[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

Fil A L
& S\'\ St (94 9 pole dloxo
Sl s EM G 0+Y Olmiio VE+Y (b ) 0l VY 2,93

CNdum 4 (29 55w0 dd awdels (gl Helu bl /oy IS (ITH) u&bi &b o H2S Sus calw
oleS (55, S¥IJ35 2l
"ol 36 7 Sy dgrama ! 2415 1,6

Ol g8 myte a5 oBiils (2o pole g ksu..]a xls saSiisls (s SY gae S9l% 09,5 .

Ao £g e —

Jno! gy Al 4oy 1l 038 g Jlgl (i 5 (b oSl 355 At )| (Slapdis ols o 4 oS 655, SYIUS alo
adye slialy )3 Giagly cnl ol pIgb Qlizel Uy S (6olos (685 den (g3 53 03,518l GEblage (SA Ty O g0
41 il Al sl 015 plo] oS 3555y Y1 U5 oale (S5 et CallB b g slatel B o3yl diabgh (st

oo b (650655 093 o 05 03] 55 (sbatay ygo 4 Jgh il [y IS (ITT) ol 5l o asslos H2S 58 S ol o

VEY/VIY - el gl

ARANALER SRS Escherichia s\, s HaS 618 ox)gs « pobigegdses IS &Sl dass Lo 4 Wnety 31,5 ko 43 F 5 V0 Jlois
VYN 2 (S xSl Cla Fu,l O3 Sppe 4 jSs Sy s (St J 509 pgai g (285 J)5 (ayp 390 (VT CFU/ml) coli
2y b S S5y )] (Stsen 5 (P<0.05) Jls e Sy yuois blod 51 1S 3,Shae kb s 9 drilne 5,

2 g Dt 93° 28y 5 S5y b)) g (Sianmon E. €Ol pSl 2y (plolid €85y 13 392+ 13+ 09, ¥ 090 5 JS (65,
rezael.ma@modares.ac.ir 35 655 9 1,8 Lopus (68l e JS (635 S5 b G5 331 Srads guiy 53 cpaiomads ol Cawdy +/AYY b il 25T

o 51y Fobo bl g 0,8 (IT) ol oS 5 b S 3l o0l el ks </AYS 5 /AP o [AYD o5 4 H2S osiis
3y90 ygme 03 b pae iS58 hgy o olgie 4ol 1 Wlgi o stk LS 555, YT (ale (9)Sue slud
2355 51,8 oslaul

Escherichia coli ¥ Lale H2S S citeon (siipsinn wois’ Jyu5 10319 aulS’

Aoddo
3 =l S n cale; 4 pile bacdgs (g9l ails slo 05,0 5 2l mlio By S s ler sS40 £9,-0 L
Sl oz 1o o blags (69,8 Slal Il i3l pogdle ably jo (V) ol oo 13 Slge 9,8 5 Jo s sloas T8
arg 3y50 Ghan 3l et 38 S U adgs (o Sl ol o CukeS U8 5 I o la (i (2138 glaos 5l
1, poye lolis sl 5 pllo oliéolse 08 pmo 4y 5l s yloms Sy Lialdl aiile Lolge (K30 Gyl 51 el 0 adly L o
S sl gy 3l ol mlio yol> a0 (Y o)) el ools (o8l jgoee 0SB pan CodlS [0S sl g, as e gl
ASTE YY) anles oo eolaisl iz g (oliond (g g (29,500 bl 1 5ldé slge cedls § (SiU ceaS o gl
3,1 plomil Sl paiasiie lawgs olSislej] )0 Lt 5 aiiwd 4t e g (loj B yuo aiels ool 0550 Jslate sla g,
Iy oS 7S w50 s Sl adgs Loz 30 00,5158 (&S (eni (gl (Bolaal (5500 paiged & el > 50 00l (Y)
BT G as wiile Lmasie pd ol 3l gl lié Coodles § S35 cCepiS anSdS B ey 45T o] priman S oo ol
O e (ol oaiing 8 Ll 0S5 (gataian (900 DY guaze adpe Cusgian b o 4wl o iy 1) Bails 8 g

o 5 535 oS ] b gl pladl gl i Y g ame goatsdiy a5l 45 (O ) 5t e ST 1) 355 iy ]

* E-mail: rezaei.ma@modares.ac.ir


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

VELY (o, Sad 5 ) ey (511 ol liao! [y IS (IH) ] &by HoS pSews bl

9y 0 7,0 gLl 4 es 5l 3 cpl Faiig )8 g BaiS U pas slaiel 0939 (pl b (A Y &) canl 03l ol3¢ oole 5, B wile
Lo ooy abolds sl 3 o cotnS § Jaig o ey ( lood Ll alos 5 calises Jalge (5,138 51 s 4 55 Lo goidins
aieod Galplis (V) Gl osds 1S o olie Slge (3B Glien 2 (Sazed 9 ailord ( Sl Glocml glgil e b oy
Iy Oemawasio il g (pmasasiio ) pel JLidl pled (gly oolainl Colild oS ay s 5 o )] sl J 508 s G @y 5L
Gl ool slpiy sleoly 51 SO (V) sl oads wyais Ug,S (6 e (65 a0 b 5la nl b g o0 co (wlas| ol asils
Wiadish (GLpiumns 5l Baa (F) Col (guiadisn slaganaion &g 4 06 DY game adie Sl ol o ks ol &)
00 B,k 5l g (V)TQACCPL ) J,uS g caanS LT 5 "THACCP L Lyl J 8 5 Sl blas s & a8 o5, Lis o
[g. LQ;LMJL._M: 6‘)0 u\...o_..u}m 6@6&...)4.._“.: (\ +) "»—‘QS'Q g.)l_....._‘> L L:J.))Q S50 y9omo ou\....Sd)_.a.A U’dj) Ler\.: W-Q.»S
lJLsﬂj)SM slus (_thbua>Lw (_g)jo)‘w‘bow);Md;)b)‘ ‘) u]m‘xwds)w)‘wJM@b)i@
éé‘j)é (\Y s\‘)MQGA ULW) p}).mk)u?u)é &’)MSL.AOQLM) r:LuuSJu)s_@A.: ‘) Sledb| u.:‘}g.,\.u L.‘:"L'N_")
el SLaS 5 i 50 5 Sl (uiatn L8 )3 i)l é 5 15 5lom Slacs iSL 0 ((F3B CodS 8l s (e
ST (68 1V 0) Gaudly s d(AVY) el Sl 5 4 (195 oo 9l o lagy | cou 5T cdlad b bLS 1 )0 Boee a5 09,500 ol
(V) A:ﬁ_..usow (GO LSYL’ 6La.9 B )lf u)g_cd.: J...Jj.: )I U 00y r:L! ULJ).J 054.: o)L..u‘ Cand Q] )l 9 (\V) U";
338 cpleasS adg slas xSL lawgi by (soimaiws s3len o sl i jo Al mShg il a6 5STL codled 3T 0 HoS 58
G aS Sl ceaS cdloins L gle el 5l SO leie 4 58l ol o oS jslailes ((VA) 09b e 0 g8 (saimay
00— (G ‘;)L\_m dboo)si)é 5 (et gl °~>)9T;é CodnS Jpus las gl GYL} Sl g1l (690 9 Cous o
P SaS 4 adeis ((V0) o olS €0 10 melSsen SIS 4 aeid s (59, axdlas plowl des 3l ool 428 )5
Gy bl g (Vo) (1) o Sl S g ;0 HaS 58 a0 (V) ;s ;0 0,88 b ool ools gy b &l )3
oleS 55, L;Y]J)B ol oo Sl ol ede au (VA oS sl W0 y At AT e il g yls
Sygeo A Jguasme (pl A pe 4y 5L aizmen g 0SB uae Ceodlas a8l ¢ cies] e Cu g5 (Oncorhynchus mykiss)
Sl Ay &0 &y e sl oty iy 1 VT 53 ool (5 5130 ) B+ L a5 1) 1528 S o
(5‘)" Lg).a_m.u w&s).v Sl 'a)Y 5ul§~.\...»5~.b.]9) ).:l_....; l.a wlﬁ) )l)l) ) ol.f)l} Lo~ o g A_s‘)OL.a g ‘5‘).: u.").vLu ‘(\V)

gds el 5T (g5 aiedish (sla(ganaing Ojgo 4 e 0AS S pan ek S (glabs; (g
Sl s coln g (b jlosluul Lo o iegh cpl )0 (oS [0S o slo g, drangd Ojgyuo Ay dxgi b
e 03,5158 ol o 5 (S S V135 bl sty (oL 5 (g Se o 5] ol (snidyms (slajl5 Lol

Sl is, oyt dax 31 0gd omiwliel ol F SOl ax 0 YOEY g ol 5 ilw ax 0 FEY leo b (6,100 ey o

IHazard Analysis and Critical Control Points
2Quality Analysis and Critical Control Points


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

YEY Gl o) o lowd VY 5490 257 WO NV IR N I E Y

(YY) 0505 0, Lal E.COli o, los 0o 136 5lows Julge oLl o (YY (YY) HoS Baiss oy

B, 9 3190

L K colw

3 sdslee VD 53 (s pstbosi g, 4 sk Sl wLd Slabsh (1) 5] 5 20 55 05 lea ¥ 51 Sl Jolons 485 51
Ped ) Saed S ol Sis e 28)5 1,8 sl il Zlgsl G 4z B Ve Dk 4 g a0l 13 Jgill Jglxe
Al S 361 gles

Srdiuns 9 2o (55lwoole]

e DY gamo 555158 OB talojl 4 5 4gs G Giigy 5o 05 Yo EY e (G5 eSilee b ojl (LaS 505, YIS mle
QO ey Ald Slabad @y gl gl 5 oS AdST Sl e b ale ol JRiie eyde Cou i Bl ol o pole caSisls
b (goiodinn (¢ luareign Colps jo b ools )8 Jlocs,s (gomaius gl ooyl 5l e, S Yok lais olai &g g
a0 VO sloo jo ol (6,10 ol )8 sl a0 ¥ g YO sleo ;o baaiy (VY) ol ploxil Bg,b 6)ls0s (59, » S ¥ s
BTl cody S oo jloolatnl b (o S IS slag iSL olows ) celis i yo Celas VY Soe 4 ol 57 il
93 ,» (C00IPIX 52900 Juw) (95 JLozud (98 awsi 5lo ppeai b le S ) jodd Con by (uiorad 0l plxl
g 1Sl (JS slog pSloslaas 55, V7 Gusalol 5 il wazr 0 F oo b ol 6 )l oo el LSt el
Al (60 S by K Comdg 5l g ol cwy 2 VF 9 VY A F e g, 0 HoS saiiSudys s5len o slos S

H2S ouiiSadgi 9 1,50 o (53190 Judgse SWos 15l (o295 n0 5L

O 0 ol o iy aliac 5l 0,50 jlade 0l oy g oS il a0 F 5 VO slos g0 ;0 ole sbo aiges oL SU coaS
Sladiges ;5 1S lew slas iSL g JS slas 2L Ayle=d sl i) el 1y 9 0t (Som S35l 2508 0 S Sl
ooliiwl BT gl 9t Juo 5 S Lasms 51 HaS sasSades slas mSU sl g ,BT ol cods ccsS Lo 5l oo ays
g Bad 0ol S Sy ygs D ygmods S lao (g9, jli 0,00 sl (oLl slad, g diged agd 3 e (VD) 0
TV °C L0 yaemboSSl celw YE cidS 5l o Judgie slos xSL 4 bgspo ouds ools S slacdls cudy o )lois cq
5o H2S saiSades slos ,isL o jle—is &lpgle°C o 05.»_..;[.:55;‘)5) FA o 1,5k, 0 slagiSL @ by e slaol
(VB) €d)8 & g0 pladl aumwlsSil M cow el YY 40 YO °C sleo

S Lo ol 135 slos Jole wdy (9 Luobicds 39031

O ygmods ald la g0 (VF) 0 psls bals & E. coli (s xSL CFUMIT V) + 7 Jlade YT 58 cale sloals ags 51 e
b 2 0)lens (59, 00 A s S 1 1SS A s 0 o0l 1B UV an il b ooy b il jlocs Bg b o Bolias
Do (6, (0,5 il az 50 YO) BT sles ;0 59, ¥ aeds o) dals g oo pdli slolows  soled .o caal (somdi

Ly s 0 (5,19 gl V153 ooble alid 51 0,5 0 Lo cls VY 5 FA YF slayle; ,o E.COli (6 58k o) ooy 0 6


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

VELY (o, Sad 5 ) ey (511 ol liao! [y S (1) 1 by HoS S bl

eSS s b 6550 olais] S e jleslainl b odas S (659090 38 0 i e Oy g o )lae a4y
O JS0) ael Jesds 6,18 pgai b Ko o Shoe 5l el A jo 6,lagSS Gloj Jsbo 50 criod 0 plosl S mac

3

1

sbes 13 NS led (i liel al o 5 Condg (sl ez ad Sl S ) e DL U2 Sl )
S Y kY s LY 8 el Ioaze ol 5 il ax 0 FEY glos ;o (5,100 0,90 (sl ol oolainl 55, V8 Sow 4y ey
Slaygesl (somain ;o o K a5l e o ooly 18 ] 86 g oo oS adss ale G ds o 40 5 A 4
bl LS5 595 Sk 2 Jlamms 5 (e (bt (29,5

Stams 905

IK8) b SS ) (6,955 b 040 dslxs LAB 2L CS2016 Cligad 18l o 5 5l oolaiwl LB 5gualS 4y o glas Jla! 51 ey
AE (1) alayl; 51 a8 098 oo 3ol 4ol S5, lab slaasLs 5l oo fyuns S5y A sloasli S| e & S5, 3,0 (Y

:(\%) 09.%:6& 4a,-uL>u

LSS, 5,8 ¥ S5

AE= \/(ao — an)z + (bo - bn)2 + (LO - Ln)Z ) d""G‘J)


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

YEY Gl o) o lowd VY 5490 Wi 494 9 ale dlomo

03558l by sanding 4 Laaal) flucay 5 Ol Condy Judow oz O g0 ol Csddy @L., el y Jols K, s
OF) anles o | aiedign sladinn Candg ] KaS b oz ol G ogud oo

Sl Julo 9 4y 52
~85,5 50l5S Q}A)'T 3l ools yog Jlo s layl (VYo alaxil V& a5 8pSS l53le 5 5y )b 51 Laosls L;)lﬂ fdoxs g 325
‘_gLﬂb‘_g)L:))‘ )\) Lm)l.o...’ u‘).u.u ‘_g)l.n] d_mal.a.a (5‘)" R S P S Uj'l 09"')] )‘ Lbob‘.b ;a_io.b/ pub— g (P<005) g_954 o) ‘
Cislbe e Cpnd gl Cules 50 i eolawl (P<0.05) 50 aiy ) aiess] )b slacyges] 5l (6,055 S (b (09,50

(V) ol

=W

(YB°C) buxo slod yo (551055 (yg03T

320l @S a5 b plnil lame slod 50 (IS5 go3T s ol pe 0 S5 iz s g S 0 Shee b)) jslate 4
2GS 0,50 (b aiadisn laaiy U5 (5L slas g e S 5y (35 Dl (a2 @l Sl 00 031V S
alayly ol oa il o Jl0 0,90 Job j0 JS (6551 olaws g b K S5 5,0 a5 ols lid 5, ¥ owa YO °C gleo

gAY o cine 5 Cute (S5 (g Sl ol 5 K Ky )l i 50 (RY) (gms ey (Snrod

AL Al 9 S5y G5, Slieed gmym (Sad 9 31,5 (il az )0 VO (glod b (5,leS5 050 0 S (6,55 oy Dlyeess (V) Jgor
S
ﬁ_

R? Sig df allo8 s
ARE! geofo oo Y 395 J5 655U olass
sefoe o) Y ) 85

Ao 0 0 (6l gre la

L aS aao co Lz (YO °C sloo) 35, ¥ (5,000 0,90 b JS (6,550 slaws 5 S 5y (5550 o b3, jlogad ¥ ISl Gillas
CRU/IMG™ & S (6 5Sb olass pg 39, 50 9 Sl 4l o138l 5.5 5, (03,1 Jlade Wadigad 10 39250 JS (6 ,5SL sl iul38l

REVOwR yxy.*1

¥ et £ dwtngp)

(YO °C slod) 59, ¥ (sl 090 (b IS (b SL )b g S 5y ()] L3l jloged ¥ 0o


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

VEY ooy, g (£,15 vee 35S (6 Polw bl [y 5 (IIT) o] a4l o HoS Sows Cdlw

b S Sl prgual (1) S0 (izan 0903 5eead AP (9008 (33,1 b ol 55 40 (651055 0,90 ()L 5o S

Ao oo i 1) 59, ¥ ey ol 5 sl 4z 50 YO sles jo (5 )l 090

3o 0ol ald digas — o 03U Ages —all) 55, ¥ ey o T il 4> 0 YO sles jo 6l 050 b b K K, Sl s §USS

Gy dw

LSl L o) g pSosluilg (Jlxdu slos )0 5,eSS i

V¥R Y i8S 4y s 55, CFUIGE VIE X /Y o2 80 51 s iy HS oaiiSudss cslacs 55T 5 1,5l pas oIS 29, Senm L
VE 59y S AYID & jao I H2S K 10 5, o))l pglad sllas (7 5 o wdll isu O JS0) auw, VP 55, ,0 CFU/GT V/E-
PGS o, 50 a0 ool HaS caisSudsr slags Sl 5 15l ) (IS (29,500 5L (0 (i3 O JS8) <l yss
Mg glaaion o HoS Sas (55, b5l 5 0 b ylasd CFUIGT ¥VE B8+ BIFY il o iy o8l djo ¥ gloo
s g S5l OF/D


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

\E22 1 um)‘\ b)w‘\‘“b)gb UM.WQQ'*Ss;‘QLCM

8 4 y=0.3311x+2.5056 -
R = 0,9347,

y =0.2925x « 2.9742
R? =0,9059, ...

180 s 5 ST ) i 81
(CFUgh
i

J5 555wl a0
(CFU/gY
(=T N N o o

0 4 8 12 16

(33) Slaj 0339

-
&l
g - 0.3432x + 2.3004
= ” * S
= VEIBMARS ? 8 YR 0.8454
2 80 R =0.9546 - 1
“) L 15 Ay O e
§ e N
e i g i A
i @ B
/ B o
& 204 35
0+ . v 3 0 4 8 12 16
2 ! A g (3939 e 0198
(3350 g#laj 090
K c

B ersb-lol S ulo az 0 F loo b (6)laS5 0590 50 (o 9 S5, (35,1 e09,500 5l (Swad alal) jlogei -0 JSS
H2S Six K55 (o5, -0 HaS eosSades (6,556 -z 1,5 lo yaw (5 5SL -0

0595 V7 0593 (b H2S caiSadsi slas 5L 9 1) Loy o JS (29,50 5k Oliwe 5 wieign ainy (3 AE L ) (35,1 (e abal
o lid 3 Jgdz a5 o edalin Cudne g o pire (Sian dlayl) by jlos olod )0 0l o) (Sen abaly 5,1

e A Qyﬂ)l oolazwl b ol 3 il az 0 YO (sled,o 59, ¥ (5,000 0,90 ;0 E. cOli (g S ) Ol poss (V) Jgo
N S P N IPCESON [P 2

./ay seefe oo Y 395 E. coli (5 =S slass
seefee e Y S5 085

0o ,0 0 maw jo )l S
E. coli I35 lows Jole 0oy (oLl guls

G305 pyal Ky (5, Caxdy Lzl 5l ey 15 ()l slo Sl a3l panid )0 S 0 Sles g jskiie @

ol 00 00)51 Q] e r C"L"’Y‘ Jjb)éds..\.m


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

VESY ool en g £ s g1y ol bl [ 5 (1) 21 a1y 1 HoS jSms bl

5,55 o Siadisd 5b,lad AE &l s 5 9ali [las HaS o0iiS 03 slaes Sl 5 L5 le pus oS L, Seme b (Ko abal, (F) Jsor
039, V7 IS

__

R s e
A S5 o85) 8 (295 b
-IASA 1 5l oo
“IAYF oaiSudy sla L

59, ¥ Sl 4 (6l 0,90 Jeb jo o i ke (658 olass g (635 sl S S il WS )y 5l ol s
Ay g S Ky il e g e (e 0,10 0929 el o K5y s Sl Sl 6 ls e M aST ol Lis
(5 U8y ol plas as 0 AY g e el 6,551

10
g y=070170+ 14627
J R« 09224
g :
9 e
‘«’L 6 00 (]
“ﬁ ’
-E 4 4 . o
E .
% e
0 T - T v
0 10 20 30 40

<
[CESETE S

E.coli w3 ) i) (Swron alnll) jlogei & IS

o~ :

.

bl 5 (o 09D 0 0uiiS Brman (e Sotiel (3 S 4 g 8 5] alS 4 e oale 13 (09,0 SLd 53
2 P90 (29,50 ady ediasLlis 4 Cewl HaS o1ae sole (sasmaiy ( J& 5 Jo slopiile cilbo,w 1o SiU Ll
9 ¢ i Aile (68,565 sldaial ol g9l g Ol 5 Ao Bl e 58l (YA WYY Y F) ol oo (6,8 slo jos
1y ol sl (ol 55 Sl o5 s ST oyl (YA (YY) 09 oo g L 555 5l (o elgil aags (st
5 Jyane (6,045 Ll & olsin S ol syt b 10 CF 0 YR 83 Sy (5055 i lod Lyl o, )
Ol o oSl az 0 ¥ o VO labes )5 S bagd oo (25,00 CuleS panid CollB e (ren a0 (g Syan
9 Cate Oy (Smed (SIS b S5y )] e b S 3l L) 53 oud addllas mbie Billae oS () 09
5 Shae w10 (CFUIGY) e 8 ¢ T cslosis? 5o Jubsi by JS ol ST b By s > b o ins
S (1 JS0) 035 ams (650055 0,99 (omy 2 @l Ballae (YA VYY) wily jlel glls (S3b oS aieds jo S
e Okl oamms Lt B ae slxe 0> 4 (L SL L L ey b il 6510055 90 g, 50 ol 4 25 1 S )

L0 J592) S oSl b olimo b S 55 (35, s (Kot el o055 (528 53 (si9,5en oL 5 (5 5L


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

YEY Gl o) o lowd VY 5490 257 WO NV IR N I E Y

5l ool iy gl @llae (FY XY ¥e) cul oogr cdillas (])ls dieign (gadi s (53, 00— plil sl idgh plw
SIS 5,455 ke Jobo b HES 0aziSidgs 5 1,5a, oJS (slis 5T shns Gial38 (S8 Jls cslos b oble (s,)aeS
Ol Camaz slaws Jlxsy sles jo gainainy ol (6 IS loj Sae ol B L ca Sesl 0oy (6518 Sre (Kicuoon alal,
).) KS'L'\'C 0‘5.@ G)L.\.é‘i.i 85..05.43 S99y R ‘DL?D‘ dLﬁw.mB)a GALM la 4.7L..u U"‘ u....:‘ ob‘é u,....u‘JS‘ )Lo....u A ).Q )0 LQL.SI‘SL 654
Oli8l slé slge jo ol 59 9 codS Cdl Lol LYo 5l (SO Sldllas soles Jlas gollae g el Bollay jo Jlxsy (gloos
Fsles 10 5Kin 29,50 olud olwlics coblB (Vo ¥ ) Ll Sen g Mary _zagh ,o (Y0 FF XY) coul lag 25U sloss
e 4 30,8 5] S pl g3 5 ilgil g ailis old 5l eas aislu 6,5 L (YY) ol 5 il a0
ol F il a> 0 F sloo b ool (6l j0 sl 0090 (Ko gl)lo jol> colis ailen 59,500 olid L aS WS s
SIS 099 ) Lol leiSl s (lies ool s gl Gl il (coge (285 1,5l ) (i1 25 slocs 25 5
90 09 )l e S (Samad )b S K5 55, Gl L asT (P<O/05) el anisls (g)lo sme (i3l b jlons solod
S SL ad ) liae 5 diedigr (gaaiug b ollgy clieS Sib ceaS 5 (Y010) o, Kan g Shukla iogs ol o)
Gl )0 stliios bl p alaly ol j0 a5 0g pudians abail) gl Fib S S5y ks g oS 8l LSl g S
Gl g cpl o oads aidlu Ss ade il Coyuw g S0 blod 4 Ll 59,800 0lid 3l Jols 55 mess S8 4y olud
25 505 88 (e 5 4l 55T 51 5 HS 028 wdgs (S (sl (6551 4, lon (oSinad (s 55 i e 557
ol cdled 4 laie (ganmaing slad o HoS 55 iuli8l Koo LYs alex 1Y) 258,91 Gty ol idgh b teline
Pl ganainn 5 oS 5 50 50 (V010) (il e g Bhadra alie guls 4 olgis abaly cpl )0 sgei o Lol lag 2S o,
wlio aS awy cd ol 5 il ax o Y0 5 F slabeo b (g )l a5 0,90 90,2 o slud aulyd b oL uSL o K iol58l
oz 5 (b pens pl oh eseie (V) ale asls 5 (6,500 gt 5o Sl LMLS (55, (g 5o sdwl Caws 4 gulis
o Ll (Y1) )L, ee 5 YONY ool 4 olaie diadion (gaiainn b olid jaseis collB (gq, oo ploul ol clallas
YD) og0s

— g 0 abl atsls il oldeolse slh ke sloyiel (Sogll s Sl wl og,Ke slud Lol podle K
lap,s S Sogll anseis Coedl dazg L (YO XY YA) Conl 00y () ilies sl yiSL ansess el ()l slo
O IS5 5 Y Jguz) mli ol cwzmw daly cpl o K collB adg b 1515wy cllage (oged Sole, S 5
oz 5l (amls slag mSL s, SIL alaly 10 ool plowl slayiogh Loygs Job 10 K5, podd aoel  (Sacad cdio)lis
Samod 2oy AV L ol e cdale 51 i 1) cangomne Jole pl ol Wilgs co K> 5 Casl guars E. Ol (6 25T,
Lo slos leo jo N @l 628Ul b illae ST; )] s cdimoylid cwy e cpl gl (V7 FY) oS oluls
sdel s gl a5 ols Llis alie 850 b o ples Casd LS j0 (60,Shes slo Sg duslie 09 o5 Lo a0 YO L
YA XY 09) g5 00 il S (6,5, ool

055 31 95 sk Gl Sl S Ky 0l slas Vb (09,5 S Csiitd Sl tomis sl 9031 )0 a5 jslailes
5045 (g3lg S Caris Black Spot oasay 5l sledl L HoS S b ol imgh (o (F IS0) Sl potd (Sio 4


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

VELY (o, Sad 5 ) ey (511 ol liao! [y IS (IH) ] &by HoS pSews bl

OVF) sl o (FES) auidgus ool ol as (S5 jokww solo algs g ool (2iSTy 95 cale aliae 10 54290 031 ol L HoS 55 )]
930S Gyl Rl 4 e g Sl Cgllacl 5 phe oy S (leg S 50 ST b sl aSd cnl 55 (V) 08 Ll
b Slulis flaieds g 00505 (FES) wudlgw Q.a:—l adgs HoS 58 L aaSTy 31 jo S 0y IS (11D Q.:J OF) 05 o0 2o
b S5 S5 yess Y0 e o (LA g iSh oy 5 (65l S5 e (b 1) ol 5 (sloged ) et ) (6 b ()
Sg0d o)Ll HaS 518 L (¥ alasl)) 0] yuaie sl (2STs 4y o)l g0 YIU3E solo (st 5o i 51 g HaS 58 Lty
Sloslinl b olS € o diadign (gaiainn ESlu (55, (Y + V) il e g Smolander gy ouls plbxl yiogh bl b as
O0) 0 wlie oglSgen /5,51 Slubis

(F alaly) 95in ol gy ally S jg0as HoS 55 L kS ol sy

Y ala,

FeCl; +H,S ——>» FeS+HCI

sl iz 5l pel Sl oz jo o8l solas Jonce =2l Jlews (S pa Sy jetd e sl oy S A Glgieay
b CerS aseis jghteds g, cpl 3l alles oo dlie eSS Bro g @’L.J A 00iiS B pas g oS ds e wdkS du gl
Gals Bas b LS 55, Y158 cale cutS s (gl ool [0 Gilg5 o il ol oisles soliiul ool (gabdien Jgame
CedsS g Sl pansiis )o GBS B pas 5l 18 5 Comgenne a5 (AU (18 Ceodl (Bl CuieS un slaai o
255 8 ) ookl 5 )90 (gaiy Aty (slrodyl 8 (S3L

&l Sl

(JoS 555 BT oyde g oKl l)d pole o ab i 00Sily by psls 5 b qolie olKiilojl pyie ol S ;]

23,5 (o0 (G198 g S5 dileseus (g% (wl 2 e 0 )l o & (s (odias 9 Sl dikee

&l

1. Xie, X, et al., Generational Differences in Perceptions of Food Health/Risk and Attitudes toward Organic
Food and Game Meat: The Case of the COVID-19 Crisis in China. International Journal of Environmental Research
and Public Health, 2020. 17(9): p. 3148.

2.  Ghosh, S, et al., Implementations of Food Safety Measures Inside Food Processing Industries & Prepared
Food Outlets During COVID-19 Pandemic, 2020. 17(9): p. 3148.

3. Heising, J., et al., A non-destructive ammonium detection method as indicator for freshness for packed fish:
Application on cod. Journal of Food Engineering, 2012. 110(2): p. 254-261.

4. Kerry, J. and P. Butler, Smart packaging technologies for fast moving consumer goods. 2008: Wiley Online
Library. 348.

5. Kalhoff, H., et al., Fate of a food nudging intervention during the Corona-pandemic: unexpected shopping
ban on a small clinic bistro. European Journal of Clinical Nutrition, 2020: p. 1-3.

6. RANKA, M.S., How Corona Virus could Affect the Culture of Eating Special Reference to Street Food: THE
NEW NORMAL. 2020.


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

YEY Gl o) o lowd VY 5490 257 WO NV IR N I E Y

7. Shukla, V., G. Kandeepan, and M.R. Vishnuraj, Development of On-Package Indicator Sensor for Real-Time
Monitoring of Buffalo Meat Quality During Refrigeration Storage. Food Analytical Methods, 2015: p. 1-7.

8. Han, J, Innovations in Food Packaging. Elsevier Science & Technology Books, 2005: p. 509.

9. Fuertes, G., et al., Nanosensors for a Monitoring System in Intelligent and Active Packaging. Journal of
Sensors, 2016. 501: p. 7980476.

10. Biji, K., et al., Smart packaging systems for food applications: a review. Journal of Food Science and
Technology, 2015: p. 1-11.

11. Heising, J., et al., Non-destructive sensing of the freshness of packed cod fish using conductivity and pH
electrodes. Journal of Food Engineering, 2014. 124: p. 80-85.

12. Realini, C.E. and B. Marcos, Active and intelligent packaging systems for a modern society. Meat science,
2014. 98(3): p. 404-419.

13. Bhadra, S., et al., Non-destructive detection of fish spoilage using a wireless basic volatile sensor. Talanta,
2015. 134: p. 718-723.

14. shirazi, h.r., seafood technology: processing science. 1381 (2).

15. Smolander, M., et al., Myoglobin-based indicators for the evaluation of freshness of unmarinated broiler
cuts. Innovative Food Science & Emerging Technologies, 2002. 3(3): p. 279-288.

16. Kuswandi, B., et al., Real-time monitoring of shrimp spoilage using on-package sticker sensor based on
natural dye of curcumin. Food Analytical Methods, 2012. 5(4): p. 881-889.

17. bahmani, z.a., khanipoor, a, a., Oromieie, a,. and motalebi, a,. Application of freshness indicator in smart
packaging of rainbow trout fillets during refrigerator storage, iranian fishery sience journal, 2016. 25(3): p. 121-
132.

18. Chen, H., et al., A visible colorimetric fluorescent probe for hydrogen sulfide detection in wine. Journal of
analytical methods in chemistry, 2019. 2019.

19. Zhang, C,, et al., Time—-Temperature indicator for perishable products based on kinetically programmable
Ag overgrowth on Au nanorods. ACS nano, 2013. 7(5): p. 4561-4568.

20. Sarfraz, J., et al., Printed copper acetate based Ha2S sensor on paper substrate. Sensors and Actuators B:
Chemical, 2012. 173: p. 868-873.

21. lJiang, X., et al., Future Perspectives Towards the Use of Nanomaterials for Smart Food Packaging and Quality
Control. Particle & Particle Systems Characterization, 2015. 32(4): p. 408-416.

22. Atef, M., M. Rezaei, and R. Behrooz, Characterization of physical, mechanical, and antibacterial properties
of agar-cellulose bionanocomposite films incorporated with savory essential oil. Food Hydrocolloids, 2015. 45: p.
150-157.

23. Yaghoubzadeh, z. and Safari, r,. 1393. Effect of Boiss Zataria Multiflora Essential Oil on Escherichia coli and
Listeria monocytogenes Inoculated into Ground Silver Carp (Hypophthalmichthys molitrix), 24(120): p. 100-107.
24. Abdollahzadeh, E., Rezaei, m., Hosseini, h., Safari, r., and Yaghoubzade, z,. 1390. Inhibitory Effect of Nisin
on Listeria monocytogenes Inoculated into Surimi and Minced Meat, 6 (4): 221-226

25. Microbiology of Food and Animal Feed - Test Preparation, Initial Suspension and Decimal Dilutions for
Microbiology Test - Part 3: Special Regulations for the Preparation of Fish and Its Products, 2006: Iranian Institute
of Standards and Research.

26. Jonusaite, K., Venskutonis, P.R., Martinez-Hernandez, G.B., Taboada-Rodriguez, A., Nieto, G., Lépez-Gémez,
A. and Marin-Iniesta, F. 2021. Antioxidant and Antimicrobial Effect of Plant Essential Oils and Sambucus nigra
Extract in Salmon Burgers. Foods, 10(4): 776.

27. Fang, H., et al., Ppb-level H2S gas sensor based on CuNi-MOFs derivatives for meat freshness detection at
low temperature environment. Sensors and Actuators B: Chemical, 2022. 368: p. 132225.

28. Al Shboul, A.M., et al., Hydrogen sulfide gas detection in ppb levels at room temperature with a printed,
flexible, disposable In203 NPs-based sensor for loT food packaging applications. Advanced Materials
Technologies, 2022.

29. Huang, X, et al., Hydrogen sulfide gas sensing toward on-site monitoring of chilled meat spoilage based on
ratio-type fluorescent probe. Food Chemistry, 2022. 396: p. 133654.

30. Wang, B., et al., Reversible AlE-active fluorescent probe with a large emission peak shift for ratiometric
detection of food freshness indicator H»S. Food Chemistry, 2022. 386: p. 132768.

31. Qiuy,S., etal., Highly selective colorimetric bacteria sensing based on protein-capped nanoparticles. Analyst,
2015. 140(4): p. 1149-1154.


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

VELY (o, Sad 5 ) ey (511 ol liao! [y IS (IH) ] &by HoS pSews bl

32. Musso, Y.S., P.R. Salgado, and A.N. Mauri, Smart gelatin films prepared using red cabbage (Brassica oleracea
L.) extracts as solvent. Food Hydrocolloids, 2019. 89: p. 674-681.

33. Mary, S.K,, et al., Development of starch based intelligent films by incorporating anthocyanins of butterfly
pea flower and TiO2 and their applicability as freshness sensors for prawns during storage. RSC Advances, 2020.
10(65): p. 39822-39830.

34. Maa, Q., et al.,, Recent developments in colorimetric and optical indicators stimulated by volatile base
nitrogen to monitor seafood freshness. Food Packaging and Shelf Life, 2021. 28.

35. Yong, H., et al., Development of antioxidant and intelligent pH-sensing packaging films by incorporating
purple-fleshed sweet potato extract into chitosan matrix. Food Hydrocolloids, 2019. 90: p. 216-224.

36. Thakur, B., et al., Polyaniline nanoparticle based colorimetric sensor for monitoring bacterial growth.
Sensors and Actuators B: Chemical, 2015. 207: p. 262-268.


https://jfst.modares.ac.ir/article-6-50521-fa.html

[ Downloaded from jfst.modares.ac.ir on 2024-04-29 |

Journal of Fisheries Science and Technology Y 4
Volume 13, Issue 1, Winter 2024 I\
Pages: 488-501 '

Tarbiat Modarcs
University

Construction of H2S Sensor Based on FeCL3 /Cellulose Acetate Substrate to Detect Microbial
Spoilage in Rainbow Trout Pack

Tara Zarei!, Masoud Rezaei"!, Nader Bahramifar?

! Seafood processing technology, Tarbiat Modares University, Noor, Iran
*2Environmental science, Tarbiat Modares University, Noor, Iran

ABSTRACT ARTICLE TYPE

Rainbow trout have found a good place in the household food basket due to their valuable Original Research
nutritional properties. Therefore, supply in the form of hygienic packaging of this product due

to CORONA pandemic in the country will be inevitable. This research has been done in order ARTICLE HISTORY
to provide intelligent packaging with the ability to detect microbial spoilage of rainbow trout. Received: 12 oct 2023
Fish fillet was packaged with H,S gas sensor based on FeCls/Cellulose acetate. These Accepted: 4 Feb 2024
packages were examined for total bacteria, temperatures swing, H»S producing bacteria and ePublished: 20 Feb
Escherichia coli (1x10* CFU/mI) during storage at 25 ° C for 3 days as well as storage at 4 ° 2024

C for 16 days. After imaging the correlation, the color changes of the sensor were calculated

and evaluated as the color value. Sensor performance in terms of color change was significant

(P <0.05) and the correlation between sensor color value and total bacterial growth in a 3-day

period was 0.901. In order to accurately identify the growth of Escherichia coli, the correlation

of Pearson color value and bacterial growth was equal to 0.932. Also, in the study the

correlation between the color value with the number of total bacteria, temperatures swing

bacteria and H,S producing bacteria were 0.835, 0.869 and 0.836, respectively. Using a sensor

with a combination of iron (lIl) chloride and cellulose acetate to determine the microbial

spoilage of rainbow trout can be used in the future as a consumer-centric quality control

method that can be commercialized.

KEYWORDS: Quality Control, Intelligent Packaging, H.S Sensor, Rainbow Trout,
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