Iranian Food Science and Technology

= §
Research Journal s@
N o

Vol. 11, No. 5, Dec - Jan 2015, p. 608-619 Sy e ¥

OIn! 21af pbuo g pole Gledrgly 4 s

i FeA-F14 .o IFAF 63 —,3T B o,louds o)) al>

4l o Sl S, Sleo pas  Lgw g Aol SR 5 Lo

G ) & o dd g b o <SU A4S G S s

v

*Y . 7 ) .
P Lo (S sS Pl o e Oladee Ml

WWAY/NY /43l 5 b

2SS

sy ¥ V) puS o)1 5l ot lsie & Lgw g dgnl (23S0l 5 (F0°C 5 Y0 <0) aljad (slod 51 gy cptimgy ool 5l Baa

Oyt L odigd b o Do o )18y Wniged plod g1 (Bres (B9) 4 005 & Er0 S5 (S Sl Sy izpen 9 alped Sl Slogas
Plod oy sy Sly> 23 13l ay ca (sjloleb (g5 ( REZ0RAF) 53 il ol o9 e b g & 5 (NS-/07R) izl
3 i alied sl oloj 4 (Stwly Caold il cel bgw piigp Aol 3953l g 05T+ b 0/V+5 (KI/MOD) (yo sl puos
a2 U Cod (gyloine jodar (pHg ole s p by o DS s e dil> waw il Cage &)l dnyd lE &S b
4 pibyy (SMay pialS cel alped Jga b 50 bgw gy dgnl il edlitl & ol (Ui en gl bl )18 alped Jge b g @l
S e Sl a2y Glysi S (Jb )3 035 Bres (0D e (b 3 59y i (BRI 5 9 Cugb) Slge (liEl (2lie ool pdaw

Wl ol Jgazme )3 (89 5 Cagby Ulge ((Ser ]

S slmol paS 5 )1 (Dogan et al., 2005a) 33,5 o 59 dbge
0Pl 038 Gl g oSy i (2] A SIS <5
o g el 4 (o0, Sos olg s ool b o o 63,Shes
DS Olie )0 i 8650 g tdly (St 3] (g g Al
Ologad )3y Esl lg oo 1505 GlapnSon (19581 b
Al RS0 Jpmamme codeS 1 cnleipy 5 anled Sl
5y oSl L bMesl a8 ¢l (Xue and Ngadi, 2006)
25 alped Gl Sluogad 390 case e plo o) L puS
Db 9 ()2 A g Sl (i8) Cuwd Sl S gl dons
Dehghan Nasiri et al., ) 5,5 oo Jgame glaiss 5 deme
(2012
0ol 63, See Clovgad Blod 4 bagndiyy (o ol 52
Sliopaiy S cipadsel (23l oJ5 S5 bl Jols o
155,50 Cgmxe 4l jred wiimmnn £33 5| oo dtwd ( Sl
Sl n gy diwd | bgw i, dlg5! (Dogan, et al., 2005 b)
o)) o0, Sles olg s e 4 a5 03 YU Ldgyum <y b
5 Cosb) i bl (gdgel Cun 5 LSS 2l o

LYRUVY

SNgams 3 o Slsize Gl & G55 ] ol

Cgr alped g sly Caslsd 50 S Cage (905 E
a9 8l L of o 8L sl 0y )5 olie odlo 20 yidgy
gl g3 0abodls gy EV guaze oy iy I (S pid>
St g el L o 5L T o gy b le
donl § S5) d9re sl (B3] (Il paze S o R
o Y gamo 3 Jasl (63550 93,5 (slatwg b pids Bl
(Fiszman & Salvador, 2003 :Scott, 1997) 54— s 53,5
Lol g ol 5l JSiitie 558y (mlo plgie 4 Caniio )3 il el
o> Sy g Lageo g lapuiSy p diosindedb) (Jjo clizl plo
Ol 93 905 Eamw 5l S oIig o3ygl 5 a5 o asslid (oaimd

9 pode 09,5 Skl g ,luily wd)l wlid,lS adgel L2 cuiyg 4 =Y 5 Y o)

u‘):vl AV Lf“’BD)é o Kisly ‘LS').)BL‘:‘S 0aSisly quL\S— @L..o
(Email: koocheki@um.ac.ir 2 s 08w 5 — )
4Coating



Pl el s Gy )by Sluogas p bgw ouiisy dail (55Kl g Lo Sl

390 e ©SU (a8 sla Shy 5 alped Gl Slogas
el 485158 gy

W yg; g dlge

JRlS 2535 5 (308 ) Ly 550 3] ] s g3

VolF gy oo yd WIS csb)) pasS o) § (9 olulys
Olesyd ol e84 il (3o VI oy o yd <[5 S cdo
pasS 5)]) Sid dlge il s (g5l o3lol yolate 4l gyl 5
0 (Il &S 18) j0g KL o pd VD Kb« oy A5 L AF
Y i 4o ST L (leopd ¥ L ¥ bgw (piSigp dgpl g Aoy
YWY+ Jie (0l —9e95lS) (swd (o Sl o2kl L (559 /5))
Lol a gl Yo is 4y addd 4 j90 VWr ey b ( BH-HA
3 LM sy el 6 e 4 o A sla al e 0
gl JoolS (655 O cas Ol plos 3 ¥O°C L YD b (slale

A (1SS Lges (g

i s ) osloe e ol 5 1 g0 S8 (gjlwoale]
(1 )9V10) K 3 (y50/0) il (31 +) S 3 5MA)
LMST 5 as (MK-YY- J10) Jogmal cassS gy oolitl b
Chply Oygo CEIESH g Sen bl Su 4 ey U
VCelis @ ey Uy aidu; Hhpd S ) Jobs byl
Setdly dadiged g )3 Sgpe Sz 03,8 S3b el
5 6,105 (FVATC) y3p8 50 sl ds e 0 L e (gols
ol B S, 31 o0litol L F/OXYIS £+ /Y 3la )3 lndiges _yuges
W 0ald oy

D labod b alyues ) Ero SCSL v diged (31> g
Al ¥e Gae a9 a0 S jdbgé agl Ye e 4 ¥A°C L YO
el s G 3 Lol s 80K s 45 b
-~ dged b (6,1855 (FIATC) H30,8 40 atin G e 4 g okilig
B35 @ls sl sl Jlosy (slod 53 (9,58 1 JE
(ZDF- M- Jso) (Siow (S (SEm Se 5> bdiged (35 E
abual JuopdV e+ ) s 10,508l g, oolitul b g ) Y/0 w5 b
o9y Cdply Oygo YALTC O)lys dnyd g 4hdd ¥ e 4 (01
W5 D lame sled U g Bl gielS

Sy by 8y oy il paed (SU s U, oy

ol S5 2l ey il U8« ol Jpae o O Lais
(S g 8 (s 0588) S5y JpuS el 5 2 5135 30
Sl atbyly Oypo ol g9y 2 (slodyins Cliios molgng
S oslitwl jogad 3 Glidss gobls .(Wolf and Cowan, 1975)
4 Gl (g ol 45 Sl 031 (LS Ligs (3659 0 gl
Ca St ) ol Sl Ere 955 5 sy Of sy
(Dogan, et al., 2005 b) 1l o 4l e (sl ;> o3kl

RISy Al Cubge)d core G il ped 4%y jsSy
iz Olie ado jl Jpazme (o 5 (&S Cluogad g 4l
oo 25 Jpamo (a3l liee 5 S5 il ol (el ed
Ologad aw)y gy cpl jl (Sahin and Sumn, 2009) wib .
sl )55 51 (ols Cnl Sl ol 5o Jelgs g il eed Sl
asibe aolped b Sluogas 5 She laygSh oy yioe
Ol i oS 5 e cbale onms S5 Sl g w4
Sl o 4l 03 s (b 5 il )l g Sis oo 4y
[(Fiszman & Salvador, 2003)

2 S 5Ly 505 (S ¢ s 4y et i
bl s by Y gaze (ol CudSy (235L Gl (o0r
lord gy dbnl 3 alped SUly plaie cov el
adld olie ool yiws g 395 0dimd oSS dlae o (SUsd g
S Y (Suderman and Cunningham, 1980)>4 5
St SlS 5 ado 5l e Jelge 36 Cov 295 ] yas
Hale and Goodwin, 1996: Hanson ) 4. a3 aiuw sk

Suderman) oli¢ oslo &l_ogas (and Fletcher,1963

Albertet al.,) ey g, 5 {and Cunningham, 1997
13b_» (2009

5 LS5 3l oy e ¢ Sl 1S Slisios (ST 4z 3]
¥ gaxe (iS5 (sl Cluogad n i dlge clale
Salvador, et : Hsia etal., 1992) cuul 43,5 ploul ouds & yu
=S ©liadss d99 opl b .(al.,2005: Akdeniz, et al,. 2006
5 sl @) Shos (plps 0 Sl 423 ISP gy p car
e balpd 4 ol al pred plens Sl Cliogas
(Sanz, et al., 2004: 2005) cwl 48,5 & )jguo 23 i ey
ap) 3l 5 Lod 1 ot Sledbl & i ool
iy 0,Slas 4 ) g Al ad Gl (Shy 2 Lsw 0aBion
Lol )b (gjlwdig Ca 2 pre o8 Sl (o0 258 02
2 c9 ol 51 A8l Jpamo (oS g (S S50 9 (2 Sidgy Al B
2= s (59, sl Glis b (Sl 5 o> il adlis

1 Batter pickup
2Adhesion



WAF 50— 53T oyl ) alor oyl pl (210 @loo g pole Sledidgls dpis FY o

0209 S Pppgas o 3 g gl Jlhg Sl S5l
A S50 dged Cams (6 yio Bl YO dlold g as )0 O a4l5 L
Joi 53 (9> Sloddaii ad plonil S5 ol slaojlgd b (092
YAMXYDAR 03la0] (5 ol 48,5 slauSe sl ol 4311 ()
35 03 PEG Cunp b i (638 5 (250 bagy Sl

(AnsariFar et al., 2012)

I3 panSe Cpe 43 00 0049 10 OolonlaT— Y Jgus
manual Operationa mode

no felash
no Zoom
¥ lens aperture
Yoo ISO
/A speed
Yomm lens focal length

Lab 5l S5, e caer odel s gl 15, b))
L*a*b* olas ,».ad bas L* a* b* S, slas 4 RGB
Ay g b g 0395 (xS ojlul Il 4 atly (S5 gla el
2 Sy iyl sl el B 1y By 5y 295 5 6299
Gy o8003 §) 55, slaslis b plio Sinlon Lab ol
1431 asc s Image | 158l p 5 bwss pgad (535, 3yl ylus]
(AnsariFar et al., 2012) .5 plbx!
Lo S ¢y ] ey AlolaM L oladiges 1 S N
3l onmy9d 5l oliinl L g paadl Comd 93 1 Jgbo 51 3,18 G
odlo oo 4y i dgy (Sdumes dioyd Gl 0l (gl Ko

c\_ﬂ)‘ J}_A)B uol_wl 9 );9.\0) uo)l.))) )l odléziw] Ls (CP) u.:l.l._c
W dolre (Y0 0q) S g Albert Lawgs oud

C.P=2x100 o)
T

ablsl u.\_my Ia.wy oS Ls.)‘..\.C odlo )] u.’>;|aw (A) ‘Ui 2 as
sl gl oole peans IS (T)g 008

s rSojlsl oadoda () 9 48wl Cugb, jlake
(VAAA) AACC 3,1kl 3illas 00 ¢ yus cloises sy i
L (PAAT Model SH 2006.Ariya Co. , Iran) ;o by
b plosl col 59 4 ey U celo Y cte o 1+0°C clos
23)5 I Sd g pelel g, jlude

L 00l 2 5l ey Laasiged bawgs oad ol (485, 5l
St sLadsiga i plogl (143+) AOAC 3kl 3l ealizul
ole bwg wogby e (65 05lul als o 3l sdel vy o0
0l Dy 5 g S sladiged | £S5 F L b 35 MolS
e Lo g5 S gl 88 ol oI350 bawgs o

MS J.\A) u».lby u)‘)j.) ).uoyiuus )I o.)‘.n..\.wl ‘.} 4)1).:0 calises
caolio Jaipol 51 ookl L ¥0 °C4 Y0 & (slale ;5 ((luedS3l AA
@ Gy a2yd D el baises (gl 4y jeSiny el (CY)
alped Sl 3, el Gl (57) Froe BOF 5 s &g
Ol 0 Jso b (b (45 =8y 42 3) Waosls (55l (oll 2
8,5 318wy 3y50 Y asws Slidewritte 138l p 5 e
T=ky" (V)

(Pas”) Jws pld cupd K (PA) (23 5568 T alatly il 5
“elin G9d) Ol o8y GaSLE N g [ ) de 2 Y g
2l

il bl 5 )3 lyed (955 )Ly L)l et
u_w)J uwu LSL‘N")L) O wL».a) UW)M asls abw calisee
adils Sl oslizl b (obys )8y owie 5 ol gy 9 Vb &
.(Koocheki et.al, 2009) x> 5 duslbxo

(v)

s Ko g Ki (ol (i 423 Yadl (o 420
5 &8y sbagzie sl gy Gpadld c 4Nz 9 Mo g plod

absleo 5l o3kl b o)l s 3 4 al ped plgd o s Siunly
35 (3t 0955
E=K= e—Ea/RT (Y‘)
KJmol °K) Lajls c bR (I/mol °K) o5l JLsb

)l oliul L LhA-:}o.i g9y ¥ dui)w u.\> :G\Ji)g» u.i.s
= (Y+IY) ol,Lea 9 Dehghan Nasiri lawss s )] alayl,
43,5 dulos 35 ey ol

- =0

Batter Pickup = . ' (¥)

S 9 005 & J1 U8 Ere ST iy (19 D ol 2 &S
Able by (igh Wged (139

Laasiges | (68 - tpagmai (931050 9 (55102 p2 900
Cimygls oYl 9 @lie | JSite (ol el G bawgs
< (Opple, 8 W model: MX396 -Y82; 60 cm in length
Uisu ¢ (Canon EOS 1000D, Taiwan) Jlouows cys)ed
Canon Utilities Zoom Browser ) glabl, l58ls 5 o )l58lcce

5 BleiSS dlool jolate (8,8 &y (EX Version 6.1.1

1 Upward and downward

hystersis lo



PNV sl s Gl sz jlidy Sluogas p bgw ouiisy Aol (53Kl 3 Loo il

F0°C 40 slalod ;5 bgw gy dlgil cilisee clacdale gols

ol sls sladge® 3 plss cu s (ol Bl 359, ublis 392
2 Lo slagtio Vb Ulg 8,5 a5 )3 L dhgw By
"o ar g BB il et e )3 ()l dbml 5 O Qo
02958 31 pegad )3 i plw bawgs (olde gl il
ot ol IS A 5 anl e i 41 b (g ol
Dogan et al,2005 a, b: Ronda et al., ) cusl oads i)l55 plsd
i iblS eeelb ¥0°C 4 0 5l o)l anyd Liol3l (2011,

a2y Gl Ly plgd o (1alST (Y Jgz) 00,5 il ed plod
biye Jise o Slodigy Cnds 3 Lod Sl 4 plgi e |y )l
.(Koocheki et.al, 2009) cuuil>

Lodolad plos (gl S 5l 5 Sos8 ol )3y paSls
(7 Jgi2) 4dlioe (Sutadly and) o b (Sgd e )18 )Sle
AU s slod 5 4l s s 4 bigw (59 Uyl 12959
(p>+/-0) cuslis (o S8y padls (gl ine

Sloslarwl Ly les o 1y plod o pus <l puss o &yl > dn s ]
8551 5L polie o gyl 4y b )5 Dbl 5590 og)] Jaa
slapasld o O)lys am)d jidn I 31 Sl il Sl
55 (Koocheki et.al, 2009) ausb o &l o wisw (Sb >
Lo ) anled 5 by (g gl e (al33 L (g5l JUub
ol Olie 45 sl 4 caily a3l i) (VL plsS oy
9 YSPIW (sladsges (slym 9 0/V+F (Kj/mMol) salis diges sy
+128) 24— (Kj/mol) &/YV0 5 B/FYY Jolso g )i 4y YSPIW
gl gl sl Jgesd 3 sl (555 (o el (R
laonSe sl yido Cawlus I (86 Slgie bgw (1S90
2l o o (Sl Ggelygibs 1olp 55 Lo gl 698
s> 059 dy (955 g il SLiS 3) allped S8
sl K

a9y 9 Yo a9y (B GRS 53 eyl il Sl
(ST)¥r =VF s by kel o (Lo Sl (ocio > 2k
2 obes L osigdJd g9 5l ploj 4 (Stuly ool osima i
Sl g g ) (Y USD) bl oo il pad oSy wiaues
S9b jeSamy Sl o HlELo s a5l 390 Gl 03g45xe
Joe b 4 g (B dgnl (98] sl )03 )l Lo & ) @)
Ol )5 o s Al o Sl gime ()18 Sl il ed
-oetisn Yk Ul 5 sege ol Cools s 4 Wl el
2 N0 s T L (g pnme slaail JSs o bse slo
Lol ol slaws JSKi5 bl e pims slo s Ls
Fdi PSRl o go iy j9Smg SIS odle (9,008
5 Bl jedl Sy LS Az g Al e LSl

oasle (B IMs b as ools 5,5 1-0°C 9 13 celo 6 e
0,5 IS Sis 0jg Sl p 8y lgme 235

b Jo)eSh CB j cliloj] :aodly Juloi g 4 s
ol inlafl celaylog s plosl LS5 ¥ 45 _bslas MolS 7 )b
sbod g (100 ¥ oV i) bgw dgpl (3895 iliee slaclale
sla S5y g alpmes Ly kb, g (F0°C 5 YO @) alymes
a5 s ) SPSS 58l oy il eolatul b odds &y 0 ST a8
OS> ygal 5l b pSile duglia (gl 28,5 5 oy 390 (V+
5 ooliw] 720 (o)l gxe zdamd

wlped Sl gl S5

S5y = iy i CoinSy CovaS A jad 4 jeSuny
“e B )5 e g alls g il g a1 g 03,43
Lo 3559y dgil byl 03l soyd g lad 1) s )13
(L 4258 g am3 oo L |y alyed (gpalls Aty 5
S8y Sl ol cpl &8 8L (gl (b 42> LI 4l ed
el ) (alod )3 alyed G b edigd 58, (sw
2 bgw (g a9l e (alj8l At e adlllan 5)50
ool 0233)5 (6,mll 4 joSumy Gl Eoly wlpped (gmge)8
2 bl G898y ot 5 AT Ol (lgies ¢ JS gy
Ll anjeSg SVL polie 5 il 5palls 4 jeSiuny s
Dehghan Nasiri, et ) asb oo o)1 ;5 3l O lgime ials Sl
ORI (6l 4 oSy (o Gl cplpl (al, 2011
by sloguSon Yo cad )b 4 plgs oo ) bgw (90 dgil daw
Dogan, et al. 2005 b: Ronda et ) s> LL5)l slil ol wis
4 oSy bl Cage dil s &)l s as > ilisl (al., 2011
O LS e o Slgice pol ol () JSS) 035 60l
Ol 381 48 gy9day Al Aty wljed (clatin > JgSUge
S35 Gl (o9 o sladigy CipndS Csl Ol a2y
o >t 5 aled Cuoglie Sl a1 5 nJSgeg S
2,5 (0 (b

ke slage s slp Ol )8 5 el oy slaasle
0P Jie b wlie e oo (s alod olos > sl yuos
959 YU 4 oy sl slp N g K polis (R2>+/30F) 39y ol
aS jelailan el oad ool Lt (V) Jodn o i ol 4
o ol el Jga b 4 Lgw g dail 2938 05 o0 osalie
a2 510008 Jlow (K) plgd o il el (gl e sk
Onrtny b x5 doil s oYL sl slaal ed
sladser om > ore ©olis (Y Jgiz) 2dls 1) plod o ps



WAF 60— 55T b oylocs M) ol o) (2I0E qoliw g pole Sleiboly 4 pii #V\Y

b 5o PB (ialS S0 eyt dils lise dgw 19 205 (o8 Sl (99598 Sl ]
e WSy (R g (JoSge i sladign Chmdi ol (L gl ao)d ¥y ¥ oo (e (ol ixe Sold5 ¢ Jl> ol b
s 3 alped sl Coglia ialS’ (ol cunlio (L Sl el ¥0°C 4y 0°C 5l Lod (il 38l .ol 399 Lgw opiigp

2.00

2J

1.50

1.00

0.50

(Pa.s) g, b ay)

0.00

1.50

1.00

0.50

Pas) go Wb ay) s

0.00

(PSS ) 5o a jeSum g

ML OBl oS (Y Jpin) 108 et il e 5o Sade ialS
gnl i) ¥ golo alad )lys dayd IBEIL oS gk

. ®W ©2SPIW A4SPIW i
A
194
A
veha,
4 Yy A A A
vvyol da, d4daa
0 100 200 300 400
1) g amss
7 *W O2SPIW A4SPIW
<
| A
O A
L0 AL
CCA A
CLAA AL
AR AL R LT R RN
0 100 200 300 400
(51 byt 4259
1.00 - ®W ©2SPIW A4SPIW -
8
0.50 ~ PO
. gA A
AAa
AL R T Y S PPN
0.00 . . . .
0 100 200 300 400

(5 oy az o

O&Jgﬂ dsﬂ‘ (4SP|W)M)D £ 9 (ZSP|W) M).BY ‘(W)]&«o c,]a.w 6515 wix.» BliSeo ‘SLQU»).’ a0 43 d)bl]? Q)Mg—\ﬁd

51,5 ilw a2 55 () £6 9 (@) Yo (W) 0 glaled 1> Lgw



PAY sl s Gl sz jlidy Sluoguas p bges ouiisy Aol (5 3Kk 3 Loo il

ol 4 (Sunly ol 9 olF 0P8 W pel,b 2 al jaod gmo¥a0y8 9 Oyl anyd JS1-Y Jgao

:% = % 0ig, YU  Joxie 0g, il S
: “3: .
= g %: N o " . ) W;v:-:&’
= _} 3 k(Pas’) n Omd g k(Pash) n O e (PasTh
‘3
|
w
5 ai-vEeN-2P avat. /.0 < J23A Vesoke/--20 L jvav./.. 2P ./aaa ovas/fras. 2P
25 vt No% L javyt./. 2P .24 JYsvE [T LAt ). 0 ./aaa ¥18 /8 £
45 Vo[ YE L fanet. /P .23 vt -2 anE. /v .34 yavy/f - +yareE
2SPIW
5 Aot /s¥P0 L vaaz. /.. 2P .[aas VAA-£- /7220 L yvant. /v 2P .34 vAa)/aa+vay?P
25 ¥vevee /o eyt /.. y@P -/[23A Jvvake /0P L Asak/ 2P ./aa4 LR
45 /eyt F°E eyt /vq@ -/23A Jevade /o8P AR /P .3 yya. /v aya®t
ASPIW
5 a/faat-/s0°° L jevar./.y 2P .Jaq¥ viveot./-a3 L vapt. /3P ./aaq AS0V/A - 2Yas P
25 fevve/rF Lot/ ./a3A VAAESNEE L vave. /. yPP .3 FASAAGEE/AF
45 vIAEE.ANPE Leaat.). 80 .23 SR R L .3 vovs/aaty e

(p>0.05).5,155 ;5535 b (6,ls sime @iglas (glol blod 5l gt 5 cnd)y p p3 S yiidie Bgy> syl a6l 3

200 -
Aupward Adownward
5 150 - AA
4 AAA ﬁﬁA
. AA A
o AA AD
Y100 - N YA
= A AL
= ““ leﬁzx
501 A AL 4SPIW
AND
AA
0 T T T
0 100 200 300 400

(CRNEFREIN

Lgw gy gl doyd £ (Gols al paod 13 (159 42 )3 1 Comnnd (o3 GG ol il Y JSUS

S plin 3 plad gy )3l Bl el ol g (sraslio
-0 2l biged o 1> el i 3 Syt Cuglis
SL it odle gaw by Sl s e Y nlpls wules
—cﬁiﬁivtgsb-Lgbnﬁyd NERTS CJ}W ¢m4¢£)b V9 ¢:9E5.Aﬂpuf
o=l s sdalide sald Gg0d b bgw ugp dopl Mo ¥ sl
Ao bgw (ngn gl gshw o5 SUST cle 4 Llgi 0 55 ol
Loy (s s & algts &S 030, plad yasls  of (5)liS
4 by g doil clle Gl Jlo onl b lige 1) Gilej]
Oibe A Ol 3 )3 Gl cage 20> ¥ e

(p>0.05) 13,5 £ slo <5 o p 4l o

iy ol
=5 9 S eSS alis il bawg Jidg ol e
Winbgy @i lime bl e b iby sladygl) (550
ool o1ie o0le o & odummes il s Hlde o gl padli
b S sk )l puditins (Stsed 4l ped plgd b (&S Jole ()
Alee (Bl 2l oole paw (g alpred plod il
i) g il sl 005 3l s ¥ IS5 55 oS gl
45 ygk S by ole s plolEl el bgw (B
Lo ooy idgy (sladsged y3 (b o (i oy
9= YL b 0000 bgw (pigp dgpl doyd ¥ ggls al pes
b a0l o by gy gl sgl il ed 10 plsd o s



WAF (o0 — 5578 o )louds M) ol ol (2 @yliw g pole sloiupoly i PVY

5C°

N N W
o o1 O
1 1 ]

oo 33 ATJ-K’.MJQ
I
o (6]
1 1

abC

i

@45C°
bD pr

s

w

2SPIW

4SPIW

4 o 0 g g0 5

o s S g 3 il ok O (50 12 bigw (9 gl Tk 9 Oyl y3 1 -V IS

by (90 dgil 029531 31 3 1) (g)boline 39, B (35,1 ,(2011
= Ol a3 (P> 0) ol s Ol ped glod 35 s

P s 8l o Qs oole aw 4 by (Siser
o=l pRalS 48 (gpgkar ABl 0 3890 (D GRBg o 4 (e,
Er o 2 Jparme g Jl by b Lo el Slgi oo Jole
33)5 Jg—aze ) Mplbgdl cdl g pal b sloul g (3,5
oSl zokw il oLyl el . (Mukprasirt et al., 2000)
(1) Jgaz 52 (0) atasly 5 yo9-as (3510, 51 03lisl L Lguo gl
Lo ¥ e w o bgw gy doil ol .cul oad odly lis
otalS el () gine yob & 4l wiu (sloisY oy &
A5 Grpb s 10)S e LSl g by (St
Csh ey @ o T LY 4 bgw (nlgn dgpl adaw il
2L dges dn Coms by (Sdums o VF/0 o ¥ ials
¥ Jgz) 25 0°C (slod 5> (W)
(YaA+) Cunningham 4 Suderman clwlie L goli )]
T 4 by (S p bgw (6590 dgpl Sl pogad
b) )Lker g Dogan wlidss gl .cuih calle (olis oolo
JeSis Ul asaly (lis 56 (Y4)Y) o, g Ronda g (V- -0
2 by (§pAdei (EaLS Carge bgw (slacniyy bwg ol
e o 2 Ol e & (2l 03le S50 5l gy ©2lee
b o 4 Gidg (St o GBI nlpll 93,5 (0 (98
biyo by laonSym vy ohd JSuts 2Ulg 4 oly o0

Csld

il e Gla jialS 5 pled oo il el al jped slod
25U > 38 alpued b ge,d olos )3 Epo slbcSL plaw 4
opd b djeSamy p bgw (nlign dopl olaw 4 Cund (5 il
it odlo g sy i Glie 2 4D )3 g il e plod
S 3 65)b i alpmed clod <o) ol 5 (p>0.05)l \Lis
by anlss glogsy coenl T S8 5 3 (ol Jpae
)
3 5 03 03,5158 CudS S5 1 (gpm (S oyere Sy
3 8 oS Bpan ol 5l Jpazme 3) b Jod 3 (a4 (485
S Jsdo (Andreadis, 2000) cusl jloy05 5 olad jo o piliS
8L Sy ol pmed slod g bigw By ol (2ol Lo
o g B9 dgil (3958 3 oo LI 1) 01 Epw Eye sl
lales plot )3 (cudlad) L* jasls Jials el ales Jgo)d
b g0 gl (3Rl woyd (Hal3al(p>0/+0) b 4l es
Ve )3 oS yshay p>/00) a3 LF 3] il cage s
gaw 3 930> A Jials S LY 5l bgw (B9 Ayl doy
g0 4y Cawd oD WY ialS S bgw (piign dopl doys ¥
cago bgw uiigp Aol o3l b Lis YA€ (sled p> aals
Ok S 0dd 2w Eye SlCSL 3 (c308) 8% (53] Ll B
-ebile gola laggYged o s loie )bl gl Jb
Dial3dl (P> /+0) s sanlite bgus uBigy Aozl cilio (el
Lo (895 il 13938] 1 p L* 8551 (oS’ 5 g 8% padls
5 e (2S5 )3 lagseigy JUb 85 & Glyioe |y led 4
@b o sy (93,5 2y (b 53 (ol o Ky oS
3 e Y gare S5y b (g Jl pegad 3 rolde
Dogan et al., 2005a, b: Ronda et al. ) cwl oads i)l 5



PAO sl s Gl sz jlidy Sluoguas p bgws (uiis Aol (S 3Kl 3 Loo il

gy (SN 9 (S5 (S Sl )bl jaed (S (yga¥g0y8 9 iyl anyd 1Y Joua

:j:y:i L* a* b* S o Mo 43
w
) sAYsE NS0 yivat. /oD vV /ovP a¥/s1y/F\ 20
25 sal- ot MNP ast 5P vy R QF/Y V) EyED
45 salFERVYT vvvy AVl ae/yvt. /5 av/ss) FA%D
2SPIW
5 AR VRS L DY S R e ov/sVEV /AP A JoAty/y .20
25 sy/ave. /oy a/pex. /WP FV/EAENIASOF av/ryEy/ard
45 SYIME- WD afsaka a0 gspave. /st AY/ -5t [50°F
4SPIW
5 SVYAE VD a0 FY/ar) /YD A+/ya)/5aPP
25 s YD oAy vainas. vy ya/AVY/ 00
45 oslsYEVSST sy s vvivas.af? ASIAY£Y /YYD

(p>005)du)‘du S8 b syl g gl ‘5)LJ Ll 5l s, 0 50 S e By syl pB)) u

VO) YLy (slalod sy o 5la5 & 3929 ol b ks sl gl
9 A0Sy yt O)ly> 4> IS B o 4 las (FO°C
(S lope b sl s Sl e Bl lie a3
Comilos (S g Chundl doedl)d g diwgy Cwbbus il Coge
g g0 (55 & o e Al B g g gy (SaiS

ol ol ped b ord o> Jidg (sladiges 3 (g ol
lod sliwl & dald dged 4 G |y Lgw piigy doil Loy ¥
(p>+1+0) ol L |y gyl gxe yialS 0°C

“lne S g B9 Aol (u30br o) Gl Sl cnl b
OF9) i (i (s SRR () il B ()
UlF o sl (pSen bgw iy Ayl (g5l sladiges 1
slasSse L jdin (F390 dign S5 10 Lgw (g
Lo e 5955 0 > 3 Siilo olid Y S5 i 5
LU, o)) 00,5 o 4] s 33 Ol gy bais Cage 45 029
olalesl 3,50 sladiges > ) la i b Cagb) lgie oy
(BUSS 1> +JAY) sl gl las b)) K,

o bt daly pogad )3 (e 1500 by ol @l
O3S B o> 3 Cagby (o Cews Sl g 29y e liee
Sanz et al, :Soorgi, et al., 2011)cuwl oad S 5,55
lol Ll 5l ] pod i ©lys doyd &l pss (2004:2005
U ol L (P>+140) 255 gy i il 2 oo
L oasd ooy iy asged dn bgpe 89y @l (e (S
4230 glod 1 b gy adgial 103 ¥ (g5l Al s
2905 ol

hinl Cld ) diwg 15 @y JSl e Hab
At 368 JByt Y S plgin ol 5 )Sles Cogl g (9,5
el dbgw (ngm Aol (3la bokg 4 Cugb) ©2lee
crge 33 yol (pl & LIS gy (npj 4Y)3 )l jLas il
sl 5 Gidey (St ials ( lie oale pdawl dtwey (ydlis
Oyl a ) Glpsd 08 o Jaame pd Wuligdl 00,8 oy s
(Vdgiz) Clss diged aw 4 by (Sdiswe 3 ) Sl
Soly ) d ol 4l el Jgo b & S lgiee ol
ol LB s 4y Gy (St ol 2 Sy Sl il e

Oy e g Cugh, e
lgme y (610 mime yobo 4 Al pod Jaoyd aS ol ol gl
onl 02958 3 ol 4 Bl Fhe (2l Jpae Cagb,
SLac ST b Glise 3 olddine Gl el bgw (9
Sl gyl bLod j1 b ool b (p>+/+0) 13,5 00b ¢ pos §0
dopliopn ¥ oV clacdale s coygb) lgime 3 (gl xe
2 gy Ol st G (Y JSE) 025 oanlin Lo 5y
1.3.9_*0 9y 4_]5).>1 dal_’> 4.:1)@ b ods oaly O slest
4 Cagby (5K izmeny O Gl Y Ul 1 26 Wl e
Lo slaguliyym bwgi o5 sl 3585 b ohd Y JoSis cle
5 (Yo+0b) o,Lsen 9 DOgan wls,l5S b osel cawss gl b
Low sla piigy 3)Slas ogas » (Y+3))) oK 5 RoNda

bl callae 13,8 & e 5 Jgaste Cogby bads )
el oy 0°C (5lod ;3 bigw g Aol o yd ¥ (gols aul pras

lyome o Oyly a2 > 3l pogad > (6l e gl 42 S



WAF (o0 — 5578 o )louds M) s ol (2 @yliw g pole sloiupoly apis  PVF

B
bC w

60 -
59
58
57
56
55

54

bC

(9/g db) cuysb, | some

H2SPIW E4SPIW

53
5C°

25C°

bc bC bC

MIJ:A-"- Q)',"-A?J.}

OO Ero 9t 0 CEU S Tgiomo s cilidin 5l sgmlg0d 5 Al od &yl do 3 1 £ IS

W
25 -

_’;‘ 20_

by

Y 15

2

= 10 -

(=]

~—" 5_
0 .

m2SPIW B4SPIW

5C°

25C°

4l e )l )

O, 190w 1 il pod (S gm¥ge,d 9 Ol y3 510 JSS

(&g db) by, I

55 56

57

*w
4SPIW
W 25PIW

58 59

(g/g db) b, sns

315l 42 )3 Y0 Oyl da y3,5 il rad ilises (ygmi¥ 90,8 13 (19, Igione 9 Cugb Tgime (e alasl =1 JSU

alped Ol 423 5 Jgeyd 45 3 (U5 @l 85 )15 (o
laiShy a5 ol Gl clacShy » @l & 550
5 Cmgby A Cewd i) Gl ader I Jyae 4S
o by (59 gl (099581 A0Sy 4 by (Sies
o do by Stiue ol cage dr S al s Jgo b
o8l gy i Sl sde Sl Ll cyd S ol o3l
4 Oy 53,8ee Lol izmen bl Jpaze (g Iy
(BB > 3 Wlped S a3 16 LS ()l ame ok

ol domdiyd g AL jeSuny (e Gl 4 ol oo | el )

slopl 4 (gl unily oo ol odle oyl Dy

z9> § Ble ide (SaiSCsles Cuolh b Spisd diug
D)5 o gy > domI)d g Cugh

35 4o
2 4ilped lisee sl Jgey8 9 )l dx )3 S Giaogy ol 5
D90 s ()5 Eyw oy 0 CSU oS g (S b Sk



PAV sl s Gl sz jlidy Sluogas p bgw ouiis Aol (5 3Kk 3 Loo il

a5

&l

AACC, 1986, Moisture content, "In Approved methods of the American Association of Chemists". St Paul, MN:
AACC.

Akdeniz, N., Sahin, S., & Sumnu, G., 2006, Functionality of batters containing different gums for deep-fat frying of
carrot slices. Journal of Food Engineering, 75, 522-526.

Albert, A., Perez-Munuera, ., Quiles, A., Salvador, A., Fiszman, S.M., Hernando, 1., 2009, Adhesion in fried battered
nuggets: performance of different hydrocolloids as products using three cooking procedures. Food Hydrocolloids,
23, 1443-1448.

Andreadis, I. 2000, a color coordinate normalizer chip. Journal of Intelligent and Robotic Systems, Vol 28, 181-196.

AOAC, 1990, Official Methods of Analysis "Association of Official Analytical Chemists, Washington, DC".

Ansarifar, E., Mohebbi, M., Shahidi, F. 2012, Studying some physicochemical characteristics of crust coated with white
egg and chitosan using a deep-fried model system. Food and Nutrition Sciences, 3, 685-692.

Dehghan Nasiri, F., Mohebbi, M., Tabatabaee Yazdi, F., Haddad Khodaparast, M. H., 2012, Effects of soy and corn
flour addition on batter rheology and quality of deep Fat-Fried shrimp nuggets. Food Bioprocess Technol, 5, 1238-
1245,

Dogan, S.F., Sahin S. and Sumnu G., 2005a, Effects of soy and rice flour addition on batter rheology and quality of
deep-fat fried chicken nuggets. Journal of Food Engineering, 71, 127-132.

Dogan, S.F, Sahin S., & Sumnu G., 2005b, Effects of batters containing different protein types on the quality of deep-
fat-fried chicken nuggets. European Food Research and Technology, 220, 502-508.

Hale, K. K., Goodwin Jr., T. L, 1968, Breaded fried chicken: effects of precooking, batter composition and temperature
of parts before breading. Poultry Sci, 47, 739-746.

Hanson, H. L., Fletcher, L. R., 1963, Adhesion of coating on frozen fried chicken. Food Technology, 17, 115-118.

Hsia, H. Y., Smith, D. M., Steffe, J. F., 1992, Rheological properties and adhesion characteristics of flour-based batters
for chicken nuggets as affected by three hydrocolloids. Journal of Food Science, 57(1), 16-18. See Also 24.

Fiszman, S.M. & Salvador A., 2003, a review. Recent developments in coating batters. Trends in Food Science and
Technology, 14, 399-407.

Koocheki, A., Razavi, S. M. A., 2009a, Effect of concentration and temperature on flow properties of alyssum
homolocarpum seed gum solutions: assessment of time dependency and thixotropy. Food Biophysics, 4, 353-364.
Mukprasirt, A., Herald T.J., Boyle D.L. and Rausch K.D., 2000, Adhesion of rice flour based batter to chicken
drumsticks evaluated by laser scanning confocal microscopy and texture analysis. Poultry Science, 79 (9), 1356—

1363.

Ronda, F., Oliete, B., Gdmez, M., Caballero, P.A., Pando, V., 2011, Rheological study of layer cake batters made with
soybean protein isolate and different starch sources. Journal of Food Engineering, 102, 3, 272-277.

Sahin, S., & Sumnu, G., 2009, Advance in deep-fat frying of foods. Taylor& Francis group.new York.

Salvador, A., Sanz, T., Fiszman, S.M., 2005, Effect of the addition of different ingredients on the characteristics of a
batter coating for fried seafood prepared without a pre-frying step. Food Hydrocolloids, 19, 703-708

Sanz, T., Salvador, A., Fiszman, S.M., 2004, Effect of concentration and temperature on properties of methylcellulose-
added batters application to battered, fried seafood. Food Hydrocolloids, 18 (1), 127-131.

Sanz, T., Salvador, A., Fiszman, S.M., 2004, Effect of concentration and temperature on properties of methylcellulose-
added batters application to battered, fried seafood. Food Hydrocolloids, 18 (1), 127-131.

Sanz, T., Salvador, A., Velez, G., Munoz J., Fiszman S.M., 2005, Influence of ingredients on the thermo-rheological
behavior of batters containing Methylcellulose, Food Hydrocolloids, 19, 869-877

Soorgi, M., Mohebbi M., Mousavi S. M. & Shahidi F., 2012, The effect of methylcellulose, temperature and microwave
pretreatment on kinetic of mass transfer during deep fat frying of chicken nuggets. Food bioprocess technology, vol
5, 5, 1521-1530.

Scott, R., 1987, A Review of crumb coatings, in suvoury coatings, (D.B. Fuller and R.T. Parry, Eds.) 7-11, Elsevier
App. Sci., New York.

Suderman, D. R., & Cunningham F. E., 1980, Factor affecting the adhesion of coating to poultry skin, Effect of age,
method of chilling, and scald temperature on poultry skin ultra structure. J. Food Sci, 45, 444-449.

Suderman, D. R., & Cunningham, F. E., 1977, Adhesion and uniformity of coating of a commercial breading mix in
relation to skin ultra structure. Poultry Sci, 56, 1760-1765.

Wolf, W. J., Cowan, J. C., 1975, Soybeans as a food source. pp 34-51. CRC Press, Inc., Ohio

Xue, J. and Ngadi M., 2006, Rheological properties of batter systems formulated using different flour combinations.
Journal of Food Engineering, 77, 334-341.


http://www.sciencedirect.com/science/journal/02608774

Iranian Food Science and Technology ) . L L.
Research Journal y olnl 210 gluo g pole ltrgsy & pa3
Vol. 11, No. 5, Dec - Jan 2015, p. 608-619 et i FeA-F14 .o IVAF (65 —,3T B oyled N} ol

Effect of soy protein isolates concentration and batter temperature on flow
properties of batter and quality of deep-fried chicken nugget

H. Mahdavian Mehr?, A. Koocheki?*, M. Mohebbi®

Introduction: Batter coating is a new technology to reduce fat content of fried foods. The ingredients and
flowproperties of batter are the most important parameters to determine the performance of batter coating and
quality of the final product. Among batter additives, proteins can be used as an important and effective
component, because of their emulsifying properties, water absorption, and barrier properties. Previous studies
have shown that soya protein isolate (SPI) is a very good hydrophilic protein which could be used to control the
viscosity of batter. The batter temperature has direct effect on its flow behavior's properties and has a major
impact on the quality of final coated product. Therefore, the aim of the present study was to evaluate the effects
of temperature (5, 25 and C°45) and SPI content (2 and 4%), on flow properties of the batter and quality of deep-
fried chicken nuggets.

Materials and methods:Raw materials such as fresh chicken breasts, onion, salt, hot pepper, wheat flour,
baking powder, and 100% pure sunflower oil were purchased from local markets. SPI (92% protein) were
obtained from GolharKhorasanRazavi Company. The batter formulations consisted of wheat flour, salt (1.5%
wiw, db), baking powder (0.5% w/w, db) and SPI (2 and 4% wi/v, db). For all samples, water/dry mix proportion
had always been 5:3. Rheological properties of the batters were carried out using a Bohlin rotational viscometer.
For each test, shear rate increased from 0 to 300 s %, followed by a logarithmically decrease from 300 to 0 s .
The flow behavior index (n) and consistency coefficient (k) values were computed by fitting the power law
model, and time dependency properties of the batters were obtained from the area between the upward and
downward curves. Temperature dependency of consistency coefficients were assessed by fitting the Arrhenius
model. The batter coating on the chicken substrate was appliedat three temperatures (5, 25 and 45 C°), and batter
pickups (%) were calculated by the weight difference between the chicken nuggets after coating to the weight of
chicken nuggets before coating. Coated samples were stored at -18 C° for two weeks. After thawing, chicken
nuggets were fried at 180°C for 3 min in sunflower oil using a programmable deep fat fryer. The influence of
SPI concentrations and batter temperature on color and crust adhesion of deep-fat fried chicken nuggets was
measured with image processing. In brief, images were taken by a digital camera under controlled conditions,
and then analyzed by Image J software. The Percentage of adhesion (CRA), obtained by calculating the ratio of
the pixels corresponding to the perimeter of the substrate where coating is adhered to the pixels corresponding to
the total perimeter of the substrate. The color of deep-fat fried chicken nuggets were examined in terms of L*,
a* and b*values. Oil and moisture content of the chicken nuggets was determined by standard techniques.

Results & Discussion: Results showed thatall samples had a shear-thinning behaviour at all batter
temperatures (n>0.539). Power law model was adequately suitable to describe the flow behavior of the batters
(R%>0. 994). The activation energy was between 5.106 to 5.630 (kj/mol).Addition of soy protein isolates into the
batter, enhanced the time dependency, whereas, the increase of temperature decreased the hysteresis area. The
relative increase in apparent viscosity with increasing SPI might be attributed to the high capacity of SPI to
absorb free water. However, decrease in apparent viscosity and time dependency of batters with increasing the
temperature could be due to the intermolecular interactions in batter system. An increase in temperature weakens
the intermolecular interactions and increases the mobility of macromolecules which reduces the batter resistance
to shear force. The batter temperature and formulation had significant effect on the batter pickup. This effect was
mainly due to the changes occur on flow properties of batter. Using SPI increased the a* and decreased the L* of
the final product. This could be due to the active participation of SPI in the Millard reaction. The data obtained
for crust adhesion revealed that the increase in SPI concentration lead to a decrease in batter adhesion to the
crust. In other words, the ability of soya proteins to form film during early time of frying reduces the moisture
migration from the substrate to oil, which creates a positive pressure in the inner layer of crust and reduces the
adhesion.
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Ferdowsi University of Mashhad, Khorasan Razavi, Iran
(*-Corresponding Author Email: koocheki@um.ac.ir)
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Conclusion: Chicken nuggets coated with batter containing SPI had higher moisture and lower oil content
than the control sample. Finally, the change in batter temperature had no significant effect on the crust adhesion
and oil and water content in the final product.

Keywords: Soy protein isolate, Batter, Flow behavior, Coating, Chicken nugget, Adhesion.



