WAY Jlo /Y oplous YF als / plie mlio sla yimgh 4 i

o9 (oBlo (can; guu I3 SolaL 1y 9 (AL LA ST g s Alide glaus gls g yuas Ol il
(Atrobucca nibe) slawu (ylaa

T2 e 3 Slabes sugs M S pdl il s ol Sl Sisin oGy sae

AY/YN0 iy '@)U AY/A/N sl s '@)U

O Slidss 5 pole dxly oSl ST ol&ils ol 05,8 bkl

O Slidss 5 pole dxly oSl sh3T olKsls e s 5 el oS Lkl |
Ol o8ty (S saels 0aSLiSls 0L 3T (glag low 5 ity 05,5 kel 7

O Sligios 5 pshe doly oDl 55T o200 sHeplo 5 esle Kislesl b5

E-mail: ebhoseini@srbiau.ac.ir :45s J g *

ousSa

2050 (S8 sl 5 palsd (o ol 5ola3 (ol e g Jla oo Glee sloo Lo sl Glas s sk ale A3
sl S5 posan 5o agane oledbl ssay © b sl o 3l sud GAle oY pmns c0dS b i bLs,)
Spbl€ U5 st wi alail dallhe ool T 5o At slasd i oma @l 3 5 ale G ool s U5
ol oaigon e uluiS 5 (CS) G (XG) Gl jans (TG) Sl 5158 (slansi s g ouan a5 b o) seu
Glos 5o il 5IUT 88 b 55 Lad sa3 38U i gund siad 4363 (S50 (500) 2oua ) o 5o (WPC) Ly
TG Llas wud Guas IMaged wlise o pdogs SooiSl 0w Soe b HBALLY, sla S5y o base
(PSe/v0) wols plis 1) pass e J5 et (5950 HMBe (WL S5 4 (a8 0¥/« ) WPC 5 (s S 000/0+)
Al S llass (PSe/e0) oy ol Gl ks Hlad 4 e TG Slas Lo wil Lale glajmal,l S|
J3 B3l 5 0 LSl olaas 0 568 5 (o it (PSH/00) il (alK XG jlas o @il HlEa Ll sla il
a saaline (poye sielie 5o sae VYEV) XG5 (mre stehie 5o 0ae WYYV TG Slas 5o 5 4 pass geu
Sl 5o ad saalie TG Hlas o cassw I3 DBALL 25 5 (BL Galsd asap oo B sig (P<+/-0)
WSS s cnilE o0 slasishl il Jala XG jlas jo U5 JSE3 cou8 ) Algs Sl pbichas
L o aal 8 o o ali olgo 23 cale 4 Gl S ol L cas s g I3 UL 55 sla (S50 5 (i
el YU cndS

Sbalad s il oo Glas s s ¢ pars g U5 B 58 5 Huna 1guals IS



WAY s /Y o)l V¥ Al / olie mlio sl yingsy 4 puis

g > s‘_;gl)iaz o> YYE

fae (VA4 SUKs8 5 se) Suls WIS sauS 3
S S s ol ol Gl w,lSlul S ol
Ssdiee Gale JusileolS ulisesils S
e 5 soliiad (Yo oA KBl 5 S8l
waiasal 8 Jeole glsie o aE ulge o 1S
Sk slaaa,b Gl i sel 5 saiiShalas
Slalid, S s 1 el gol 5 132 Glaslu 5 sa
e S, FAOMWHO _li olpe Ssiie
= /¥) o 3 soliinl Lol daela olae &Y pans
) suyeidiy allis 5 Slae |y (2132 dl g 5o (wum oV /Y
(YN be)

SOsads pald puos 4 oldlas 5l galas
5 JsSady) oS Gassdl b olale ansse
Ol fae (YANY KKy ael ¥el¥ l5Kan
9 Pl Ve e s o5t YVY K o Llil)
3 0S9) oy olusn emlu 5 (Yoo ot
o Ol VA0 Sy s Olslesaly VA J Sy
Ooedl Jleglys ) wala,s (VA1 lKka
oS5 o S A ged o Toasny e Bl
b8l s pale oy g Sl sad LSS 5 s
Omiaed (VAT GLSea 5 Gl ) Gl al,l
ol oS il 5 L olussad s
OSa,) el sud (g oneme S Glaale S G ST asj 5
o2olS (VAA) (lKas 5 SBIS (Y- A JsSlady
59 08 C IS e 50 V/0 a8l S W S
Al Ol el pansw U5 cod8 ol
S5 g0 SY KLYl

oalsd G s b e Sl B glals
Obizea YL (glodas (i35 5 (b us8 G jenis
s L (Yoo oLKaa 5 oslasl) col ady 4y,
08 «si3ae Oliale 5 (olos slaale dlaa ) cuaa
IR oo dose J ol el g sals U
Atrobucca ) sbw las swysd cale .0,S o
crmas Ol e gabadl lale alaa ) (NibE

douis
S 5 g 0Bl 4 (15 8305) (pas s s
Gty g saiif o b S ) sael Cawas s yusd e
Jolt ola (K55 anls S 00 Koo 3L calo suk
b (55 5 b 59 u s baal (g, S5
Lo (Ve mnse 5 SO ol a5 (o0 5 (AL
WJeomdse sLaii oo O (@Y Jlae sgas 4 a5
Gomanio (S il3 olis sas b a5
oxSlae L anly 132 sole S 1) o «S cual (g0
S0 aile (@lie oY smne w3 gl e Sl
OISty i sm) sl b0 ad oS 8508 5 G g
Sl Bk (Y Y lhlSes o JSLaty oy - €
LU T U5 (Sl e 5 ol pa L oy 5
(VoY OLLSan 5 5o, 488 (SHL) Gaals asliius
) oT by o eV pmne b pans s T ubiad s
S5 (a0 (80 5 G s oS 6l 53

(Yoo gl 5 SOL)
Chall gliie 0 Gifide glaiosidl 3 soldil
o Lol sus Jolaie cans e (8L (SOl alsa
J5 &5, 5 @il canls Glae 5 Al 31 La o g 380 gl 5
sdle (YorA JSads 5 (S0)) WIS e pans s
Eoo o5 sashos Jio La 0558 (oA 5 S saliinl (Gl
slagl el cl (Sae B8 plewdy O
s Sib) wo S siSliyae gl el oM
OiS sad olasdial a8 (HIHES (V-4 JSlass
i sy ) b a8l b Olsieds s ol
ssdise giiel gl sl olps 5 ol
(Ve GlKan 5 35,1 VA plhlan 5 usili)
Sosls s ;o (WPC) Ly O 0055 55 s mliS
Sl (S 5 JeSa K plgie 4 Ygare 32 ol s
Jole 5 oSyl gl o€ Bulis oSy oIS s.5S

'- Whey protein concentrate



¥vY ol ()3 058 (lo coryg S5 s)lELof2 5 (Bl Cluogad p i slaaels'y)n 3

S S oyl il slagie b &I 5 solita
2 S fae wd ol (GesSe Yoo ki)
o uthe de8 Qe AsLL slaes
ol Laad K ooua ol wd ol 5 58
Fufeng Group, ) us oSoia 5l oW1 jas
oo by bugie JSe 055 L olysas (China
5 (Sigma, UK) L& oS5 5 aus o Ao abiiils
LLP.S.) 08 55 dem 50 YU L iy O 05 5 850
Sad s,luua (International Co., Thailand
G99 sSebls Ji empsw aalsd
Laaas g1 9 5000

plasl olowas b (VAAE) (J G b s s
ST b et ald s o) sem 4 slaals il u
9 Sy pwe Dad deed ladld o
9 sad aladl i oo w58 oS0l Al
SaS for b Olatal s wbde clS
selie ¥ Lie L (Panasonic, France) < swbl
Vi) o b odaye guosad fon o S 0l e
S5 (A8 (Bl dauf ) apew shie OF 4 et S
(poses WIS wmy/Y) oy a8, S ol b L
Jobo G808 Y Sue 4 sdlend da yo 58 0d G
Good SdE S pdiid dase 5a 5w aseladl
Sose oSl 5 sud samy ol 0k
sed 4 dage GaAT 5o calg Ho el alasl G
o8l aamyu §) ole s Lilas ol go sad SO0
oliwdg Sasaw woyo /Y 5 Jsiss s oo €
Berjaya mixer, ) Sbslie g (S50
Jals sud g e b 4l (Malaysia
L Gensd ad gandien do8 Llise gladws
Loo) maeole L3008 b g @ie oy 4 a8l o) pe
Hoilie 0 158 Gl e s wl £ (Bl 40 -8
09 T Lo & 5 o0 seate selun ¥ ooe 4 (456 s

S d8 B (oS il daye —Y-EY) slasdl Ll s

A o o ia o) Koo glas)lal € sus
S o,y wpdipe Doas ol L L deaie
3L ool os ale Gl S S slasilal Ssas
Sgaae olelbl ssay 5 ol (pinas cuud Jgore
J5 oliosan 5 Gl @S ol pasas 5
Olsie sl plas sussd ale (plale as; s
S s ke as s il S caie Howaa GL S
Sosra Ol s Alide slagusydl Sl Al
(Badad ool alasl 51 Baa 5, ol B e e SRS
$IosS) Alae slaadl s ma (a5l Sl s
ol g omluiS 5 OAS GBI fas (Sl
Sl 5y shuagpad 5 BL Lo S5y o (s

ol e 08 ool 3 0 5 ans g U5

Lagig, 99190

3 90 dags 9 (5ol yaed gas

SRS i3S b shuw glas sayssd plale
Blacl B Sl slaas¥ 51 15 555 4 Sgae V=08
wise oo deldy 5 sl sue glae gl
sad laa b ol b e slasilal
0909 5 Gk 9see OT L ugen (a8 VYY/AEYE/E)
(258 £33 abeim) VY o b (Siadly slateas
Vool S gle) @ae) slaledT @ G, ole) B
558 oS 31 Sal 1S e 80h (b s (el
oK L S,L e Astragalus verus « <
S s Gpas ol glhaiul (Ol oK )
bwgs 558 olS Gl GESOT slawi sl b solse (o5
(15855) OuS oot 5 ki alao) Lo seado 55 slags
o S GBI Oaom 4 suse @ Do YV Ol o
42,01+ lea U (Binder, Germany) o1 5o jon
s KA gy aull o 0 S ol B ol S il
S ol B sulina) b suaKad G wnlgs o
L s Jbas Lusm o,sew (Bosch, Germany)



WAY s /Y o)l V¥ Al / olie mlio sl yingsy 4 puis

o g s> o oSS s FYA

J5 @b Jalad g aayas

5 358 Oeedl o9 deld cansse 3 il oL
SaUT 58y bauss 45 sug @8l Lbale b))
CT3-4500, Brookfield Engineering) «sb
s JsSlas s, 3ib o (Laboratories, USA
Slads gai Iyl 4S gad Cppsads aladl (V-0 +) O)lSan
58 48 5 ol S bw s yia e Yo X Yo o510l b U3
base slos b olanledl alasl 51 s 5 suls (25
Losaa €88 ¥+ cue 4 (WS 000 4o, YI-YA)
RS

358 (9

e e s (GRolee 0 5hal) Sihads (gl il ) sley
Yo sl s a S 0 ldle (soo dlBy o sielie -
9 89S 38 ans s 5 sladisad by Ho a Sl
cia 53 (U5 @) culil 908 ha (sl S
(JSomas by gelad)l cubils) JSa 50i5 5 oS
B (el Sielie ua

@il HBALw (b))

99 5 8 S 5158 Ul dads S (50 U5 sladise
bug aga ol gl 5 wsye 00 Hlate 4 L
L (Db 00 ki) las by K1 glas] sl ) gy
9 e S0 sledle (5,0 dliBs Ho e i N+ iy
@8b b 550 slasiel,ly cbad 0 yds o SELS Yo b
Vo (oo pSulS) V=S Jold Lagsa
pSAS) Gmsa bl (Swsnags (b0 2 SulS)
asld 5 (Gleglie) celad,l culls (e e 5o 550
Oled & sos (Pate b (so8 pSHLS) e
() JS) (Y e 0 olSen 5 5la) i daslae

Jhale 51,

S OS9Gy Gib s J5 oAbl ) dallls
525 o aladl olhads (Sl G (Y- -A) JSlass
IS (a2 slakad ey s 5 sladipas Jalo Bl S
SBA L (o S s Sue Gt sl (Sialie Y-V b)
Y sola olawd 5L o lad pad uid aags LA gad iy

SIS Ole) mas) a5 IS elaule)T sl
SablS U3 s3le sulel cga (o Gl T 3 58
©ooads @lolead] Jlaas les 5o deade cas;se
ol b (Shylie 5o g eals (i Se S olals
Lo ,u Y/0 Hlaie ad adilS wsyu A G ol cushb,
LSy B ol dlal bylhs 4 manwsn)K
L saose Jow aulgion 5 Db Jslae Jaond sae
o Lafinn Gl slans,ma dase ool o s
Jae wiad Bl Jsw 0 (S58/ 500) soss ) Llale
Los Joans g 5 el ok <80 & ats b las
od cele ¥ ooae 4 8 5 (Sblas 35k s
A0 g s soly S8 (o) S Bl da 50 =Y EY) 558
Oealinoly slagias Jalh o lased Gupe
Loyl s g3 5 sad oy (Glaiilas ¥ JhS) (uren seu
s S0l sl Lo Ladss wad e LK
ey ¢ ko Lo (Memmert, Germany)
4 slon so ol Yoo 4§ A0 ¥ oae w0 al S Bl
Wy oolya Wl Ve oae o S ke da o
ool o9 cesw ©osad ahy 5 gladse
LagyT s oo L3I B Wt o yew (o) S Tls da 0+ £Y)
WALRY) i S e 4 Lads g Guges 0 g 8 gle
S8 (WS Bl a0t EY) Jlads sles Lo (celuw
Oblan 5 JSlad) wud 5 heS alanleyl alsl
Jolts aalllas Gl palodl ol (IS 5l 4 (Yoo
Sge WU cars s Jyw slatisas (C) sale [les
doss ) oaaly s (TG) ¥ slas (Juysddl
aaly Ldsa (XG) ¥ Llas 43 (S50 S500)
(CS) ¢ Llas Bl fae (B35 505) weess)
0 lasi § OIS (P58 (£08) dasa ) aaly Lad s
8 LS (555 503) da sV aal s Lads sa ((WPC)

g oy o) 5



ra oo ol 030,55 (alo (s J5 by 5 (B Sluogas  cilise (slosgslSyin S

colis JSlaa a5l L Lasals oSk Laiis £ )8

.A:\lé; _)‘_)3 4...513\:4.4\ PR (LSD) 6_)‘4@4.0

bl

J5 Jaseis @ ya8 ()

fae O dliae glaadSooma Guges il
L el ey e J5 JSES 0508 Gl o o1
5 oS s 5,0 (Y JS&) (P=e/0) i sals 6y
Ase BB ey g SpblS J5 G K& il
VERESVA MM SUR S S A VERE S VAR RV SRRt
S o et (Y JSE) ad walae el
olas 5o e U5 @il cuSl culgine o dus
(P</-0) wi sualine (‘,; 0oo/o-£Y4/M4A) TG
saaline XG g0 Ho ol 5950 (p3aS Jilie
sl (PH/0)  (a S
LA Ho sl oo Llaie (ol s
ool S e s (P>+/-0) s ssalia CS  WPC

YAA/ = +EYIAYA) - ai

b (C) vals e ekt (55,0 5 Jid yulie
sl b wwlioe XG wga TG s SIS 4
sl 1, JKa Lui pedlds S ljles
olis «$ (P</o0 oY i) (Lieglie o/ASE-/VEA)
ot oy 5aS dlals 5o o] U5 St St saiay

(p53L5) 955

eulh sl Yo oae 4 (PH=V/Y) wialT )G K s yu
dss obie O jucela ) Goe 0 WG sad Gupes Dud
Jolae Bl slachle Lg oS0l wwly )
Go- ) dsbl

éJ‘J _)“)3 (U.AAA/GAAA .A.AAJ-A\”

BEEN) saly u’[u.’l;ﬁ LAUT c!:u.u W Ls PRYRW L
g olgslS Yo 3l 5o lagl HBalu 5u) cules
L (LEO 440i, Oxford, UK) 5580 O oSan s Sao
;33&4.4.1\9‘)5*4 J.ww YR o X0 LS.:LMSJ‘)A
ImageJ 1.48c, ) Imaged 1l as b ss 5,
slatiale S 5 S o o (USA

338 S 518 Gialy 950 e U5 JBS L

/[ 1] /1

\ dibails \L Y aikie \\
E s
e NS Y s
\ Y- ¥ ¥ o $e
(i) sloy

dage g9 glo) 4 gy Sal ade ) JSa
S olaes plag ous ) guds (Als (canj g U5 S lson pi
el AL sl yiel )b (paas

Yot age gol B N iaa Jyl gl B
(e Sralh ) dhie pha/Y dbie phe 1 S snag
Y Jsb/ N sb ohatie 1 pelad ) el ¢ i gayagex\— iaw
S X oo a3l bl x (A i g s

kel Jalald g a3l
sl s byl LS UL Y L bgabsT als
LT b s clinb)] @i 5Ske ple Llaas
L oaoss o mha o (ANOVA) Ll 6lkS

Ot o0 (Vo/+ 4a) SPSS Ll s 5 suliinl



WAY Jlo /Y oleus YF als / plie mlio sbo yinghy @ i

w9 ;w” ;Lgsl)i‘}} > ¥y .

J5 o8l ke b))l
sl o Aliae slaad iS5 ma Gas53) ol3
9ol dulae V IS0 Gk S pbllS 5 il bl
S Cpotdn ol sad A Y Jous Lo ml®
0% sos Sk ) Y= (Fas 5 V- (A 5l G s3eS
Goad 53 a5 (ol 18 dla yo (yae g0 5 Gl !
el (1 Jsan) (PS-/-0) s susline XG , TG
Glie XG las joo L gad Lo (S smage Siebl
cooli adi sualie glogie YAl 5 sus
Shie (3 3aS TG Hlas YA 53 XG [las 5o s
OIOSS Has3l (P=-/-0) uly palaial ssa o |,
C ol e U5 e cnelh e ca
fae G9! S Lad s ma us38l S,k
slasiebly soe oo dls S B S gl
A aald jles 4 cuad e J5 @bl LAl
Lads gad alad 5o Y= a5 V= (i Hlae (V J gaa)

S i

- b
600 ; f
504 a
1:
9 400
\i 300 - ¢
& 200 -
a
100 -
0 J
C TG XG CS WPC
12 -
ab
3 10 - ac
i: a ca
g 81
% 6 4 ba
%4
3]
0 J
C TG XG CS WPC

AliAs sladh gai JSuh RS g CaeSid (590 Y JSud

ol Olas ousy gudi alo (a3 guus 3 Jola I
o o olE 8 ga g saiay LEs bag st WL Hu aline (B g
slas (C) (P<i/r0 wjlubicd Glyas) £4,800e) el (s4l0
CS )y jas w0y XG Iy wm ) (TG als
850l waysy WPC 5 8 aaya) aaly ladgad

(o o o5

obics Hlas ows ) gl Ale oy guu oS gabols 5 AlEAL (sladh gad Gl AL sla yisl )b - Jgua

srae opala pelas)l enlils Otsa ol

(5o pSslS) (Soslie)

(e Lol 952 a S slS)

Y- id V- i

Sisnps Lo s

(505 pSLS) (o pS5lS)

Y/yat./\y.2 V- \NE [ Ao? Y/oa%./Yyo?
YAVEAYD N AYEyeb Y/av- /YyeP
VAVE /Y-S VAo VA© V/AVE-/YYe©
Y/vet./VY-2 \/AYE. /- saf Y/oad./YYo?
YorE YTy AP Y/AYE- /vyl

SIVYES[oNER y[AoEL[YYO? Y/ NE/YYY? aals
SVEEL[NER YjggE NP v aE WY TG
VA VP NJEAE oV VAYEALS X6
S Y N N A Z A AT == YA CS
CVAES/VYE Y Yot./veq9  ¥/s.t./v. 0l WPC

(P 0 s plantical (ol yant £0,&00e) el ae @ 5la 0 ga g saias L ¢ i 58 5o Al (B e



¥ ol ()3 058 (lo coryg S5 s)lELof2 5 (Bl Cluogad p i slaaels'y)n 3

(20 (ladSy3m) olacs (Hlag oua y gl (cad y gou J5 Alide (ladd gad (5 g yiSI) o gSeu g ySae 4 gleat T S
T 0 55 o5l im0y WPC 5 15 88 a0l aals ad 50 1CS (1) e wem 0 XG 13S wimy0) TGuaals Hlas C)

(o

olicy (jlag 0wy guli ooy gun J5 ALl (gladd gad o g yiSI O 9Sen 9 ySas g glea oued (5 S0 lanl (sla yial ) -Y Jgua

b £ L e b
(oerie g 5ue)

b Sl olass

(e Siosles Hu alaad)

A gl

Yo/a£y/¢¢?
£v/ Y0
YV /ato/aC
YV/YEY/YNE
AVYEE N

\eVY YRy aald

\PYVAEY/oP TG
VYSVEVA /N © XG
\eveksg /vl CS

WYYV Y/ WPC

(P70 s uslieal 3l pas) 5, &5le) caal (5,1 sine S5l 0 pm s sias LS ) sieus 4o BBAe 3y sa

30 0B 51 (Y Jsas P<o/h0) aase pelaidl
5 o0 Rad (A g5 Sl aals 0 sobAL
Josa F JS3) w5850 5 568 sladb S L slaas

(P<Se/r0 ey
WY LAl o GBI fas Gl @l el
J5 S5 il ae A 5 el g e
Ol i Gul 5 et ol Hlad 4 cad panse

S alals 5o Llas ol 3 Jeola 5 o€ il ins

&,

Ein
L aose Sl 5 8L oluesas (i bLS)|
($3aaie (pfiae g Lag] LA ) sla S5
5 sba VAV LKA 5 2 SB) el sad Gl
(Siean 5 aallls ol 5o (VA4 5 VA ollSan
3208 o J5 il bl G 658 5 ode

€ XG Llas Sigyshts ab sualie of Lbala
son 4y @il bl glajielly sk (i3S



WAY s /Y o)l V¥ Al / olie mlio sl yingsy 4 puis

g > s‘_;gl)iaz o YYY

J5 oo slasiel )l Gilial oo se WPC 7Y G - /0
O3l 5 sad AA da s 4 LB B da s passsw
d5 8L palsa 5o solssre 52 WRCYY 5 h
sola o U5 b sse s S ulayl
callad e of SuiSsles 3 Juls 4 Ylaal WPC
OolSea 5 JSlat) el suid (3,158 HL 5 5 w3
Oaeslos Sisosbs (VA GlHlKaa 5 Bub S oY - ¢
Offieascs 5 Gape DLy misl s (Sai s
soss J5 S s caw 5 BEL e
Vosse 4 (Siasnags Sl Llaie dg58 a8 S e
iS5 4 ok Ol S G ol waly SSue3
sad Sl (nl GEAS Ca GG fae a3l Les
daye alsl O o G () @il s e S
;.,\3‘).6 L Y_LSIM )lo‘)‘__:: J‘ 9 allas lJ 4\95 4.;:.!\9‘
bl culida 5o (Y Joas) o DhosA s s3eS
gl 5 Slate T i€ 4 sl elas ) alils
o s pood 5 Jol dase OLL Sle) dals Hu s
L."‘..‘ J‘.\E.A dalllas O:\‘ B «< LERY (_s‘.)la.ubd‘).aié “-\JJ
S XG s Aline glaad g ma Haysdl b sl
il il wals Glad 4 cuald odls e 3
ey CMC c.c..a.a KV SN OJJ:);‘ chiAJJl;‘L\
SLLE J5 Sawsmap 5 eyl cwll Sl
5 sbooml) wd oMb s s Al s
Sols Hlas (Y-3Y) oKaa 5 Blale (Y0 o),Kaa
‘M_)J'/O ck.l.u B alin g L;LAA;JSJ_)_\%A UJJ_)S‘ <
a5 J5 USas oo () fas gula Hlasi e
4 caws Nemipterus japonicas ale o, s J3
5 JSa o Sl b (uals aals jlas
g 8l sbiw (ylas sups 0l ale parspen S lalS
(AL JA) wstw las s, e ale 51 S0 553

oadS g GUAS s s sad JSB LS sl
(Yooe) OblSan 5 s5ie ol 5o ol 358 5 JSa
laad sl 5508 Gas38l Glae Ho 4S Wagad GBS
Al assw Jsw 4 doss V pha Ho s
olly fewe Micromesistius poutassou (.,
Ofiaed o SO Hudd oSl g0 S e
Sl 4 cans T @sb Lbale SIbT slasisll
ol JsSle 555 oYl Yldal upd oo sals
aaline s osad 5 Al Sl JSas Gl el
sl pass e U3 5L 315 50 (So0 Bas oy
5 5o5e) 3uS e O (ML Gl il G 45 0050
2 (Yo e s Sle i Yeee llSen
os J3 @b cidS Al o gea o gl
Alae glachle o GBS fae Gupddl b plale
9 osomea s (Yoor) sofe 5 Fleiom b
dallle ool Lo ol sad gl (Yo1Y) ol,lKan
o 5 o8 S 5udS 5 clSd oo (e AYL
e 531 (Y JS8) w8 WPC T oo & 5 TG
Lo Aliae olie slge Su36l85 alsas 158
LMl €S a5 aenl 8h sy (S00k0 s
o3 S35 Gl o 1S Sl e san o
i) sl 5 sms anllas ol ol b deuslia o
4 I TG Sl cans s J5 (B Galsd Gl 33!
9 JeeSgoma slasy S olaad oo Gmalbal Jals
Ll sSlse b LSS o S0k (S3soma sl s
ol b (IS EalS 5 Gia Gl e 5o O
il L S sng (Yoo 8 GLKaa o 10,8 ¥V ule)
S Sad 51 oSike AL (J5 (Sboke O
OwlBal 1) U5 JSES o H08 daal Ho «S sad JSAS
S Olsie 4 1SS fae Sy 55 palsa Gl aas e
(Yerr Soy) oadie sl sunel 0T w8l Ly
) el o lie (S oS Al (slads S 4 sy
S e 5Bl (o giad o (Y GlLlKen
0938 S wals plas (Voo A) JsSlads 5 00, oy



¥¥Y ol ()3 058 (lo coryg S5 s)lELof2 5 (Bl Cluogad p i slaaels'y)n 3

@B b osees sals jlad 4 o G5 las U3
e S ad sualie (Yooo) oblKes 5 JSlais
5 oSl o,a8 SRl Gl He GlhsS ga el

smAr 5 Oedals) e seS Al pas e
(YorF Ohlan 5 OlouSlS) ale w8 5 (VoVY
OV PV S

S

J5 obale 5a) 5 il la S5y @B cwsm b
sola sl plas saned Al e
BB (P8l P08 wess V) Aline sland s ua
i GBI fas aaly Hlasi S S 0l pad it
a8l 8L e & e S g ol a5 U3
oS ol Llas 4 base B (piie il
SIGT sla el saalie 0 3Y0 oSl Juola S0
5 ofon Sed ol pelaidl wpa 4 ) il
9 FpShie Guoles & caed 59 Hlad ol parsse
O saoses U3l oo esdle ok saaliie Sansdie
S s oSl (g 00 slasiell aaly ale 0 S
Bl cata o WIS 5 osus 2IL S

JJ&A&‘AL‘OT?QJJCAYW‘:\JﬁJH

S 9 pauss
oodige @la dlasas glagSan 51 ddigina
5 SSS pudige o lae unige GLBT 5 A
Gliie claslile)l Glulid S llaail Guigs
Ol Sldal 5 asle aaly ol a3l sl&asly

JJ_CLLS.A &ld‘)ﬁj_)sﬁaﬁ

s sale Ol Gld (YT oKea 5 K33, )
sale wlie Lol 5 3 (Gaghe A/¥E:V)
S (Yoo ¥ OllKaa 5 JSlaty) e adipon ;s
V) Y= 5 (poS6lS V/A) V= da slajial ol
Johnius  sus, e ale 51 sad GE,IS (aSslS
4 3ada3 ol @l 51 (YN e 5 (g0) gangeticus
Gsad SLLIS 5 sladUsS oy sl a g iS50
o8 due A0+ YL) Jsars 508 Al ) sall
s Sides (Y08 Kan S 5 Hoian) (moe Steghee
i dad o SaShite Al Kb wlis
Lol sbow Glas sass s (s SSYL U5 JSaS
Oaoidy g Wlaad (pBaS KA 5 Ydgus 4 s
S ad ad XG Hlasd Ho LJU L L calis g 851wl
@B Ol b senan s s (3L pala sl
J3 BaLe 5as o L (V439) ohiSea 5500l
saly sladise € suasa IS Geole ek
8L i 5 &0 a5kl 5 oS slaas b ladb S L
03 LadB Sy lasd G sty aiiesa Hlas i Sl
35BS B Sl gl € 0k ol TG Hlas
Ol (Yoo 8) Olsan 5 o csliin s shods oy paeio
SY ST pale a3 J5 uliS (g 4S W S
sad Juola b gl a9 wm sy Ve 0938 b
Sadoaaly oliale ) sla Sk o )
8355 Jslae (HAPH 50 15588 10 s aSIie (S g 5
OSea 5 (Aolose) wols vy @lend JSE 4
s 5y K olsie o YLaal G AS 55 oal3) (VAT
slay S G (P SYalS Lo s U5 puile Lo
s Oigs Senl slas R 5 oS Jesls
5 Ao b plad) G 5 oS W i
JsSlass V¥ (lKaa 5 JSlads) wsdi oo (cass s
Sl oo (VAN LKes 5 KBKK Y- - Y ol Kas
JSE5 ooa8 5 olale ) cdS Gl 50 aallle



yyay JL» As o loud V¥ al> /ug.\i.é @Luo dl.mua.m”; A i g (> s‘_;gl)iaz o> YYY

ouldiiula,y g0 &L'u

Achayuthakan P and Suphantharika M, 2008. Pasting and rheological properties of waxy corn starch as
affected by GG and xanthan gum. Journal of Carbohydrate Polymers 71(1): 9-17.

Alvarez C, Couso | and Tejada M, 1999. Microstructure of suwari and kamaboko sardine surimi gels.
Journal of the Science of Food and Agriculture 79(6): 839-844.

Amiza MA and Kang WC, 2013. Effect of chitosan on gelling properties, lipid oxidation, and microbial load
of surimi gel made from African catfish (Clarias gariepinus). Food Research International 20(4): 1585-
1594.

Andres-Bello A, Garcia-Segovia P, Ramirez JA and Martinez-Monzo J, 2011. Production of cold-setting
restructured fish products from gilthead sea bream (Sparus aurata) using microbial transglutaminase and
regular and low-salt level. Journal of Food Bioprocess Technology 9(2): 121-125.

Aranaz |, Mengibar M, Harris R, Pafios I, Miralles B and Acosta N, 2009. Functional characterization of
chitin and chitosan. Current Chemical Biology 3: 203-230.

Balaghi S, Mohammadifar MA and Zargaraan A, 2010. Physicochemical and rheological characterization of
gum tragacanth exudates from six species of Iranian Astragalus. Food Biophysics 5: 59-71.

Balange AK and Benjakul S, 2009. Effect of oxideised tannic acid on the gel properties of mackerel
(Rastrelliger kanagurta) mince and surimi prepared by different washing processes. Food Hydrocolloids
23:1693-1701.

Benjakul S, Visessanguan W and Srivilai C, 2002. Porcine plasma protein as proteinase inhibitor in bigeye
snapper (Priacanthus tayenus) muscle and surimi. Journal of the Science of Food and Agriculture 81:
1039-1046.

Benjakul S, Visessanguan W, Phatchrat S and Tanaka M, 2003. Chitosan affects transglutaminase-induced
surimi gelation. Food Biochemistry 27: 53-66.

Benjakul S, Visessanguan W, Tanaka M, Ishizaki S, Suthidham R and Sungpech O, 2000. Effect of chitin
and chitosan on gelling properties of surimi from barred garfish (Hemiramphus far). Journal of the
Science of Food and Agriculture 81: 102-108.

Benjakul S, Visessanguan W, Tueksuban J and Tanaka M, 2004. Effect of some protein additives on
proteolysis and gel-forming ability of lizardfish (Saurida tumbil). Food Hydrocolloids 18: 395-401.

Cortez-Vega WR, Fonseca GG and Prentice C, 2012. Comparisons of the Properties of Whitemouth Croaker
(Micropogonias furnieri) Surimi and Mechanically Deboned Chicken Meat Surimi-Like Material. Journal
of Nutrition and Food Sciences 3(11): 1480-1483.

Dey SS and Dora KC, 2011. Suitability of chitosan as cryoprotectant on croaker fish (Johnius gangeticus)
surimi during frozen storage. J Food Science Technology 48(6): 699-705.

Eymard S, Carcouét E, Rochet MJ, Dumay J, Chopin C and Genot C, 2005. Development of lipid oxidation
during manufacturing of horse mackerel surimi. Journal of the Science of Food and Agriculture 85: 1750-
1756.

Guarda A, Rosell CM, Benedito C and Galotto MJ, 2004. Different hydrocolloids as bread improvers and
antistaling agents. Food Hydrocolloids 18: 241-247.

Hajidoun HA and Jafarpour A, 2013. The Influence of Chitosan on Textural Properties of Common Carp
(Cyprinus carpio) Surimi. Journal of Food Process Technology 4: 226.

Hasanpour F, Hoseini E, Motalebi AA and Darvish F, 2012. Effects of Soy protein concentrate and Xanthan
gum on physical properties of Silver carp (Hypophthalmichthys molitrix) surimi. Iranian Journal of
Fisheries Science 11(3): 518-530.

Hayes JE, Desmond EM, Troy DJ, Buckley DJ and Mehra R, 2005. The effect of whey protein-enriched
fractions on the physical and sensory properties of frankfurters. Meat Science 71: 238-243.

Jafarpour J and Gorczyca EM, 2009. Rheological characteristics and microstructure of common carp
(Cyprinus carpio) surimi and kamaboko gel. Food Biophysics 4: 172-179.



¥Yo ol ()3 058 (lo coryg S5 s)lELof2 5 (Bl Cluogad p i slaaels'y)n 3

Kataoka J, Ishizaki S and Tanaka M, 1998. Effects of chitosan on gelling properties of low quality surimi.
Journal of Muscle Foods 9: 209-220.

Kinoshita M, Toyohara H and Shimizu Y, 1990. Purification and properties of a novel latent proteinase
showing myosin heavy chaindegrading activity from threadfin bream. Journal of Biochemistry 107: 587-
591.

Kungsuwan A, Ittipong B, Jongrittiporn S, Kongpan O and Limsooksomboon S, 2002. Effect of chitosan on
gelling properties of Thai catfish (Pangasius sutchi) surimi. pp. 311-320. 2™ International Seafood
Byproduct Conference. Alaska, USA.

Lee C, 1984. Surimi process technology. Journal of Food Technology 38(11): 69-80.

Luo YK, Kuwahara R, Kaneniwa M, Murata Y and Yokoyama, M, 2004. Effect of soy protein isolate on gel
properties of Alaska pollock and common carp surimi at different setting conditions. Journal of the
Science of Food and Agriculture 84(7): 663-671.

Mayes JM, 2010. Gum Tragacanth. pp. 167-170. In: Imeson A (eds). Food stabilisers, thickeners and gelling
agents. Wiley-Blackwell.

Montero P, Hurtado J and Pérez-Mateos M, 2000. Microstructural behaviour and gelling characteristics of
myosystem protein gels interacting with hydrocolloids. Food Hydrocolloids 14: 455-461.

Morr CV and Foegeding EA, 1990. Composition and functionality of commercial whey and milk protein
concentrates and isolates: A status report. Journal of Food Technology 44(4): 100-112.

Munizaga GT and Canovas GVB, 2004. Colour and textural parameters of pressurized and heat treated
surimi gels as affected by potato starch and egg white. International Food Research 37: 767-775.

Muzzarelli RAA, Jeuniaux C and Gooday GW, 1986. Chitin in nature and technology. pp. 435-442. Plenum
Press, New York.

Park J, and Lin T, 2005. Surimi: manufacturing and evaluation. pp. 33-106. In: Park JW (eds). Surimi and
surimi seafood. Taylor and Francis Boca Raton, UK.

Park JW and Morrissey MT, 2000. Manufacturing of surimi from light muscle fish. pp. 23-58. In: Park JW
(eds). Surimi and Surimi Seafood. Marcel Dekker, New York.

Park JW, 1994. Functional protein additives in surimi gels. Journal of Food Science 59: 525-527.

Pérez-Mateos M and Montero P, 2000. Contribution of hydrocolloids to gelling properties of blue whiting
muscle. European Journal of Food Research and Technology 210: 383-390.

Piyachomkwan K and Penner MH, 1995. Inhibition of Pacific whiting surimi-associated protease by whey
protein concentrate. Journal of Food Biochemistry 18: 341-353.

Ramirez JA, Uresti RM, Velazquez G and Vazquez M, 2011. Food hydrocolloids as additives to improve the
mechanical and functional properties of fish products: A review. Food Hydrocolloids 25: 1842-1852.

Rawdkuen S and Benjakul S, 2008. Whey protein concentrate: Autolysis inhibition and effects on the gel
properties of surimi prepared from tropical fish. Food Chemistry 106: 1077-1084.

Sano T, Noguchi SF, Matsumoto JJ and Tsuchiya T, 1988. Dynamic viscoelastic behavior of natural
actomyosin and myosin during thermal gelation. Journal of Food Science 53(3): 924-928.

Sano T, Noguchi SF, Matsumoto JJ and Tsuchiya T, 1990. Effect of ionic strength on dynamic viscoelastic
behavior of myosin during thermal gelation. Journal of Food Science 55(1): 51-54.

Santana P, Huda N and Yang TA, 2012. Gel characteristic of urimi powder added with hydrocolloids. pp.
509-513. 11" International Annual Symposium on Sustainability Science and Management. UMT,
Malaysia.

Soultos N, Tzikas Z, Abrahim A, Georgantelis D and Ambrosiadis I, 2008. Chitosan effects on quality
properties of Greek style fresh pork sausage. Meat Science 80: 1150-1156.

Taguchi T, Ishizaka H, Tanaka M, Nagashima Y and Amano Y, 1987. Protein-protein interaction of fish
myosin fragments. Journal of Food Science 52 (4): 1103-1104.



yyay JL» As o loud V¥ al> /ug.\i.é @Luo dl.mua.m”; A i g (> s‘_;gl)iaz o> YYF

Wang W, 2000. Tragacanth and karaya. pp. 231-246. In: Phillips GO and Williams PA (eds). Handbook of
Hydrocolloids. CPC Press, UK.

Weerasinghe VC, Morrissey MT, Chung YC and An H, 1996. Whey protein concentrate as a proteinase
inhibitor in Pacific whiting surimi. Journal of Food Science 61: 367-371.

Yoon WB, Gunasekaran S and Park JW, 2004. Characterization of thermorheological behavior of Alaska
Pollock and Pacific Whiting surimi. Journal of Food Science 69: 338-343.



¥Yv ol ()3 058 (lo coryg S5 s)lELof2 5 (Bl Cluogad p i slaaels'y)n 3

Effects of various hydrocolloids on textural and microstructural properties of
black mouth croaker (Atrobucca nibe) surimi gel

SP Hosseini-Shekarabi!, SE Hosseini?*, M Soltani® and M Zojaji*

Received: October 23, 2013 Accepted: May 05, 2014

Assistant Professor, Department of Fisheries Science, Science and Research Branch, Islamic Azad
University, Tehran, Iran

2Assistant Professor, Department of Food Science and Technology, Science and Research Branch,
Islamic Azad University, Tehran, Iran

3Professor, Department of Aquatic Animal Health, Faculty of Veterinary Medicine, University of
Tehran, Tehran, Iran

*Expert, Laboratory of Food Science and Technology, Science and Research Branch, Islamic Azad
University, Tehran, Iran

“Corresponding Author: Email: ebhoseini@srbiau.ac.ir

Abstract

Commercial exploitation of black mouth croaker stocks in the Oman Sea is currently in progress.
Gelling properties of surimi has a direct correlation with the quality of the products made from it.
Due to limited information on surimi gel properties of this fish species and effects of different
hydrocolloids, this study was conducted. Kamabako gel samples with the addition of Iranian
tragacanth gum (TG), xanthan gum (XG), chitosan (CS) and whey protein concentrate (WPC) in
1% (w/w) were prepared. Textural characteristics of the samples were carried out by texture
analyzer device and the microstructure features were determined using electronic scanning electron
microscope and ImageJ software. TG treatment (555.50 g) and WPC (503.00 g) showed the highest
breaking force among other surimi gels, respectively (P<0.05). Most parameters of texture profile
analysis were higher than control treatment (P<0.05). However, all parameters of texture profile
analysis in XG treatment was reduced (P<0.05). Maximum and minimum number of polygonal in
the microstructure surimi gels were observed in TG (13371 per mm?) and XG treatments (7247 per
mm?) (P<0.05).Best result in enhancing of the textural and microstructural properties of surimi gels
were achieved in TG treatment. However, weakest protein network and gel strength were obtained
in XG treatment. Breaking force, deformation, hardness parameters and microstructure attributes of
the surimi gel showed that this fish species is an appropriate raw material for the production of high
quality surimi.
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