& e i
e
. i s Ot sl
Y V8 amio AYAE Gl ) bl f b R = ke anliliad

Alo Ad (> WUT g (S 38 ST 39 59y 2 o s igy WU

(Oncorhynchus mykiss) ;oS & y s¥TJ 39

A Y . 3 .
wﬁls‘jdb cw))-kq;uc*)ﬁ‘ﬂ?.";l&%w

6)L~ ‘LS)L"" Lfn:«]a CL.»:} 6)')}\.15 r}lﬁ cK.:.J‘b LL;.;M'-N QYM LS)}‘)-% ‘um ojj_f)l.l:l:w:'_\
Jol el sl Slidons o sle sy 15T oKl 10 mlis 03,8 Al b2 IS (g il Y

Jol el DT Slidos o e doml 15T olK2015 (55 55,500 05,5 Sbslenl Y

/) /YAy el ATVl s

a.jafarpour@sanru.ac.ir :dlis J sies oty ;é

oS>

VI3 ald S5 5 ool sla Sy e T sy il a3 (535 2 S sla b, il
Cs) 05,8 polsn gl by, Gudos cpl 53 .Sy (Oncorhynchus mykiss) oS .5,
Py by L Es) 55 osabsE B Ve 50 Sideay sl 8 e a2 1T gles 53 (S5
Sl N 055 55 55,0l b s 5 4aids 0 5 Y ey oS il a5 WA les 53 (6,1 5
Ciliee gla By 5o 1) (oblae s sy bl as il 4§ 84y i\ 58 Y Sle o
‘ﬁjw@b’ﬁ.;ﬁ a3y N e a4 599,50k Gagy 53 Sl i oS (p<h/0) sls Ol
2 5 K55 Dl S 5 ) s 535 b aRE3 0 Dok edB i e e > Dk o i
ol o slad ay by e L i Olgee o R A Cudy a3 Y Do 0l 555 S0Le alae
S pde Sl el s Sladdgad o L3l 53 Sl 1) b (S el Wpad 55 AR 0 0
VI3 Al add ooy Sl o S g Bl Sl mls il A )20 (6 ke

Aol o cnlie 4835 0 e I o D) 3o L}LQSO,“.Q)



WA Lo o led o by

oS gl sl ST el lie olS &y
oo 03 5 pdds qab Sy opl L axils YL
sasia Ly OF dyli b sk (Jpamn (il SokS
Ol oo L iss sl dhos 5 (Hamm, 1977) &S e
oy e iy ol 03 oS 38 Ll Ol 5y oy w
S e 53 S ol L ) w4 s 6 s el
s ol b S LS e 5l | J g
O3 S5 mman 5 J e o 3 e OIS
ol s i, (Hamm, 1977) cul Les J xS
AT sleda 13 Coy i, o Selle oS ol 03 S
SNae Olye Pl 4 (sdie slse b, s 15
el e el SV b s Oley O bl cda; oo
el 5L 5 e 4 Dl ali s S C el
e sla s w5 038 el iy onl e sdle
Sl Sl O s orl 02 85 apd e a8 RS
g dirie (o5 ot sy 2 g r elited oy
L 1) 5y S n S emdn B 0550 cnl Rl
sy Cal a8 (gdae g teS bl Cle 4 5 LS e
Al B Gl s pl e el S50 g el
el il S ey b e Ll ol e
b ale @ adl oS ol pls s, S 5l 03 S
(Hamm, 1977: Dunajski, 1980) Jas oo (sduls o
s Jeld (S Sl s sdee 85
lasl s dde bl 555 0) f b e
Col oDy S5l Sla s 5 (DS j2i) e
o pe s oS 5l sl als (Tornberg, 2005)
Fos o iS5 cd Ssline gl Bl
Sz sla b 8 ob,S SIS slaaY s oolae

LI 5l azs ool 5 ol 0l 50 clins o WSS

S 05 5 e sle

PPNV
(FAO) Slex JLsls Oloslu oLSs an sbanl L
Sl oS5 g Olgea YT Jlo 3 5
ol 1y Olgr b ae oale dsys 00 5 i Al e
v 53 0Ll &l G ez Oloslas ol Ll b .S
Cmot] 8 a0l &S dwy 555 e o SVL a0 Yoo A
ol aldln ol ol S e onl VL
Wl OB e Oljee ;o= Jl o 508 OO Dbl
SIVIU5 e .o eSS A Lo ,piS s ol
L ebaot s a5 5l aS ol T s Oliale e
S Sl 28 AS o a3l S sl a3V B gles
S Wl o s Ol 53 YIU3 s ol 5 Olale Sl
OF 5 IYE0TN &S g o5 14014 O Olsee VTAQ Lo 5
LS bl weldl) ol sdd a5 0L,k Oliul s
YY) Ol

Ol &b gl o5 Dl sl )
A 5 e ey s a5 L aS 55, 080
@ Ols e ol mb gla h) der Sl sl
S rAdm S 38 W e Sl L 038 e
Cs 3 ol ale SlAe S350 rals als/.li))'l'c..la
LS e el 0T G LS o eab 5 VL
J3 gonb &S Sl s e 5 p e S5 Sl P 058
A= U 0T gdhe sl 5 das o ole e3le 4 o
WS g e LS D)l Ll pd e Bi ool
o o 035 LS e 5 LS mlan DU
Lin and Chang., ) 4 dalgt Cos S 53 e 3l
oo dm &Sl 058 et b iy, s 51,2005
Fb P e Cmle o Sl s e 5 sl

Al S ladad cisy sl S cl s sl



UL en 5 g pinn

e U e o ) Gl ol a8,
22 LS s Py 00 Sosab s Gyl Ly )
ol ads cosl Spd cdS o) - eSSl
S o3l ol&s 51 (5 S0 b LS 55 VI3

Al e O la Sis e Uil 5 3L

CR-TPIPY
ol o3 el eali el OLaS 1555 VT 53 Olals 4 gas
Lsles Ol gt S adlane 25 glaai S 51 el
Bsad 5 35 o3l (olal (5S4 pod g,y LS Sl
N0 L5 00 s S5 o 8 ysbay edd Oltl ale
SNV L0 05 L plaald gl 5l ol o 8
sladsasl gl gslawosbel 31w baals el cosay
D551 5 05,5 F o csasSle oo ¥ LB 55
(Pl bt S5 Sleo gt Bl 5l et oy
(2250 Jor plndl sl N Al o 5 (25 S0
OF s 5 ol oals 1,3 S Sty 515 alid el
e e B okl s il 58T gl Jlazas U
2o SSle Laidn N5 8 gladley Sde 3 a5
(s oS 5525 ol SAMI 6 Juas SAMSUNG)
03,5 ¢ ogy 2 S e Sl e Ol L
Ols Kbl 25, L Bl 855 53 (susab s oo
FI 7233 Jas Delongi) oS¢ s e s 5 NN g
22 akds 0 5 Y glagl; ode o (Ul Hpis el
o=l WSesSe,,m .\lj_fdu'b a3 YA gles
o3ls iy S oS L8 (ool s o b ald Il sl
IS5l o&ais L 05,5 5ol il Er e 3
5> 45 2 el (OLJT 528 51 OT 032 Juas NUVE)

;ljfdb'b a3\ Y by js azds Ve 50 lagley s

1. Towel paper

ARl

S S S S o sl i, b

Aol i b s 5L ) S3E Sl sl Gy L olisS
o) ss 3l (Barbanti and Pasquini, 2005) .l ods
S JSime den 0l Ol e 45 ol Coaal il S
Yoosds el oS dlae s o NE 5 OIS
Vo sl aS 50 3 Ci S L anslin js aS cl Aoy
Al Cli S U ss e Eel ol dwn S3L Ao s
AL b, 2 S S35 5 S e Sy LB
Doy 5 el e 3L 51 A3 V0 ssu> lels &S
Heath et ) 535 o Jad o5V5 4 e o5 saiss
Aol e 3 45 Sl ol a5 LG S (al, 2011
Sl Gefis ks Gl ol 358 s 4 oy
SSE Esls (5 O 08505 5 0ol Conle i
5 g ld G 50 5 b ALEl e
P s e Sl sl S 5 JS eSS
o2l SO (Tang, 2007) 553 e Jen bl
S Gl S s (038 eed 53 sl
QB b pae ol f5e Jale (n f e Olsen
laolSaws ¢l 5l (Chang et al., 2011) cl od S5
Slm e slacs = L s =S o5l
Al (2 S N s o S S S 51
s S3lees p2 oBas 5 Il Sl G o8
Slwes 0 hgy a8 diea s 53 Je el S
ls sl b )l 4 S Jo ol S L0
=5 $3lwes 25 oy (Dunajski et al., 1980)
Of S5 ise aS el el tas & e ol S
Voasd ol aS col gy Jee Ve BV an glls
.(Dunajski et al., 1980) 5,3 culs 2o Jos
il sl i, Ll ot s Sl a g L

VI3 Al add coily (Sopd CokS 6y » oy
S 535S JF 3 s ol allle OLS S



WS Lo o) ol o 5y

e 3,50 Jolge S ESL B e 5 An 2l 2
Sl Y oSibe ol Sl plad 3 Sl
el 4 Sy e e s 1SS

D 3gh Sl

03 akd sty 5 el 3L 51 bk sl Jilesl a3
Ve sl o S b el i oS
S 5 p S S YO Olsn 0 205 S35 5 s
la jastls auloes (gl s 05 08 agl 53 2 L )
Ol 305,23 5L Y aSped a Opadl ol b oS e
S0l AL 38 Ges 5 (S50 ol s ol e slis
Sl a3 ST (ke elad Sl ples
(Jafarpour and Gorczyca, 2008) sl o5 5

e b))

oo bl s Sesde s 5l e 2Ll 6l 2
SIS L (Yoo A) 0L, s Runglerdkriangkrai
S50 a0 10 sl 5 skte pl gl eslial i
5 s eslial e L) O3] Sl s1ed s
Fls S el 550 sl el 4 SLsl sl
AU o sde 51 IS S pde 5 3L ab 5 oSS,
Aol Ll

(5ol Joos 5 a5

L) any osload LS b IG5 edsolil iass
Excel l35lo 5 55 315,55l ey Sledbl 5 el s
Woosls Lo 5 452 5 A 0,03 Sledlbl SO Ol siews
S o=l slp s S o) 50 SPSS jle s 5l eslizal b
Ogmasl e sany Lmosls 0353 Ly 055 a1 It
S L aS wd ool Olabl (i ol o5 S 50d S
One way-So el (sLad sl 5l Laesls 035 ks

5 A eslin ol b Sle awslis 51, LSD 5 ANOVA

YY

S 05 5 e sle

s Lo 5l i ald oS (o osba 05 5 s
g e sdila gy SLalS o g T
K,
Jae HunterLab ) o Sy oKy LL* g* b* Jel e
5 oLl (LS »f VAReston &S & NO 45/0
el sy 25 g b 5 K DS e
(Ab*¥)]V2 AE = [(AL¥) + (Aa*) +

UL S eddp o sl gal ) o Sl i
oy b ey Sl e JUSG 5 o e
L* e S5 s () 53 A sz (5515 5
et 5 el K5 Qw»a*,b*gdubjfgg{

. non
e . —

jy);w@"-l-") JM/JAJ‘B)}NQ*
nn

o 5305 S & ) V55 5 gmn B 5 (G

QYY) g i) ol (o] oo

SOE N THOk

S by Sl e s i baised O35 Sha 00l 53

3=l Ll Ao 5 aples Jlisl pds 52 U s

b bl b s p b ey

il doym ol 03— oLl 035/ 0o
PRI

LR LP)

TexturePro CT ) ¢l v oS b il L)l

(K, I BROOKFILD S, CT 3 Jus V1.2 Build 9

oS oo 5 Gk

b b Sl

3 akd eddamy 5l Sl e sas Gl opl s

S 3 Sl S s Sl Sl oS

02 e ) s 5 o SAS YO Ul 0l 5l

o=l b ke sla jestls acule (gl S 05 05 Sl

Sl sl Olpee 45 A 03,55 SL Y Wged o (Ogejl



UL en 5 g pinn S BB S Sas S sl i, U

e ok &l glaesls pelad 5 () Ju) sls LS O3l 3 e 2l Sl edal s gla enls (gl
T i 555,500 Hlad 4 by e Co 3l Ao A3 S eslina! Friedman test <zl )b 8
T SR 03 Sy Sl deas (p teS g 03 g 4d33 e
TR o WS VDY SN WYL PVt P RGIN VP TR HUE RGN WS
s SSle wdds 0 Dl 4 IS Sl oy bl O SOl Ml oy Sl ds s SL Sl e
O i3 0 s 4y 03,5 5w 5 i3 Y ke sdalin 0laS ., ViU ale ald o sls i,
Aid edalin Costy Gl )y o st 53 (gslslae Sl L 5 By ey S ol a5 (p<ho/h) s

(p>+0/+) 352 3l obloms b8l Csny il s s Ol Ol

;Mmdwj;yau%owﬁjé\ﬂdﬁdmbwﬁ&ﬁC,élwﬁ\ Jod>

0z Vel e Sl T nas Sk o S 53l VoS sl
a3y » la s
=0 D . - - - - - o
ERN ERN ERN @ s s

VEAEVAT YYATEYY YY/YEV00®  AYNEY00° AYMVETMYY YoV A Yaj0kY/00 sy 5l el el

(Pp<t/+0) Colalad s Hlals Sol& sasOlis Cas, oy sl Gy >

VosasSle akds 008 & b bajled (S o 1Ky b5y
3l xeS @ acasly Ol 4ids N sy Sole 5 aids gy dae K
SLdsas 4 by e dat Ll o 2l 5 Sl ol sl e ls Ol Loles plo b pls e alis 3
351 ol S s (b 35T Ly s ldip Lasbes olad a Cod Sl iy, SOy a5 L*
el a3l (65508 S eslial 350 ()L s Cgas |y ol op i S (p<+/00) 34 lslias

Ol Va5 Hsmee sasOLES &S DF aast Ll ol Ol sy ) s e 5l 4 axdls fl}.

Slad G 53 e b el 5 e Lt sl el Al LS 5 edd i b s 4Ll

sl olas \) )\;t""‘ C)\jﬁ*‘? LA)L""Z.J j’.’.L"“' 02 ¢(p>'/'0> )‘.’.ﬁﬂj‘if.b 4.)}»_) LL;J\S BB IS L) A S ER) 6)5).&

o b e 5,5 S0 i Sosba (p<H/h0) 35t a5 e, SO Vb sy ol s 4 4iss
0330 G315 g 351 SRl Lol jes ol e (Lo Lo Sy 4S @* a2ty 3y, 43 (L*=0YV/8Y) &3 S
sdaliie 4ids Vo IS 51 e 53 OF e (28 L oLt o smd 3dime 3, o s | s/ a3
Ol aat s o a3 wlie Ly, een 3 S 3y5e eyl 4 cad (p<0/00) (ool Sl s

(YJJJ‘})J‘&C’“‘;AE@*{&) dajl_éjwll.,;ﬁm"'.:L;Lmu,i})ﬂu);w)ﬂ

Yy



WA Lo o led o by

S 05 5 e sle

Al a2 das (AE) K ol x5 L% a®, b* a8 b jaxls slie ¥ Jsu

AE b* a* L* sles

~ A Y/ Na/80° e
ARYS Va/A0° A% WAy R
Yo/vob VAN §/Y0" £4/70° IR
Yo/0* YA/ V/e 9% 330
vi/0° i Yyo/yo! £Y/41 0+ 4i350 &
Yo \V/Aave 0° 0q/4f IV SV
Y740 \V/g0° Yaqe oV YE IR TS SNPPICU R
YV/AAT )Y/EV \s VAR aids\ 555,50k
AAVACE WA AVAtE AL 43y 0 S 5
Vet \Y/A02 v/af VALY 433 Ve OIS )

SN e Eel aS el eslinal Cau By 5 Ol
4 ged DF acarly o 5o AL el Al e (65,
o3 Sobslome Dl s gl Lajled ol ol
L 6% Ol 0 SYL plt & 5ad 45 (55 5ba (pP</20)
Vo edd s 500 sled 5 as enls QLT sue
1y =y slme Olses oo 1S VT/V0 s b aids
Dol olansl s g
L% a*, b* S slie s Lol
Rt s o 0L o8 8 ((AE ) K5, oo
p@s;o)“utﬁwﬁwﬁﬁja\ﬁz
LYOIAD L ol S, &l oS 350 (605 5 53
Sl b las oo 2y ahiae OF 5 a5 5l OLES
e 53 50 K, Oluds op eS a4l 13 Y0 K
sl slad 2hy dhae AR Y 3l 5y 0L 2l
3 VY e eSS Sy aads Y S ST s

(Y dsds) s VUL

E<+/+0) Cosla o o Slsbine D sles sasOlis Ui 53 oglate o >

v

LS das K
U el L¥ sl ) oS dde sy o
Pl wsed aslle pl g g 2y ahae alie (250
35 obolime Ol nd sl Lajlesd plow am o
S 5 o gy ks i oS (p/00)
S 3 Ly edd e glasled s 1) oL,
03 s e LF el e aibe 5 clls
o o 2l S i3 T 555,50l 4 el o
e S 31 B (b s 35 Lol e slasled S
L alie 2 pls @ god a* a2t ls 55055 54 00/Y L
Sl 0355 (gobolme Ol ois shhls La )l olas
P byeddir o Gladisai 3550 53 S (p>e/00)
A5 A5 ey (p<+/40) (6 lalins SlS LMt (gLt e
P L s LS 035 F o Joe s o S
b O Gsb 50 53 s bt A 3 a™ Olge LS
Sl ol 555,50k slad LS 50 i bajles

s 48 Cul 1S osls 0L 1) VAT Olje 4 4i3s



TFisheries Science & Technology

TMU

Scientific - Research Journal

Al WS das (AE) &y ol i s L a™®, b* $l8aw gl jaxls olis ¥ Jgis

AE b* a* L Sles

_ e \/vo! ve/st =
AVALS YAV VAR vE/ov° 3> Y

Y TY/gof \Y/Ye or/ac s+ 4i3s Y 5
YY/40° Yoy /t VY 330 &
Yo/A0¢ YV/AS yo/ved g0V 1+ 4i3s 0 &
Yo/Yo© \y¥/yof Yath vAVY! Wids Y 55,0k
Yv/vf VE/VVE AN R\ZANS Aids b s,
WAl Yoo YA oo/Y" PP PPN
\V/YVE YAMQP y/ov? AAnE 4ids 0 OIS
YAFV! N2\ AV \AViA aids Ve IS gl

P<+/+0)  L3b o baylad o Sls sme sl sdasOLiS Ogiw o 53 Doglite Loy >

Sads b Do d p SOl Sy Sg) 0 G e
o 53 5o ine G| 4233 0 ke 4y IS 5
sdalin OLS S5, VI3 ale ald 5L tdes Ol

p>r0/v) WS

SYIU5 ale sladks £500 b (35 505 = PR

OL».S;;;-Q)
Juj Sple)  he(ml) b
VY o£0/AY? §0/YEY/EA rls
VEAYEVOY 61 /40ET WY e
VYYE£N/04° £ /fEY/AC S
IREA ST\ wVAY-=2 AR LTINS SVPPR AW
IEAEERVAU YY/NEY YT it g,
VYRV PV Y wiss T s Sle
Voyers el TY/0 0k e 4ids 0 S gl
LVZES VAR SVAZAAR aids Ve S

Cala e s Slaliae gL s 0msOlis O a5 Soglite By >
(p<+/+0)

ik slalag 53 el oot Ol 1348 G

;)HﬁmTQM:mwd)ﬂijﬂyb)\

Yo

b byl
Ol 5 e 23 5L s i b 005
lasles s Laasyas © o Jlicie sdddlesl | i
Oaasl ml 53 il sdal st O 5031l s alis
) dald Hles S3U b 2 S8 5 M Ol
Sollire jsban oy sbajlesd plo a4 cond (s
et 03 35— §3Ae Ol 1 YL LIS (pv0/e)
bamalie 53 iz o lasled 58 oo s slasles
Jsdar) (p<ro/e) s (g5 o il bajled nla
sy 0oy il 3L a5 Aas e 0L e bs s anglia (8
atds N adged o Ll 5 Al (6 S e bajles
S0 S Ll oS el alede Wipy cnl s L
VL B 0Ly ke 3 g0 3L o Sl oy
DRI 35 Oy WISy M&u&j) SO RGN W

ARG L aESs N s S Y Sle 4 g Sile oy

2. Toughness
3. Normal Shear
4. Hardness



WA Lo o led o by

S 05 5 e sle

s Dsldie el Sl (658 Olge 50 0 dd a5
5 g 5 4013 | St 208 ol 4 sad clsesls ol
Fomr 3 433 0 Do 4y o IS 1 (gla e 5w O
Aol QLS 5 5l (g S ﬁ.(.x@' PEICEI SEGER VIPUIFS W
0 3 ol i p slasled & b e plSonnad Olgin 20

.Jﬁ@)\'))g.l.}ﬁjﬁéb}@}

Sl ol e LB 4SS (0 Jsdr) b S 13 anlie
sla el ods Ol oy Gla i, (ples 55 &S
A VL e s o 358 Ges 5 258 (S0
3 L gobe 4 g olas b el (gl ed i
2 S S S s Sl [ sy e 4 e
o 4 o Oy L Lol LS 5 0 4y 45 pe5 L

s Gl 4 p0d Calses pulad 5 a5 e s A 34k

OlaS 555 YIUB ol slaaks & gad 35 s 15 0 dgukr

f\S:r:...J(g.mm) CSS (59,5(8T) Conl Ges(mm) Sles
YeVa/A oY) 0/A ¢l>‘
>4y > v1y/0 >A B> Y f e
> ALY >\soY/0 >A S
> Vot >4q8Y/0 >A a3 Y 555,50
> Y. > van >A a3 s, Sole
>1061/1 >q44/0 >V/TY a3 s Sole
> VA > AY/0 >A 4iss 0 S gl
>0\VV/0 > AL /0 >\ s Ve S 5l

e 05 Sl e Bl sl acl sl asl sy
el aids Vo s el S 51 JLes o8 s e
ol osdle Ol & e 5 Jdse Ll s L))
A els IS S glasles (k) S|y s 5l anes
230k glsled cl 0 5l 1 OB S eSS
o S 257 Sodpde Sl adBs N 58 glales s el
iy 4 ges SO, I Ll sy Jls s 4iBs Y ks
s e 03 SV e s Sl a3 Y s el

Syl Cewsas byl

P<+/+0) Cosla jlos oo Slsbine D sles sasOlis Ognw a3 Doglate g >

e 2l
o Dl s b (KOs s 53 e b))
dsdor 5 )55 mli o)l Sl g ar s b5 s
Sedns & slasles plusil cnl o3 el s
S5 s ey s p aed ple a4 Cond S o ke
b s SO s LS il oY a5
A Sl aS by e sl 55 S F e slalle Ll
53 el o led (LBl (b kS e L5

sl sy b 4 S VL G )l i35 0 Soe

OLS 55 SYIU3 ale ald il 5 eab e oS5 0L L3 e 2LV g

IS o e sl b » 3 I

V£ /0N V/VEY /0 ANE /0 V/VE VAT v/gE AT LAY
AYE/EAD AJoe VP ANVES/EAD ANE VY o/0k VP 30 5w
VE/ALS V/AEL /AN TEeag Vot /A AsoE) /8¢ wds Y 5SSl
\ZAESVA V/EEY /8¢ VAN Vot V/ALS VoE\ /Y Aidst oy Sl
V£ AV VAN Vo) /vl VAL /RN V/oE /ALY 4>\ 5SSl

¥



Ol)&M})ﬁjL".'

S S S s o sl i, b

0/4E/VY© V/gEe/0¢ 0/YE£\/Vo©

Vet /01\°© AN /AVE [YaS=AVAN'A

§/AE /A0
0/\E /vy

£/ /ALS 42ds 0 IS 4l

0/ /ALY 4ids Ve IS il

s ,sole o YU o il ds s oS Wols Jlax|
S Sl b S Oles 5 YL Ol VU peblise Ol e
s Oy Sl Ssly ol sl & O
S s e e A B e Sl AL
33 e (3leslsl Culed 53 5 S 4 SOl S
2 DS sy s ot 53 el o 5 O
Sl o3 A Sl 4 e oS 5 adds Ve Ol
ol A Ol e s S akds 0 0L 4 S oy
Glaand SIS Sob O35ed > L3 ol > b
==e Gapping sy sbwl 4 4S5 S 6 LAl ad Mlae
o 3l 2L 3l s s Sl O e s 5 02
LS o LIS

K,

23 S, oK ol Sy glaesls Wbl
SYidss e addLab gla ol a5 opas
4 Ced Dl o iy e Glaig) bl ay
30,5 F e Gy oo (el ey o) dald les
Sy s sl Sl 00 e Sl ek o S
S edeal Gty il el bl el s 4 S 5
Sode 55 SSle 3 el sy & gad SO e 2L
RS 433 0 55 ol IS Sl sl g o iy 4d 30 Y
3 moaSele sl oy Lla S i | sk
o 23] 2 mile s Olseas OIS 1 s L5
Bl opl oS 5L 75 ol a & P{RCEPRCH N RPIge
5 osthe s Sl (o s s O sl s Sl
LoSos ol an b bl sl S 51 sl
PSS gt e OlE e Y dsdr @l

Olgme 5l ald K5y (63,5 b 55 Sle Sy s,

(P<+/+0) Cnlalag o Slobins D oles saasOlid Ogi o 53 Doglite G >

Yv

S domt 5 Lo
HUE SR
sy Sl 258 e ot plosl lalline el
03 s SRl 5 OAd 0, 5 (B 2 5 b SLE
asllls .(Vasanthi et al., 2007) oul jils S Jsb
ald 05,5 554k 48 550, (1444) 0L Kes 5 Lemos
5 Slra sl Sad Gblind (O ) oS 5 s Al 5§ e
e g ol S sls DL (b Olse 4 By
Olsn Lls ool ol s § G bl o ys ials sl
eded & slaslad 53 (O s 505 S s
Ol 45 Ao o Sy Sy 3l Ao s S s
Gosb 4 ol Kay ol NS L Ll 55 ey Ol
0 s aids ¥ 5l sy Oles Sl ol asllas s oS
o Sty SOl Rl e 038 e R 0 4ads
oslial b Sy ol sl 53 piean A5l OF Ol
Sl po add 53 PS5 555, Sbe Sl = i)
Barbanti & Pasquini (5 s 3l 4,5 & s0 Slalllas
S gl allae s .ol (YorA)  Latif 5 (Y++0)
g S35 = (T209) 01, s Mohammad Nisar
Sla Shs » 03l 5 S5 a5, Sle oy gla by,
g 8 Ol 45 5 Oy s iy ot i
Woedo,3 VY s s add S5 6 ) Gl o S
SN SU 2eS C3l Js g Sedes s o3 VE 5 ds s
ol e Laslin j3odd S5 anllas j5 oy
St U lie s i a8 h S VL i
I a0 oSl i€ a5l bl .enNTU 3 ale
S ol S e csy 3l b Cdl e Sy, ) s
(Y1) Ol a 5 Nikmaram bas .ol S Ayl 5



WS Lo o) ol o 5y

Laslas plo & Cd (6 i Sosb)y Slad opl Sl 0
2S4S VL Cusby Ll 0Ll e Ol e il
Aile OLaS S5 (VT35 oale ald il gla S
SO ol Sl S G Sl e Ddda e
4 ol dhesa g DL il &S ol ()55
Ol U3 S JUo 33 35 a3 S (sn
e e CBsS OAS S & s 3 e
l,Ken s Nikmaram .(Laakkonenmn, 1972) &l
S SOl Lolps aS wsls 558 (YY)
Sl St e SO ol B eddasy
ald el omn el el )l s s
5 Sy S S0 lagtis OAS e 5Us s 4 ale
Sl sty o slre s 0055 (mple raeen
o2l i e else oyl § o «S (Hamm, 1960)
bbb sbagarle Solg 5o 5 il (S
g o e 3L

D Cd

358 Oga3l o gast 53 edal Cows @l el
S Sy S Sl G e a8 il 0L Ol e
B 1555 VU5 ol al callar ) 55 o 153,
e S 2L 0L Sl (S5 5l el ay
25 S S Hsboles ks 4 la 5 e
Aol 3 CeSls dbd asiS 4 5B oKaes Al el
G 5 035 3L (5, Se3ll oaws gl ek i 1
Slas o Sl S (g Olsisan 5 el &
b o Ol 0 508 psmame 53 35 sline
Vo 4 035 e slest 4 by se 3L i 00 K
ol e aids b Sde 1 035 55,0k 5 4kl
e Bl 3 g esls s 5l 558 O el

JJJJJ)‘J‘)}}JJLQ‘)LQ.:JJJ“LMMW

YA

S 05 5 e sle

dos 3l aS sdewy WY sl 4 dals e 5o VY s
53 Ll gllae 5,5 SOy Rl cpl Ll slasl
Olymen Lol 5 b T 5,5 S5, S 51 ey i)
Loy 00 sde w dald [l 55 W4 sae I cal Gl
o355 Sl bl Cpdlas pldy; Shals ol oS
(Y++9) 0,52 3 Mohammad Nisar adUas ;5 .ol
b i S SO, ol slasl asilal bl
AL e ) 51051 ras am s sy LS s
250l DS S5 s Sle gy 4 S
(b o 005

OLen 5 Mallikarjunan (g s 5l o oLl adllas o
SVIUs8 ale ald 55 6,0 45 A yasiie (Y4)0)
P e b e Rl 058 F e ol s S
s 5 VI35 ol el oddi o (slaed sad 3L
SO s 35 5 Sy Ay am Ol Ll 1, 5l
bl ol (ol s Y il 31 e | ls G
Sy o o3y P 3 S b i 25
53 g ek wised ) S e Lol S &
o=l S S o S 1 (B3l 8 e e e ld
Dol 4 gas b & oond gy e b Jad e s0ts
[y s Ol o YL oS 55l Csen 8L Pl 450l
ol s, S0l U ol any slaakd caalsl 55 ks OLES
O 03 S A sl e e Cod S S0
i3y N Ol a4 Gla el ol 555,00 lasles
Cils (6T L8 S I3 a5 Jee )50
boled plo 4 Cod gty Cusby Sl e s L S
3,8 a5 Ol e OS5 e el onls s )
05 sty o S 551 Slaslas @y bogy e 3L 0 S S
ol cde a8 cudls Il 8l 48 55 4ids Vv S 5

aor s by Cadls JLAS o jl 5 Sy R, Ol e



O‘)Kmﬁ)ﬁj‘."’f

Sl ds e b 3L (Sudl sl 4 sles ) S
OF Jda 8 5> (aal 311 0 2k o Oln S5
VL ol s S 5 048 DILL Ols e )
sel opl ol (Pawar et al., 2000) 3,5 olo b
Ol e 1 aadllas ol O s 5 3L (VL
L ool Ol 45 5 il Ol Od s ol line
ol sl ploens|

a2l sl Sl edel Gt S 4 a5 L
Ao add 055 & 5 555 S0le DS 1 gla )
o= eled a8 s e blanad (LS .5, YT
add 3L CokS s bl Ol 4 S sla s
wlr s B s Ol K e e
5ol ey WSownl 5 Cay Sl AU SO e
ot 534S Ldd oLl adlas cpl s ald KO,
e 05,5 Fe oo ple ks oy ) il
S el il s e 1Sl S s
B 3 5 aeb B sl pesT LB s a2l
53 e sy ald gladsai el a8 ol O
5 G 3l 51 VL Ol Jol s 4 IS
b S G S sl il (eSSl
e G2z 53 s S op Je S SOk w0
Olyn a8l add cil i anls by olSout
0V T 035 s 3 Laasla nl soae
e kS 5 e 2ol A 5l ol s Ll
Shadds 0 Dde 4y 2y 53 ek F o ale ald 3L
el Sla 55 VL e

:@\;a

Jafarpour, A. 2012. Surimi and physical
characteristics of the gel network. University of
Agricultural ~ Sciences and Natural Resources
Surrey.

Y4

S S S s o sl i, b

W RL33)
35035y 5 03,8 o Al 55 S is L 1K,
mils s ol 53 YU e s Ol 1y (5o
Sl 5 M S edalie ol o &5 505 3 Ltakae
Mohammad ) el o3 5 SIS 5T a30 jad 55 4 505

.(Nissar et al., 2009
3oL el sanla et s b &S bl iy
sy onl Sl e sk e SLS 5 )l 5 ald O
o9 =93 e 4 5 (Chang et al., 2011) kS Ayuis
g 5l adllas ol 3 et Silesl SIS sl csu

Ry L " RUE IS I () ¥

Sl 5 s e DS S 555,00 )3 b
Rajet)u;ﬂ&ljdw&}#x\jdﬁ;)y\:ﬂ
Sl ldie g sl5l e S e (al., 2005
s9SLe oy 0 uli gt qab bl ade Col )
(Ohlsson and Bengtsson, 2001; Hoda et al., >4 &
s Sie Y5 4 W g5 allae opl s cal by 2002)
23Sle i) eld wy 0SS, YIU3 el
O P N

L3k po s 53 e il S el el
ol 03 S e gy a4 et sy VIU B ale ol
SAl ol Gl 5o Ll o 5 B s canlllas
AU aiss o A e dged o g 5 Sl
> .(Mohammad Nisar et al., 2009) c—.| ar_ils
Sharma sl 555 Sole (Slad sad 03 9 Kt 0 gt
e e St sS Sdl e 5 (Y00 0) Ol
233550 53 gl SL OAS SUS s D e
sles 5l Sl sl gl as pl a5 LB 4SS L
add ol VL sleel aids Ve e 4 IS Sl

ol o, a5l S5 0)l cpl 5o sy jolans]



WA Lo o led o by

Latif, S.S., 2008. Effect of marinating on the quality
characteristics and microstructure of chicken breast
meat cooked by different methods. Journal of
Lucrari Stiintifice, 54: 314-325. .

Lemos, A., Nunes, D. and Viana, A. 1999.
Optimization of the still-marinating process of
chicken parts. Journal of Meat Science, 52: 227-234.

Lin, C. and Chang, C.Y. 2005. Textural change
and antioxidant properties of broccoli under
different cooking treatments. Journal of Food
Chemistry, 90: 9-15.

Mallikarjunan, P., Chinnan, M.S. and
Balsubramanium, V.M. 1997. Edible coatings for
deep fat frying of starchy products. Journal of Food

Science and Technology, 30: 709 -714.

Mohammad Nisar, P. U., Chatli, M. K., Sharma,
D. K. and Sahoo, J. 2009. Effect of cooking
methods and fat levels on the physico-chemical
processing, sensory of buffalo meat Patties. Asian-
Australian Journal of Animal Sciences, 10: 1380-
1385.

Nikmaram, P., Yarmand, M.S., Emamjomeh, Z.
and Karimi Darehabi, H. 2011. The Effect of
Cooking Methods on Textural and Microstructure
Properties of Veal Muscle (Longissimus dorsi).
Journal of Global Veterinaria, 2: 201-207.

Ofstad, R., Kidman, S., Myklebust, R. and
Hermansson, A. M. 1993. Liquid holding capacity
and structural changes during heating of fish muscle;
(Gadus morhua L. ) and salmon (Salmo salar L.).
Journal of Food Structure, 12: 163-174.

Ohlsson, T. and Bengtsson, N. 2001. Microwave
technology and foods. Advances in Food Nutrition
Research, 43: 66-70.

Pawar, V.D., Khan, F.A. and Agarkar, B. S. 2002.
Effect of fat/whey protein concentrate levels and
cooking methods on textural characteristics of
chevon patties. Journal of Food Science and
Technology, 39: 429-431.

Pedro, S. and Nunes, M. L. 2007. Reducing salt in
seafood products. . In: Kilcast, D., Angus, F) Eds.),
Reducing salt in foods. Practical strategies.
Woolhead  Publishing  Limited.,,  Cambridge,
England: pp. 256-282.

S 05 5 e sle

Barbanti, D., and Pasquini, M. 2005. Influence of
cooking condition on cooking loss and tenderness of
raw and marinated chicken breast meat. LWT-Food

Science and Technology, 38: 895-901.

Bugueno, G., Escriche, 1., Marti'nez-Navarrete,
N., Del Mar Camacho, M and Chiralt, A. 2003.
Influence of storage conditions on some physical
and chemical properties of smoked salmon (Salmo
salar) processed by vacuum impregnation
techniques. Food Chemistry, 81: 85-90.

Chang, H., Wang, Q., Xu, X., Li, C., Huang, M.,
Zhou, G . and Dai, Y. 2011. Effect of Heat-Induced

Changes of Connective Tissue and Collagen on
Meat Texture Properties of Beef Semitendinosus.
International Journal of Food Properties, 14: 381-
396.

Dunajski, E. 1980. Texture of Fish Muscle. Journal
of Texture Studies, 10: 301-318.

FAO, 2012. The state of world fisheries and
aquaculture. Food and Agriculture Organization of
the United Nations, Rome, Italy, 230p.

Hamm, R. 1977. Changes of muscle proteins during
the heating of meat. In: Hoyem, T., Kvale, O. (Eds.),
Physical, chemical and biological changes in food
caused by thermal processing. Applied Science
publishers Limited, London, England .

Hoda, I.S., and Srivastava, A. K. 2002. Effect of
microwave oven processing, hot air oven cooking,
curing and polyphosphate treatment on physico-
chemical, sensory and textural characteristics of
buffalo meat products Journal of Food Science and
Technology, 39: 240-245.

Iranian Fisheries Organization Statistical Year
Book, 2010. Fisheries Statistics of Iran.

Jafarpour, A. and Gorczyca, E.M. 2008.
Alternating Techniques for Producing a Quality
Surimi and Kamaboko from Common Carp
(Cyprinus carpio). Journal of Food Science, 73:
E415-E424.

Laakkone, E. 1972. Factors affecting tenderness
during heating of meat. . Advances in food Research,
20: 257-323.



O‘)Kmﬁ)ﬁj‘;‘?

AR

S S S s o sl i, b

Raj, R., Sahoo, J., Karwasra, R.K. and Hooda, S.
2005. Effect of ginger extract and clove powder as
natural preservatives on the quality of microwave
oven cooked chevron patties. Journal of Food
Science and Technology, 42: 362-364.

Runglerdkriangkrai, J., Banlue, K. and
Raksakulthai. N. 2008. Quality of fish ball from
surimi as affected by starch and sterilizing
conditions. . Kasetstar university fisheries research
bulletin, 32: 39-47.

Sharma, D. P., Panda, P. C. and Ahlawat, S. S.
2005. Effect of additives and microwave cooking on
quality of spent chicken meat patties. Journal of
Food Science, 42: 35-39.

Tang, X. Y., Cronin, D. A. and Brunton, N. P.
2005. The effect of radio frequency heating on
chemical, physical and sensory aspects of quality in
turkey breast rolls. . Food Chemistry, 93: 1-7.

Tornberg, E. 2005. Effects of heat on meat proteins
- Implications on structure and quality of meat
products. Meat Science 70: 493-508

Vasanthi, C., Venkataramanujam, V. and
Dushyanthan, K. 2006. Effect of cooking
temperature and time on the physico-chemical,
histological and sensory properties of female
carabeef (buffalo) meat. Journal of Meat Science,
76: 274-280.



T™U "‘| ’ i 4 T
Scientific - Research Journal Vol. 4, No. 1, Spring 2015

Effects of cooking methods on physical properties and sensory evaluation of rainbow trout fillets
(Oncorhynchus mykiss)

Ali Jafarpourl*, Mohamad Razmi’, Hami Kavousi’

1- Asst. Prof. Department of Fisheries, Sari University of Agricultural Sciences and Natural Resources
2-M.Sc Student, Department of Food Science and Technology, Islamic Azad University of Ayatollah Amoli

3- Asst. Prof., Department of Microbiology, Science and Research Branch of Ayatollah Amoli, Islamic Azad
University

Received: 28.05.2014 Accepted: 18.01.2015

"Corresponding author: a.jafarpour@sanru.ac.ir

Abstract

The effects of cooking methods on sensory attributes and physical properties (firmness, normal shear, cooking
loss and color based on L*, a* and b*) of rainbow trout (Oncorhynchus mykiss) fillet was investigated. The study
was based on application of autoclavingat 120 °C for 5 and 10 minutes, deep frying of the flour coated fillet at
180 °C for 2 and 5 minutes and microwaving at 600 watt for 2, 4 and 6 minutes. Cooking loss significantly
differed among the cooking methods, the highest of which occurred in 6 minute microwaved treatment. The
highest and the least color changes were, respectively, recorded in coated fillet fried for 5 minute and for 2
minute microwaved fillet treatment. In terms of normal shear results, control and 2 minute fried fillet treatment
had the hardest tissue, respectively. Also the penetrate tests revealed a significant difference between control and
other treatments (p< 0.05) as the hardest tissue was the one that fried for 5 minute and the softest one was the
control. However, the highest score was allocated to the fried and 6 minute microwaved treatments by the
panelists. Based on the sensory evaluation, fillet fried for 5 minute was found as a preferred cooking method.

Keywords: Rainbow trout fillet, Cooking loss texture, Color, Sensory evaluation
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