie, H.S., Chen, S.C., Hung,
J.P., Hsie, H.T.C., 2007. Lactococcus
garvieae infections in human: possible
association with aquaculture outbreaks.
International Journal of Clinical Practice,
61(8): 68-73. DOI. 10.1111/j.1742-
1241.2006.00855.x.

Zhi, L., Li, Q., Li, Y., Sun, Y., 2014. Self-
aggregation and antimicrobial activity of
saccharide-cationic  surfactants. Colloids
and Surfaces A: Physicochemical and
Engineering Aspects, 456: 231-237. DOI:
10.1016/j.colsurfa.2014.05.042.

ARA


https://www.ncbi.nlm.nih.gov/pubmed/?term=Tukmechi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24031591
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ownagh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24031591
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohebbat%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24031591
https://www.ncbi.nlm.nih.gov/pubmed/24031591
https://www.ncbi.nlm.nih.gov/pubmed/24031591

Iranian Scientific Fisheries Journal Vol. 26, No.6

Study on antibacterial effect of chitosan containing silver oxide and modified bentonite
with cationic surfactant against Yersinia ruckeri isolated from rainbow trout
(Onchorhynchus mykiss)

Shokouh Saljoghi Z."", Farhadian O.!, Ramezanian N.?, Mehraban Sangatash M.?
* zoheirsaljoghi@gmail.com

1-Department of Natural Resources, Isfahan University of Technology, Isfahan, Iran

2- Department of Chemistry, Faculty of Science, Ferdowsi University of Mashhad, Mashhad, Iran

3-Food Quality and Safety Research Group, Food science and Technology research Institute, ACECR,
Mashhad, Iran

Abstract

In this study, the antibacterial effects of modified bentonite with cationic surfactant and chitosan
containing silver oxide against Yersinia ruckeri were investigated under laboratory conditions. These
antimicrobial compounds were prepared with bentonite modified with cationic surfactant
Tetradecyltrimethylammonium bromide and chitosan modified with silver oxide. The X-ray
diffraction (XRD) and Fourier transform infrared (FTIR) spectroscopy for determination of the
structures of bentonite and chitosan composite containing silver oxide showed that the surface and
layer structures of them were changed by modification. The antibacterial effects of the two types of
antimicrobial compounds on gram-negative bacteria Yersinia ruckeri under laboratory conditions were
investigated according to the disk diffusion and macrodilution methods. The results of the disk
diffusion method indicated that these compounds had antibacterial properties. The minimum
bactericidal concentration (MBC) and the minimum inhibitory concentration (MIC) were determined
by the use of microdilution method and counting of colonies on agar plates. The zone of inhibition of
chitosan containing silver oxide and modified bentonite were 5.63+0.53 and 1.2+0.16 mm,
respectively. The minimum bactericidal concentrations (MBC) of chitosan containing silver oxide and
the modified mineral clay compound against Yersinia ruckeri in 10 minutes were 28.57 and 42.85
mg/L. The minimum inhibitory concentration (MIC) of chitosan containing silver oxide and modified
clay in 10 minutes was 14.28 mg/L. The results of this study showed that modified bentonite and
chitosan containing silver oxide had strong antimicrobial effects and the ability to kill pathogens under
laboratory conditions. The bactericidal effect of chitosan containing silver oxide was stronger than the
bactericidal effect of modified bentonite clay.
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