Iranian Food Science and Technology

Research Journal s@x
y /

Vol. 12, No. 4, Oct- Nov 2016, p. 463-476 s e ’

Olpl @1ad gluo g pole Gleedrgsy 4 pid

i FAY-FVF .o ATAD oyUT -yt oF 0 lads Y al>

Wba)5 OF G0y gahze 5l o o Sty 32018 Gl S5y (samlis

oW 5 sl pH o5 saanl 55l eslizwl b (Thunnus albacares)

"’Q@:‘)'M ‘;\.ﬁ "‘,.\S.l‘,.i L-.b)ﬁﬁ‘ g\L;‘LoS 643_9\.&.: d.—‘-yjs

VYAY/ VXS Bl 5 b

AL ZATVA RN A e

LRVCES

PH U (sl jlows aw jl pH puss b9, & (Thunnusalbacares) db 5y g5 (plo (0,05 (salae | piigp glyouiwl gl (idghs ol 5
LS'))'f)K le‘h’uf)"ﬁ 9 uu.:l.m.{l ‘uA.f.JB)J u.b.))l) ul)m » Lm)lm., O"‘ );‘ e W) oaléw! \'/a AR ‘\\/a pH l.: d)l.: )l.o..u dw 9 Y/a Al ‘Yl/a

Cbilk ot mp g0 sled 095 9 w50 Nd bl aouBigy TAY I Ghe ebsl Cants @l by 0 (s onBisn
lsee el 22 5L LB sl )3 liee ol & b GRS AY- | Gt a2 i ol 3 391 2l slaless 4 bgupe gy
Oty W PH b bl Jlass 5 OF (605 byl oy /0 PH b (el Jlos oo (5 ol 0352 (3l 35 atiged 53 Sl
laufign Cople youid > & Ylotsl oy galiae sl osalioss clautipyg (3L slagadld 5 (J5 )8 @l & a9 b wing [ |) 4o
€5 dox sty il 589yl > (i sl St ell g2 00,85 g agllae S5 g8 oale 609l 5 5SS (el P
cilizea (St Slge gV 90)8 )3 (158 (nSgn selgl jloslitul Il (iaghy (l sl 039 caslio PH (58, Vb plSin bn iy (55l o5
Sa9l 3 Camivo 3 039381 (5551 3l carge (6y9 0t LRIBI el i wree il 5 303 1B WS 390 |y e YU 5 )8 4l S

g ozl

PH o5 05 (galiae cdll 5)5 (5 (plo (g9 0 sgil 1 guadS” sl 0319

ol » sixime glasle (rFhil b S plale (g5 (2008
295 ]y VLo ao | (ae g5 JB o8, o5 Wgd oo Coguone
0F 2l glalogyy (ladisS o yiage Sl (S i olaid]
oy jlol oyl el .ol (Thunnus albacares) albs y;
08 Mo o9, YO+ 25 SIAYAY Jlopd ¢yl pl Ml ylojlu
239 4Jb3)5 g5 (alo 4 bgye (55 )50 ¥O Jolas (05 (lale
4 ol 5l ledas (isu 45 (IVAY () nl aMs lojle) sl
saas Lol ale cMae (cuwl sdwy (Blo oS Aol B s
oy slacdl jl )l Jold 05 (galde il (pd9) 9 05
ole 50 il 00l 00, S 0 sl 5 Cawvgy g 40 &S Gl
45 i a0yl 392 f (Ul el S35 0y (selde (98
ple Cullad & ditay (g g 0y salde o Cud Jgene pokas
13 Mo 1515 65Vl 0,5 (galise wos oy lenle il Eglite
Sanchez-Zapata & Pérez-) sw) o pn Z¥A & Al 3); o9
.(Alvarez, 2007

obeale g5 (silug iS5l Jools pLS lgo (ole SLy

4 bguye ZVe=Ye jlide cpl il aS 395 oo 3ygl p 7 Be—Fegas

doddo

0l A 5 Gl 5 g pole iy g (T I L

S sl ol I (e ) (SuTan L gle
9 0 olmle by ol (5leS slaisS Jold o3l gl ||
(ol Slulis Ly lamy) ol oyl 5l ool gosilo By
;1 eslazwl (Nolsge & Undeland, 2009) ¢l 418,85 &5 o
2 &S eyl lsisa (plo 0B 8bil slacusy
0393381 o3l sloml (sl (arwlie () ((SThgd dlge (ygmY 90,8
Aspmo et al, 2005; Ovissipour et al, ) sy50 42 2,2 YU
Shaviklo, ) s il ale Gy as cail, s Ltli8l 5 (2009

e s ol ( obyd pole 0aSKuils )| ol S aisgel yzils =
@y 9 Clios plojls 928 (b pole Clid duge (ipgl bl Y
TS Shygas

b @lie 5 655liS pole oSty (e glio 5 pole 095 lulih ¥
™

(Email: shaviklo@gmail.com :Jgtume sdiw g — #)



1A (T - ye0 Foylods IY W oyl (10E 2luo g pole Gluitdg iy 49 pis ¥AY

o Hultin ;| _sass wlwl 4 (Shaviklo, 2008) s, pLs
Gadus ) sLS gdlie uSgp oWB Hlos (V- +¥) Kristinsson
5 S A yaradsel) (6350)LS sl S deus el (morhua
sl 00 (gm0 9 (b pdore Slacuon (5 )8

OB gyl Gl (g piog cnl ol o |l
o 3 (o35 selse) 335 555 agl 51 ol csoslo B §
90590 Ol el csise plowl iz jn ol o] (ST sl S
gl ) ygerte SRl e 03938 (351 L (slozygl b )
IESREGE

P9 9 3o

=

Al 55 (9 (o Ao (g0 ) C S
o3 gilog S <S8 yi 5l (p,59kS Ve ) (Thunnusalbacares)
oS tolejl 4 ale slodimr 13 5 ad (il pulil) 53 2
S f oK (b @lio 5 (b3 pole 02l )3 &Bly (555 5
Laialojl plosl cus Jobo )3 0 Jitte (005l og) (08
A5 (4S5 (Y OC (slod) olSiislojl wlen pur 4D 05 (galize
Davenport & ) cpuin sl jidgs (bl p bayles ok
Kristinsson, 2011; Nolsoe & Undeland, 2009;
PH L il jlass dus gy0pl 5l .59 (Kristinsson et al, 2005

50 QLS V10 Y VB PH b (65l slogs dus o¥/0 & /0
5 Sl lojlogd alize gLapH mulas (ol gl cnl
bl 53 ad oolial }Yge ) 29w g ;Y90 V050 )18 sl Sl LIS
saya, ) cobsS gy il odlinul bl g5 (ale (50,5 (galae
Ero CubsS L 5 00 &> o950 (Promeat, W1800, Smm
Hultin ef al, ) bylst oy ylato Ol cond AL alo o
IKA,RW 20 digital, _SlSe ojpan jl osliul Ly 5 (2005
esletwl by e 03,8 oy S (speed 50/ min, 1 min )
VD AN VD GYID X X0 4y bybe pH s 3L (sls Jsloxe
yolaies cny (gdls o > (Hultin & Kelleher, 2000) 1 oxb,
lalesl Joi il Sl 0as o dlge 51 Jolomals Slge (gjlolic
Hermle Labortechnik GmbH, Z36HK, Germany, )
Park & )u__soeolar wl(8000xg, 25 min)
dLadiges 13,5 5a8 ySlw 3l L (Thawornchinsombut, 2006
Y S o palBl ol (ol o 4Y S )5 Sl Y
A5 g > 4 Sy 5 laed (e gee o YL > a5l g
odd b Jolowo PH cdmy (gl 3o )3 391 Jslono sla g Jols
4 &S (0/0) L oxlw, A@;&Jlﬁ}il pH « LB L ol j eslazl b

233, gy aydgre 5 oudsSil lointinn ol wage

SIsoelectric

5 00 s oy gy CudsS ) (jlgpmiS 5 45 Gl 0,5 (gdliae
(Linl 5y aibe) als 5 0005 Lis el 1S5 b ol i
S )5 oo gy (6ygl 6 sy jlisl > Cluls lgiea,
95 90 0=l > Folite plhewd OS5 (WA (ilpmd (595))
SLaalliSs) 5 2 SVL e ] (tege Ll @)l 3525 alae
sl e oy galde 3 35290 50
olatwl GlgS oo Alie slasby I oS <Lk sl
(Batista, 1999) cwlny] 3 (S PH yuis by, 45 5,5
odal ale (g sadgpl gy o=l b (2Pl (590
)5 ool )90 muiitwe jolay (plo (1Tgn Agnl Ded e
g g e mliw 0 pls ol SO laicds 4l 0,5
(Shaviklo etal, 2012) 39, o )L 03438 (o3, b (slaos,ol 3
(rle gadd il 8 Gl (le (B9 gl 5l sl
Gl halS 4y SaS 5 )b gw slaodygl b Ol plgd 153l
lmodyglyd ol 5 g oud &y glmodygly 8 )5 (29
.(Shaviklo, 2008) Cowl 0445 uo)])f d)..m Lgo)LoT Lgoxi}d\]y)é
ol o ds g 8L (gl LB g aul 1 enlacul
)b
Sy g odis e Cawgs b lgsuiwl 51 (Sole jalay e -
0220 > e jy-bay a0 00D £ b o 0)5 1S
b 2 dlge glite JBo (ulul 9255 51,8 LIS L s
b b Fody yiil
Ol cage 0l gl sl s eBsn 638 sl Shy
~igad g0 033l
ol s g o ] )3 48 dad i Sk o Y
Slasy oo Jho o ()Ll Jgb 3 ojug an |y Loy
(Nolsge & Undeland, 2009)
Loy an)S avalie wo b1 ([ gouppm M58) guditend gl (i
955y o J5 Mg bly daonSgn 2l Wl alapails L))
g gl 45 1058 (g pSaoe o) GioluST ply 5 ()l
il 53 > g atih oo b (gl slacald e jgw 5 (2l
o9 el bl (mal 3= 2> (650 (oovygm 2 (Ble (g Ay
Shaviklo ) cosl iy a5 5y (ale oad dlgisl gy 3l eolitu!
s St onlo 59y Aol LaS sla s (et al, 2012
dgo g5 5 ole (54555 (2L b saml) oolitul 30 sloiy] 3

1 Heme

2pH-shift

3 Fish protein isolate (FPI)
4 Surimi



YFO..ab25 o5 o abiae 3l ondd oz sbocmiiy 0201 B Fis Gamslio

Y mm/s ceyw g YOKE 150 4 03)ls (59505 5 0+ mm lad &
e s i sawlbxe (¢l (FAO/WHO, 2005) s sl
diidr (S93) (P 5 03,8 5L ¥ digad o cygesl (ul b laipe
o3l > ignd 45 o) i) (2,28 462 g o
ol anps 035555 505 5 Jsl 05 55 el o S
45 Jol 025 5L5 5l Jools (e 598 42 b) (St {35
Wiged S5 jl e 4 ol gy 1S a3V I S5l
5 () g o Voo ol ) (Stwgn w9 (M8l
VRV oW

Micromatch ) giw S olfiws L o« 55, ol jalaias
Uiy VO mm Cwls 4 ladises (plus,sheen, ASTM 2244
(205 S5y 4 Jobes i) b 5 (303 S5y 4 bles (lje) 2
2 dlaly b (Whiteness) ladiges (gdubw ylia0 b (5 pS03l0]
(FAO/WHO, 2005) 1,35 _jasuto

Whiteness=100-/(100 —L#)2 + a *2+ b =2 (v)

sl (Park, 2004) we oy 4 (J5 a8 (6805l jelaiey
I S o ol slaglais L 5 55 5 s b 53,86 el
U oyges] b oolitl il (J5 0y o (gl Woly oy ool
CdSl 93 e 4 A MM Cuolus &y 5 diged jl g b 0,8

(V) sz ey s siiajlazel g plowl omy (bjel 28 4 o
L85 g
0055 U 090l 5> gzl =) Jgar

ol Copogpas £

0 2)95 5 S5 298 b oa (59 )b 92 51

¥ oabienbnl Spagd Bl g 51 Jg 0508 S5 28 UL S5
¥ 29050 o2 93 290 )L 93 ST ol 3)98 o3 S5 295 b ) Su
Y g g0 D) S5 29 Ul S

) 9 e o 93 & 295 b o

(FAO/WHO, 2005)

s b (o ajael 3,8 438 aw i) w2 035 55 el
933 plowl o ls slapliiol g0 mm Cubus & 5 diges
Gk = o el 38 asede AtV g Cosl )| e
15 ¢l (1) Jp>

Lo VD G &) (g0 (Slrdiges iy joSimny (hoxiw jglates
WIGGEN HAUSER,D-) ;3 550n 3l osliwl L ¢y ladie
Lab Kes (500,Germany, speed 10000/min, 1 min

6FoldingTest
7BitingTest

¥ min) joi jils lawgs 03,5 Cgw) slacuSyn (Sl Al ye
2G> i b S gypdgpl Casb) g ord L (Fre e xg
48 L5 B Al po opl o (AVe=VY) Ad ooy Lials Slo 4l
SlaSemy il (lash 0ad (6K Lo g cash)
P oo slea S o LLS 5 ol by 4 odd zl sl
e S Bk e gel 5 0ud (5SS (FIAC sled) )58
oS3 ) 03lizsl by yutigyy yeolie (658 0311 i plosl gl s,
swS B g oyl b Cogby el gur oSt I oaliswl b gy> (JIUS
OS99 0 sakas 55y 2 (V220) AOAC jbg) 5.k 0)sS' L
9y 4l S g ligs (S o311 plosl o gl el
Natseba et al, ) 35,5 dwlows g9yug; dlayly wlol 5 (p,55LS

.(2005
(As—Ab) x50
= "0 ()

ol O )3 diged Ll Hlade :As
(2)S g e dyS 3y gals e ¥ ol J; Lg)’l_..:o)Lai
oil cladges 48 Cyguo pl 409 (g5ludw g B
B Pl b g bslseo Sas (359 7Y b slowd o 5l Jols 5
a0l Hlid U e 05 (Red o95u (Vidas. VI-905)
3,1y (S5 S 4y (038 o) Bl oolatul b oS jie oo
p 08 (V0 mm & sl (g9 5| puege )15'9)) AS'9)
sl e min Gae 4 Ad-2-°C (clod jd Ly 285

TBA

DS 9y (g Aol adiges (23 I (a5 03 )l >
Jloou 0 celo Y Gue a9 S5 g ol bl o o
g b ool gy Vamm Job 4 (Slibed & o B85 (61005
"398 (igafl plol yglaindy 3,8 plosl byye slagigs]
o Sl dmm y led 4y 65,8 s dlw ;| (Brookfield, USA)
A edla_wl Femm/minute dg 5 Gy g 5SS 0V b
5 P35 Gy CnSS S5y i (FAO/WHO, 2005)
5002 e Lilel ol 3 seile cans y cunss galols
43255 dlons 1ol 99 ol slize " J5 1S

(em)alols s X(g) Teuss (goy= Jj plsoal  (¥)

(Brookfield, USA) _essicesl gy L2l L,y 5JUT

1 Thiobarbituric acid (TBA)
2Puncture test

3Gel strength

4breaking force

STextrure Profile Analysis (TPA)



1A T - y0 Foylosds IY Wz oyl (10E aluo g pole Gluiid gy 4 pis ¥FF

VP 45i SPSS (gLl 5 8le 5 5l ls Juloss 5 4525 ol
(Chicago, IL, U.S.A.windows, SPSS Inc.,SPSS 16.0 for)
UL gy 5l lyless oy I gme WS yuans g b 03liius]
&)lg0 50 b 1Sk duslie (gl .y )3 odlaiul Yd\é)logg..{ oyl
4 oY s oolil Sl yge5] 3 g I gxe W jles (S 5l a8
P lacdMis! plas Juloo g 400 olpe olod p3 aS ol (55
Al w85 )5 )3 (g3 gme (P14 0)

94l 0); 9T o salae o0, g il Jobs @l
2 L g el laslass I Jols oud gzl sl
GO P WS R WA P T PRES
Al 3y; oF o sdaas (o B a3 Y Jgoa

ok pwSs odlo sy o3l g 1) casb
(sis (s (Psas

YRY ==Y RR'% Y/AYE./YY INVAREYALA \ATANE=2TRVN

Slodds ()55 Hlme Blyol £ 1 Ske oo 4 aodld

S loi Il Jols (SBL5L (g (o8 g 5o0 - € Jg

W g gl
=2 O9R
‘ L (Dcuk,  (pH) b
() (Sa8)  (7) (Sass) ’ ’
FIVY £ YAS Yook S Y8l 08P A
YISV £V VeleEe[oC va/beEN .00 Y

N LA T D S Y o v/

SIEY £ VED VE[k [t Ve fpek AN v+/0

WAt vad vy v sak S )

BV BV VeleE S SV AYD o

Slodds ()55 Hlme Bl £ 1 Ske oo 4 aodld

Crm I sixe (6 yle] OS] oimd LS giw  ,d Cglite g
=S 9= VY (BLujk (sl Sy Cugh) bawgie joka
A5 03V g Ve/OPH L oIS glajles p (AV+) Cugb, Hlade
PHL LB jlog o ¥ F/0 pH L gl slajlosy 5 (oy2 jlade
NeId LB 5 V10 sl (elalass (p>/+0) 555 Sy 1V/D
BM A bajlog ;Ko bgpn baS wdg L 1y oy Jlde oy i

9390 VY gl gy KB 59 buwgte il (o)l dxe

A (V) aily (o Cplgym Hlde /09 YD (olalow
(<+1+0) 351 l3 sine ooy 33 s of IS

3ol 55 Al S yginliss Glie (V) S0 5

2 One way ANOVA

odliwl b 4y 58w s o (Spindle S-31 gy g43) 03,5 yiogSuung
sl y> (Brookfield, DV-II+Pro,U.S.A) ulaS gy yiosSuws ;|

A5 (6 pSoilul 4By ¥ e a)ee TPM Lid s Cae g b 0°C
slod F SaS' L (6550510 sk 45 (Kristinsson etal, 2005)
byl g0l b atihaSs el 0°C [ jiegSimy o ples
4 45 plgl (AOAC, 1995) 5t sl 51 odlisl b o (2)ligSs
399 U s odm Bl B 15 gai ] 55 VY S Sygo
Hermle ) jso yols 4ad> & <ae 4 0°C slod » VWWa-rpm
09 els .ub (Labortechnik GmbH, Z36HK,Germany
Gl 685 Cudjb g 055 duwloee Jois il 5l e g S iges
] sty 5 s i

T %100 (¥)

y
35 4 iyl | I3 diges 339 Wivet
PS5 & SshaySle | an diges (js :Wdry

WHC =

035 35 59051 53 (sujlatel - Jgan
el Jj Caks
Coww 03lall 598
S
S oS
o bas

Ciund
Cns olall 598
) J5 S s olgl
(FAO/WHO, 2005)

<« t -+ & Y < > oo 7

P9y 4t 2Ll g sl (glajlas Sl ool sy (gl
J5 50929 p8U a8 )13 Jdowi g 4325 3590 (6390 989l
(yav+)Laemelli 4, 4 ‘\,\,&AM;.){] b Cllgw Juwd 90 mru
J3 0 VOUL jlude 4 (giluoslal Sl g (595 (55905 A plo]
503 (5 e simel S5y 1y S5 05 (65 ki )9
IS s Il s Sse 39 s gm0 St (bl
FSs0 35 Sglas 51 (hgy w09 VF/¥-VVF kDa ol 03y
e ) el S8 sl ologad b B (Se UL 5
9 xjone 9 oiS] polie o pTgy b 0ygld polde A oolawl
A e gy ol ool Ly Uiy Jly s
(Kristinsson et al, 2005)

1Sodium  Dodecyl
Electrophoresis

Sulfate-Polyacrylamide  Gel



YEV..aboy5 o5 o abiae 3l onds oz slocmiiyn 0201 S F3s samslio

Sl Jols ls (p<e/+0) sl (o)l xe M S| Lajlos Gl o 031y L HLIE 5 spwl glajlos
g sl slajlos 5l o gl ysctnl (g Al oSy (55031l gl GilusT jasls TBA (a3ls yolie jloges subo p
Cawl o 031y Lis (V) U 0 LIS Gl mre yolay sl slaslad 3 e ool g el IS ek

D9 WO Jlagi b ply 90 9 V- /O PH L (oLl5 (sl jlogs I oS
155 b g il e iy V) ) +/0 PH L L5 (lalos

-"«33 0.2 -
¢S
3
J 0.6 -
‘; a
w
£ 0.12 -
5 1 -
: : -
0.08 - a
3 a a
2
3 004 -
b,
a
;‘3: O T T T T T I
25 3 35 10.5 11 11.5

(pH) slo

(g0 kg ;3 3allyglle mg) PH illiseo (51 )loni spml S 5505005 palie —Y JSWo
Al o Pel 0 paw ;d by Sile I gime (g jlol M) sl oaimy L5 g

4.5

a
4 b -
3.5 - .
c
31 d d d .
2.5 -
Ba)
3 2
g 15 -
1 .
0.5 A
O T T T T T 1
2.5 3 3.5 10.5 11 11.5
(pH) slo
PH ciliseo glo)loi 51 ool Comsy (591 40 s 52300 =Y JSUS
J.«»LJL;G p<'/'0 é‘"" 2 LMUS)L.A ox )‘JL_;:M Lg)Lo" M| DMJOLJ’J ujLQw d5).‘>
ol gre BMET lajlows 300 Lg o b 55 V0 o ¥/ sl jlows s 1y o598y cp i VY (2Bl dasless o o

o RS byl 6y Solas] 5 Jols polio ¥ S5 gl sine Lylors 505 L Logl GoMiS] g szl alie g yioS



1A T - y0 Foylosds IY W oyl (10E aluo g pole Gluiid gy 49 pid FEA

oy (gl ixe BMBT K00 oyl b g O (o)lgS5 cud b

ol o3ld ul_MAJ ‘JMJLA)] dy9—0 Lng)Lo.:) )l 0 CIP‘“" | 59y

D<0) 5 el g el elbslos o e Sty gl S pskay
Oy VIO PH L (gl jloss a5 010> O (10055 b )b L

25 N a

20 - T
o b
3 i b b
3 15 b .
LI
]
—
) 5 -

O T T T T T 1

2.5 3 3.5 10.5 11 11.5
(pH) slo

B g sl lajlog 3 Jols (g O (6 eSS Cud b palie Y IS
J.«»L\L;o p<'/'D 5“"" 2 LMUSJL.A O )‘)L;Lu Lg)Lo" s oJJ.O:)OLfZJ ujl&w d5)>

y2olie cd gl diges 090 Ky 0y o 4 Canliy Jodo 5l &S
4_§ u_m] U_z“.lo 9 0.59_3 U‘)L) d.h.o_w 9 u’lJ—M\)a) L;Lmua)lm
LBl Ll (65 e g3l (63)5 9 ($30,8 sl yaSls

$9) = Sliw 9 (0) slapadls Liow 4 by e gl
ol o9 n J5 95 2 sskimen 9 b d); (5 (g0 sdliae
sokailed .l odds ooy LS A Jado 0 LB ¢ sl ol

PH Gliseo (gl jloi 51 Jols (g Jj 9 Al 35 (95 (S0 (Sl (S (yauti 9 () S ad Ll pdlie -0 Joun

Whiteness b* a* L* pH

YVAS £ /FV AW/D-EVASY AR P PY/ PV AT v/

\GV A EEYRPLI FVEN/X S /4 A AL Y/ e AL Y

VWESEAVVAS  OFEY/-a”  F/WVE /5T yyivaky/an© Y/o Sl o
VAN ISYY WAES /YA YIYVE WA YY/est. vy V-0

YAVVE /05" VWYV Fak /Y vYvYE /s ) )
VAUSVE DY sk YV Y YUAYE./ar? W bl jlod
VE[AEL/YY WAYEL/de FISAENY YEINOEIYA oy galae

Slodds ()55 Hlme Bl £ 1 Ske oo 4 aodls

23l o P<-/+0 paw by Silo o I ime (glol BB ot JLis giw b 4D Ciglisie gy

2 Oser kol sl 45 45 saalie SDS-PAGE ol
W) dg3 g aaiged

0% Vgl gy &5 cusl o 5l (Sb baigas bl yiomi

RVCIT S OV GURE O ENRPCIIDS S DAL CONNIIE T AT |

3Desmin
4Trompomyosin
5Adhesiveness

g sladgpl ulgn Camsg > OS] oLl

L ojlsbiwl jlas Ly aiges 5 4 olaiwwl SDS-PAGE jl s
L aliseo by oy o und sl JoSse (455 sl Sl
0a0d ¥ JSs )3 aS jehailan b 03y IS @ o] jois pac
)] J._;..:)L;C gLL.}u dlepH ).) [RW) dL"lMA, dl.mu‘f.:ﬁ); )9‘”6‘
Sl o Uy T s jomsesysy ¢ cwomsd ¢ (35S ¢ ST =01

1 a-actinin
2Actin



YPAaL)5 o9 sop sabas jlonds laz slacmiign 63,0 o Fhg samlio

il inly J5 S5 ol 0,5 saliae 3L

d2lye g o (S35 barsme o Juad siilo (o35 Jelge
93 ol J) it 5o (sl () s ke )3 (a3l
s ool bl St calises (jlale cMae bS5 dulio
salae )8 a0 a8 cal o] 5l S e pbul slayge)]
s ale 1iile 095 lanle Koo b b)) ()55 (ale (g0,
s9—aied g (Emin-Erdem et al, 2009) (Sarda sarda)
b o WS (Nakamura et al, 2007) Thunnus orientalis

Sgpl ()BT pegad ) (glodd piie (015 Ea
cdl Gimgiy ool @l b awlie ly a5 g5 ale (g
P9y 4 (N (2o (B9 gl 3 Sl Hlade it
3 Jsb sLnog, S 3925 Jls al b ools o ki 5 5,5 Cash,
d9-e ol b (S g i cosl Lagytig oy 5L
S s 4 55 o (WA (GhlKed 5 cadisguge)
Loz o 4l ol Canss (sals yo Jois y5lo (L 50 !
e ilolir Gials s wlgie ST > ol 2t JMlodl
Shaviklo, ) adb (5L (hey b duslie y3 (il s, 5l edlael b
Y hKad 5 s (sgwa0 2007

s g9y = allas > (Y++Y) )L Sen 3 Undeland
o gl gy (Sadiges & Ndpw) doxS (pl 4 (S p»
gnl sladigel 4 Cond K39 008 g (2L b9y 4 &5 Lo
39 5508 (2 Ol I sl b9y &

sl 3)50 (2ll8 5 (capel slasnl s )0 b jude LlalS
b jload o (6o omb 9 YUPH 3 & 1> ol
o=l oyl gl yo 3 g b alie laadshud 5 (glojsd
Iiome ad S cibl g an il ) gl ol oy S5
Y el G sl  glopwdd o oy i Led o
Sgy e el el delue baylyis STasSl Jls g e)ls 2429 (oYL
el o P 2 et e sladli ud plic] Canu
oaals )55 bl (Hultin, 2002) e 0435 §aats ySle Cawss
oS |z s 59l com LB g (ol (slaanl )b )5 o) oS
N rod g i olid lasend SopSlgnl Cow) gl o
Davenport et al, ) 55 o 15|y b puiig p b (glo s d (las]
53 ol Hlod 4 s oW jles T )h 93 aulis 4> (2004
» [(Kristinsson et al, 2005) cusl 04y 53950 v y>  idlS
Uhgy oy glds o 55,5 (V4 +Y) Demir ¢ Kristinsson gouses
St 0les o 2Leld g sl sloald 5 onypm S T
oalS wsy 30 sl G ) Cuwl by Cawsd gdls ye
(AVYIFY) sl Jlass 31 pin (AVEIYR) LB Jlos ) o o>
i o 5 VIO DH L sl g 5 oy 205 (a8 3
De Ve /O pH

il o 31y 8l Loy 3T Juols polis # 50
e o s

Ot Y gie 5 cilise (slayles d9i5 903l 5l Jols olhe
laasged (5 @ya8 ) s ime (gylel @glds sl 0 03l
o3> cilsee (sLapH > (b g, adsial (5005 (593
2l Giliel 55 J5 @b lade pH asl58l b ((p<e/+0)ad
OS50k s YIOPH Ly jlass 4 bgyje (J5 ©)ad 1 508 dons
D WO PH L jlas &y bgyye jlido

5 B bl @l b 35 55 5 25 b slagse] b
Gl 04 dunlis ¥V Jado 5> a3

11# kDa
a- actinin
i desmin
fo kDa Actin

B-Trompomyosin

va kDa

vs kDa

VAL kDa

1§ kDa
s Yo T Yo Y0 Ny AVB

529997559 J5 el o551 (b Ollgms Jauwdgd oo — € JSCd
Sy Sz ()l YORL o 7 E-Y+ J; (SDS-PAGE)
(s) 598 55l 093 s yo 4> PH ilisxa (5l jlow 1 Juols 23,5
S1ast 5 (9015 oS VE/E-VYT) 3 liline! ,lg3 2AS sadeatio
03wl 3,90 jlowi Ryl

ol 4 9 Blioe (95 B gel 53 Slitel eSO Sl

2 9995 s 99 025 L)L S L jhaiyee J5 a5 canline
L ekl oad iy J5 sladiged @ly 3 )30 p S5V jletel
il s ige slojlisl LB cladiges Jlo opl b aizdly o
WPH Ly oLl Jla 5l ol dgad (035 55 o903l o 60,8
O Slial ) 1S5 slaaiges 5 ol 035] ety ) g b jlezel
orbailsgs an ) (Gns o3l 398) ¥ jliel U (Ghns (05)
P lecbl 5, S YO PH L (saml o dojlo oy p3 50D
O 4 Cunliy (g slaiygeil @l el (558 el

1 Cohesiveness
2Resilience



1A T - y0 Foylods IY Wl () (156 &sliuo g pole Gl y 4 i YV o

(TPA) cb Jslg  50U1 51 Jols pdlie -1 Jguo

Solcde Sagr () Ssma  Swgmetr (g S (pH) jleg
ook JBeke]eC .. JAYEe/eof YESVEY/AY Y/
AR JJAYE. /P YR R A e Y N ¥
ey d sy R Sk wretgye© v/
AYESe NANEVRAS AV ==y NI SOMEN/FN R
YNE N NINESTRN o/ JEEE[ T srNE Y "
Y] P JIMVE/° ol O/ YA /R WA

1ol (Gegn J5ar (Y B V) 53555 5 (V U0) 03,55 (sbiygesl y3 oaud 31 (sbajlial g (395 (y903) (I3 a8 prolio -V Jgar

pH calidwo (s lowd
(PH) o
Vy/0 1 ye/o \ Y/o oW
YYO/A - [¥Y, VOS5 [0V, av/yst./vs, SEINYE- /Y'Yy YV/0VE-/FA YIAYE- NS (gxem) (J5 g0
\E-/.° v+./.0 v+./.0 \E-/.° \E-/.° \E-/.° S G
olss=t-[oy° s/ e Ne =N AAEIING R 0% 38

Al o P40 o 3 by Silo w15 iz (jlol COMS] oximd i ygiw y 4D Ciglite gy ilond )55 ke Glyuil E 1 Sikie g 4 Lol

= laslllas > (Y- +¥) Demir ¢ Kristinsson .cuol o cpuss
P Lagmyz bt aS ) dxi cpl 4 S5 i o)
ol iy I8 ALT ) 4 S 6yl ne yokay (gl Al
ol aS 0l oS (5158 &0 ) ,Ken 9 Kristinsson
el a0l 3 L5 5 03 5l smy 005 iS5 TBA
TBA YU polie )b (g5lw 0)u83 050 Jobo p> dlgpl (sin
Petty & )5 o yisluSl de g g ey (iol3 8l Cinge
o, gdlde () iy slaliSS) jsas (Kristinsson, 2004
ol 0San gl sladiges 3 9o GiluST HAL5 Carge
e (3 o5 s 4 il Ay 58 (s csalise |
5y VY 9 Ve /OPH b LB slajlas o Jbs cpl bodgs ool
g Glial 5l S w0395 HIb dxe Jg 039 ayles S50
ollels olis slaop I lonSen ilulie (nS9n dgil
03,5 )35 (Y++Y) Hultin .(Kristinsson et al, 2005) ¢!
2 Lngass 25 0 sl 55 b 00 MPA &Sy o o
(3loge (Sl Jodome iy o (J ) oyl (gal> 5o
OBl g (Ll BIL ajeSmng 53 Gl Ay oo o ol Ol
bl 5 Slialg U andly 8, Y s 255 <o 51 pH
Kristinsson et al, ) sil dounle (gla piis s Siolig,iun
2 ol Mo B 55 Jole olsie gy b I3l (2005
Kristinsson & ) sl o Lo piigyy o dsdld (59,1 does
ol olyed g Gguwy b pyg5 a5 canl oyl p slizel (Hultin, 2003

CuboS ) o ye ol sl iy aan) GislusST 5 ailass,

OLS Jsie 5 gilusoydd (b 3 (M (slaodygl b 5 ale
sdlle 1335 550 wslSeue jlads (Belitz et al, 2009) siws
shb (bl ;o b awlis o (370 mg/kg) oo ol g0y
4, (Sanchez-Zapata et al, 2011) xib o YU 05 (galiac
Solw alo 0 3 g /YA ME/g 53 3 e ol Jls lgie
2 oyl (Sikorski et al, 1994) »_ib - +/0Y mg/g
28 o a o LS st |y 95 (plo (gdliae ¢yuolSaue
Slom " LauZ5g, (Papadopoulos et al, 2003)
M Glale cMae 3 GluST gladawly b sdes (sl yg LI
GAD 3 o gl el 4> (Kristinsson et al, 2005)
0a3L8) ol glle e eldlid iy oy sladl w8
oliad Sl dlge 3939 3l 5L AS g o oSS (4596 Lo luS]
ol b el gl i1l pgs als ye 3l Lol wluS 5 L
Vgl o S Ltou9_5 9 Laa..\_z.m,\ﬂ 0> Lg)]ya 4 oSy,
Ol 5o (awyp ysliies pols suiss 4o (Lindasy, 1991)
TBA a3l jl ol 5 (sl slaa ] b Jlael 5l am 456
(V+ W) ol)LSe2 4 Sanchez-Zapata )55 4 .05 edlat !

05 p 5S> 12l o )5 Lo WYY {VATC )3 ()00

1 Black Marlin



FYV o5 o9 o salbiae 3l onds laz slocmidy 0,201 S S35 amslio

= (M) Guglgme poe L plpX g L¥ b plpy of o &S
LYY Gg5 @Mde 13 3290 (gl gee poxe bl ool b
=25 L ubite bt cpl ol ollilins (ladzuale ) i
polie a8l o 35 (VAAS) o, San g Kanoh lewgs oads i)l58
ALl (g gl 3 508 9 6255 slapadls (VL
Choi & Park, ) cewl yuslSsen 5 wslSae laaliss) jais
LaalliS, ol dlaly 45 iy Lasls yolis by (2002
s dy by (alidg) a3ls Jals chi il ol
ol 3 "on laguBion U 4 eMisS Lo slas
0l oyl s 4 a5 L L(Kim et al, 2005) usb o 19y
929 29 omly Lajles den 3 (QUdy) j5 pole (305 )
Fber (Bhgy 4 bogrpe Slgi oo dasless (o gne (slacdMS
Bl Gilke a by ol g oal (la)los ) aliSS) xS
Cagh) e L lai e i e pshaison 5 "o (slagus
(Nolsge & Undeland, 2009) 1l adiges
Lot €33l ol SDS-PAGE | 5 4555
Jol) dzmemle (slmyutigyy 45 35l oo ST (L 5 (sl
o 93 52 53 ol Joe il 5l (ki pedgse sl 9
Kristinsson et al, ) 15,5 3934 (2 L8 § (soul slaal3)
2 hbge slaguSan jl (g JB polie (ien (2005
L8 90 oyl y0 L puig (Bl 09y oo cauwd 3l sl Y Cgu,y
(o5 Cuond 985 CELJb (g Sl (6L oo &S 90 e
2 g Cowd 3l gy (59 3 S ol 3 oh gy
STy oo (el Al 8 s QL8 W] 8 o iy
olallles (Kristinsson et al, 2005) 355 o (5 s a9y
osiaiST T 4y bgspo claily i oS sl lts nigas 509,25
9V /OPH L oUW oY o Y/0 pH b (gl (sl jlos > ST
Jlosl s s pol gl 45 553 0V/0 5 Y10 (sl o 51 yicess 1)
g (b Syl dads 4y by (e 9 calisee glapH
S5 3 DB (ke S Ll s a5 cul 03
bgiye b sy Sl Galas dgu5 oo 0dalie &S jslailan ,550
PH Lol 8l b g ced osnlie badiges 10 (43 jone Suww 00555 &y
Ladses )3 35250 (ugn shol slasil ol 3 ol Jiald
Plin o in s ol (Mol 45 Am3 o ol yol ] A5 sanlite
P el olwld 4 de g b .cul 039 cunlio pH 8, YL
LoV0 510 i lags iyt ()l sine V3] il clapH
Lol elb wiga o 45 Gl o )3 ol 1 01y Lo ey S5
o (3l D55 40 dxe Salas pl VY VD ¥ VO gla e ]
= 9 Glisee glapH j> adgil piigrm Jlde s 4 Wlgy o

2supernatant

2 hdyre sLacuSon S92 > 4 Ldes djoSung il
ey g alon, S JUssl ]y Jobo (slisb yiiny 48 ol dozalo

Seoliudgyid coud b daylisluw (S is 5 gkt le degemns
Undeland ) Ko 0 )b iol38l Cogo iy cpl 4 g a3l oYL
et al, 2002KTristinsson, 2002;
CbsS S slaasls yiare | (S o S cd b
b 31y 0ig ool Cd 4 g abl e (M slaodyglyd
ol endss LUy g amd e (i (gilo 053 5 (3,5 35
Sanchez-Zapata) Lisu o dea ($y3l,8 b ;o ol s jolaio
ol 5 Sanchez-Zapata )35 4 (Y+3) ) ,LSen 4
Ol pyS AYY 30 30,5 gdlae Ol (o)l cud s (Y- 1))
Al 0y (galie a8 Cwline (ol 4y g ML oo Aiged p)5 10
L 0 yanmdgel slald e jo oolatwl e )8 oy bgy (gdl e
w5 ysandsal Jlasl b s o Lz 305 1, 0 4y (slaos gl 6
Sanchez-Zapata ¢ wla 'y &gy, codMs inlS 5 i 0yg5ls
ysbo s lmle cM s clacsl clooysisy etal, 2011)
;(ZYQ—Y") Lgo._w%;)lw Lngbuﬁ.:ﬁ)_: 09)3 Aw yd JW
3 gyl (sltiseinyy o (AV+=Ar) (oo sLoimis
6,5 <Mac (Huss, 1998) 5,5 o s> (AY) sVsm slacdly
101 sy o dhgS )l sl Sgn by CHas & Cus
Lo piis s 59,0)LS sla Sy (Hultin & Kelleher, 2000)
dy ly Cled )3 9 Ceslagiy 5 ol Blize Laly 30 coo
Gl an gy S el (Shes 00508 K4 3 & el
, (Kristinsson & Rasco, 2000) 1S’ o Lis 151 g o0 Juate
i J s 4 opgpn of & Jlasl €l (g sdonl Wy
oo bl (525 > b o ol Dl o (slasSn
o d Sop Ll 5 sal lajles O (6, eyl
2503 L0 (sl jlos o ine M) s Jlo gl b a5l o
b eoMigS o lagutiyy yide 3Lk 4 ol |y Bjlos
0,50 U camle y s 5o 35 9 39y jlde g £o5 PH 0l
Shaviklo, ) s iS5l Ol 6,lags b )b o Lyl o
(2008
gl Pl orle 95 4 (S (le (1590 dgnl ST,
Nolsqe & Undeland, )¢5 o 3Jo5 ;50,5 (s03y9l,8
CdbeS 59y = Slllas (VAAA) oL  Onyango.(2009
1y Ladl 53 9390 oS gue sl g 03l plol alisee ()l gils il
e oy clalay oS etk ks ol gl N3, ascde

1 loin



WA (T — o Foylod Y aler eyl 1l 10 @lus g pale cledidgs a1 pii FYY

sedsnl coiS )3 IS 86 galS glaadla I (S (SiB
sy Addlas 13 (Y++0) o, Kon o Hultin caul als (ps55g
09 sl & g don (pl 4 S pp (2lo Jf )08
O sagnl g (A rgxem) (J5 )08 o o 056 Sty 2
5 OB oSS 9y Cde g ) A ()l S e
Sy pgr sadapl (5 @yad ol awsl 1) (YAVgxem)
ozl g (S3U cplpls wcul a8l ials YAY gXem & 50 desve
A 13 86 cod ) (ale g (sgpl CodS Slyie (2o

Jlodswl L g 0 oS8 JS5 4 Ygono o 538 5> planleys
A e (byslind ) duo I o Az p (gl e Al &
e g T S R R
e 5 W3 dy o B 5 5 a5 B ase Gloj 03
Sow jl g oo (plo CuaS cdl & oo (gilwg S glaails)l
Aol g 5 5 Joo pllin 13 g lailBo o Lo lwe 500
4z ) 9o Lagl Conle i 5 CudsS slaguBion o
ceolio (J5 )8 (s (ols (gosle iz 1o gl Sl (S50
@8 Gialidl g J5 ploial Gl plgices Jl cpl b g alyss
O Sl A8 Ay p 0,8 eolil LBy sl o3l 5l
osle ol (Jg 3,5 g5 (ale I3 slaodjsl b 5ol (o0y9l3
il 5 3L 3 YUy oafigy il Jds 4 oy o
(Shaviklo, 2011) sl ;1,8 eslazwl 5y50 (STys5 (slood,sl )3
| LPRT

I enles gt (e Coyi ol Lo Sly
Gl b (69l (sladsly L3 35 50 58S ()9l 5 o Sty
D9diee il 39k il sl 5 )55 e el 850

4 yoxie 093 oS bl PHOL J> & bty p (08 0,93
Hulting ) 5950 gl sbouion o) sl Sy ©slis
J(Kristinsson, 2004
S Sl 3 615 3t (o oSy g 5 JSits
Lanier et al, ) cul (5MS slaodyglyd 5l g5k 55 caslio bl
303l 2 (8l (glod 1S S pg0 4 TPA g3l jolaio ol 4 (2005
O3l ol D50 odlisel (g ke C8l CohS 0
2B ol 3 5 039 (Gl (gamiuo 5 (i diged (98 ol
Ladigal Coly Giomus 4035 o0 Cud SD 52 il 5 9568 oo
5 (St S e J 555 seyn sty o b s
Sl o 3ol 9 398 gesl Aitn JIy58 5 (aaly sl
A8 (IS jslar sl Gl jltel 5 bdigel (J5 )8 e
L aaglie 3 9 035 Chend (195 (590 syl ladises J5
dge godile (BLL alo ald | Jols piigpw sdlopl J5 yud
o ol b silige omly (eonygm 55 9 Qb3 Obagl8 51 ol
ol yoyl38 (5 a8 5l Saeb W B Y0 glales J5 yib
(YV¥gxem) oS ale (gy9l,8 lusly 5l Jols ale (cdlgil lp
4on Loy (Shaviklo, 2007) L35 (YAAgXCM) Cows alo g
Sl Jols J5 cutS )3 135,80 b Jole (p yiage < Jolse
L do i Ol el go3lo 55 9 455 (2l (g0
5 00938 0y Jobo 5 (alaaly 3 ealiul )50 glod 5 cuihyy
Hultin et al, 2005; Choi & Park, 2002; Park ) usb . pH
Gl 3y S5 cped & et al, 2005; Park & Lanier, 2000
Syojl o & 1z 0yl (00b ot dps I s pB dlgo @ yue
d9d s 3 e gilio 8Ly 4ol oty a ¢ ale Mae clos
w2l y (Lanier etal, 2005) s)ls -8, YU & bl &-Y+°C

Sl 1395 5 (6 it Coolus I Jolos opl 5

&bo

O8Ol pl M ol a9 ol 5185 AYAY-IYAY ool s ol ‘_g)LaT olls YA ¢l &M o sl
(Hypophthalmichthys molitrix) ¢l o, & ,g5 alo 5l il (uBgp g conyow W5 AYAeis ( hwgr g.p (bdl] wp s (Ggugo

A=V O gl oM ol dome dadl Sl sads o5 5 S5 sleaises (alesd 5 (S5 sl Sl (e g
AOAC., 1995, Official methods of analysis, Washington, DC: Association of Official Analytical Chemists.
Aspmo, S.I., Horn, S.J. & Eijsink, V.G.H., 2005, Enzymatic hydrolysis of Atlantic cod (Gadus morhua L.) viscera.

Process Biochemistry. 40, 1957-1966.

Batista, 1., 1999, Recovery of proteins from fish waste products by alkaline extraction. European Food Research and

Technology. 210, 84-89.

Belitz, H.D., Grosch, W. & Schieberle, P., 2009, Food chemistry, 4rd Edition, springer publishers, Berlin Heidelberg,

43.

Choi, Y.J. & Park J.W., 2002, Acid-Aided Protein Recovery from Enzyme-rich Pacific whiting. Journal of Food

Science. 67, 2962-2967.

Davenport, M., Theodore, A.E. & Kristinsson H.G., 2004, Influence of insoluble muscle components on the gelation



FYY.alboj o5 o abiae 3l o oz sbocmiiyn 0201 S F3s samslio

properties of catfish protein isolates made with acid and alkali-aided processing. Abstract 83A-21, IFT Annual
Meeting; Las Vegas, Nev.; Chicago, Ill. Institute of Food Technologists.

Davenport, M. & Kristinsson H.G., 2011, Channel Catfish (Ictalurus punctatus) muscle protein isolate performance
processed under different acid and alkali pH values. Journal of Food Science. 76(3), 240-247.

Emin-Erdem, M., Kakayci, F., Avni-Duyar, H. & Samsun S., 2009, Shelf Life and Biochemical Composition of Bonito
Fish (Sarda Sarda Bloch 1758) Stored at 4°C and Fishing with Different Fishing Tools. Journal of Muscle Foods.
20(2), 242-253.

FAO/WHO, 2005, Codex code for frozen surimi, In: Park J.W., editor, Surimi and Surimi Sea Food.Boca Raton, Taylor
and Francis Group.869-885.

Hultin, H.O. & Kelleher, S.D., 2000, Surimi processing from dark muscle fish. In: Park J.W., editor, Surimi and surimi
seafood, New York, Marcel Dekker. 59-77.

Hultin, H.O., 2002, Recent advances in surimi technology. In: Fingerman M., Nagabhushanam R., editors, Recent
advances in marine biotechnology. Enfield, N.H. Science Publishers.7, 241-51.

Hultin, H. O. & Kelleher S. D., 2002, Protein composition and process for isolating a protein composition from a
muscle source.Patent US6451975.

Hultin, H.O., Kristinsson, H.G., Lanier, T.C. & Park J.W., 2005, Process for Recovery of Functional Proteins by pH-
shifts. In: Park J.W., editor, Surimi and Surimi Seafood. Taylor and Francis Group. Boca Raton, 107-139.

Huss, H. H., 1998, Fresh Fish: Its Quality and Quality Changes. Food and Agricultural Organization, Rome.

Kanoh, S., Suzuki, T., Maeyama, K., Takewa, T., Watabe, S. & Hashimoto K., 1986, Comparative Studies on Ordinary
and Dark Muscle of Tuna Fish. Bulletin of the Japanese Society of Fisheries Oceanography. 52(10), 1807-1816.
Kim, Y.S., Atdigul, J.Y., Park, J.W. & Thawornchinsombut S., 2005, Characteristics of sarcoplasmic proteins and their

interaction with myofibrillar proteins. Journal of Food Biochemistry. 29, 517-532.

Kristinsson, H.G. & Rasco, B.A. 2000, Fish Protein Hydrolysates: Production, Biochemical, and Functional Properties.

Critical Reviews in Food Science and Nutrition. 40(1), 43-81.

Kristinsson, H.G., 2002, Conformational and functional changes of hemoglobin and myosin induced by pH: Functional
role in fish quality [DPhil dissertation]. Amherst, Mass, Univ. of Massachusetts.

Kristinsson, H.G. & Demir, N., 2003, Functional Fish Protein Ingredients from Fish Species of warm and Temperate
Waters: Comparison of Acid and Alkali-Aided Processing Vs. Conventional Surimi Processing. Advances in
Seafood By products, Fairbanks, AK; Alaska Sea Grant College Program.

Kristinsson, H.G. & Hultin, H.O., 2003, Changes in Conformation and Subunit Assembly of Cod Myosin at Low and
High pH and after Subsequent Refolding. Journal of Agriculture and Food Chemistry. 51, 7187-7196.

Kristinsson, H.G. & Hultin, H.O., 2003, Changes in Conformation and Subunit Assembly of Cod Myosin at Low and
High pH and after Subsequent Refolding. Journal of Agriculture and Food Chemistry. 51, 7187-7196.

Kristinsson, H.G., Theodore, A.E., Demir, N. & Ingadottir B., 2005, A comparative study between acid and alkali-aided
processing and surimi processing for the recovery of proteins from channel catfish muscle. Journal of Food Science.
70(4), 298-306.

Laemmli, U.K., 1970, Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature. 227:
680-5.

Lanier, T., Carvajal, P. & Yongsawatdigul J., 2005, Surimi gelation chemistry, In Park J. W. (Ed.), Surimi and surimi
seafood. Boca Raton. CRC, 435-477.

Lindsay, R.C., 1991, Flavour of fish, Paper presented at 8th World Congress of Food Science and Technology.Toronto,
Canada.

Nakamura, Y. N., Ando, M., Seoka, M., Kawasaki, K. & Tsukamasa Y., 2007, Changes of Proximate and Fatty Acid
Compositions of the Dorsal and Ventral Ordinary Muscles of the Full-cycle Cultured Pacific Bluefin Tuna Thunnus
Orientalis with the Growth. Food Chemistry. 103(1), 234-241.

Natseba, A., Lwalinda, 1., Kakura, E., Muyanja, C.K. & Muyonga J.H., 2005, Effect of pre-freezing icing duration on
quality changes in frozen Nile perch (Lates niloticus). Food Research International. 38(4), 469-474.

Nolsge, H. & Undeland 1., 2009, The Acid and Alkaline Solubilization Process for the Isolation of Muscle Proteins,
State of the Art. Food Bioprocess Technology. 2, 1-27.

Onyango, C. A., Izumimoto, M. & Kutima P. P, 1998, Comparison of Some Physical and Chemical Properties of
Selected Game Meats.Meat Science. 49(1), 117-125.

Ovissipour, M.R., Abedian, A., Motamedzadegan, A., Rasco, B., Safari, R. & Shahiri H., 2009, The effect of enzymatic
hydrolysis time and temperature on the properties of protein hydrolysates from Persian sturgeon (Acipenser
persicus) viscera. Journal of Food Chemistry. 115, 238-242.

Papadopoulos, V., Chouliara, 1., Badeka, A., Savvaidis, I. N. & Kontominas M. G., 2003, Effect of Gutting on
Microbiological, Chemical, and Sensory Properties of Aquacultured Sea Bass (Dicentrarchus labrax) Stored in Ice.
Food Microbiology. 20(4), 411-420.

Park, J. W. & Lanier, T. C., 2000, Processing of Surimi and Surimi Seafood. In Marine Freshwater Products
Handbook; R. E. Martin, Ed., Technomic Publishing Company: Lancaster, NH.



1A T - ye0 Foylods IY W oyl (10E &luo g pole Glouiid gy 49 pid YYY

Park, J.W., 2004, Surimi Gel preparation and texture analysis for better quality control, In: Sakaguch'i M., editor, More
efficient of fish and fisheries products. Hardbound, 333-341.

Park, J.W., Yongsawatdigul, J. & Lin T.M., 2005, Surimi: Manufacturing and evaluation. In: Park J.W., editor. Surimi
and surimi sea food, Boca Raton: Taylor and Francis Group, 33-106.

Petty, H. & Kristinsson, H. G., 2004, Impact of antioxidants on lipid oxidation during acid and alkali processing of
Spanish mackerel. 2004 IFT Annual Meeting 49B-7, Las Vegas, NV, IFT, 7-12-2004, Conference Proceeding.
Sanchez-Zapata, E. & Pérez-Alvarez, J. A., 2007, The Color in Different Fish Species. Alimentacion, Equipos y

Tecnologia. 219, 39-43.

Sanchez-Zapata, E., Amensour, M., Oliver, R., Fuentes-Zaragoza, E., Navarro, C., Fernandez-Lopez, J., Sendra, E.,
Sayas, E. & Pérez-Alvarez J.A., 2011, Quality Characteristics of Dark Muscle from Yellowfin Tuna (Thunnus
albacores) to Its Potential Application in the Food Industry. Food and Nutrition Sciences. 2, 22-30.

Shaviklo, G.R., 2007, Quality assessment of fish protein isolates using surimi standard methods, PDF E-Book, United
Nations University- Fisheries Training Programme, Reykjavik, Iceland. Book URL
[ http://www.unuftp.is/static/fellows/document/reza06prf.pdf]

Shaviklo, G.R., 2008, Fish protein isolate; a new source of protein ingredient.INFOFISH International. 4, 45-48.

Shaviklo, G.R., 2011, Using product development approach for increasing fish consumption in the Near East region.
INFOFISH International. 4, 47-52.

Shaviklo, A.R., Thorkelsson, G. & Arason S., 2012, Quality Changes of Fresh and Frozen Protein Solutions Extracted
from Atlantic Cod (Gadus morhua) Trim as Affected by Salt, Cryoprotectants and Storage Time. Turkish Journal of
Fish Aquatic Science. 12, 41-51.

Sikorski, E., Kolakowska, A. & Sun-Pan B., 1994, Nutrient Composition of the Major Groups of Marine Food
Organisms. In: Sikorski E., Ed., Technology seafood: Resources, Nutritional Composition and Preservation, Acribia,
Zaragoza, Spain. 41-70.

Thawornchinsombut, S. & Park, J.W., 2006, Frozen Stability of Fish Protein Isolate under Various Storage Conditions.
Journal of Food Science. 71, 227-230.

Undeland, I.A., Kelleher, S.D. & Hultin H.O., 2002, Recovery of Functional Proteins from Herring (Clupea Harengus)
Light Muscle by an Acid or Alkaline Solubilization Process.Journal of Agricultural and Food Chemistry. 50, 7371-
7379.



Iranian Food Science and Technology ) . .. . .. o
Research Journal \! olnl 218 gbuo g pole Glngyy 4y
Vol. 12, No. 4, Oct- Nov 2016, p. 463-476 iy g ! &;g;},(z;, FEY-FVF .0 AYAD dbj — 30 F oylocds IY ol

A comparative study on stability and functional properties of the proteins
isolated from yellowfin tuna (Thunnus albacares) dark muscle by acid-aided and
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Introduction: At least 60% of the estimated 300,000 metric tons of tuna that are processed in Iran areby-
products which arebeingwasted and converted to non-human products as fish meal or fertilizers. Therefore, a
major challenge facing the tuna canning industry is to find the new processes to utilize tuna processing by-
products (mainly dark muscle) into valuable foods. The characteristics of tuna dark meat (TDM) make it not
acceptable for these industries. Therefore, the isolation of proteins from TDM for food application would be a
more responsible way of using a nutritious and abundant rest raw material.

The pH-shift technology for recovering fish proteins involves the solubilisation of chopped and homogenized
fish flesh either in an aqueous acidic or alkaline solution. The protein rich solution is separated from solids
(insoluble proteins, skin, bones, and scales) and neutral lipids by centrifugation. The soluble proteins are then
recovered by isoelectric precipitation by adjusting the pH to 5.5 and the precipitated proteins are removed by
centrifugation. This method can be potentially applied with any white/ dark muscle fish or fish by-products. No
evidence can be foundon isolation of protein from TDM. Therefore, this study was carried out to investigate
stability and functional properties of proteins recovered from TDM.

Materials and methods: The ground TDM was homogenized for 1 min (speed 50) with 9 volumes of ice-
cold distilled water. The proteins in the homogenate were solubilized by dropwise addition of 1 N HCl or 1 N
NaOH until the intended pH (2.5, 3.0 and 3.50r10.5,11.0 and 11.5) was reached. The protein suspension was
centrifuged. The soluble proteins were precipitated by adjusting the pHs to 5.5 using 1 N NaOH or 1 N HCL
Precipitated proteins were collected via a second centrifugation. Proximate analysis of tuna protein isolates (TPI)
was carried out. TBARS, pH, viscosity, water holding capacity (WHC), gel strength, biting and folding tests,
texture profile analyses (TPA), and color were measured. Qualitative protein analysis was carried out using
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).

Results and discussion: The protein, fat and moisture contents of the acid-aided protein isolates were
found to be 28.65, 5.35 and 74.36% respectively. While alkaline-aided protein isolates contained 29.57%
protein, 4.17% fat and 71.23% moisture. A significant difference was found in TBARS level between the
isolated products. The lowest TBARS value was found in acid-aided isolate and isolate treated at pH 11.5. The
TBARS value of isolates extracted at pH 10.5 and 11 was 0.15 mg malondialdehyde / kg, which was below the
border line recommended for fish products. Lipid oxidation in fish protein isolates has been reported during pH-
shift process. The lipid content of TPI samples and activating of haem proteins as prooxidants at different pH
may describe lipid oxidation in TPI samples.

The average viscosity of TPIs was 3.81 cP (Centipoise). The highest viscosity scores were observed for the
isolates prepared at pH 11.0 followed by the isolates made at pH 3.5 and 11.5. The isolates treated at pH of 2.5,
3.0 and 10.5 had the same level of viscosity. Low viscosity might be due to low cross linking degree of protein
molecules. The low viscosity of the prototypes may possibly be explained by decreasing interaction between
proteins and the surrounding medium. Therefore, denaturation and modification of protein conformation in tuna
protein samples may have affected the viscosity.

The WHC of the samples (12-16%) was similar to the proteins isolated from the other fish by-products. The
highest value of WHC among TPIs was found for the isolates prepared at pH 3.5. The rest samples had the same
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value of viscosity. The WHC can be defined as the ability of a protein gel to retain water against a gravitational
force. The level of water retained in a gel is affected by the same factors that affect the formation of a good
protein gel ‘i.e.’ moisture, pH and salt. Furthermore, the WHC usually reflects the extent of denaturation of the
protein and water contents. It has been reported that WHC is closely related to fish species, amount of salt,
different processing method and the interaction between these factors.

The highest scores for gel strength, biting and folding tests and TPA (hardness, cohesiveness, springiness and
resilience) were observed in TPIs treated at alkaline pH. The muscle proteins being particularly responsible for
gelation are myosin and actomyosin. It has been reported that alkali-aided protein extraction caused less
denaturation than an acid-aided process. This lower denaturation of proteins leads to products with enhanced
texture. Hardness and cohesiveness were found to be maximum for samples prepared at pH of 11.5. The increase
in hardness may also be due to the stronger gel network formed by the concentrated myofibrillar proteins in the
protein isolates. The difference between TPA parameters of the recovered proteins andthe TDM mightbe due to
the difference in lipid and collagen content.

The alkali-aided process recovered proteins of higher whiteness than the acid-aided process possibly due to
high removal amount of myoglobin and haemoglobin during leaching. The electrophoretic patterns revealed the
stability of proteins in alkaline pH. The lowest reduction in band intensity of myosin (myosin heavy chain) and
actin was found when the alkaline-aided process was applied. Accordingly the highest band intensity of myosin
and actin proteins was observed at the high pH (11). The weak bands of protein among acid-aided samples have
possibly been due to the hydrolysis effect of enzyme activity.
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