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Table 1: QIM scheme of gutted greenback grey mullet (Chelon subviridis) during storage on ice

5 Ay wlasivn Aol 5 Sy
ol by (3ln a9 oy (o9, S, @ e S el
) ity 2818 (3ln Ll SLLL 3 K5 5o by (o @
Y Slo (Bl ols s 5li0d )55 CanSll 5 Sgpz ¢ 0ty p SOy w0dndl S Sy @
(oos590) Lo b @
) (s590) bbwa (0 @
TSI SOUI| RUFSUNIPURUINA | J{ PRE WO PP C IS sl
) B9y ol B L CaS Sl ca @
(Gngk) &os, @ a8 -
) 0 oS by, @
Y KPS )
b alads 0g8 (e oS @ S e
\ SsS ohes abaii le @
v 3 e abali olo g5 @
Gae @ Js
\ S lbdle @
Y rie @
ol @ 5,5
) Hhgp J 0 e
oSy Sl sl g gy 0 @ ) o]
) Sge e sl g e @
v e )lde s g slo 3B Sy 08 @
4 oy Sibsn @ %
) a3l al g 4l 5l ole ol 55 @
Y Lugelb oS o5 @
v PIIREPREREIC
Flogb e pluis o =) lo ll
! Jolios,95 opplucsS (o5 @ s
v 0897 CenSiliod )93 Dy fAS 9 @ (&
osbyedls @ b, po @ by
\ Sis slaadl e
oRey @ 5,
\ o
olats @ <ebls Sy 4 gy
) AT
oy ye @ )
) gy e @
v 0 B by, 2l @
Ohsy B osE i S, @ =, (H)eSs
) 0y po 8 OgF e ol oy @
v $losed 595 g0 b (Frge slosed @
nelolt ® 9
) ogigel o8 ¢ Fards o
Y KW ER )

Y4


http://dx.doi.org/10.22092/ISFJ.2019.118472                         
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.6.10.4
http://isfj.ir/article-1-2069-en.html

[ Downloaded from isfj.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10261354.1397.27.6.10.4 ]

[ DOI: 10.22092/1SFJ.2019.118472

e Oled e Gl sy (AS edld (5 w58

OLKan 5 S A

G g5 a0 Olasine elyly S S
Csbye g Blp oy Gllaail @ S 4 (B )pSs

\ Sy s oS o Bllasil pols cuws 5l @

Al 0310 ) s g Sz illawl LB 2 @

oy g by, 8 @ S Y CgS
! gy S @
Y Ky S AL sl oged 4 Sy s @
pelbol @ %
! ISV U VT
¥ KW I )
Shie c @ Al
! dlssases @
Ye-. o cdaio

a3 TV sles ;5 ugSsS shdlinl sl S (5Ll
3om 9 w08 eolatul celn Y Cow 4y ol 5 ile
Sallam, ) wias (ke o S ¢ y5umbsSSl o o

(2007

2 oo g8 b (sl a5
Oyl 25 b g SIS gy a2 )18 531 slal s S5l
Goulas and ) &5 sl o] 51 sael Casay olac
ke 65 5 oyl lp (Kontominas, 2005
Gk PH ol oolawl (1220) AOAC g, 5l ol
b (65 oyl (Yo o) oKen ¢ Suvanich g,
oy @b (TBA) sl Sopginbssd a3l
AV/I0 os38l L (Y-\Y) Noipha 4 Siripatrawan
P Sl 2l VIO 5 shaie O ) s
A g pSoslal end (iges diged o5 Veoa Jlop
e gl Lol Gy ol el s
ey 4 Jplelp B IS SeST L CulsS diged 05 )
slrog S el s 3 (VAAP) ) Kea o WOYewoOda
e STy e bl 50 gzge Sl Sl S
Fe A 5l eslial b eSS, Sdnd Ojge
(HunterLab, Model colourFlex, Virginia USA)
L*, o900 4 CIE xS0 i 9 0 ol
(olidig) Sl L* jasls ab a8 s 0 b7y a*
(+) 30,8 w8 (a3l g (obow —ouiw) =V o lade

ool paiie () 2l 5 () 835 B Cexse 9 () e s

P & 090 JB pS (ol e digel
legozme &5 Sy o) 2 09,0 5 Vo v Olie 4 Al
& o obele 5 ead o ey 9 (s p 59k ¥
(alerdsid bl e S
SIS e Zutiy JUST (alo (> 9 Su5dgmg S
Syge S5 A o) VP e a5, B e Lj 55 0ud

b5 18 s

aigas 519,50 (39030
Ve (5,500 L e 5 bag 2L 0 )led jslaie &
Vo oyl Ialpls 50 0l (igen diged o 5l )8
BUNE PR SAE - BRIy L RV el e
ooliiul Jlgie slocd, aws sly o 5l o0, balwe
sl bze )0 Ly i ctS (6l lacd, ol 5l e S
S oo S oslinl b g 4 lain g0 CulS
oo 5o Calyym Oy @ e SL S Gl 28, e
bbb ks sl PCA) BT cils euls
FA Soe 4 ooy 9 b ooy cuiS ladiged Judg3e
Sy a3 18 o5 ole ax 0 YV 65lsSSl jo el
5,0 VRBG cusS lae aul oSyl o)less
23 ke S S ey 285 18 eslin
el FA-YY Goe 4 lbeacdy waodyye (g, 4 &8,
S s g w5ul 45980l ol 5 il 4z 0 YV Gles o
S5 Sl St slelazr 5 (5yles sl IRON ager
VY Sae 4y ol 5 il az 0 YO sles ;o SHy cawss
oo,les s Baird parker agar cuiS s g cele

YV


http://dx.doi.org/10.22092/ISFJ.2019.118472                         
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.6.10.4
http://isfj.ir/article-1-2069-en.html

[ Downloaded from isfj.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10261354.1397.27.6.10.4 ]

[ DOI: 10.22092/1SFJ.2019.118472

‘\éJLmJ.:/C_\AAJC,\ue.\JLw

Ol M gale lae

L GpsSs oy PLS) (g2 Glaje Joho
A5 oy XLSTAT

=S5 el 9,

S5 (Sre \ Jeld (&S Pl gy SS¥n it
o5 e ity JUS oo ) sl el V1 5
el ol LY Jaax 50 Fu 0 0ad (gl JB
oonlive Slasgas Gl o= g oY o)l layzal
Jolss a5 ol V¥ slatel oy yiion 5als a5l ool
L bl o el VS el b Ll o sl ¥
Lyl o kel ¥odazaol b bLs 1 o jloel 0 et
Sl ¥ e sloall b L) s 5L ¥ daall L
ab b Bl o shael sty asb b bl e
oS Al b Bl e sl Y(B) eS
ALl g el SulsS 4y gy ye sLiel O 5 (2,15)
2l (T3 parid ez w5 slagts, S (AS
A8l o 59 S b 5 oS e Sty JS
b o s Shs sl eval Canss Sliliel £geme
AL L& )0 IS e Sty JUS (ol (55l
JuS ole S jasli gl oo ool lis S
L3 B I pley b S oS8 e oy
9 552 SIS slajs, sl gl )o (&S 3Ll
90 et B oKD e ey WS ol OF 3,
00y gl 09,5 alwgs odel Caway wlilanl g YY
oS o ety JUS ke S a5l oS ol ol
g =OFF L Rl 595 0% 59, 5l & po oIS
9 39 WIFF L plp $-A 5o, 51 (S (a2l (:S0lee
el 09 VY L 2l MY ) 5l e (A5 e la
VY 59y 50 0ads eols lis bl alie V8 59, ol3Lol
S aigas onys (33901 B 09,5 slasl a5 (o s
JUS (ole (o sla Sy onlply oS 9, VY )
9 VY 59y 00 G 0 ol SIS (JB oS8 e oty
weisS atls sy Shl axwy o ool alie )P
A GOV SPRRVA O A "E YT | S W T LS S PR OV
b canlie g 40 S5 ole; b (R>-/8YY) Y

® Partial least-square regression
Y

o el o5y il il (Chap) Log S pasla
L a8 ool (s a3ld 5 5, osls S (Hw)
10,5 il 3 (sledgad 4 4z
C= (a*z + b*2)1/2
H%,= arctan (b"/a’)
Whiteness= 100- [(100-L)*+ a"%+ b2

> 2L

Pl plo (&S alh (g aneg lp oem 2L
Sg (Y1) LKen 9 Sant’Ana iy, wlsl ,
CedsS 2by)l Swx &S aFls ) b e
LS el AL j0 ead 5,005 o> 2l
(S50) 5l basls ggame a «-F ails jo SljLol
55 o il S g (S 8l YT
Al () Jgaz) b ooy G (S atls o
5 IS5 Sasye i (ISl Jols ol S
02 S5 g Cagh, da b il g 5 Sy et 60,5
RTINS FRETIRVIN SRR
5 92 oK) ((Z)B) oS8 a4l IS e ()
0d 03 yij9el dess 9,8 10 5 aogr CubeS plSoriul
b oolaiwl pws Sb3l cgz (124Y) 1SO 5.k

Wosls gyll Jukx 5 43225 b9
SPSS I3l a5 b Jol> gloosls (55lel Juloxi g 4520
4 (o5 polie flody api glaie 4 28 pdy el
om0 5 sleoed lagiales] 1 esel e
-85 50dsS ya0;] 5l oolawl L ooty o Jlo g S
Tl B s il S uilly s 5l Sgiand
3 b eSiles avslie sl yo,5 ooliiul dolas SLals
Al ool ofe0 Js! maw jo oSl el
Goarls Gn (Ses bl cuzr rizes
I bl bt b alierdsSe s
31 eolatnl b la,giS ol colatwl gy (Sean
b byl PCATY bl slo ailge Julos o,
O3Sy b hS aFlE (hgy leasl ey @l

! Kolmogorov-smirnov-
2 Principle Component Method


http://dx.doi.org/10.22092/ISFJ.2019.118472                         
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.6.10.4
http://isfj.ir/article-1-2069-en.html

[ Downloaded from isfj.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10261354.1397.27.6.10.4 ]

[ DOI: 10.22092/1SFJ.2019.118472

e Oled e Gl sy (AS edld (5 w58

OLKan 5 S A

Gl sl Casay Sgew)S, Joe a5 ol las mls
Mean Square of Errors=) ol sdoe (u5Sle slas

St g o adal; 85 ale gy (Y Jsu2)
sy iyl (R>R24) o)l o) by b YL

5 SySoylail polie o (YIOVY) 55, ¥ Lo,a (MSE
NGNS O IRV FUON I IRWESR VA N A W A Sy ey

oley - UVYY dolee 3ub Wly (o 25 >l
4 05D drubre (&S (aFld gy A xS
I FYg ‘S&iLQ)‘] slools o Gudai caums lis

9 & 90 o0l 0SS jow ey JUS (plo S (pSLh gy boosd (b))l (S yl)l 2 gl p il (ke (Y Jgu

T 00 o0 (5l sl jg ) (oo
Table 2: Mean of scores for each of quality parameter evaluated with QIM greenback grey mullet during the ice
storage and correlation of storage time during storage at ice.
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Figure 1: a) Linear correlation between QIM and storage time of gutted greenback grey mullet during storage at ice; b) Partial
Least Squares (PLS) regression for Quality Index Method (QIM) of greenback grey mullet during the storage at ice and the
predicted values.
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Table 3: Evaluation of microbial count (mesophilic, psychritrophic, Staphylococcus, Entrobacteriaces and H,S-

producing bacteria) of gutted greenback grey mullet during storage at ice.
r

\$ " A . $5SL et
RSN - 2V0 & SR VA 0 =Y CER AL b S 7 -SRI VAN &= SV I Jedsie sl 5250
WAL AR - SRS SR\ i'a- YRR VAN &~ SRR 70 & XY RR WA VEN A SV R Cangalopu sla (5,5
AS A VAV SVRE S /7N e SV0R g vF2 N SYE0 SRR VAL SY00 SRR JAC = VR ¢ aly 2Sg 2l
AT {72\= ZY0% S A foc SV NN /RV\--TU0R SRR VAN o= YRR (/X SY0R 95555 shedlen

/AN 7 0'6- SYCRSN 7] f<c- -SYCR WA VAL - VRS SRR VOV VR

ATAR p= R R (obew 6_:515) H,S suisS A.Jy GL‘Z’ LS)"Sl’

(P<+/+0) sl = &l 090 Glo S e Sglay saims lis Sglate S>gS By,

b Ole 8l SRl 6l pley cldS L
e ety JUS (ale 0 oS oS bl slas S
o 59, ,0 YIAR 10010 CFU/G 5l & o ool (5,10
L8l el V8 5, ,o F/PA logy CFU/G o
5D e Sedy JUST (ale ugS S ghdlin] (slags S
Jogme  (Swer 0 0l gyl JB
Ol il (r=+/20Y) 6,10 by b (P<-/-0)
o Sty JlaST ale 50 HS euiiS wdg slas S
SIS oy CldS L 5o 0ad (5 IS 1B oSS
g Gl St St b gl il Sl
e ety JUS abe o (obs S5lS) HoS euis
2 YI¥F1og1o CFU/Y 5l sy 4 fo y0 00l (5,1
8L ol e, 50 FIFY logie CFU/G 4 Jio 5,

VY'Y

Sl e glas saims lis

0S8 G Sy JUST oale Cewgolom la (5550
G (Ken E 0 ol IS J
SU ol ol (r=472Y) 6l loy b (P<-/-0)
P e aty JUS ol s el Sl 5l oS,
SIS ploy BT L m e el gl B
3 awl Syl slag xSt b Gl 2l Gl
a0 0ad IS (B 158 e cty IS oL
4 Y% logy cfu/g 4 ,ao 54, ,0 Y/ l0gyo Cfu/g
Blo 4wl Sy ul slag xSt .cdl alEl V7,
B b SIS I oS e oy JUS
SIS by L P</00) Jbses Ken
095 55 skdlinl Qb S L liee anls (r=-/2FY)
& 5o 00 SIS B (oS8 e ety JUS ole 0


http://dx.doi.org/10.22092/ISFJ.2019.118472                         
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.6.10.4
http://isfj.ir/article-1-2069-en.html

[ Downloaded from isfj.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10261354.1397.27.6.10.4 ]

[ DOI: 10.22092/1SFJ.2019.118472

e Oled e Gl sy (AS edld (5 w58

OLKan 5 S A

X 5SS LosrOIAYS) fy 45 oad (6 eSS prws Sy
Jee 6y Olpee =TIV EO(,laS lop) + )/ YA
Jyep Geb 28l (8 Y az s Jae jsb a4 (o]
e Sy JUS ale g B0l 18wl glal s
ool 00l e jg, Fu 40 0l Gl

o Sty JUST mle asl S50 )bl Sl i
F gz 50 59, V2 (b y0 oulh (55l JIB oS
JUaS" (salos sl S 9005l5 (e ool 00l |
Jol 59y 50 B 59 00d ()l (LB oS8 o ety
Ciged S5 kS s WS aeadll plle .5 s 155
o Sy JLAS golie sl S5y liged Oliee 052
Ol s e jsb o 0ad (6,5 I oSS
Sl S0 59500595 sl S5y 50,5 (P01 0) Ly
& % 00 ()l (JB 0SS e iy JUS (ol
==+ 10YA) 0,18 5 oS oy b Hlo pine (Ko
L 055 o ity JUS ole 5 (s opmsticn]
By Cgr Yoo e Sl g 40 o0 (o,lagS
el Syl a3l alply 3l oo L3
Cemgy O9= 5500 (S (b))l Sln (omlie a3 Lo
Al oo Loy 53 00l (5SS

e Sty JUS' 2le ST pz glasel (e Dl
Vg 5059, V7 (b po sl 5 IS JB oS8
S oyl Gz slranul e as g, 40wl ool adl )
Qo yd Vb F y0 0ul (6l e cly JLS ol
GRIB eSS ploy GlPl b sg sl Syl
B 15E s Sty JUS ale o o] 0z slaa]
ST Gy sloonwl ab samlie fu 0 sad (5l
S o ond S JB oK e ety JUS ok
(=2 12YF) ol (6510055 loy b jlo e (S

T K
5 Cool Sgazel @ adlge polie .l 03y3,F oS
S5y Jolre i polie g 30,8 ST, Jobro Cudie polie
G polie g Cawl Sgamals b* addge polie ol juw
5 Sl o] ) Joleo hie polie g 0,5 5, Jole

(ol (595 HaS oaiss” adgi slas 5SL (slags S
G oad oIS B oS8 e oty JUS ol
SIS by b P10 b pee (Sen

asls (F=+7AVY)

B 655 s ety JUS oo PH line Sl
ool pLad ¥ Jsaz )0 55, VP (b 5o oud (5l
OS5 o Sy JWaS” ale o adol PH e .l 0
s I oSs b pH e e PIAY
SN et (6510 (e ssb 4 A 5o, B 5o 65l
$19455 0y50 Sl BAY 55, 51 PH lsee (>0
owyp 0 8l Gl (P14 0) (sl pme b @
0395 Jsb o L8 aiil Glasl liee Gl L ol
PH e .8y oyl PH (gl suig, iz U]
o F )0 0l (IS e iy JUS (ol
(=2 AYD) 0,18 6,l0g55 ley L (P<+/-0) ,lo cxe
e Sy JS e 3 a5l slasl liee Ol s
¥ dsez 5059, 17 (b & ,0 0ad )l I oSs
Jis” wale H18 a5l Glasl ol sl oo ools ol
@A s, B o el S JB oS e oty
Wosss 3l Js (0 /+0) wsla poss s ge 5k
2l G s e s 3 3l slast e
e Saiy JUBS ole 5 5l lasl (P<-/-0)
Sley LGl pme (Ser 0 0ald (5l
L8 @l lasl e (= IYYA) oLls (6)laeSS
ol G 0 edd SIS e oty JWS (ol
b sb a4 (L8 anl slasl ol =TIV P eSS
Jp 6 el b Jpep gk il ld
V& 0 od GINS o ety JUS (ole s Bule
Ll 00 QM 39y

e Sty JUS ale el Jite 65 Ol Sl
¥ Joaz 10 59, V8 b & )0 0ud (6,lS Jb oS
Jks GmLo u,..a] Jo 65 Ol Lol 03 03ld olad
& SIS b oad IS (B oS e ooty
ool e (P<e100) 28l (aalE o pme b 4,
Gl ley b o s (Sen )0 00l (5,1l
Jus oole o 18 aisl glasl ol (I /AA) )l
YV


http://dx.doi.org/10.22092/ISFJ.2019.118472                         
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.6.10.4
http://isfj.ir/article-1-2069-en.html

[ Downloaded from isfj.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10261354.1397.27.6.10.4 ]

[ DOI: 10.22092/1SFJ.2019.118472

‘\b_}LA.JJ/C_\MJC,\-LLeAJL.u

Ol @M cale alase

& 39 00 5)ISS (JI oS Juw Sy JUS' (lo (o1 laorndogS 13 (gla 9151 :F Jgu
Table 4: Physicochemical parameters of gutted greenback grey mullet during storage at ice
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Table 5: Gutted greenback grey mullet (Chelon subviridis) color parameters changes during storage on ice for 16 days
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Fig. 2. Principal Component Analysis (PCA) of the study quality parameters of gutted Greenback grey mullet (Chelon
subviridis) stored on ice: (a) the parameters of the quality index as follows: sensory, colorimeter, mesophilic bacteria,
psychritrophic bacteria, Staphylococcus bacteria, Entrobacteriaces bacteria and H,S- producing bacteria, TVBN,
TMA, pH, TBA, FFA (b) 0= day 0, 4= day 4, 8= day 8, 12=day 12 and 16= day 16.
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Abstract

The objective of this study was to evaluate the freshness of gutted greenback grey mullet
Chelon subviridis stored on ice up to 18 days. Changes during storage were observed with
sensory evaluation (Quality Index Methode QIM), pH, total volatile basic nitrogen (TVB-N),
trimethylamine nitrogen (TMA-N), thiobarbitoric acid (TBA), free fatty acid (FFA), color and
microbiological analyses (mesophilic, psychritrophic, Staphylococcus, Entrobacteriaces and
H,S- producing bacteria counts). The maximum shelf life of gutted greenback grey mullet
stored in ice was determined with loss of freshness (sensorial, physico-chemical, color and
microbiological evaluations). High correlation r’= 0.922 between Quality Index (QI) and
storage time was verified. QI ranged from zero (maximum freshness) to 15 (total loss of
freshness) and reached the acceptable limit for consumption (QI=12.66), which corresponds
to a period of 12 days. QI showed a linear relationship to storage time (QIM= 8.00x storage
time-9.733, R?= 0.990), and the remaining storage time could be estimated with an accuracy
of + 3 days. The microbiological results showed an increase of mesophilic, psychritrophic,
Staphylococcus, Entrobacteriaces and H,S- producing bacteria counts along the storage time.
TVB-N ranged from 5.93 to 32.66 mg N/ 100g, TMA-N from 3.58 to 16.00 mg N/100g, pH
from 6.87 to 7.26, TBA from 0.66 to 1.93 and FFA from 1.05 to 8.41 in the first and 16" day
of storage, respectively. It is suggested that gutted greenback grey mullet has to be fresh and
acceptable for consumption by cooling up to 12 days.
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