[ Downloaded from nsft.sbmu.ac.ir on 2026-02-01 ]

alp! S18é asluo g 4 da5 pale alxo
85_92 &“—’W 61395 }'ﬁ'."l'; ‘3 o)w ‘MJ}L." JLMJ

Oboj ] 331 30 pauilind’ ST (65 Ay 2 0,8 il (Gudnaiwy o puligy 1 (o)
(Oncorhynchus mykiss) ¢yles'msS , ¥T 38 ople alid 5,50l

5 . . 4 _ . 3 .. 2 . g, -1 .
ShbS deze IS ooly s e dese T2l Lo, Cge p ally B 0 galdly e

hrashedi@ut.ac.ir | Kig 2SIl s oyl e ya5 e0olpas oKl ¢ god (gmsdigeo 0SSN ¢8558 5r 09,5 Lol | Jgtus odinaygi =1

Ol s olpisle Sligind 5 sle oMl ol olftils  Slié aylio 5 pole aaSiils wid )l ulis IS -2

Ol (I 8 EES ¢ s pasihige oSS o g sl5iSTges 05,F wiy) Ll S -3
ol eyl elpaisle o 5 pole oDl ol T olKils «gond 0aStils ¢l ot -4

Ol Ol lg i 9l oSl ol;T olSzils wlils Mol 5 el 09,5 sl uliis I =5

95125 : s pds o,

94/10/20 : 8L o &b

oUuS>

4

ol 50 ales,S L 093 a0 138 (55518 10 (9,5 o o lad cle & ) (gloanslis ax g5 6,8 il 3giL ‘)*" Sud g Ayl
W8S S w3550 3leS 55, YT 58 ale ald soisdien slo g ;0 0,85 Bl3el 0,5 wb Cudlad canllas

Ll o a5 polis aanST (60 (55 00 (20 gy 0,85 )5 gl (gsl> (s (sla by diges 2 by g Slge
4t g bagidy ilwoslel Jole el 5l an as oLl %9 5 U3 b slaidy cudsS SEM (59 Sl gSins Sie
ol 4l 285 )18 5,3kl 590 10900 o jlaslinl Gubo la gy b 3L o odlad o STt 3l (6,551 ¢y gomilisgos
Sl sile az 0 4 sles b sy o 59, 21 314 .7 i Sloy sl 10 5 sanaiug gl Glaibe 3 Gl S, Y153

8518 obsl 00 walh wised b alie o locg Se (S 5)led 5 ol (510055
SSadz yuds dmr iy, 50 5 0 e 59, T 6 Judgre slaySh » W5 5 U3 slagiby (Swjlojl 5l el

Ay et W5 gy 51 a5 b j el Cuangalopur (gla s 3L Ay Sty (5 I sine 513 gy ot ali>dle

oS 555, Y158 ale ald (6,5 aile loj 0,85 &l )34l (gol> (gamaing 5l ool odel Cawd 4y s ulul 5 16 5 doud

D23 e i8N

OS5 VT8 plo (pauilis oS (60 w0, ly3g3L il ganain sla b (Gl W ilg

44z gi b0y os plol (anding 5 st g oad 4l

O 6% e g lisS ()b 5l 5 (e slagdss 35

Ceponl (5 pdyalnd 5 Lapacils )l o o pw 0 s &
(2-4) S ool 2505 st (sloidigy (655 54

ab gloaphd plsisan a5 LacyjslSsib (n il

o s 5 15 ealitl g0 K (san i gl (m,Sen

o i 3 L (gl (slaganata (5) aisl oo o8 4l

dodio ©

34 ol 663 sga> 1389 JLo o 2l adg ol
800 4 1391 JLw o 5 o5 ,l3e 735 4, 1390 Lo jo 4
adpe sl iple oy e 4 az g Lo, 5 e
F g Jom Sl sty gy 0SS as 4 ol
(1) el cenl 1>

JUisil sl )5 4 (651,28 (6l canmo jlam L]


http://nsft.sbmu.ac.ir/article-1-2121-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-01 ]

OSan 5 sy dpan o 08 95U satpatun (slaisy S gy

86

03 9,3 0/005 M AgNO; Jole o (0/4 mg/ml Jglxs)
80 ,o celw 24 ae 4 160 rpm e o b boglses .o
St 0dd Sid dgad cd 00 o 4 0,5 il az o
L of, 5 Sle a>,0 500 o el 2 waw & 5> s
Ag" lanyg sl b es S 134 C/min o &)l 75
Sl gemlidlin 57 g polis wuST (g0 o 59,
2559 S0 SSEM (g S| 0 9S—mg ySu0 2 gl
;! lags (Scanning Electron Microscope)  iug, 59,5
S ) el (gl amo s pgal (e LSL
5 SEM 55 5501 58 Sm o e il sla s
@ ol anding slaidg SEM peas (385 ¢l ol
a0 -170 los 3o abe g 9,0 asl 30 wow
WD50,8 dezmio JolS jobo an B ol ooy I8 ol 3 il
slonl pLs B be )3 (6t 4l g 005 slagidsy
S5 L 0 S (gld yiudiay pmms i 4TS (39
So gl GV 5 ahaie gl (9, B das o3ls ibgy Db
slejldy ;0 SEM oo 00,5 LSas Lla, 9 S50 4y
ol 3 sl gdg S o )5 (S gkiS 5-25) alie
5y az 20yl Sy ool colaiwl 5Ly e 4y oK
ol s @ a5l g 2ls psal Bl SV
KYKY-EM 3200 Jos SEM sSus oo Lawsss pyglas

CIPCER SNPETY SCRII
ao 2Ll b ie (2l Sk s callad (5 puFojlul
05031 (5 bt 3] 65551 s oo 50 laidgy b3S,
U sanain sl isg 10900 s lutl s .(8) wi
900 03ld by wuye yrewile (5% 5) 5l 55,5 olal jo
ai8515 wue 4 J21°C M4l o Slo &lS gYaY
AL 1Al Ko 015 g aliagen 0525 5
Sl i Jobwo 53 (5551 10° Jolas) U5 Loty 3/
(e oF 2k B0 53 &y g 2 oo 0.1) o
(5%5) slasl 4y oyl sloaind (g5) » Lol ad ags
ools 158 JU5 ol Sy 49 5 el geyo yiasiil
b3 52515 107 ppilgs §) ) s O i
Aiod S5y o0l S, pld (59, LY 050 0y AT
slad (L s 5 S 9lz) ¥ ol sy,
(S5 9 9 03l s ey o gl (4X4) Ll
S by o (S p5b 42 18,5 15 (ppmnilise
Sload jl5 0 iy oleod e (55, JolS o il
(35£2)°C ,55LusSil jo lacads 05 (g Ladlrs slaclic

Ly Sy le s ialS csl o) slags leslil b
obes il Bl s 9 g bpaslS g S w ) sl 5k
oo j31.(6) ogi oo Sldé Jgame cuisS Lai> g 5 Bwib
oo asls @P O uLicLM‘)J) » o).cu 6[.%09) ‘:L:)JL)
3,10 8929 51 LS g 5L 5l (maBl 5o w2 (7)) ol
Slmog, S L 598 (LS 0585 (y3: 45 29,50 (oS (8)
10) o3l so Jud i 1, o] 5 4ty Sl slomsil Jows
L 5551 S 31 o 45 s n Lt (025 0y (9
595 iS5 cublB b g (11) onss o 55 DNA 0,5 slogye
2 oo saoled Slalas Koo (12 13) aes o cows 51,
S>o5 slaasls §(14) o, slowl b o s lo &l pis
ol Jobw sLie 10 (15) 0,545 g 0,8 5l oo JuSiis
RHIN

4S Conl (6,59 CandBlS S (TIO,) pouilis oSt (g0
3¢5 g 00iS jaod 05> oolo (lgicds (glod S ok
)l Lg)L_.w.) ) ‘fda_..u Lguwy 6‘)“) oSS @9.“:.»0
i oylojle Lawgs TiO2 (16 (17) 098 o oolictul las 18
0‘5A 9 ‘su.d|)'| ‘n)‘9j ‘Lﬁﬁ)b Jae B oolau! 6‘)‘" liaj.;o] 9)& 9
oiS1y (18) ol a5 1,5 ol 050 106 b eles o
3ty 0 S lwJlsd e (6l TiO, (olortg28
sole SO lgmeans (16 19-22) 5 )ls 0 5 LS o Kalsl,
Sbls an 1) Gloaylss ax g5 TIO @l)d cyas oL Sbas
sladlo )3 (el g plys (silanly b 055 lo Sy
2bySboss el (23 24) wlesges cd> 095 4 5]
(25 26) Wb o ialdl o @ 0,8 0938l 51 )0 TIO,

» c).cu 9JLJ (G dus Lngwy Az gi aslao ‘-}J‘ RV
Sl Lol s9Sead cllid 5 LSl (o) 5 TIO, 4l
99 y9aie o 09 leS S5, YT 58 ale (samaies
SbSbocs cd b o s 0olel 15 %3 i g ages
SLes slaoils 8 A Lt 3l 5 2Sb Jlie 5 o ity
b dlie ;00 b g 288 13 o)l 9,90 cilisee
Bsigygdlge o
ool S5 J 561 (TIP) ol S 055055011555 150 g0
A oledl S S, 5 51 (AGNO3) 0,85 &l s o %65
PR
5 Ji"de b9y bawss TIO; IAQ/TIO, o jauols 93l dned
i T Ly pglagd S 5,550 55 (35— bgles L
HNOg: C2H5OH : Hzo CTIP = [4] : 09_: gy u._)l LY
o § o o8l e axan 4 J5 4 [15] : [80] : [0.32].


http://nsft.sbmu.ac.ir/article-1-2121-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-01 ]

87

1395 5L 3 o)ledd qo23jl Jlo eyl lié mlio § 435 pole Al

badl e

Al (eSS TIO, olyd sl saslie LB TIO,
Uiy g s Ln Jlien 5 5 g oins ol o5
45‘51L>).> Qiloads 4.>515 0,35 C)bS}.iLi “5>‘53 6_'}).3 5 ]
Wil oo odalive JB 55 0 jkie (538 IS

S1{kham)

20KV  15.0 KX 1 um KYKY-EM3200 SN:0389

20KV 300KX  Tum  KYKY-EM3200  SM:0389
s Dns 3 e (G o 455, SEM 551 JSCi
o sy (o

Sl 2 Ui a ligy (o2 Sl b cdlad s
s I3 (idigy walds Wigad po A5 Lty 15/ sl ST Slaws
ot g amls j0 i L olaws Lams e ylas |, %5
pled 625U b oS o0ls lis 1) iy liae o i 43
ol o 0 42lS (5, Kz b 4 (5,5 olass 1 W5
iyl 5 7S aby 2lS sl B oLty 1 ol
gt o oonlie 2 S 1o 45 jabislan cans oo olii LS
5 Sl i 3 (b SIS gy (lySL as ol
i )8 S o ) (A5 Lt 3 (655 0, D gy
as ol plis 1 il lg anims Jgas ool osls ials
ao;0 D a3 (A Ly slags S ol uSke
e o Se

10 ccelw 24 b jlow .o 5 )8 cel 24 os o
2 55 oat e OF 1) B O 1y oy 2 s
5 Ldlome slid (g2t (sl (e T 2 Le 100
Oilimwgs dy il Sl pld Loads (155, adnd
O 1515 st il shen 10 o) 57 18 ool 050
b 5l e SO (0t B e gt 6l oS U
G3lod) Fly O Sdiske 9 50 5 aLbl onh atus
i S aiges byl (oo O 28, o 515 s s (oo 5
o cel2d Laco b .cass Jime 5T cols el dame
STl 5 slaccly s 5518 51550l 5 (3542)°C
o lS o leds 5 25 ,5LsSil 5l el 24 51 am oas
aged Ly aglio 0 15 53 gy slaaises slocely
(4) w555 aals

ST 3l OleS 505, VI3 ale (oolo (29550 (3905
Jsb 5 £55 340 (55 L oaiy g 4 plal Jlad o o
g elrl (a0 p 5l s 0 4 yeule 31
2 ple adid g ptnnd o pw O L s il g sLio|
L o c il Jiiie oSt lojl 4 o sloaneS & jgloxe
ools iy ol cingS 5l 0,5 1 lakad 1> IS
I35 53 sl iiisy 5o Syl iy alewser 5
25 St (Joone ;5,8 S )0 wall diged .8 S
21 51407 ao b jlom ol S axy0 4 sy
L Cmgoloyw sLas iS5 sslen edgie slas S 59,
PCA [LST ciils ey g5, ombins CuiS s, 5l eolizul
b g late pos . aiacs b,les (Plate Count Agar)
5l asges 2 .000ms 4 Jlg e 9 BT ilS el cns
pr5 1y ailoy o 5l ale sl %5 53 clo g,
Aelyd gt Dygo o 5l g S e O L ale
2By o il e 1 pliee b 4 Sl 090 sl
Sy s vy 4 BT Sl coly lae 9 285 18 oy
48 5l an il Jdsire locs Sl iyl ad 00g3dl
Lo 5SL (b )leds 5 (30£2)°C (sles y0 (gmalisSil el
plasl 1°C slas 30 (y50slisSil 55, 10 51 amy cengolo s
plosloals asgel b amlie ;5 5 2L 8L (3)led 0l
RO

Nl 5l ool b gylal Jeloss 5 4325 1 g slal 5L
o plsl (Anova) (s el Ll 3, Lawgs g SPSS 20
Gosine s (et slp 3030 5 a0 (5SSl (a5
A ool EXCEl-2007 51 o gas puey (515 o oolazwl


http://nsft.sbmu.ac.ir/article-1-2121-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-01 ]

OhSer 5 ssly b [ o) 6L (st sl jidey B o) 88

5o Laools Jodo 5 a5 [ Lo (229,500 (y903] g

ez 3 6 S et Sl
slaicsg) JLes 65 ,LS 4 aas o plis 2 Joax

stacds (P<0/05) coul oy S g (956 (somaing ‘j 12

5 @5 LplasSil el 48 5l asn oads (5,138 wilbe S _3 6 T

3 (slo sy aigei s3lem Jdgre slas Sl IS (b lesd 9 4 i i lE
Jelos 5 4o ans Gl5S wals aiged b avlie 3 %5 ; 2

slogioin) Lo x5 LS4 was e oLt Laosls 50 : :

oslemd &l eis (p<0/05) ol 009y ylo e ((gos dins ’851 L 143% 15%%

G am g Lol o ools oylas @3 S o bas iSL LS %

J-BT 55, U o 55, 5l s Sl ot lsee il g B

Joiae 2L T (slajs) 5o 0y oty sl 009y 4z s Glogids )0 (A5 Lty 23l (6 7Sl ahy Dl s 2SS
6L ol o Lagsy ol o sty B Sglis oS 00 clise

(s .)._35) 4_>)S 21 9 14 ‘7 Lng)ﬁ) BLR Gl 00 oo lico way Ls:l.;]..fb o MJL‘B wb)ls o 1J9~\’.

30 g 005 pSKed iulidl ol Laloogs ‘sw.ﬂ)sl GOga> oy oS o s ol ol

Sl 5lhacil e el g S 0l Gl 4 O Lt 3l (5 551,

Y] )'“"U ‘}f )9"‘"". R )“)cs'“"“’ 7 )9 G %3 U 1772 2 e

Jol 59, T 50 Sl Jdgie slas iSh ad, oliee 50 %3 0/291 3 s
ol alido LB g0 6 s

0/05 b 0 b *

e LS K L e R )98 i e S 5580003

12 . . a
3 10 —1 ()
o 8 5
3 -3
o6 a
g
)
o 2
o
\S 0 T T 1
0 7 a3 14 21
S L e Gl )58 Ji s 3e IS 5 SLO05
12 a (<
3 a T
w, 10 ab 1
3 8 —
26 3
; a a
\% 4 a
(@)
5 2
‘.G O T T T 1
0 7 555 14 21
o)l o ;o M0 by (sl Judgre 5L (5 039,21 Sloj o3l S 0 M3 ity (s5lge edgse 55 (Al ST i jles 3 S

039,21 e


http://nsft.sbmu.ac.ir/article-1-2121-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-01 ]

89

1395 5L 3 o)ledd qo23jl Jlo eyl lié mlio § 435 pole Al

ole (09,50 9051 40 b (omaia la by (Wbly Julov . 2 Jeuz

21 39, 14 5, 7 39, (cozs )'léT) 722 35, oz a0 &l
4/306 2/905 2/403 0/050™ 5 S
0/160 0/091 0/051 0/141 6 as

7 5555 o 5, 5l Lacs iSLy o) (ol ;0 13 gy
L 7 55, 50 oialidl ool canl 00,5l 0929 4 (pols oglis
2 LS o) Gl 5 cloogs o ixe 14 5,
Ay Glie (e s Zewl 00k (515 2152 21 514 (gl
039 StS 2L B T (gl 5o (a3l 59y 4 S 5551y
slagySL o) olie 0 h3 ity (S jsbay ol
sl gl 2 5b cawgole

25 gy ol slag Sl i jladd Dl i
Slaod S Joges 0 ol odal o pgas 4 o4 S
o 535 3 Cagdlo e glas Sl 0k oliee 5 MO sy
las S wy Blie )0 (i el 009y az g BB T 59, b
Hlccwl sois saslie 21 L5 14 55, 51 31457 54, 5
7 5555 Cmgolo o slns Sy 1 45ty (S lojl
iy e 3 05 ity p3ls IS jsbas il Jls ine
el 5, T Ssgolo s slans 25

0/05 T yd gl e *
o sixe BB 5525 pae "

Gbsr S5l Jedgre slasiSh (S S8 )led Sl pts

-3 USs Jloged 4o el oad sols lis =3 UK 0 %5
035 yloixe 159, 5 yao 5o, 5l s 28 ady (liee o
sois edalie Slasx il 21 54,67 59, 5 Jg ool
Sl xS R U5 Giig Saijleil plces ssalie B
AU jeban ol Saia 155, U slse Jodose
595 1 ils Jdgre slos Sl 0y ol 05 gy
5503l 5l 55, 10 51w 0ats (508 wilbe 3 slacly

Ah oS anls Aiges b avolie 0 %5 5 %3 sla jiigs
610957/ csgole s sLings S 00is o jlone 0>
IR S5 4y az g b sl o ool oLt A S 4o

e 2815 s g3 s (6 D . (s 53 a5y (5 K003
8 a a 2

T}: T
\\ﬁs 6 a a
: ab
3,
-
9
D2
(=)
S
“‘3 0 T T 1

0 7 ) 14 21

10 e WS i sa s 5 L e B 5y o g3l (558G
. a (<

3 a —=
\ s
\%5 h’/ T a
3° T b as
.
9
)
g’o T T 1
‘G

0 7 ST3) 14 21

0395 21 oy o3l oy M gy (5 039, 21 Glaj o3 S 50 U3 gy (il cunogoloyus (slangs 28T (1 lens A SISl


http://nsft.sbmu.ac.ir/article-1-2121-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-01 ]

O 5 (gl deos /o 0,85 U (gldiny gl yiubgy yl o)y

90

rodn 9 S5 elewgole o slas 2L 0588 35 (sl
855 138 2 9590 (29) il LSe 5 5053 L
3 dga> (5 g Bae Job o lag S K oles
0,5 oy Sals sals diged 4y Coud (ool ) IS

ol iolie Ay 4o 0 (6,50 al i Ol adss
adpdy bl bg 25l Blie laaiss 0,8 (Swi)losl
4 a5 0,8 &gl 5 ((30) o, Ken g sblow] ol .l
955508 Sl (o) p Sl dad o oloend bl
Bl 3l g posdysl (655555l S Ls 95 1 0
Caglie a5 ols oy lis Loyl olalllas .o 5oges solisul
S g 55 ol Sl ay S 0,85 plp o LSLody 0]
Sl o D35l Saslosh clale o aS  cl
Cowds 10 ppm USLes 120 9 5 pPM ugd g/ S5 gloslinl
g9 90 o JolS cyidy s 5l el 50 ppm cdalé g el
L N SSRY PR SCH B O B W RVt F
ol ()5 slid glls (i 05 5L SO e
LT iy deis zals el o5 osg oy 5L Lo
030 (29,50ens Jalse Jlie

sloaus 150 (31) o), Lsen 5 5 ledlove won Jlo
2o g e D3l L g Jeaisedol ) sl s ey
oS pLl ] 5 Lo Lo eoligiSY (Lap, 3 L5 05,5 ialS
Sl 8 ey 9550 59,28 9 1A T L 51 Gy 1y ugis!
Gy oS Caely 0,85 Ol,3430 b oadz ol (gaiding
555 14 ©33S ) Gy & 5k a1 0g: L 8 L5 (e 5o
odalive g0l L S G 090 50 LialS ((5,l0aSS
gy 3 oA DG dinny yudy 5o Lo Ll s TY l5e 0l
352 51, 6 S silidl &gy 0,8 lydeil b oais ZM)La
3)30 95 Ao 55 usdygf uphedliw] (il ¥l g, ols (las
ul)o}:L_) Ll ol C)Lo‘ [T SEL W) a5 O yg0 U“" A .09 J.J
59528 <338 5l ey |y ralS (o S S S 0
o, Dl pdgils as ol lis gdsd oliole s
o S gl gganaie p | s bl o9,Ses
Sl il slaaiss (ol €l oS o35 b
ol glaa

a2 oo lis K0 lllas g asllas ol 5l Lol> ol
iz L§L°4’9§ 6‘)’ O)AJ g.)bb 9.;[.: @5;"‘ RV uob} as
5 0P SlS 5 (F g Jdo 4 sl e S5l (S
Sel plp )0 polie slag JLSle JbL 4 Koo (S 0
135 clile wyl bl ran dr oSl 0,8 g ,Seend
Olywo azg Ly Pl sle b ;0 00l 0oy S 0 8
35,5 e 0,85 pl y0 oL SL i sledaigT Caglae
550 sl ojl B 5l ey i onle b Sl L L
S5 el e w5l

WL TR

Pl a1 3 Al 1 0,8 Sldgil 5l asdllae oyl 4o
bl sl jybate 4 (09U Slagtds i sl
Sb) ey GalS gl D35 ol 09 Seend
oolaiwl leS (1. 355, YT 53 oale ald jo 04290 o Kalaily,,
o 0olal 105 g 13 Ll Lidigr Ages 98 ¢jglaie (pds .0l
2 j5me SEablyy o Lol 51 oSy ()35 8l ol
S St Jols anlllas 5,50 slags i 8)5 )18 (o)
Sl 35y Cgolo e Lo S 5 s5ls S
L)l 6l )l (o St (g g (0950
JloS 9 an 2 5l ey ah (B Lo S ) e
Jd=s g, 9 5PSS Ll580e 5 5l eolawl Ly (goae slaosls
0 L Lo i ol 0,88 (55138 51 lie oslel

sloassS adgl sloa Judgre slas,SL (5 b)led
OS5, Y158 asile e bl plamle il
s> adsl (oL SL L ol sl s 6 logSTU/
ol oale CiS owims (lis 4 g (4 10gSTU/g)
syl mme 155, BB gy 5o lois Sl (IS i jlad
3 (@ 10gEMU/g) spui < LS L e (p<0I05)
5088 Sl ol beads Jlo e 7 55, B (5,045 0,90 Jgb
A 25 JS LS L s 0aKS 59, 14 51 o U5 auy
Sl 3l ooy GLts a5 o 155 6 10gCTU g Jss L3
Gl Sen g o0 by ol Gudizs . col 5 gl idgy
h2 ol ol L b oo oylis aS b pdy ploul (27)
) sYeS Lo il oo,y g, 28 cundS 5l a0, &l,3gi
o iz A2 e GhalS e S S B 1
%2.15 59 >g 45 ols (L5 (28) il ,LSan ¢ blgl L
Silbw b p 35 sl Qg iedgy 50 0,8 )34l
el B Va5 L5 5

s ligagdg (sladiss oim gt Cangolow slacs 5L
Gl s 85 WS e 58 |, Sl siand 5 5L slage 5
Cesgdlo s Sl s S g oo (FFA) o3 yz (slaan!
adei b g a5 55e ol bl jo o iSL plo b auglie o
Sy o5e 5 2Bl isy 5 e i sl Laall 5 Lo 58
5° Cegole s (Slas Sk jlome 0 (n iy Wb oo (2138
s S Glsen el 6 100U/ LS 155, VI35 ale
Slas L a5 s (414 10gETU/g) sga> adgl cangalo o
ol U3 Litgr b (s)lo e gles vl diges Cawgole
14 55, U Lo,u %3 s ,o a5 Jb> o P >0/05) sl
od drog Joud BB o> pj Cewgole pu slas S slas
Cgolo s sLa s Sl et s 5 l55 (6 1ogCfu/g)
Sl 45 0 50 il o e 3, 7 Ls %5 g
J3=3 B o> 52521 55, 5 cmgoloyus gloiSLy
S sy g Seens s 5155 (6 1ogTU/g)


http://nsft.sbmu.ac.ir/article-1-2121-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-01 ]

91

139

b 3 o)l adil Jlo cylpl ol mlio g 435 pole e

References

1. Mirnezamiziabary SH. Principles of Food Packaging. 1st ed.
Tehran, aeej 2010. p. 210. [in Persian].

. Foroughi S, Dabbagh Moghaddam A, Ahari H, Akbarein H,
Anvar AA, Aghazadeh Meshki M, et al. A Survey on the
shelf life extension of foods with nanofilms. JAUMS
2011; 9: 13-18.

3. Shahbazzadeh D, Ahari H, Mohammad Rahimi N,
Dastmalchi F, Soltani M, Rahmannya J, et al. The effects
of nanosilver (Nanocid) on survival percentage of
rainbow trout (Oncorhynchus mykiss). Pakistan J Nutr
2009; 8: 1178-79.

4. Soltani M, Esfandiary M, Sajadi MM, Khazraeenia S,
Bahonar AR, Ahari H. Effect of nanosilver particles on
hatchability of rainbow trout (Oncorhynchus mykiss)
egg and survival of the produced larvae. Iran J Fisheries
Sci 2010; 10: 167-76.

5. De Azeredo HM. Nanocomposites for food packaging
applications. Food Res Int 2009; 42: 1240-53.

6. Sotiriou GA, Pratsinis SE. Engineering nanosilver as an
antibacterial, biosensor & bioimaging material. Chem
Eng 2011; 1: 3-10.

7. Liau SY, Read DC, Pugh WJ, Furr JR, Russell AD.
Interaction of silver nitrate with readily identifiable
groups: relationship to the antibacterial action of silver
ions. Lett Appl Microbiol 1997; 25: 279-83.

8. Morones JR, Elechiguerra JL, Camacho A, Holt K, Kouri
JB, Ramirez JT, et al. The bactericidal effect of silver
nanoparticles. Nanotechnology 2005; 16: 23-46.

9. Matsumura Y, Yoshikata K, Kunisaki SI, Tsuchido T. Mode
of bactericidal action of silver zeolite and its comparison
with that of silver nitrate. Appl Environ Microb 2003; 69:
4278-81.

10. Gupta A, Maynes M, Silver S. Effects of halides on

N

plasmid-mediated silver resistance in Escherichia

coli. Appl Environ Microb 1998; 64: 5042-45.

11. Li Q, Mahendra S, Lyon DY, Brunet L, Liga MV, Li D, et
al. Antimicrobial nanomaterials for water disinfection
and microbial control: potential applications and
implications. Water Res 2008; 42: 4591-602.

12. Feng QL, Wu J, Chen GQ, Cui FZ, Kim TN, Kim JO. A
mechanistic study of the antibacterial effect of silver ions
on Escherichia coli and Staphylococcus aureus. J Biomed
Mater Res 2000; 52: 662-68.

13. Russell AD, Path FR, SI FP, Hugo WB. 7 Antimicrobial
Activity and Action of silver. Progr Med Chem 1994; 31:
351-70.

14. Sondi |, Salopek-Sondi B. Silver nanoparticles as
antimicrobial agent: a case study on E. coli as a model for
Gram-negative bacteria. J Colloid Interf Sci 2004; 275:
177-82.

15. Nover L, Scharf KD, Neumann D. Cytoplasmic heat shock
granules are formed from precursor particles and are
associated with a specific set of mRNAs. Mol Cell Biol
1989; 9: 1298-308.

16. Fujishima A, Hashimoto K, Watanabe T. TiO2
photocatalysis: fundamentals and applications. 1st ed.
BKC Incorporated 1999. p. 205.

17.

18

19.

20.

21

22.

23.

24

25

26

27

28

29.

30

31.

Fujishima A, Rao TN, Tryk DA. Titanium dioxide
photocatalysis. J Photoch Photobio C: Photochemistry
Reviews 2000; 1: 1-21.

. Chawengkijwanich C, Hayata Y. Development of TiO 2
powder-coated food packaging film and its ability to
inactivate Escherichia coli in vitro and in actual tests. Int
J Food Microbiol 2008; 123: 288-92.

Matsunaga T, Tomoda R, Nakajima T, Nakamura
NORIYUKI, Komine T. Continuous-sterilization system
that uses photosemiconductor powders. Appl Environ
Microb 1998; 54: 1330-33.

Sunada K, Kikuchi Y, Hashimoto K, Fujishima, A.
Bactericidal and detoxification effects of TiO2 thin film
photocatalysts. Environ Sci Technol 1998; 32: 726-728.

. Duffy EF, Al Touati F, Kehoe SC, McLoughlin OA, Gill
LW, Gernjak W, et al. A novel TiO 2-assisted solar
photocatalytic batch-process disinfection reactor for the
treatment of biological and chemical contaminants in
domestic drinking water in developing countries. Sol
Energy 2004; 77: 649-55.

Maneerat C, Hayata Y. Antifungal activity of TiO 2
photocatalysis against Penicillium expansum in vitro and
in fruit tests. Int J Food Microbiol 2006; 107: 99-103.

Sunada K, Kikuchi Y, Hashimoto K, Fujishima A.
Bactericidal and detoxification effects of TiO2 thin film
photocatalysts. Environ Sci Technol 1998; 32: 726-28.

. Hagfeldt A, Graetzel M. Light-induced redox reactions in
nanocrystalline systems. Chem Rev 1995; 95: 49-68.

. Vamathevan V, Amal R, Beydoun D, Low G, McEvoy S.
Silver metallisation of titania particles: effects on
photoactivity for the oxidation of organics. Chem Eng J
2004; 98: 127-39.

. Zhang X, Zhou M, Lei L. Preparation of an Ag-TiO 2
photocatalyst coated on activated carbon by
MOCVD. Mater Chem Physic 2005; 91: 73-79.

. Damm C, Minstedt H, Résch A. Long-term antimicrobial
polyamide 6/silver-nanocomposites. J Mater Sci. 2007;
42: 6067-73.

. Saravanan S, Nethala S, Pattnaik S, Tripathi A, Moorthi A,
Selvamurugan N. Preparation, characterization and
antimicrobial activity of a biocomposite scaffold
containing chitosan/nanohydroxyapatite/nano-silver for
bone tissue engineering. Int J Biol Macromol. 2011; 49:
188-93.

Fernandez A, Picouet P, Lloret E. Cellulose-silver
nanoparticle hybrid materials to control spoilagerelated
microflora in absorbent pads located in trays of fresh-cut
melon. Int J Food Microbiol. 2010; 142: 222-8.

. Asadi M, Khosravi-Darani K, Mortazavi SA, Hajseyed
Javadi N, Azadnia E, Kiani Harchegani AA, et al.
Antimicrobial effect of silver nanoparticles produced by
chemical reduction on Staphylococcus aureus and
Escheirchia coli. Iran J Nutr Sci & Food Technol 2014; 8:
83-92 [in Persian].

Abdossattari P, Pejghambardoust SH, Hesari J,
Peighambardoust SJ, Rezaie Mokarram R. Application of
LDPE Nanocomposite Films Incorporating Organoclay
Modified with Nanomaterials in Packaging of Lighvan
Cheese. Iran J Nutr Sci & Food Technol 2015; 10: 47-56
[in Persian].


http://nsft.sbmu.ac.ir/article-1-2121-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-01 ]

Iranian Journal of Nutrition Sciences & Food Technology 92
Vol. 11, No. 3, Autumn 2016

The Effect of Silver Nanofilms based on Titaniom Dioxide on the Shelf-life of Rainbow
Trout Fillet (Oncorhynchus mykiss)

Rashedi H*!,Partovi F?, Fattah R®, Khalilzadeh Kalagar MA*, Khiabani M®

1- Corresponding author: Associate prof, Biotechnology Group, Department of Chemical Engineering, University of Tehran, Tehran,
Iran. Email: hrashedi@ut.ac.ir

2- M.Sc, Food Science and Technology Group, Science and Research Branch, Islamic Azad University, Sari, Iran.

3- M.Sc, Biotechnology Group, Department of Chemical Engineering, University of Tehran, Tehran, Iran.

4- Assistant Prof, Food Science and Technology Group, Science and Research Branch, Islamic Azad University, Sari, Iran.
5- M.Sc, Agronomy and Plant Breeding Group, Islamic Azad University of Sabzevar, Sabzevar, Iran.

Received 10 Jan, 2016 Accepted 24 Apr, 2016

Background and objective: Recently, silver nanoparticles have attracted a growing attention in food processing due to
their antimicrobial activities. In this study, antimicrobial effect of silver nanoparticles in rainbow trout fillet packaging's
was investigated.

Materials & Methods: Two samples of nanofilms containing silver nanoparticles covered on titanium dioxide were
prepared. First, the quality of 3 and 5% nanofilms was assessed by SEM electron microscope. Following the preparation
of nanofilms and a bacterial suspension of E.Coli, the antibacterial activity of nanofilms was measured according to
10900 standard. Rainbow trout fillet was packed in nanofilms and stored for 0, 7, 14 and 21 days in a 4°C refrigerator,
and total bacterial count was compared with the samples without nanofilms.

Results: The inhibitory effect of 3% and 5% nanofilms on mesophilic bacteria was significant till 7 days, and no
considerable change was observed in the following days. The 3% nanofilm had no significant effect on the growth rate
of psychrophilic bacteria whereas the effect of 5% nanofilm on the growth rate of pschrophilic bacteria was significant
for 7 days.

Conclusion: According to the results, utilization of nanofilm containing silver nanoparticles increases the shelf life of
rainbow trout fillet.
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