DOI: http://dx.doi.org/ 10.22104/jift.2020.4026.1944 g
3
A

%;JP

VP 5l AV-AY asan ) ojleds A 0y90 i Cain o Wu sl 5,5l anlilad

v

by Ulio
Coglie (i (gl 8 Elgel (bl 0 50 yus aibob (b5l g arwg
SYTJ38 (olo ald (8L sl T g (et gl p (2w S 5
Jlx 50 6,10 0598 Jeb y0 (Oncorhynchus mykiss) yleS w5

[ . \ . . A . #*Y . \ .
G lallaas ¢ oud Gamwgn dnd o o (5 ol Sgoo (5 pmal (G0 S « (5)b (S0 (>

3 s SBLAGIS e gt (oo iR (535S (9l )
3y LRSI (3l 3T (5391 13 (AR 0955 3 prumman g (mikiden (RS ¢ )lnlils Y
3o OIS 5 barmn 9 (st Bl (ouciten iRy el Y
3y oIS (5l T (5381 8 (a3 09,5 9 (210 aluo g pole (ks coliwsl F
3 ey QLSS cppsmnm gt guichiden (ks ¢yl .0

OYAR/F/48 55y Gyl IYAR/YD 16,5530 o5 T Gyl AFAAIN/ Y 1edl s u,b)

oS

oS (et (5l (i 5y 9 (oSl Cnglie o «gol B lgel e pf AL Wl oUle Giegly onl 5o
(o) bl (Sl ((FaiSs (o) (8L sl Sy Geeni b Ggy VYD) 55l o (b Y5 ale ald
> 5 st (Sle (Kb slatalesl Gloj oo 28,5 L8 b5l 5 (en Si9e (s bl s (o (oo
b Sleogas il Jos 5 (moin Sle Oleidy Jon Geble 5 (omas a0l Glahg) 0 )Sles ol ploxl hals (o,
3 o Oy 4 (Bl Sleogat 5 63955 lye @ (Sopd Sleogad baas 51 S 3 i8S 1B anlie 5)9e
oo Sl 5 FaniSs e sl atli i o o Glis mls 8T sbnil bagleoe g s azb S L
S Gilys (qras aSD By, e bl 5 (09 (sheo (Sl o aSlh jo 5 leidy o edle )
(SUSE (P o aSll s Olaye (2ke ada) o5 0k a4 wiog Lo 1) (8L Gl Sy silede sl
VY 5 fFE e fND N0 e YD e IVVE 5 A sz ol s yos oo o sl )| Sl ( Sl
wlols by scad /320 5 +/220 +/A8) +/AQY /A0 /AT Ll eSS A o Wil (Sieen o s
JrsS s Gl lr aellS 5 o p )l plaie 4 egian Gien oy, LSS 0 oppte b goleiiy
gdge I VI3 alo alid (6)l0gSS Job 50 cuaS

(P S5y cungliio (miuw il 8 Zlgel (Bl S T VT 3B (Bl o pud 1 gulS 5Ll

Nasiri@shirazu.ac.ir : Jgtus oot g*



5l ls B o Oamen 535 005 (oMK
Comd g Cel (505 (05 0500 sl b5 e 5 S
U ol b syl 6 i Como 5 Cdd s by, 4
3 6ok Byl cely g ol e (G (55508 Al
% o e [Vlesbie 05 alne
i dplre Slooged Canl S 3 e sba Ss
B SOy Il - pls osesl 5l ool (szmen il
iy, Fob & Canl Sl Gy Jobos 5 LS

AR [RECEpIIeS
L wlgioe 45 canl (glabmy | oale (S5 omi oS
Sl leE )0 a5 s uair lojer (6550l
s Do & ol Gialed 5 w50 ) Sy 5l 8L
oy cnl 51 les ) (S50 51 (oordins ju8 honin
3 Wz gei odliiul Glei oo (Ble slaaiss ples sl
S 2D 5l dsS (phn 9,90 )0 a5 0nd 0wy Joe
D)y & a5 39580l zg; 9 5l Aoy (nl s 18555
S b e o LS5 ciload ools 1 55 e b
9 o 3l oglie 0l o (le (59, 2 Ay &
Oled )3 5 wlaige joee (Blo Gy 3l g aaS 7,15 59 Sl
8lys (Al 0958l gy abewy 4 ol 5y I
@ 5y g oglite Gl o B Asly e 095 e
Sl eadganaz s Dyse a5 S ojll oSy als
@ g 56 aly 00 e bl luled amio VP L Hao
N ol ,0 olud jsals b sad swlys sue o a5

Y] b e Srals
4 sk ole (Sib oy 4 V] e 5 o
Ol 5 iz S5y Sl el i Gedle ales
E ob* L% S5, Sloguas o5 wiols lis o] azisls
NS e W Gl oS e Ll b e
el g s LS 1) patie W) 5 AT el
(S Sleogas Sl G alaly 4 Glo LAl Budos
ol 00l ()l Doy (ple (29,500 5 (2l
Pl bl pslas Jewily [3] oles 5 TS

1. Warner-Bratzler Shear Force(WBSF)
2. Kramer Shear Compression

3. Torrymeter

4. Cheng

co el Oojled Qoyee did Cano (0 o slas,5lsd aslilad O AY

doddlo )

poye S1E (mals 50 oz gs B 5 by (sleos gl
YL (2le (35 5 pog oslhas 4 azgi b g Wil Gl
Sras 39y 4 59y wseBan Slye Ses n Wesyslid ol
Y158 y9m Oleale elsil les ;5 055 00 039381 o]
lr s cell @bl odg Sl Sl oS 0,
N85 ok Coml Gl cslse STy 5 0aiS S pae
03,0 sollig g 5l JulS wale &jgo 4 il 5 o]
Sop Sl B oS gond ald Sypo 4 by (098
i)l 4z b D] el 4 B (5518 slaails 5
S5 slbogds 5 aulys GV s ys (il 5 golazi
P O g Sk owyp (Bl pl Adye g s
3 85 Sldllae mpe sloace 5l oy o ol 6 Baile
.[Y]a”u_n Sleds bl 055 5 cublage
SBL B SRy cin 9 et e paere sl
ez o9l slgsy Jels lid 5 (el slees,glyd
G o5 G i (GRS (slagges ale (Sl
2 ez slggel col S8l 2 o a5 5 bl
1, SOl 2l 4 b 0,lg 5 5 bl cqy Ll
oo 3 00515 5 b camoco 1,5 ol Lis] o
5 BB il 5 Slias ateils b, cnl [Y]cwsleos,
oo 12l sl (masiio g osus (hjgel GLulid )5 (izeen
lodigs i3, om 5l wzse WE 5 wies nolej
Slgi bas o bagygesl ol 5l Glieed O 2 033! g o
Serel By slalil o vges ssliial prites jsb 4
N9 n sl Soeal 5l (A4S O)lla Coeal &7 o>
g 3bail i o e lahs; A pgi) al
S slasle gSeslal sl malEl sl ol
anwg pshiie (pl 4 a5 alagts) alex Il S5y
O Dgold gl e b slagty, Wl
oS 5l T Y] aee e Ky 5 cueslie
2l 5 g Dljolo oBaus 3l Lo a8 SN (slaos,el 3
30 Gl SIS asl w)l Coenl JSls SaiS S a0
[f] ales go cudls 3l G Sluls el 4 s
Sln e pre Sy o FES gleesygld g0y
soses [A] sl 00iiS 5 o ol 31 LT ST yo5 CepisS



OHSen 5 6,k (e e

AY 0 et sl e, LYT 3B oale (2l lo (Shg s

oen 5 ' Js V4] ol 5 (oonldllsl [¥] o (Sn
5 " SUyss Y] TSl 5 [YY] ollSen 5 b (VY]
L, ehe Vgame Sgolp Slaogas [YF] o 5ea
5 @lgel hoe Sa e oS ils (LS g 08ls 1B (o) 3590
5 eied Oleogas b )l Lo bLI,I o] el 0
adhle oldd DY game  oleend

o) 40 (SBR (SL ond plnil wlie (o) 4 425 L
Gl b VB ele ald L la Shy (o
ol sl 42 S5 g ol SO Suied slaailols
e et il alele 65 @ Giagh onl 5l Sue
e 4 (i K5y g Coglie s (gl 3 sl
SIS 090 Jsb ;o VI3 alo ald cuaS o)l
el Ly glos o

L gy 9olee.Y

Lol 559l Joe g asges dngs V.Y

3550 Ol 55, VIR ale pol> hags plosl gl
®le Sygn aeyie I PO — Voo G0 (oo 85 (55 L S
g Bl (oha G 5l o g 00t ags o)1 il 5o &
s (5)9l 2 oRislejl Jore 4 (i SIS 2l
oo 08 i s oBasls (55,5liS eaSlails
b oale piind 5 ball 5 jw (0903l (oS3 4SS
5 Sle «( Soxd slagialesl el gly g 0nl (3
VY Soe ay bald w0l 0 ald O g0 a lords
0)99 N (5,leS5 (F£) C (sleo) Jlwsu 59,5 5 s,
3,50 e 4y alid 555 52 50 a5 o5y 0j9, ¥ b talesl el
yold laelins) (Susd slagsesl plnl cur LS
To o ) SHle drie K lueglie Sl
waosh))  olead ((BL b Shy e g 8L
ol e 5l o G5l g (eBign (2 S
S N S S BUCA R LIS I ISR

B8 ,5 8 ol

1. Llull
2. Simal
3. Nowacka
4. Tokunaga

deio Y W 5t cou 08 ol jo Soul i
5,7 5T 6lnFC sl o ol slexil &, 5 (43,8
Gz gleacs> Slulis ol flas ol 68,5 gwyp
lord b Jdos ¢ byl polai vy oldé ools
i (b S Gl g Sl ALl (o9 4 (e
@lp by el gl S ol Gido wg Wlg e

aslb olae DY game ZoalS 5 sl
GrSeilail (sl (650 e pt by, Dol (el
Ghey ol e bl 5l VO] el (2L sla S
Olgse |y by Do 4 eoliiul CollB g o Sogs
e ek oge3l Sy 5 dxwgs Zaro o V5] 0 0l
2350 FUS ype yib slagseil ple & Ssol 8
Caaio § Ghez w2 Sy 50 Ol 05 i e
M Corio 5o (63l8 ol @S54 5 el L Ign
3 ol el cde sl 0ogy Jiogame ais, plo 4 cond
Shed sood gl odazmn 5 93 4 jamie gla S
Srelp SlaShy et Gl Dol gy 0 Sl
Ole caials b 5551 el glgal e Copn aiile
5 oS & lge Sl WSl L35 50 08 5 Zlsel eSSl
slosp )l Y Jogi o sols blsyl slge (S5e> b
£ 99 50 g 035 00 S Jlews 1 Caio jo Dol )8
S Dol b ooyl ] oud uipend Dglaie
WIEm? 5| 1ieS Sgold g b g Ve s KHZ 51 s seln)
Olei b g Ve o=V KHZ oogae )0 dluw) ol s 4 ()
5 o Sl g (V=) e WIEM’ ssgame ;o Syl
L oogold gleel cni e o 2l olse b
Sop 5 50 g wnboe j o5 Sud gleo S
b a2l olse ples Gl oy wal b opal
CodS oy p 3y90 50 Ll fWV] Wb i (Siven
5 oS el b lbailels o Siagh (ol cloos gl
rizeed [VA] wloo S olgiin 1) (595 jlomr S0 55 aial
w0 0b b 555 5 (10 MH2Z) 5b3 aabuo b (ola g,
Ce g slagsel 21 e V]l sus 515

5 53 el oad osliiul (5000 (3ol ) 5l S9el



—20 A
log(-2> )
_1oo(-1)

Ui gn Jalis gl s s puFojluil wlels |33l
5 0w 9) b Kigls (55 5) eaSedl ;e (Gl o5)
(gSwglenl) JUuSKm (B3loy aly ag S (o xS
5 wed, 8Tl o Sojladl abiime 5 il
odls IE JWSew ilon wxly o JUiSKew S3jlop
a5 Jate &by 4 USB o5 )0 b (o, 5l a1 059 o
Sl ST alwsg 4y (33loy aly o S, (SisSe S
0300 plo ald sladises 28,8 ploxl (T 38l 5 5 (0d,
il Glisgasr Seol,d dilole ol ool 13 oKiws

o =

JES anels 5 Dgolp losl oo oy ©j90 1) ale
L eoole ) gloal chpndi g Dgol 3 oy jlade b (36 )0
Elsol o b SbglS S o (5,503l lo Kisls ules
5 o glyal 0k S S5l 5 wiS (oo Jlul (o5 gl B
(8L 3y (eSSl 5 (n s (0 yeS) Sl (65>
5 ooy e ey ails Gy asels o Slesje eSilo
WSS el 1) ale il 51 (bl Zlasl LuilS s
xSl glael <dby0 b Jlol e Gloy G23l0 0 921
Saly ol 4 bole Szl gl e IS S
Sl o 3l g 310 9215 (3953 K31 S9b g0
LG s gl (ol aldly &l om0l
S adg 1) (Seel® glgel ((Sdg iUl s So 628
o 9 d9der ol oaitnp S50 5l (Sgel B glsel
Odgl S 953 onpS KA a4 ale 5l e
plnl (2B oaisS Cogli bawgs (8L s JUSew ool
@SS g ZasB 5l e (8L JiKew pdiae
by Jizms 4 SJUT Jae S bagi (65 b5
Ol i3ls 058 o 0,033 JuKw alabl> G y0 5 00l
Wl WS o e all, 4 Juyw o5y Gob 3l
wlbip o5 (5)5b a2 098 o0 J71S sl aslipy S Lawgs
JESew 59, Slale plnl 5 JuSew ales 51

a3 ge LA 08 5 50908 g0 ) (Sl 8 sla S

co el Vojled oys0 i Cano 0 was slas 5l aslilad O A¥

Cooglio iominw «wgolyd b Shy med V.Y
ST S5 9 (S S|
5 ol ojs> 40 xpSolwl Syee aziuld (S
[ome b cllog 5 glosl copu (il
Ol el ol ooly g5 o3lail g sl o Jlol g IS
5 Solp gyl Sopm 4D ok 4 ) pre oS 90
T ol (sloo IS a5 aiebi o ool oo b Chondss oy
5 SleiS Pl (S iose Gl 5 ches o

[VF] el (Solsa

(V) @guly3 zlgnl et pus 1.Y.Y
@ &5 Cwl golp el ghme S Hly o
Jo @ ols (S dlge (Sl 5 (S5 sla S
S el 12l Slge L g laeal g (Kanls
o bl St Jlas (v 550 a0 (Sgelb 2ol
Toe Job srSesll @b 5l ool glsel Copn Joo
@l 5l 050 Gl Bayb 5L 5 paeine deluy jo gl
Sl Geend BB Slge aiine Cualind Sl Dgol b zse j5ee
©) byt g M) osle cuslies L o] o a5 (V= %)

(@) g0l b zlgol Gonrdi gy Y.Y.Y

G b SRals olge 3l A5 j0 Dol s Zlgel asels
O 5 03> (97 39Bes e b hend g0 K00 O )le
LS @ Sole 0 (SHlle gge glysl iz j0 09000
S92y ey (Seal lge ;0 losl Ay 9doe Jro
s SpS e Syge S 5 JB gllas ol
5 Sgdee ciuym (DMM™T) uxly L (@) slye Cinds
LA G A aal, ol o aS Sl anale BB ala,
Calies L g (MV) oozt 8 5 0055 zge atels i3
Lvo] el M) cols



OHSen 5 6,k (e e

AD O et sl e, LYT 3B oale (2l lo (Shg s

sg Lo il olfus S 4 pile A (g S0l
g 0ad Jloel Gialol wleslais abgyye l38le 5 )b 5l
O35 20,8 Ead GilesT pe (6l JK ki g5 jloges
S50 29y b8 (IS 55 el oBws (al b oot ol
90 ;2 g o3 YO MM o] () dmio g £+ MM oolaul
e Ol iad a8)S A5 50 paiteagll izl aio
2 eln Sged 5585 )18 5l ey MM L9369, 2 SO
Y MMis Cgp &S > oy 5 009 bdiges mhw (g9,
5l sl s ol s o e el

IRV gt &LA)'T 350 3utzS (pl 0 aS Wiog

(STM= Y+ (6 Jloysus) <l s oliws (¥) S5
Fig 2. Texture testing machine (Universal 20-STM series)
2258 3IUT slagyge;T ploxil F.¥
G5 ol Joilie pg 89 15 b glyinl o9l 4y IS 252
O5pd o (il Slge gimly 5B Il jslie ooy
I8 e Ol b yie (59, 9 ob a0 )glSs
oS o) oo wiles 6l 5 )2 5 0ty P> b 2,5
oz bl BBl g 0ad 139 we 22 Gl L ol
oged 4 i gy spSojlul [YA] ab acilme JS

3. Hardness

4. Fracturability or Brittleness
5. Cohesiveness

6. Springiness

7. Gumminess

8. Chewiness
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Fig 1. Schematic of the ultrasound quality meter mechanism
and its components
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Table 1. Quality scale used in sensory evaluation of fish fillets
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Table 2. Statistical average of approximate analysis and chemical properties of rainbow trout fillet during storage
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Driploss
7.71°40.12 6.77°+0.03 Ly
pH
3.13°+0.38 0.80°+0.17 ST oz s
FFA

CuidS 5l g e Cwl ol ol Cueglie Jg oS
byl el a4 Cond Ll Ojge a4 blas ol
G (Jskos o)lgns Conglie azis 55 g 0,5 piySek
lasSse (g 50 Soy b pls e )3 oo
gobe 4 ol Jlail el cage g adh s ol
Cadsb 50 @ Sl cge ol (pl 45 005 oo (g
Lol @l codsls omals wy), 005 e 8L o
2 s bogad laptisy gl 5 Cusle s
Lo sl conle jodd 0nign (nl g sl bLS)
oo 0580 Sl dezmin Ojg0 4 ()l Do I
il ogd o el aliue (pl g 0yl ST L (608 0S5
ey sieS )b ufgn l 5l ooy 5 4
50 a8 Canl o wed 4 [FV] il asls O (5005
P 39, 5 9 (V) Kohm) oogs YU Caaglin cuss 9,
(Jolw oylas Cwglie rals JJo a4 (¢/AY Kohm)
ool dm slags, o el atil LgalS So S| Caoglie

VI3 ol ald (S Sleogas avlis (V) Jsor
30 lsel jome Cao o o o lid (6,104 090 Jobo o
Sl FEF/N M/s g203l98 59, 0 o Yo Y/AF MIS Jas 39,
capd Opizmad (P[0 B) o)l (gyoline mlEl 45
39, 0 9 <IYAY dB/mMmM coss g, 0 zlgel caas
ilS g oline ysb 4 45 el /YFY ABIMM g2;lss
2 IV] s 5 g & i oo 5o sl il
Ct s yud WOl ploeil S ligS (59, ,» FO days Sos
OB 5 @liee S 4Bl (Rl (s lblre Hob 4 gl
gloal 51 oalinl b olowgll oS (pats polate 4 55 [VA]
oy oloy Gl b aS Was) 4 opl 4 Dol
ol |y i b a5 ol azily ol glyal Gini
sbolic (Ao 5l w dlolddl) o3 Lo <l jo wes 0
(s 5 pely) oo> Glagg @ Cod hadd Gl
el SO plas jo SLbI o azes jo g st 33048

Sl oylass oble, cdb pl jo .bxﬂgso Sg>g &y ol



OHSen 5 6,k (e e

Ad 0 et sl e, LYT 3B oale (2l lo (Shg s

5 SR G ClsS S5y s 0 6, sles
SIS 050 Job 0@ asli sowl Cews @ bl b
olis @ Lasls mals cal aily ials g olias ob 4
Iy 6, 0,90 b cuisS ) Hud jew 4 Jilad oauns
ol (S Lad rals s &8l 5o s o lis
OmolSsee 9wl yosd 8k 4w 4y g0 JSG I bl
ezt ilie 50 e GmlSsee S Ojgody o)
oRIB g lolne sk 4 (65l 0)9 Jsb o b a3la
Ol saims ol adls cpl jo el Lol asl
I¥Y] el o] aanlannsT 513U o)) sloailss,
GR) K5, &l i 45 wiols ol [FF] ) Sam 5 oS
shls slud oj50 Job jo ole cél g pix (b*a*L*B
5 Beiod ol mls b oaS il ooy (gl pxe LS

Byl cpplin (S, Oleogas o e OS]

5 s @ 0233155 55, 55 Iauzma 5 039 (221331 o)gs i,
oln ko 2y S S anlin il WIS 5, o
Syoy olagod b jiogh ol bl wcul 4l ol

IIY] el azls callas oS g (o5l
29,5 Glog L,z (65l 0yg0 Job o (ole alis K,
ole s g5) » [TY] oKen 5 sz &5 s L oS
CubeS Sy a8 bl ol cguline wisls pll YT 58
ool g5 (FaSTp 0gon Jol> g (molSgen 099> b
R S A e O T A I e
a5 ol ol ol plogl Y133 eale al gq, [¥V] B a5
5 Bz OpmlanaSl 5 Sl PH Joo (A3l Julge
@950 ) g By ;3 SRS il (2B Jelse

6155 0590 Jsb o VI3 oale ald (038 wloogas awlis (F) Jgux
Table 3. Comparison of the physical properties of rainbow trout fillet during storage

(395) BNl waw

b B S

Storage time (Days)
6

Physical Properties

12 9 3 0
444.01% + 28.50 370.77° + 4.42 346.60™ + 82.42 323.69% + 69.40 307.86% + 35.46 alyol gee oy
Velocity (m/s)
0.26°+0.01 0.26°+0.01 0.27°+0.01 0.27°+0.01 0.28*+0.02 gyl nd 2
Attenuation (dB/mm)
0.8%%0.03 1.42°+0.08 1.25" +0.12 0.84+0.13 1.01°%0.2 (2SI Seeglie
Resistance (Kohm)
be c ab a ab g;‘;) ‘L‘U}“
152.84% + 9.01 149.81°+7.15 156.43%+ 9,55 157.62%+ 4.66 154.96%® + 10.81
R
a b a b a gsi;) d?‘
114.03% + 12.52 103.40° £ 9.12 116.91% + 13.03 104.84° + 9.83 112.15% + 20.82 a
b b b b a gsi;) d‘-‘”?‘
80.71°+9.32 75.43°+ 7.41 80.12° + 8.36 79.34° + 6.80 87.37%+ 15.29
B
ab c a be ab g;;) 4—“5‘
44.08% + 4.29 40.99° + 3.10 45.03% + 4.39 42.23" +2.88 44.19® + 6.55 A
L
6.46°+2.27 9.96°+1.52 6.49°+ 251 12.53%+3.23 8.75° + 4.82 e j‘”i“
a
16.83°+1.74 15.54° + 1.37 17.80% + 1.90 15.81°+ 1.51 14.97°+2.08 Gﬁ)b f“”"‘
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Table 4. Comparison of textural properties of rainbow trout fillet during storage

(395) BNl waw

s"SL’ &5“’;}.’.3

Storage time (Days)
6

Textural Properties

12 9 3] 0
1.91°+0.57 4.69*+234 3.76°+0.03 3.20°+ 1.47 2.637+0.96 &
Hardness (N)
0.64° +0.02 0.92°+0.03 0.99°+0.03 1.07%+0.06 0.83"+ 0.04 < “‘“S“‘ -
Fracturability (N)
0.06° + 0.02 0.07°+0.02 0.13°+0.01 0.29 + 0.04 0.35%+ 0.05 g
Cohesiveness
3.94%+0.06 3.98*+0.03 3.78+0.14 3.83+0.26 3.90* + 0.06 *5':[7”)‘ Skl
Springiness (mm)
0.09°+0.01 0.38"£0.03 0.49°+0.04 0.96" £ 0.14 1.12°£0.17 O°z°”~_6“’“"
Gumminess (N)
0.38°+0.03 1.54°+0.12 1.88°+0.14 3.77°+0.57 4.46" + 0.68 e

Chewiness (J)

Js 50 6l 090 Jsb p0 leS eSS, Y33 sole ald o jlitel Ol i W9, (8) Jgoor
Table 5. Trend of changes in sensory rating of rainbow trout fillet during refrigerated storage

(395 B Wl W
Storage time (Days)

Sensory Index

12 9 6 3 0

1.00% +0.00 2.20°+£0.45 3.20°+0.45 5.00% £ 0.00 5.00% £ 0.00 sl
Texture

1.40°+0.55 2.20+0.45 3.20°+£0.45 4.40° £ 0.55 5.00% £ 0.00 »
Odour

2.00° £ 0.00 3.00%+0.00 4.00°+0.00 4.00% £ 0.00 5.00% £ 0.00 =
Color

1.00% +0.00 3.00°+0.00 4.00° +0.00 4.80% £ 0.45 5.00% £ 0.00 S s

Overall
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Table 6. Number of neurons in ANN models and error provided

8L b S
10 9 8 7 6 5 4 3 2 1 Textural
Properties
0.416 0.323 0.419 0.430 0.332 0.419 0.430 0.418 0.365 0.619 &
Hardness (N)
0.063 0.067 0.061 0.059 0.063 0.062 0.061 0.064 0.082 0.085
Fracturability (N)
0.026 0.015 0.015 0.022 0.066 0.032 0.039 0.065 0.065 0.092 e
Cohesiveness
SR RN
0.040 0.021 0.041 0.020 0.041 0.042 0.035 0.037 0.046 0.046 i
Springiness (mm)
0.044 0.310 0.055 0.056 0.251 0.235 0.243 0.240 0.236 0.302 0 s
Gumminess (N)
oMoz Sell
0.171 0.225 0.222 0.204 0.960 0.885 0.947 0.942 0.951 0.200

Chewiness (J)
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Table 7. Optimal properties extracted for predicting textural properties using correlation-based feature selection
RS RS . e sbs #3 Al sl b b S 9
Optimal properties Structure Textural Properties
0.278 0.278 0.953 Resistance, Attenuation, b” 3-9-1 T
Hardness (N)
0.045 0.045 0.920 Resistance, Velocity, a” 3-7-1 R
Fracturability (N)
0.010 0.010 0.992 Resistance, Velocity, Attenuation, b” 481 s
Cohesiveness
0.016 0.016 0.921 Resistance, Velocity, R 3-7-1 ) el
Springiness (mm)
0.033 0.033 0.994 Resistance, Velocity, Attenuation, b” 4-10-1 OO *2
Gumminess (N)
0.125 0.125 0.994 Resistance, Velocity, Attenuation, b” 4-10-1 O%s7 ol
Chewiness (J)
Ol oy Gudile (g 50 (8L slo Ty (s Gl 5 (Shod o35 (A) Jgua
Table 8. Correlation coefficient and predictive error of textural properties in support vector machine Method
RMSE MAE r e 2l L b S
SVM Function Textural Properties
0.5394 0.3390 0.8383 Polynomial
0.3125 0.2270 0.9457 Normalized Polynomial S
0.6652 0.5441 0.8200 RBF Hardness (N)
0.1140 0.0666 0.9933 PUK
0.1331 0.0949 0.5959 Polynomial
0.1105 0.0740 0.7455 Normalized Polynomial S s
0.0250 0.0130 0.9848 PUK
0.0815 0.0603 0.7464 Polynomial
0.0736 0.0549 0.7955 Normalized Polynomial T
0.1154 0.0943 0.7263 RBF Cohesiveness
0.0214 0.0123 0.9844 PUK
0.0467 0.0317 0.6103 Polynomial
0.0403 0.0267 0.7120 Normalized Polynomial =l cn
0.0436 0.0352 0.5913 RBF Springiness (mm)
0.0147 0.0085 0.9608 PUK
0.2708 0.2040 0.7280 Polynomial
0.2376 0.1796 0.7886 Normalized Polynomial 009 (oo
0.3359 0.2832 0.7100 RBF Gumminess (N)
0.0718 0.0380 0.9826 PUK
1.0726 0.8085 0.7275 Polynomial
0.9424 0.7136 0.7889 Normalized Polynomial Ohgz culld
0.7190 1.1295 0.7190 RBF Chewiness (J)
0.9827 0.1508 0.9827 PUK
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Table 9. Correlation Coefficient and Prediction Error

RMSE MAE r Lty 2 b s S
Function Textural Properties
0.3235 0.2781 0.9530 Sy
Artificial Neural network W
0.1140 0.0666 0.9933 by Sl edle Hardness (N)
Support Vector Machine
e . S
0.0596 0.0452 0.9208 S5 s
Artificial Neural network S S
0.0250 0.0130 0.9848 Ol o Leile Fracturability (N)
Support Vector Machine
0.0152 0.0107 0.9920 (Eyas (oas 4D
Artificial Neural network o
0.0214 0.0123 0.9844 Oy 1o meile Cohesiveness
Support Vector Machine
0.0208 0.0160 0.9214 Eyian oras 452
Artificial Neural network el )l el
KR L Springiness (mm
0.0147 00085  0.9608 Ol o oeile pringiness (mm)
Support Vector Machine
0.0440 0.0335 0.9946 ‘595 i =
Artificial Neural network 099 (a2
0.0718 0.0380 0.9826 Oty )l Gesile Gumminess (N)
Support Vector Machine
0.1711 01254 09949 (Epae (omas Sl
Avrtificial Neural network O culld
0.2843 0.1508 0.9827 Ol o Leile Chewiness (3)

Support Vector Machine
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Table 10. Regression coefficients between actual values and measured values of textural properties
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0 0 0 0 0 0.9877 e
Hardness (N)
0 0 0 0 0.9698 0 (TS
Fracturability (N)
0 0 0 0.9981 0 0 g
Cohesiveness
0 0 0.9553 0 0 0 o)l eekls
Springiness (mm)
0 0.9946 0 0 0 0 OO (e
Gumminess (N)
0.9946 0 0 0 0 0 gz el

Chewiness (J)
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Abstract

In this research, the ability of the integrated non-destructive system including ultrasound, electrical resistance
measurements and colorimetric assays to predict the textural properties (hardness, brittleness, viscosity,
elasticity, guminess and chewiness) of trout fillets were evaluated. For this purpose, fillets were stored for 12
days at refrigerator temperature and then examined at interval times. At the same time physical, mechanical,
chemical and sensory tests were performed on the fillets. The performance of neural network and support vector
machine methods for predicting and modeling tissue properties were compared. In each model, physical
properties were considered as inputs and textural properties as outputs and modeling was performed. The results
showed that in the prediction of hardness, fragility and elasticity of the support vector machine and in the
viscous, resin and chewability indices, the neural network method had more capability to model the texture
properties, so that the root mean square error (RMSE) Hardness, fragility, viscosity, elasticity, gum and
chewability indices were equal to 0.144, 0.025, 0.015, 0.015, 0.044 and 0.171 respectively and their correlation
coefficients were equal 0.993, 0.985, 0.992, 0.961, 0.995 and 0.995. Therefore, the proposed non-destructive
system in combination with artificial intelligence methods showed promises as a non-destructive and efficient
tool for monitoring and quality control during trout fillet storage.

Key words: Non-destructive, Rainbow trout (Oncorhynchus mykiss), Texture properties, Ultrasound,
Resistance, Colorimetric.
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