Iranian Food Science and Technology

= §
Research Journal s@
N o

Vol. 11, No. 5, Dec - Jan 2015, p. 508-520 Sy e ¥

OIn! 2188 pluo g pole Gllirgly 4 pid

i BoA-BY+ .o IFAF 5 — 3T b o,louds o)) al

Aoz pied 50 00 kS 20 Vel W 051 5 518 e I

3 - ¥ . .Y . v e
LS".’}'J@L;JLS'\'@“@my‘@“‘f)‘*dﬁ‘f&%ﬂ‘db’.‘h(‘&
M/\Y/H:C.,.%L_v):@)\:

WV oy e

2SS

SlLasisdess Sl a8 sl (51908 iy OB @y Sl ST 50 ol d52g ool S 5 03 (U Bpas 4y anele SIS 4 25 L

LB iy o e Cunl 034 0500 (lgly8 39w g blse 51 058 deomio (6599iST jl ooliinl b olgil o atsdS Jlo din jd g5 odlaiw] Lo
ol S dozmin Cygo 4y (651055 5 (108 dazcio sl wstie Oyl Clianl e plodl deoie oleil Y guazs Algi )d a8 (¢S pui>
ialS jolaie 4 Cuslody3)S bl e Ao (g (U SIS Gloj BRI 3 (35 Sezdie 5 ess TSl odlatul Baa b gl ol
oo 4 5 A5 2 o Oygo & (S b Canl 00 o3liil 1S xews ol ye 4y Ml WT o 351 51 Jguame S Liul33l g slessil e il 5l
SPSS 1531 g 5l eolaiwl b by eols Ldow § 453565 .l oiis plos] JolS ey o 51 G 5 (651655 3,5 (ol a3 )3 —VA (glad ) 54,00
5 S5y T sy S g (Sthe) €L Sluogad (o sloggeil @l )y sl 00 plosl (S3 (igoil 1 ealisol b o Silio duylis
gt o e Jmlite 150 ds g bl Jatue 51 )3 an oo o p3 el w3l g /¥ pdaws 53 165 gewo (9938) aS oy Ui ws Gluogias

ol 05 (6503101 sla yol )by alS

195 koo Mol 0 5T (3 )5 dezxin a5y (U 1 IS (S0jlg

AP 5SS 4S8 S in slacd iy wf e
e Ol 5l Glin] canl o plos! deorio (olgil Y game
sl S dazle Sygo dy (651855 5 (9,8 dazeie AT
@lPl Y game ciS (lalS ) (Golite Jelge (i
Ll cnl dgse yslaie & Slglhd sby (Mg Wlos S by dezcia
Lol 0l plool aie

OL GgeaYe b | Slie choxmie sl o anes (U CupdeS
(S desin g (355 bsle oloj o 31 an] 5 cslo el
Al (o () F e g Aot Cpgo 4 (IS e
Inoue & Bushuk, 1991; Mazur & Schmidt, 1986; )

.(Le Bail eta.l, 1988

5 Sopd o She (VA0)) Matz 4 (VA9A) Pyler yizcen
bug o (&S lagell plya 1) dexde OV gae glend
loj 4 Wle3,8 o 5 S o Ly a5 0 ol BT pun
Ol S e yialil )0 yum 4 ditu bolwl Y gazs opl ()l SS
ol 0k5j Kl coy (sYL @yl g slezul ol slod 1ysj )l
595516 oy pliine ol adn il Mas |y 29y £55 2
Sl b Ll ¢ Jgame (gms¥g05d 1y (5SS oo 2 o ol

.

LYRUNY

Moo (659095 3l ool b oleil Cariuo aBdS Jlo nin 50
el OhlUanl aidlys g 03y 0yt (gl 39 9 bljejl 3,5
b oLlgl (o g sleololos 5 dlygins) @3y 5l el by iso
il e & b 03,8 seseie i (ooladl Lld 1 ajl 63)sl
Sl 4B )5 pds 3j9-0 Jgmamme (g kil g Ay
Uegmae o) « 5599980 oyl (Selemulyo & Zhu, 2000 )
Wil LB asugy a3 G 5l g oS ol Jaame Mg glp
Lodxio G yguo 4o (ole £ 1 dtan S o) SYsb by G (sl
oo 5 Al 45 o3 ol Asle S 5 3] e 5 5SS
(Vulicevica et al., 2007 ) silay o055 o ol > b

ool 3151 oSS ¢ e mliao g pole 09,5 Ayl ki S arbgel isls -
gz a2l

Ko (pug3y5 ol ¢(65)9liS” 028ty (2lie @lho g pole 09,5 Sliusl =¥
Obigel 5 Sliios 55 50 (55)9liS mdiney (8 Olisios [hse ¥ ¥
@95 9 Ubigel «Wliios plojle (s90) ol S il anb wlie g (5,9l
Olpl e o558

(Email :Mortezal937@yahoo.com i ghans ol g —)



O ez jyewd @0 U o St 32 Dol T 1 357 5 4195 dowo 31

Lal sy dig e 053> €3y 0593 Jobo 5 9 Lo o (Bl oS
Cute 56 .(Moayedallaie et al.,2010) wlosls S cons
ol (gl S5, el Jold coy Cuxtio o sl Wl 3
039 L oS> 1 g ol (s358 (slasigy sgynm s 4
a3 255 S5 5 55 e 45 sl o5 Jy Sl
o L 535 bl (slm ol (s B3 Blo 5 0 (Sl
Goesaert ) 1S o Cugii |y o] (odn ¥ 4Kl doui ) g 34 0
= el 5T 3151 o Adgs LS )5 cpiomen (e AL, 2009
Ol 4o > 48 50 yeske sl (B 4B g el ol
Gray ) g0 35 b o (Il cow g Mg (B oljee 4 55
& Bemiller, 2003 ; Huang & Kaletunc, 2003).
calisee (claosad dgupn 53U (V- - V) o, San 4 Barcenace

olis] M85 does g Wlo3)S (w2 |) deomio o (U (Slo
Uiyt oS gytem Mol Wlaiile 5 clmodind 3guqs gl 5|
ol Bl o eel ()5 jed g Glial)5 GYsho Jute
v opmed ol 0did (650 090 50 dlesl ke WU
Adg odd U il uu.mlf el bodind dguy Q—.’.] Jol8 Con
a5 Blgi oo Slge gl 51 o3lizl &8 63,8l oliEe oyl

byl Ll iSoleS gao 1 (Ve +A) o, Ken 3 Mandala
oan Moo 9 e Sl Cudp 5 oy S le p 1 QWIS S
5 55 clbiors S 5 48 ol ol gl Slallas gl s S
lbdises ;5 35 e I I3l (b S Sauge ey ol
A5 sl (¢ ppkaie 5 le I sl

SiodESS balie Ly adaly 3 03 5 Clrudgi 4 x5 L
Saa b g cnl pp b Glels (8 OS5 dexie
MRS5S ploj haljBl 3 (1355 deoxie g faed SIS Sl ool
s el jdlate 4 Casl 003 )5 plosil s dad (g 0
ol landss (35 olyen 4 Jpame coaS” (il 5 dleodl Lite
el 00 oMl g8 xows ol o 4 (Mool W clavgy 3T

gy 9 3190
b‘gn

e L oyl 3] g5 3l linloj] adSys G pae 390 3,
Lo (slad )3 g dpd Sgiio 3y A,IS° 51 aSdgy LAY gl Sl
1392 95§ yaska sl 015 (5503151 ( AACC, 2000) 5,15kl
Sod) ;500 Gl 'y g s (g9 alo yuod GBS 514 Sis

el 0ad (5l 313k 53 39290 Slge 5l (a9 ¢ S e o

S a jglaio 4y wlasly ()5 Ll pd g iy dta (35
ol cY game S Ll 5 slesdl e @yl gl
&l Solae sl J> oly ol ‘5)919‘50 o.).\ alwg 4 ol A
b yose 5l (gdode 050 9,5 o 1l A,ke 3ylae cpl WLled S
Lol adb gy Cuwglio 0,8 Moo kylyd ply &S
&S oyl g la idg;8l glylsl oolizwl (Roulli et al., 2000)
Wgde b Sl b Sl g S gloj Gl esl
IS OIS oo koS 5) islSyyun glyl 5| edlin
coly aS{lajld ogn Mool WI) ol elsil olyan (lasShlS
Ob Sl 3L Cldge e Jpaze (SIU Gl
(Ribotta & Le Bail, 2007; Almedia & Chang, il .
2012; Haros et al., 2002; Rosell et al., 2001).

ob 1y o olals 7¥0-Y+ e Loyis oas oo bl b
Dad oo Ol sy & Cy Gl b ol D o S (s
&Lail M i 5 05L5 U B pune 4 drols il )T 4 dagi b
log )8 4 Cuadl b g i 06 @i Slo H 3 0ssl s2
03l lal38l el )l doeas )3 9 315 &ilig)y (2ie w3y 3 U &S
yaswie Sl dud,,_l,& )‘| oalawl Oyg o OLS Sldss
Dgd s

ol baly Ly o8 el i 5 by s3gliss S bl e
339390 UL L 1y o olo g 4l arily (6,550 axel>
azily lyseon Ll adidu g 4l (pdy0 Hlal b ols b )9S
e B So Sl a3 3PS Ol T Gl 4o polar Ly
plad Gl o 0990 wpiwd 33 () Ble floj Liuli8l xe &
O] sods plad Coasd adl 08 (gl b3yl ioli8l (e ye
G 0500 Bl adly o or BB il5él

ol csy Cmino ) badslS g a1 ool Cildllas golis
5 i ASTAST s Y il ©gd po LSy ol wad e
2 Ll GVl Jpslly o 4 45 sl Sigo stuls (il 555,
L (0ol 5 sl ) 4ol ol 3 Slie S5
(Ward & Andon, 1993; Armero & Collar, cewl lazeo
1988).

Jdis emin 0lel Y g iame > GlLuS 5 oyl 5l eolasuwl
oo g Mg 4S 2 0 Y g gyl Gl Ll 2l
Barcenace et al., ).a_sb o ool jl zg,5 5 (5,005 0,8
STLas Sl gl @ logaws & o0 ol omizeen (2000
Sy o g 0 1T T LialS el aiad o Agn
( Fick & Surowka, 2001; sad o ials |y & gla Sl S
Asghar et al., 2005).
s.l..wbu_o me))j Cxiuo yd ol odlazwl uu).: )‘ )ig..) L.SSA

Joaze j3 a Sl cle ay oid odlatwl olowd dlge le o &S



WAF 50— 53T i o)l ) alor oyl pl (10 @loo g pole Slddols 4 pis O s

Vi 3 03l Lt gV 90,8 L e dos spp U
Bl oo g w35l jl (Saliste slo clale Jlo yo 2 g Ab ans

(Y Jgis) Cowl o

'/'V ‘~/~0 [ )Q_Jélé\").) (SKB ‘YI”’) Q)A’QL{)M‘A’A] Wf}j]
5 S Lails Novozymes S ys 5l (b 5)) s duoyd
W ds dwslyd Rodhia eS8 ys 5l S jewo

> dowd St U g ¥9e 8 Y Jgr

rode oy b Sel

el oSy

Tl Y TooIA

Zo0 JNes lade

ol 5 5195 (539381 Ji 956 g,k Y Jgo

ol used GlA1 GI1A2 G1A3 G2A1 G2A2 G2A3 G3Al1 G3A2 G3A3

)55
e . b el

-I¥ /¥ /A <A «/A
e RY; . e RY

yed ()5 Ehgw lp oY 958 9 <85 )18 )0E] g axio
Olie Olyim 03 0y U yed (el 457 Jobo 9 (i (lgin
(Bollain & Collar, 2004) .3g; +/0 N g4, dlass g 48>

o3l Cu pgal i3 bey 4 U Si) /:Jlﬂ*:&) pAL
Gy Sl gy ol Cdpd Cope b @ L RSLEY S
..\M)L‘-ya 4)94).: &st) ul)».n L uabl») bw& odlaswl Ub wa.;S
2 el cal it (LA S Voo e alls ol i) s 6
S35 Ol B padld 5 108 g juw 4 diged SO, (S35 e
Sgliie VYo L =AYe o Ll (caiold g el 35 9 (o 55 4
3 sl o)) sl gy G S S5 905l ol (sl
1958 il HP FAD) 1Sl ol5d aliusgy 03 s o pedaws
oeSe b 4B uSe (b g g Jate Sanels 4 &S (e
JLd L imagej 1581 py5 alowgs 9 0,053 JPY Cooyd b ol angs
Fathi et ) ui (5,5 ojlul La,b sla (asls pluging a8 o )
.(al., 2009

o9l ol el Ban 1l e Cluogad (b))
Py oo Ol dhws b dged IS culge s
3y90 Sldai & Sogan (p3jlial gy L g2 g oo ¢ dtwgy jall
o8 ks = 3 L3) B o ikl 2,5 15 b
(Larmond, 1988). 48,5 s

hoolawl Ly Laealy Julow g 4y i tldosly Juloo g ds 300
b plo s s y abole 93 9516 LB 5 _dolas LolS ¢k
> y Juoyd oY /oD c’) c‘aw Y 2 )M.m] w))JT J9l )9.»5[5
PS5 TN I o) s 4o 3 )65 oo pgd 5816 g (s )]
9 0x5lee damlie 5 il )y UL (sl 292 (B pae )] cons o
dglio 5 00liiul VY a5Cs SPSS 158la 5 51 W IS5 s,

o2 b oo g o3l cilisee (slagdaw g yeie S5 )] lanly

Ala] Sl S i a9, bgbie 15 bgss
Lo (slodyd 5 adBd A 105 pb loj e A plool Wl sl
ploml jodato &y yred 4l 435 plosil ((ogpdis 42,5V0)
o 0355y oAb 031 Gl yiil Al Vo jued 4y dgl puesd
Sam Al 2,8 wd Ojjao Ay g e (0,5 YO Glalad o
ool 4 ea)sl > (s b S & 5 ) dlssy yed Jolye )
4885 FO e 4y Caghoy ZAM b as 0 FY glodyd Cugloy & some
15 Lnigas o oyl 5 mg 15 00l Jlil ke pwe50 plol (ol
Sto 4318 (lo dod VN Oyl dopp b b )S alilejl 3
lod 3 syl o Lndges bl (3 3y o Cdls @ aidy ¥
Ladies 48 508 4y (151 ly St 53 5 3 bns
S (Bl 4253 =WA losly (Bgio )y & (b deodie sl
Slaps glo cnl 5l o eBad ()M gy VB Dk 53 9 Jiitia
@ b slod ) (2bjd 5 4Bl )b 55,8 1]y deodie g 2 o
Y8 gl o JolS Coy uw (28T Cjgo Al Ve e
505 dd Dy 3 oy b plogl adBd A Lo g ol Kol

ol 013 25 25 slaiges]

)

Ob Laws 510 X0 ashad S S () (5 pu505l0) G e
—10) 15 dbre w3 Sl G0l elsly g 20
(AACCT2

il ol 3l odlitwl L v cdly yg05] 1w Cdly
4SSl i8S sl universal Jao CNS farnell g
ol 00,5 plool texture probe 18l p 5 b g PouelS & uate
ol y o AoV ey a8 b (ol wilgiwl gy S 4 it oSiwd
a9y 2 P 225 0D AP Wigad (S5 (905l Asle sy



OVY e e @0 U oS St 2 Dol T 1 35T 5 4195 oo 31

P S 4 oS wed o LS 55 gla Ols ye odaw
[(Ribotta et al., 2005) &5 o oS yod

Gy g Sl (5 099 )3 oo 0y LBl s W35l 00
LS oSS B s 0 el 4 dond )D &S g 0

Iy /A O oo clale e (]38l b poes ials cle
g ol U 5ol GlacuSan o (Sl e g
29 ol A 0 g b s g ol L bausslS g ae
,Shillini & Laxemi, 2007; ) .cuwsls yrod  Sliue 4o
(Guarda et al., 2004

o) 0 cle @ e ) e g Pl e 130
o=l as ob cas y S JoSse yja L by S’y 4y atwliss
9235 (50 31y peee o3liinl 3)90 035 JB AB (lgin oS 5
, Kimetal, ) sei o oo caliwg COp Wy iul38l el
.(2006 ,Matuda et al., 2008

5 (YeoV) ol Sen o Cablerou ol Jlas
3,165 oo (39381 3l 1) olie gl (V- -A) Sheikholeslami
ol oizren (ol LS U ez iol38l 50 sy /-0 clale
= ol 38l o3 VD 4 pemo (i b i b &S ol
ol a2l hals

st

29 958 s e (L ¥ Jgde @l ) & jghailen
OhelS ol digal &) Comd (pSaddy ok |y e /A clale
@ G b i (2l U Jge s )0 5Mel ) edlul .l 03l
gLy 0 odlaiwl glaclale oy (Jg cunl ond sald diges
Al odalide (gyld sxe

P< /o) gP< +/+0 o 5 Sl g0l 5 ookl b b Sl
ploul )15 93 13 9 JolS ey 5l s nyge)] a8 cé )5 plol

Cowl oS
>

o e i 93,5 o dlas Mo ¥ Jods 55 45 jolailon
dﬁ))—’))’tﬁ‘ JS"-W-“’)J‘ )3 ..)9«:3& 04ud )|9§ W ./\c - l . ),)
ool 0 i e ie popl CAE il b goxs

w52 ol g )55 Jiamo JI-Y Jgua

(cc) (cc)
Yol A? YO/NA® Y g
Y- /arP Ya/Aa° ¥ oo
v5155° ¥V/AQP ¥

.)g.
2oy3 B gaw y3 (S (gejl S5 I S e B9y sl el

D)6 b gxe B

2 e Gl oy Mool o )15 gy iz 51 o
ool piomen 395 0 03D el +/+Y g IS H/F clale
dgal Ay Camnd (S 02> w233l 9 dowo L old a4l (sladiged
3965 0 0anlie 0ol Cowdy gl b gollas () JS03) wlazsly sals
u_f—l.: ofeY C.]a_w 2 ))'L_AT p))_j 9 /¥ é]a.w).) )]; é.o..o LY
ol 0l w3 (o)l gime il 33
5l eslawl L OLS > u..ﬂ)sl d‘)‘. U.S]ﬁl)é scds uLQ.Q}v.A
A_JY gg) 9 JJ)].) dxwyl uo‘9> Lmémo c..\llo.))f uL:; hémo

507
40

a: 30

20+

s
o

R e

e atetetetetstels!

e e
/./.777

,.

%
e
b

---
Totels
L

=laal
Bo

KSo/ms
Eio/07

w2 52 ol g 415 aliie 1-Y JSS
)5 5 e BMB] 1o 3 B grdas 13 (Sl g0l Hlai 1 S ynde gy (gl (olopuSibest



WAF 60 —,5T b oylocs M) ol o) (2I0E qoliw g pole Gleiaboly 4, OVY

el Pl 4 08 o by (Vo -A) Ll Ken Lugrein
Wb A LS 4y oxie &S 39 00 dlwlis Ll flg
DS ()b o ()3 9 088 ezt et ) okl b (S
sled 5 awlis la Jol)S b oo (2l (U 530 05120
e 4y s g 0 pygie Fo 5l VL g ugsede 4250 ¥O (6353
b i gpiqgdlas! g Cllas (uSo il (pl (0 sl
S o

Sty S

Taw 3 )55 Gomo dgbie odalin ¥ JSS 53 &5 pslailen
ol 031y il 581 dald g 4 Coms |y gy oS 30 /¥
oalS (i S <IN i 4 geo CllE 0 in b s
Sl Gl ohan (s pds S e lS el el
Ol A4S 0l G b A JS 5 Slhes 4 plgi oo |y oo
Claldssle b ol juin S 9 goo clale (lB1 o ) 0y
(Shardanat & Khan, 2003) 54 o bgs e

sl 03l (I3 811 (U i itS Glje el 0959

Gl

9155 plejen (3953 980 dalie ¥ JS5 53 &5 pslailen
Aged 4y Cand U (s (501 s 1o g0 (olos 5D jMel
NoS /A clale b oad aps diges ;3 b oyt 5 sl 00 dalid
5 o ooltwl Sl ol wyp a9 b el cowty el /40 g
N5 g 2958 45 08 e iz e el 5 )15 plojen
(s G101 s Bl o o0 s > ol g <IN clale
ol €odl g 353 daxmio 5 e Sy (5055 (> o
A J%
Olgie ) deo clald (RIEIL L 8l ad b a8
ol awlis b anolie)d O b s w5elSgpuum i (2STy b
ko 09,5 (s5ls 355 Jlisl ) o Sols'g m | j il 03,8
e s Sge L gy 4o syt Jilod g Mtad JruSg) 00
o 4o Wigd e aiwlis 4 pelS 5l OT JWsl gile ases s iyl
baore O jois 5 atolits )3 35290 iSyshel g joleal o e

Bgdieo s ) OU oo 9 A3 0 yourly Sty 00 Al S
(Shardanat & Khan, 2003; Rosell et al., 2001; Hug-
Iten et al., 2003).

cle 055 i s 4o (V229) Siebe 4 Valdamani

ojlasl Lzals ol 511y Dol 5l oolizul S1 55 (b b (zalS

ol 3 53 SISy @i ol Blas (l3dl oo 5 sla ok
Dad o b e oy s a5 Wilauily

t b 1 3l 9 Yol 165 Sl 51-£ Jgun

5M§°‘L.' P e )‘95"1 W ated L"’@"S}é‘

(N)

vY/y-8
va/a\®
va/\sP

vEOY ) gl
v5/5Y° ¥ o

y1/aa® Y o

)85 me WS o )3 B pdaw )3 5SS 905l Has 51 S yiie By (ol dLmOcijL,nm

40.00— 3ol
s Edo
e 005
s 007
=
S Z0.00—] +::I:+ - b
= goe s e e
=S IS
10.00— e \ :_,:::, §
S N

T
0.4

Sls=

O=f

st 1 ool g 4155 Jolize 1-Y S5



OVY ez e @0 U o St 2 Dol T 00 357 5 4195 oo 31

404 a 40 b
b - C
* 0
* 0
Rl 3
30 301
A c A
A 20 % 20
k] 9
E £
E £
107 i
0 py
T T T 1 1 I
0 04 0/ 0 Uil o7
(4)alsé (k) Dasl

SRS Yol Jiiane 51 -£ JSS

SN AES g 4lg5 it 1Y IS

40~ ot
=]
[(Ho.0s
. Eoor
‘1 30 c
E]
wy 20
E
E
101
o

(%)l £

Sy GiiS 3 Mool g 4165 Jalike ,51-0 IS

o a3l L%, % glaasls alidl ], b oyt o /F
0% L% sl /Y o )3 Mol w3l ) oolitsl ppioman
ol 038 iy dald dges 4 Cand

oanlitio Mol g )65 lojon S5 3 g0 1) M) (en
NeS 31 odlatul g o oamliv ¥V o & oSl 10 a5 ylisren )8
aS) L o5 clndidge -V o ;3 sl 5 +/F clile
ol 0303 L5811y B sl g (Gl dgy by, 5 bl

(B S5) sl 5 )ls5 5l oolat ol lojen 13l glss )2
obis Pl +[2V g jlg 8 /F clale s |y (g pdy i o yid
9 Ml 31 9 )15 oo Jitme 1 @l oy 2 b Bollao a2 oo
2 5 Ml ol 5l oslil €88 aon oo ol Lol S 5
Pl d)JJ._:L)»_JS Dgby u—w _L«‘y “® -/¥ Pl )l9f9 o[y Claw
D9d jyes 9 dedxie Gpgar (U Mg S >

5, Ul

Clale 3 168 e o w3 o (L Sy gl @S

0% g (ad L ) Mol 01351 5 )15 Gowo ,31-0 Jgs>

ol o 31 S oo
/ey v/e0 . « /A «/g .
b a a C a L
V- sals sAVY sslev veiny o sava lossls
a a c b N
YEE O OYYYE YYNA O YY/Sa YYIRY YV/AY sl

5l xe M| duoy3 O prdaw 1> STl (yg0j] Hlas 51 S yrie gy syl (slo Sl —



oY

ae>

a

WAF 65 —,57 8 o)l ) s el (21 @sliow g pole (sloniangy 4 pitd

.WW. ©
° o
= A
=
W 2
“
N 4
~ 3
2.
85 2
3 _es
2 o000 Y
W —
e 117 e
3 oca -
o —
mZR 4, m
)
.
W/ %
3 | 3 203
— i ) “
r o > -
w -2 ! c e _ N uw
o - R :
N B AN AR AR AR AR N .
R A I A KA 9
m : o Pttt A RN ."M
: E LI I I X I XL R I »I.w mu W,
3 EA
R RS LTI LTSS S "
Bl e ratatatetota - -
B g, o - -~
- r— R N o
7 s 2 3 23 334
e i 7, =2 L+ 3 D
e g o = fU fU
I x| € 3 g he
o B annOnnOnnnLLLAS . 3 =
o R I I I 2 I ;
5 Y 33
.w O W ¥ 3 N
Y 3¢ -
= L : ro .|.H—H|_ =
Lo o .
ol 14
e I
] 3 1
mHhLTrTTT T T T T T T T T | —
T T T T AR = M !
o o o o Q L BOOaaOROORGOGER00 SRR
= = =] = = Y "Au 3 .w
L 3 4
_ T T T T H 3
'] [=] ] [=] [l (=] n . o
o o - - ~ 3 M _|.”*H-|. -
vt 2 \w
&S
/\wm mu p T T T P T
e
.M <
. n
.bu N
i w,

(VAR

a sl s Ui 51 —A JS5

(%)



OVO  somio s 520 U S Sgt 32 Dol WT (0 357 5 4165 Goor 51

P2l yesle uls sl (Y- V) Laxemi o Shillini olallles
Wl oaly Ll desio ymed p aasglSg a5l oalail

uLM») (s> C)L_.\oya} ‘_,’.:l_:))l )‘ o..\_p] Cwdy @Lu e
u:b)J.\_: D9l '/\c E:A_EL&')-) )‘;émo u)ﬁ)ﬁl 45..\.&7.)@
(ol eyl deomie g e i QU 52 (2 9 b 8L
Lo S O—.’.l dgud ¢ (6350 Rowo Clalé U gl Ll 04
ol 0133,5 35 sl el galS el v b g anily

odlawl 45 smd o L5 K5 3BT 1 kel s ol (o
J..;]yu_a % a.la_m o )M.m] p.:)j 9 ¥ clale P )1; oo )l
Res Cyge & odd awd Spp U () sbadlss dgug o
el 39381 &5 0 o olu (V44Y) Brathen 4 Sahlstrom
talsl b |y ol s 45 54 e dtagy <S5, il ey
Legufisn plals 4520y ol B orizpen il gload JSts
Mo STy 3 dlgo oyl 48 Wi wsly NHy (glros )5 aJei 5
Dy e b dwgy Sy (I3l o g S (0 S 5
L o yud (Y09 ) o,Kan o Ghoreishi rad jings ;s
Oiomad L0 L 6 )0 )leS fewo +/+ 0 el edlatlp b g

Sl

g -’

SIS Al Ghug By cdhwg alla

s B il axla Fn

mo
mo4
0.8

2odde e Sy O Olwogad 51 )ls5 Gao (339331 51 -V e UK

il

[
c
b
a
m 0
m 0.05
0.07

o]

3.9 - b
3.8 - a
3.7 - a a
3.6 -
3.5 -
3.4 -

£l pria

S ga <R,

Soxie et Sty U Oloogad p Mol p 351 139381 31-1) S



WAF 50— 53T b o)l ) alor oyl pl (2I0E @loo g pole Slidoly 4 pis  OVF

Gy il o i ol
C B o
b h e arar,
i - Clos %3;3?
No
{
2-
1-
i T
04 ‘ 04
(Aol (%)a1
Gargy B 5 ool o 1sF ilie 1 -Y0 JSui5 S 2 Mool 9 15 e 31 -V €SS
d)‘ﬁfw o Sluoguad Do cuw U Jgo,8 & }M#J rvt’.)'j 295!

= 0y Oleogas ol s i Ml cbale il 3l .l
3 a3 LB oad A5 2 w3l ol 5 S Wl e oS 0
. : ‘ Sl eesl bus ool jide Wy iy bl jg)ae Gk
5y sleadlye g ply yiiS o Gl esl < /¥ e : . . R
e 7 e s g Log,ls 55, slonl o sige celo STy y> <8 1 el gl opilo

| g 1 ST salS o s £5a Lol
G Sl OF (o R2E Oied (o> S R9 .(Goesaert, et al., 2009) 355 (sl julol )5 5 3, Lo s2:5Ts)
fo¥ aw 1 0 Mol Wl o 3l sl ol oy g desvie & yguar
s U 4G ekey b odalde oS5 90 oyl 5 lojen odldil
mls s dag b ccwl a1y coas op i 5 skiel 0 5YL
w23l 5185 Gae (9331 45 58 sty iy Olgee 0ol Gy
Ay ad 2 ol CadS Gl el gpp b Jgesd 4 el

Mol o2 351 51 03lito] b detio g 3 o (622 6 CassS dgut
P o (938 3 (LS gl (yp A8 Jols )5S &eno

ol el 23l 5155 dovo S5 ool Conts @l

b Juols bS5 ol jl oolasiwl b owe (sl Sg daxd0 4D 0
a0 4y igad coadh odlitusl iglize (slo ke ggazo
Lo olad 3 1y el ¥l LT /Y 5 S <IF
OH&er g Shailini (iass ;o .ol atsly o (8 ojl0l s
Cuw +IYD g /Y laclale )5 )l68 g5l &S Al Ly (V4 +V)

. sl 0 Sls b gt il
gl o0 Jeie 9 s O)yguar

&l

AACC. 2000. Approved methods of the American Association of Cereal chemist, 10th Edition.
Almeida, E. L., Chang, Y. K., 2012. Effect of the addition of enzymes on the quality of frozen pre-baked French bread

substituted with whole wheat flour. LWT - Food Science and Technology, 49: 64-72.

ASGHAR, A., ANJUM, F. M., TARIQ, M. W., HUSSAIN, S., 2005 . Effect of Car boxy Methyl Cellulose and Gum
Arabic on the Stability of Frozen Dough for Bakery Products. Turk J Biol, 29: 237-241.

Armero, E., Collar, C., 1998. Crumb firming Kinetics of wheat breads with antistaling additives. Journal of Cereal
Science, 28, 165-174.

Ba rcenas, M. E., Haros, M., Beneditob, C., Rosell, C. M., 2003. Effect of freezing and frozen storage on the staling of
part-baked bread. Food Research International, 36: 863-869.

Barcenas, M. E., Benedito, C., & Rosell, C. M. 2004. Use of hydrocolloids as bread improvers in interrupted baking
process with frozen storage. Food Hydrocolloids, 18: 769-774.



OVY ez e @05 U oS St 2 Dol T 1 357 5 4195 oo 31

Bell, D. A., 1990. Methylcellulose as a structure enhancer in bread baking. CerealnFoods World, 35(10): 1001-1006.

Bollain, C., & Collar, C. 2004. Dough viscoelastic response of hydrocolloid /enzyme/ surfactant blends assessed by
uni.-and biaxial extension measurements. Food Hydrocolloids, 18: 499-507.

Caballero, P.A., Gomez, M., Rosell, C. M., 2007. Improvement of dough rheology, bread quality and bread shelf life by
enzymes combination. Journal of Food Engineering, 81 (1): 42-53.

Fathi, M., Mohebbi, M., and Razavi, S. M. A., 2009. Application of image analysis and artificial neuralnetwork to
predict mass transfer kinetics and color changes of osmotically dehydrated kiwifruit. Food and Bioprocess
Technology, DOI: 10.1007/s11947-009-0222-y.

Fik, M,.& Surowka ,. K., 2002. Effect of Prebaking and Frozen Storage on the Sensory Quality and Instrumental
Texture of Bread. Journal of the Science of Food and Agriculture, 82: 1268-1275.

Ghoreishi Rad, S. M. Ghanbarzadeh, B. Ghiassi Tarzi, B. 2009. The effects of hydrocolloids (Guar & carrageenan) on
physicaland sensory properties of Barbary bread. Food Technology & Nutrition / Spring Vol.8:No. 2.

Goesaert, H., Slade, L., Levine, H,. Delcour, J. A., 2009. Amylases and bread firming — an integrated view. Journal of
Cereal Science, 50: 345-352.

Giannou, V., Kessoglou, V., Tzia, c., 2003. Quality and safety characteristics’ of bread made from frozen dough. Food
Science & Technology, 14: 99-108.

Gray, J.A., Bemiller, J.N., 2003. Bread Staling: Molecular Basis and Control. Institute of Food Technologists, Vol. 2.

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

Gomes-Ruffi, C. R., Cunha, R. H., Almeida, E. L., Chang, Y. K ., Steel, C. J. 2012. Effect of the emulsifier sodium
stearoyl lactylate and of the enzyme maltogenic amylase on the quality of pan bread during storage. LWT - Food
Science and Technology, 49: 96-101.

Inoue, Y., & Bushuk, W.,1991. Studies on frozen dough. I. Effects of frozen storage and freeze-thaw cycles on baking
rheological properties. Cereal Chemistry, 68: 627-631.

Haros, M., Rosell, C. M., & Benedito, C., 2002. Effect of different carbohydrates on fresh bread texture and bread
staling. European Food Research Technology, 215: 425-430.

Huang, V. T., & Kaletunc, G., 2003. Utilization of rheological properties in product and process development. In G.
Kaletunc, & K. J. Breslauer (Eds.), Characterization of cereals and flours: Properties, analysis and applications (pp.
351-368).

Huang C., Lai P., Chen I. H., Liu Y. -F., & Wang, C. R., 2010. Effects of mucilage on the thermal and pasting
properties of yam, taro, and sweet potato starches. LWT - Food Science and Technology, 43: 849-855.

Karaoglu, M.M., Kotancilar, H.G., Gurses, M., 2005. Microbiological characteristics of part-baked white pan bread
during storage. International Journal of Food Properties, 8: 355-365.

Kim, J.H., Maeda, T., Morita, N., 2006. Effect of fungal [alpha]-amylase on the dough properties and bread quality of
wheat flour substituted with polished flours. Food Research International, 39: 117-126.

Lagrain, B., Leman, P., Goesaert, H., Delcour, J. A., 2008. Impact of thermostable amylases during bread making on
wheat bread crumb structure and texture. Food Research International, 41: 819-827.

Le Bail, A., Havet, M., & Pasco, M., 1998. Influence of the freezing rate and of storage duration on the gassing power
of frozen bread dough. In: Proceedings of the symposium of the international institute of refrigeration, Nantes,
France, September 16+18.

Mandala, 1., Kapetanakou. A., Kostaropoulos, A., 2008. Physical properties of breads containing hydrocolloids stored

at low temperature: |1—Effect of freezing. Food Hydrocolloids, 22: 1443-1451.

Matz, S. A., 1991. Bakery Technology and Engineering. McAllen, TX: Pan-Tech International, Inc.

Matuda, T. G., Chevallier, S., Filho, P. A, LeBail, A., Tadini, C.,2008. Impact of guar and xanthan gums on proofing
and calorimetric parameters of frozen bread dough. Journal of Cereal Science, 48: 741-746

Mazur, P., & Schmidt, J. J., 1968. Interactions of cooling velocity, temperature and warming velocity on the survival of
frozen and thawed yeast. Cryobiology, 5 (1), 1+17.

Moayedallaie, S., Mirzaei, M., Paterson, J. 2010. Bread improvers: Comparison of a range of lipases with a traditional
emulsifier. Food Chemistry, 122: 495-499.

Pyler, E. J., 1988. Baking Science & Technology (Vol. 2, pp. 903-907).Kansas City, KS: Sosland Publishing Company.

Ribotta, P.D., Le Bail, A. ,2007. Thermo-physical and thermo-mechanical assessment of partially baked bread during
chilling and freezing process. Impact of selected enzymes on crumb contraction to prevent crust flaking. Journal of
Food Engineering, 78: 913-921.

Ribotta, P. D., Ausar, S. F., Leon, A. E., 2005. Interaction of hydrocolloids and sonicated gluten proteins. Food
Hydrocolloids, 19:93-99.

Rosell, C. M., Benedito, C., & Ba" rcenas, M. E., 2004. Use of hydrocolloids as bread improvers in interrupted baking
process with frozen storage. Food Hydrocolloids, 18(5): 769-774.

Rouill J, Le Bail E A, Courcoux, P., 2000. Influence of formulation and mixing conditions on bread making qualities of



WAF 50— 53T o)l ) alor oyl pl (2IiE @lioo g pole Slidols 4 pis  OVA

French frozen dough. Journal of Food Engineering, 43: 197+203.

Shalini, K.G., Laxmi, A., 2007. Influence of additives on rheological characteristics of whole-wheat dough and quality
of Chapatti (Indian unleavened flat bread). Part I: hydrocolloids. Food Hydrocolloids, 21: 110-117.

Sharadanat, R., Khan, K.,2003. Effect of hydrophilic gums on the quality of frozen dough: Il. Bread characteristics.
Cereal Chemistry, 80:773-780.

Selomulyo, V.O., Zhou,W., 2007. Frozen bread dough: effects of freezing storage and dough improvers. Journal of
Cereal Science, 45: 1-17.

sheikholeslami, Z. 2008 . “Improved properties of age flour wiyh chemical and physical method”, Thesis for ph.d, food
science Ferdowsi university of Mashhad.

Toufeili, 1., Dagher, S., Shadarevian, S., Noureddine, A., Sarakbi, M., Farran, M.T., 1994. Formulation of gluten-free
pocket-type flat breads: optimization of methylcellulose, gum arabic, and egg albumen levels by response surface
methodology. Cereal Chemistry, 71: 594-601.

Vadlamani, K. R., Seib, P. A.,1999. Eefect of zinc and aluminum ions in bread making. Cereal Chemistry, 76: 355-360.

Vulicevica, I.R., Abdel-Aalb, E-S.M., Mittalc, G.S., Lub, X., 2004. Quality and storage life of par baked frozen breads.
u.-Technol, 37: 205-213.

Ward, F., Andon, S.,1993. The use of gums in bakery foods. Am. Institute of Baking Tech,15:1-8.

Ward, F. M., 1997. Hydrocolloids systems as fat mime tics in bakery products: Icings, glazes and fillings. Cereal Foods
World, 42: 386 390.



Iranian Food Science and Technology ) @ . L .
Research Journal § olnl 2188 ubos g pole slostiwrgly syl
Vol. 11, No. 5, Dec - Jan 2015, p. 508-520 NS Db BeA-BY+ .o IVAF (53 —,3T B olouis )Y Al

Effect of guar gum and amylase on quality of part baked frozen Barbari bread
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Introduction: Bread stales and unfortunately it is a certainty and causes significant product waste all over
the world.Staling results in loss of important sensory parameters of bread, like flavor and texture, and it is a
consequence of a group of several physical-chemical changes occurring during bread storage that lead mainly to
an increase of crumb firmness and loss of freshness (Gray and Bemiller 2003). At 21th century freezing
technology introduced to bakery industry in order to increase bread shelf life, access fresh bread with a minimum
need for equipment and skilled personal at any time.The current trend in the baking industry is to use frozen
dough to manufacture quality products because it can be quickly transformed into fresh baked product. However,
the use of frozen dough has certain disadvantages such as its variable performance and loss of stability over
long-term frozen storage (Ribotta and Le Bail 2007). Research has shown that ice crystallization and
recrystallization causes physical damage to the gluten network, leading to changes in the rheological properties
of the frozen dough. Water available for freezing forms ice crystals that injure yeast cells (Mazur 1968). Gums
trap free water and control moisture migration.Furthermore, Ward and Andon (1993) mentioned that gums such
as carboxymethyl cellulose, carrageenan, gum arabic, and locust bean gum may be used to alleviate the problems
associated with frozen dough. Numerous studies report that enzymes play key roles in bread making such as
increasing loaf volume, producing finer crumb cells, and extending shelf-life. Amylase improved frozen dough
bread quality; the enzyme allowed us to obtain breads from frozen dough with high specific volume and low
crumb firmness(Ribotta and Le Bail 2007). Therefore, the aim of this work was to study the effect of guar gum
and alpha amylase on frozen dough and the influence of them on the minimization of the damage caused by
frozen storage.

Materials and methods: Wheat flour sample (cvs, Pishgam) with 10.52% moisture, 10.8% proteins ,79%
ash, 26.7% wet gluten, was obtained from silo No.3, Mashhad, Iran. Bread recipes also contained active dry
yeast (Razavi Co., Mashhad, Iran), vegetable oil( Ladan Co. Behshahr, Iran), salt and sugar (Local market).
Amylase enzyme (25 Klu/g) and guar gum afforded from Novozyme and Rodhia CO respectively. The bread
formula used for Barbari bread consisted of flour (100 parts), compressed yeast (2 parts), salts (2 parts), sugars
(1parts), vegetable oil (1 part) and water (based on water absorption at 500 BU). Guar and amylase replaced in
bread formulation at two levels (0.4 and 0.8%), and (0.05. 0.07 %) respectively. Bread was part baked in an
electric oven with an incorporated proofing chamber (Zuccihelli, forni, Hal, Italy) at 210°C for 7 min to obtain
texture structure before starting coloring reaction. Barbari bread sample were packaged in polyethylene bags and
frozen in a blast freezer. After storage at -18°C for 15 day, PBF bread was thawed at room temperature for 10
min and rebaked at 260°C for 8 min. The fresh bread baked at 230 °C for 15 mines (Ba'rcenas and Rosell, 2007).
Specific volume , porosity, texture evaluation, image analysis (L*a*b*) and sensory evaluation of bread were
measured using AACC methods (2000). Results were reported as the average of three replications (all treatments
were evaluated in three batches). The data obtained were statistically treated by a complete randomized design
(factorial) analysis while the means were compared by the Duncan’s test at a significance level of 5%, in both
cases using SPSS statistical software (version 17).

Result and discussion: The results showed that frozen storage had significant effects on the specific
volume, moisture content, crumb hardness, sensory properties and bread color. Addition of gum and enzyme to
bread recipe improved bread quality, alone and in combination. The presence of guar and amylase removing the
negative effects of process conditions. Addition of guar at 0.4% improved specific volume, textural properties,
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color, sensory score and decrease bread firmness. Also using of amylase in 0.07%,increased bread quality. When
guar used in combination with amylase, the synergistic effect was observed. The best result, obtained with 0.4%
guar and 0.07% amylase.

Conclution: In summary, the result of this study has shown that textural and sensory properties of part baked
frozen bread were poor. Addition of guar gum increased specific volume and sensory score of bread. Guar in
0.4% concentration in comination with amylase in 0.07%, were more effective and it could introduce as a
improver for part baked frozen bread.

Key words: Barbari Bread, Part Baked, Freezing, Amylase, Guar Gum



