[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

ol pl 18 abuo g 4dss pole alxo
91_102 QW 61392 OMU 52 Q)M ek & JLM

2l (S (50 lusS ol G iy (w9 (o Lo ¢ S 8 G S 2L

Oleid o0 31 (ool gl 5y 9
3 . 2 .. " 1, .
marziehossini @yah00.Com | S.is xSl Cows dgiie gy b ol «(55,5LiS 0aSLails ( 1dé mlio g pgle 0| (wlid)S Gomitils | Jgtume odins g3 =1

Ao gurgd B olKitils ¢(65,5LiS 0aSiils ( lié wolio g pole 0g, Sliwl -2

Qe oy, olRES ¢(55,gliS 0aStils ¢ ol wolio 5 pale 09,5 Lotils -3

L7123 : 3 pds b 91/3/23 2l o gu

ouS>

>
@ Shsr el s Ol utis (o7 el 0 hte SLuS 5 LIS 5145 akis oty aliie SV gamo (Galls (layey (DA g diile
o g ) sl g el e SVgame )3 (ol eFsn e Nadoe dnd 00 Haendgel GlaSed 5 (bglie ol yen
ool ez 5 mlie ;508 i mab 5 63 Shos Sla Sy s @ ) Gl el oedS g s ol b 8 5
3y b ooliil (g aste mal 5ol )0 s SLLSE Jolie el g i adse Lo 4 ragh cnl o Lol wsdi o
GE iy g g (60, as Dliogas C‘)Lal yolate a4 led] (EMC) 6&.3}31 00U C‘)Lal JUCTIN (WPC) ]3.;.3,97 gy (50 ilaS
b solial o>

5230 Skl Wso b (0005 5 205 (i) EMC mhaws a5 (w00 3 5 15 (20) WPC mhas s Ly (50,5 5oy Uasligy g Mgo
shosliinl b (gelod )| Sl 5 (Siwgn ((Soiaz (e Jold (Bl Glo Sy ;03 08 Dbl nead A3l Ry b Jyare K,
s ol g3ltel O Sigan (g, b o i)l s s slogts, b (nliord sloggasl wid,S )13 oy 9550 S ST oo
S ol s b glaysnsl (p<O/05) uiz3 5 15 EMC 5 WPC glite oo il coms 38l cgla S5 csdon LBl
S e S Ll (p<0/05) wns oo )13 13l o oo wdgs ol oy o 1) 2S5 5 PH g e i oasls 9o 50 il
ab ool et i3l ine () SLaatli p gz 2590 55 50 a3l 0t sl ladigal Cash) § Sad oz Oles 5
O3 EMC 5l ao,05 9 205 ol (g9l (sladipes (IS 228 sln |y )l isine wglis Lol 5l oud plosl cw 55051 50 (p<0/05)
250,55

S8 EMC 5 WPC (sl jsi5s 15T s (p< 0105) (s o simn yob 4 sl iy o 5 atlood 5 (S0 523 sl S5 115 005 40l
g 03l 590 5l ol & 4ty (6345l (ol e 5 4285

).....:g_j Ls....i.xs).: éo;uLw..S (o> ual? L‘SJLA.A).A.») 9 é]& 00‘9} ‘6..\...1.:34 ]....: ‘U‘}LJ kSNJ'"" ‘50«-\{:: C)Lal ]....: ,.5.\515 0@3‘9

PRV

Sz b oy, Gl & st iy alie GYsame
4 Sy SlaS 5 g ates ol 5B 50 ead (gndsal
lapyl JESlo )3 Ggaadgal oaiiSeonis 5 ouisS p e
O oiS rels G,k Sl GluS 5l )b jsas
S48 g GRIRl g g, Slila 5 T 5B Gl (e
Oy hkd Gl 055 n malS @i jo g T B

b 5l egas 2T Gl L3l slagle 5o

3 gl Gz sl YL i g Jgyds 1 36
gl )0 a5 sadi oty glgil Cngime (o> slogyr
by Rl 0ol Sl ol o SO L S e
sl bom 3l falS o (SVgame iz el 00
ool sl (1) wes colie Sbys 5 B


http://nsft.sbmu.ac.ir/article-1-1343-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

OHSon 5 s dpdye [ loonds ((Su3d slo S b))

92

G Cod Gidkend (SaSomedsel QU5 o]
Comola PH Olyss 4 (Jg w5yl Lealidls 4 o385
sl Gty 8 (ol5in (8) wims e (i (5 7S
WDigd go ool Oyl gl yeils gles I iw oles o
25 09 e Sloml Gegn JsSha 5l loatil LSl
JsSle mhaw ;0 1) Sogdgyinn glocwnd olad o)l
Sedlgwsd = hydatlgm VLAl 5 Jad 4y g a0 18
WS oo aezs obml Cols yo AT Wl salys s
wWloass Syl Yo sl o a5 ol slautsgy
oS SlaSe Hea> 5o Gmb slales jo il o
JSi5 @S J3 PH (2alS b ofg g penedS IS L
2007 Jlo o cidgh ,0 o Sen 5 Solowiej .(5) wias
2 Sl G sl s5Sle plgie & WPC w01 )
O8I (55000, ooliial ST gy sty o)ss
ooy n jpa> 50 Jpame ©9d Sl 1alS g (S
5 GBLE e wdlgiss lavign hSis 4 ) ol
505 OmeslESYIT 45 5,8 Ly 5 8l s lSLSVL,
bl Kaagn cnl sd o355 b 2aSly 0)ly wle o
(ol 5555 %1 L WPC 5101 5l b oas el
255 gt iy sl olge b (ST Genss i ey Glise
s L 5o 5k 090 S5 lade Wlg e £5.050 )
Jyame adg Sl azes o 5 ams rals |, Sl
2001 Jlo o o, Ken g Mlgko .(6) il salgs ials
Sl Gk 5l bl oye Jlail iy of slagtis
SlEr dlp iy @l swsn Glapses s ool
e &g My adliess (oo YL
Slogntisn gl Gl L .05,S BLAl GaE g
5 e 50 Sy Gl il oy Sl e O
olonl uwg s gd Sl o glalasMe LB alS
%2 L s, o8 %4 ‘Sg)ib a5 Woged ol LﬁQT R
st el Wl oo o ST (g (sla ek S
(7) a8 oy LaSs 0gd cuils 5 il L
GolE lopy colae 51 (S conlie pab lai
b sosddll Gt (JSie (nl Jo sln ol
eyl @ ol slony cald (gl 4 S e
b oreel Lite 0l o o5 Sighigo 032 IS &
EMC o5 (goas 2ol (slo iy ool anisls egiae
oxb b SYgaxe olgie 4 (Enzyme Modified Cheese)

b Lide &5 aliin zhle Jsere p plp paix

G SlaS i S oo St 1) O 50 G seedsel
PRRLT. YRS ST SRR VS CR EY VL SN VOV B 5
UYM u.)‘ uwy%)ﬁ a Sl u&m ).;.) LQOMQWJ.E
slalde jo SVgame cpl Lol 05 (2) wgs aslsl
9 W ;_)LM}A .Ia.,.o}) FLRGW 6‘0.}«&) 4.]9.@).9 9 cél.a"
30 OVgame cpl (Jle Glare 4y aisd oo ddei Sleos
P S glagty Ope 4 Ay (15, e
5 Gnded; wpdiGhn Sell (3) Wy I 4
SYgazme ol mie 63,8hee o Shs 5l riyosd
(sl oged @ oud adys 033l5) <3, oS
SVgame pl )0 (eBgn gie (p ol g (n ke
PO L N (PRGOS U PYVRP SEPSN IRV [P DN
2 (o535 £ 8 o el 25 e 36) 3.0 S
S I pumo bele l eolaul L s pren
é.o.?;} 9 ‘J.J)Lf )‘ N.MJS m 64.>)0 ‘cmuwy|
853 i ol el S B LT s 3yl
iy SSy el o plotul g ik 5l (othe
O35 a5l G o wilae 0ed ce dbl (gudss
b alie b 5 oo SLSTL ool Jlade slxl) <,
coge (Ogm¥sad 50 mow olsls 5l eolanl
oddy l Sediee (@2 >l G GeralSiiedgl
soly> Jlis 4 1, o cdb (creaming) cos glwls
2 e o Sles Cuols o e 4 Adly o cuils
Sl Al Gpdiogd g el (i oadE sla
5o oslaiwl gl Jgame iz ol by 09d 0 o)ly dolal
S92 w2l coulin ;00 slos )5 ()l 9 i (25,
o SLSS o,y 8 b awlie o Ske 4 .(4)
aazs 5l laz o g ol o wlue 4 i bl
53 B itz blb a5 S o slonl 1, 33l5
sgr dwlysu isucols, alloviul Ll wsg (wollhs 4 )
0 g ol (o5 oS (g9l s LS 0gdle 4 .(3)
(4) amo JSid 1) oSomine (5485ts Wilg3 o (5w
oy oS A Ced e LSS Lo jelS o
sl ogady o sSouul vgug Guiod ol Sloal
JUCTIR BUPUCS PUVEPACT IWEL g PSPV o B PRPUR WAt {5
slacyiig, o9 (Whey Protein Concentrate) WPC


http://nsft.sbmu.ac.ir/article-1-1343-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

93

1392 ol 2 o lasd it Jlo el i qulio 5 4355 pole e

L ( Flavourzyme) ;5.8 $O/BL(Neutrase ) ;l5q
Se Skl 925 NovoNordisk s ,s  olaal 500
3l Shyge g Sy sl Jold ol Sl
CS il Olemsws s g okl Merck oS
S 5ads augs e Dalian Chem Imp. & Exp. Group
WPC o 6,la 5 diboaew &5 0 51 ool dbal plabs
gy U AL (g B 362 g9l>) cass VLI
51 (pH=6/8 4 ;9:5 % 46/5 « s> % 5/6 . o > %2/1

D S ol 50 adje NZMP 8 i Sasled &b
sy 4 EMC igylahd ooy 5T (goud g0l yuiy adgi
S i ol a4 (et aslSe) (e 5 o
5 NazHPo, %2/5 L (p,5 600) oo o, olsid yuis
Osemdsal jshiie ol bele e ol 2 195
4 90°C Lo ;5 gyl ods Jlb pé g bels ot
Sz 50°C gloo b5 pores 0 00l0 &l aiBo 3 o
5 plaS 58 S00L ;58 9 08 L 59 (sloes 3l .o
Gy, 50 bgle o .50 adlol bl 4 %0/ alans
] el gaige gled 05 gamaes (Sl
bl ol 6l alke 5 el 72 Saw 4 (47°C)
aiss 3 wae a 90°C sles o el a> e oy
5 5 -20°C gles ,o Jol> EMC 5 wins Jbs,é
Sl 6l ool sl ey ol S el
s, W58 13gy & ygo l 4 oo wdsi EMC gloows
512 3 Ss WAL s> U718 ¢ o> N18 (opusg %10

. pH=
ofs; M1A) (25, 5 (052) Ol lul i gualdS yuiy adgd
50°C los ;o (mlo YsilS (485, U7 5 wiisoud (slgus
K0 3y SLaS 5l s 0 00 o 4lBS 2 Do &
em lolul 2 Kg load b lasads ) Slasie b s Sou
oo pebas ey 180 1 g5509,u80 s j08 10X25x15

50 IpM ass 550 Cae o 5,5V 5S s bawgs
3 (H02) oy Sy (B1U3) IS
o 08938l g, g ol bglse 4 (H0/5) &l s madws 5
4 85°C sles g oy3en 90 IPM e ;o LS| Joce
U oyped ey g bgle slos) ai plil aids 1 oo
s SLS aelol 5o (ke (B il adgs anld sl
Al 03938l WPC 55 9,90 polie ol pen a (%24/5)
L) ol adlsl (Son (0355 o Jpa> ooy b 2l
A5 8590 sl 5 (0/5) S jtms s s (i35 15

Dolite sy 0550 b le ey 51 sm3il Gy g )l
L oyl oog38l Lol EMC aJgi (8) wigd o Jol>
ST a0 )5 wyU b oty dod yy A oSl S
Sl (28> b Jos o33 g gllae pab 4 e, U
A0 30 5 i 4 Jols i pab o Colys yo a8
5 Noronha .(9) ow) o b slopn b oos
iz b b laz EMC 51 2008 Jls o ol,Sen
b 4 b Cse (05 Biby ln e
Sro 20,5 odlitul bwste (2 b g 0pzpS sl
o Lol (o 42,9 EMC sls 5l L
23,8 gy bt |y bawgie ()2 b ol slo iy
905 o glaw P EMC LS o5 02 b alopsy
G g pdlo Glaie o (g ouls oold pab lawgie
Gl xS Gl slesh A Cand 5 Wul oy
x5 slada>de JB b 4 Vb s e L EMC
3 EMC L a8l ek slo iy (5 5o 4 casuls ools
(aiges (7 ke 28,5 Jlai po 5 Vb 55 o
ey cnl pab lygls 5 050,5" caST 1) 5Ll o e
2 lapab (10) WoS Chog sdw, 9>l i
gilogy Yjlige jlaz oty el Jols EMC I o yss
Liboo JUal g cqmdgm dog5 sl (lin)ly (L y9ly
®)

b ooelil iy ol s S35 055 oS Ll
o 53 (Hlpl JEAiS B ae galild (285 L s
E9= S a5 Olsad ey 5l a8 0B ol prea (el 00523
ol gllae el gy he Ly Sl g 5 (s 5oy
g 500 Bas «opl pliy 09l eolatwl EMC ays ol
R > g pleerd 5 (058 Sl Shy (owyn 2
3 Solite ol jpax b o LSS sal » ol
39 s EMC

Wigygdlge o
%3I8 sy y U894 sol>) waoms Ll tadgl Slge
%O/l s %112 ass %36 o> LT sl
Oy b agd Ol Sl Sy 5 (pH= 612 4 555y
O 5 (4 (S 65, S 20 ) ayaee Shig
b (plads Wl Llié polio oS ,2) b GYglS
3 s B Sl b lsid e ol gl S
Sloml ab as (B3 lmlydl plesl ploid sluss,


http://nsft.sbmu.ac.ir/article-1-1343-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

OHSon 5 s dpdye [ loonds ((Su3d slo S b))

94

53 g0 03l b yie e 22 a8 g e Lo D cuslis
15 Gaw ay gl 5o e 285 8 lated cly 35 50
L ldiges 5l s lopmSe s &yl> 90°C o ands
Zoom Browser jl38ls 5 g olos ygmslS phivmw SaS
i ol el jo ool slas g LB EXS.0

ST S Jols s (] Il (3100 e
ynsile 50X 50X100 sl L (St 5y 0 (53005,
JEazmd Gmp9d S g S jsls ¥ due 93 4 jeme
38 Cyygs o9 (Powershot EOS 1000D Jaws) Canon
25,5 skl oob wela ladigad 5l (o yme il 20 alols
3l 0 0,035 PEG S5 4 gans U1 cagz oas
Adobe  l3dle s SeS L Se saie) 5l iy saised
Sldes Lo 08 la> 9.0 gass Photoshop CS ME
J5dley 5l oolatwl b diged Colue s g obailiw]
S aw b oygesl ol pll 4.0.021 gass Clemex
28,5 plnil iges 52 (sl n

©98 G423 by (295 Sy 1990 §47 50 (e
o g o mhw Cund O g0 4 0pS (G420 0D sl

MDf:( Af/Ao) x 100

W Ag g Ar (00,9) g8 a0 5l el &yle MDy oS
oyl 5 w98 g3l Skl o s gl iy

g (e @ye fashes > g0 B Aled diges
SESS 5l eolital b S5, ol 1SS e o905
Sl ppeas &5 SOy cnl 4 b el pgas A3l
Fotlo 2X2 olabss gojluil b gadis ey (slodiges
Lyl asles pgad Bilp ptee Lulps 085 bl
sy Image J 1580 a5 5l og wod fygesl Glp oo oylo

Lra*b (S5, glad o ol oy pslal (3iloy

28,5 ool Wiga o gl 1S5 s by g0l s oolicil
@iz ool 3l ool b (cur 3l g (3903
(w55 b5 B (L 1) ilonl 5 Sdgan b,
5 12 laug oo 0y golds i sladiges .ol bl
glee g psle axd; (LSS DMoaxs plgmadls )
i)l St (ssd b ol (55,5aS geasials (plis
5 L)l e pegas o Slresg objl 51 Sl
loobs)l 5l ab ool () 0y9e sla Sy psede
ladiga 5| ahS o 5,90 0 wols L 1 0l atulys
@ sy iy sladise g b)) a5 n 0 )l

50,5 bl winds ailsl adys ail s slysl o EMC
o0 Bgyls 1o Jeame o plol aids 2 Goe sl
el 24 5 aay 5 0 SISO sl i
oS 200 slocaSe Oygpe 4 4°C o 5l G0,m
Y 93) Y 5 Sodl slaansS o 9wl ools iy
80 calsed L (o 0¥ o g el 0¥ g0 (oLl b
4t ey VB oo S 50 5l a8 ad ool 1B (g9 50e
R T L JUXCITCRRIOH TS SRRV
b el (ldT 200A Jow) Henkelman  soaces
©S5 4°C los o b iles] plil ploy b ladiges
PRV
15 e SIS 135l WPC oS el (53 &y p3¥

Ol SIEMC Cusb) 5 Seas (052 polie ad Jame
WD S GlB iy pgea¥ge 0 LSS (e
EMC )5 05290 (pdigy Hlode ol jen 4y 2l 5 S
S Jpame oS 5 55 pes SIS K

oSy (10) 25 Ghey @ 207 Il Wgygesl
Oselits gy 4 S (12) Jlls'sSee iy, 4 pl
29SS gy 4 Sad osle (13) S egenilsy
S S )5S 50 il Gy, 4 S (14) ol
H18314 Jow Jluows e pH 3l eolixul L pH 4 (15)
IS5 a5 olend slaggesl wad s pSejluil (16)
Wl ploel d5ge o (gl

Sl oy 5ol el g T (90T
ol sl 23,5 ool 2l lbsy T (il ol
QTS25, CNS ) céb iomiw olfiws 51 (ygej]
35 b8 L slalginl ooy g (ol FARANEL
S cele S e cldiges v solinul e Lus
15x15X15 ek jo wad gz Jbu 5l bl
D8 S 18 e gles o g wiad ools i (6 e slee
A el adds o e e 100 oy Sgi5 Cacymn
3,50 sl Sy diad 00,88 adgl elas )| 080 b laasges
Stz { hardness) s sy Sjle )y
<ol 4 ( cohesiveness) Xiwgw « ( adhesiveness)
Lges ;o sy )15z b oyge;] ( Springiness) el )|
235 plos

o0 3ol (b9 51 sd Sl e (sl 193 (3951
G250 6ygls S 4 ( Schreiber test) o o g0

Lot 5l sladyg ozl o (17 A8) i oolan] pgas


http://nsft.sbmu.ac.ir/article-1-1343-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

95

1392 ol 2 o lasd it Jlo el i qulio 5 4355 pole e

Sy Kigy gy p (pROI0D) wt a5 sy (9
ok Sl o EMC cos iul31 L aS” s oo L pH
WPC zlaws ]380 Lol ol als pH lade 5l ol
L85 g0 ,a (p<0/05) ol ools a3l 1) Jgaxs PH
Jyaze S (e jlodine (Al con (o) 2 390
FuSB sk op i oS (gy5k 4 (p<0/05) was
Toba Sl )3 1) )eS6 5o p0 oS 35 (Glaiged 4 gy je
b Cos Jpame Ses g )z wusb, polie coils
@l &b »icdl Jlgn b Shy » Lydite I
b men 9 EMC 31 uilylg 3BT 51 ool caws @
2 Jga> 0 a5 b lea (p<0/05) i ools  auseis
tamlio Lol ol ol oz BB job @ | Joams
Sz zolaw sl sladigas yle M Laid by Sikeo
50 (p<0/05) o, pdlel jlo gima I, ;51 cpl iSTas o
a5 J 10 0,5 oyl Jpame (Siwgm lade jo lo sxe
ol aalidlh 1) Swsm Slade g o g jsb 4y WPC
O o3l b Jyame ol ol lade (p<0/05)

obals lp Gioww Lals ol ganas Jdolay g,
Loyl 5 wwds mlidl Gl g 09 OlSh SLlS o
ladigai aidaly Gome Ol Aged 50 8 [ 0 diulss
e lagl g cd s B b)) kasl jo (05 15 LaSe
o)) oS5, porbs Bl 511, ol ety aigei 8 ad 4o

W s IS G 5 28 ol

gl 3,3 EMC (iaghy cnl 5o 1sylel Julo g 4 325
) g 3 s WRC 5 (pes S 130865 215 )
ooz LS an o Jsesd 5o ((Jsesp US 039135 115
ol SlS b ol ol gl 5 s 51 2 e
LT s 5 )18 g)lal gasl 0590 JhyeiSs il L
& bl Minitab 16.1 1581 5 (KaS 4y 48,15y el s
%95 Okl o jo SSlo Qy’)‘] b b puSilo (gdnlin
ool .5 alol MSTAT-CL.42 53l 5SS &y
T (el 9031 9 Sigma stat 3.5 ,l58ls 5 |
o plol (cdl plSoc

badl e

5UT 51 ol s © o1 bnoid (s FHg 50 L yuiiio i1
Szl sloosls sl Sl samlio 5 il
‘J5A> u.)‘ d,Jo w‘ ol 43|)| l Jﬁ‘b )b @LM

e o sxe ialS o WPC 4 EMC (e i3l

(Sl lone 1) (sl 5oty sladigas (oloand slo Sy » WPC 5 EMC calisn gl 128l 1 Jgutr

S Ses Cagb,

[ 9

(2es9) (2o 9) (2es9) PH (2o 9) (o) VPG EMC e
4/22 +0/01° 1/42 +0/042 51/92 +0/07* 5/91 +0/01°  21/61 +0/38% 22/24 +0/01? 0 0 1
4/31 +0/01¢ 1/21 +0/082 51/46 +0/012 5/92+0/01°  21/39 +0/38* 21/43 +0/01° 1/5 0 2
4/41 +0/01° 1/32 +0/07?2 51/86+0/14% 5/95+0/01*  21/75+0/29* 20/68 +0/02° 3 0 3
4/24 +0/01° 1/32 +0/122 51/78 +0/14* 5/80 +0/03¢  21/40 +0/48* 21/90 +0/01° 0 2/5 4
4/37 +0/02° 1/37 +0/012 51/66 +0/072 5/82 +0/02¢  22/34 +0/36*  21/12 +0/02° 1/5 2/5 5
4/47 +0/032 1/40 +0/142 51/89 +0/152 5/85 £0/02°  20/91 £1/07* 20/34 +0/01" 3 2/5 6
4/30 +0/01¢ 1/32 +0/142 51/41 +0/022 5/67+0/01f 21/18 +0/41* 21/64 +0/01° 0 5 7
4/41 +0/01° 1/29 +0/092 51/88 +0/07* 5/70 £0/01°  21/47 +0/51*  20/80+0/01° 1/5 5 8
4/50 +0/012 1/30 +0/092 51/71 +0/102 5/71 +0/02¢  21/64 +0/30*  20/06+0/01 3 9

(020105 gehans o 5Sils g03T) W)l 000 b (5o dime Sglis (5 kel Blod 1 S e By sl slocaaS


http://nsft.sbmu.ac.ir/article-1-1343-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

OWSed 5 s dudye [ lond (38 b S b))

96

sls ylas jmals WPC mhaw (il33l Loy Liwl33l EMC
Jyame saul, 6l xe 56 WPC laie (p<0/05)
(p<0/05) ols s4upo I, Jgpame sazl, EMC Ll wuslas
skl 250 EMC 205 (g5l sladigas o5 55k 4
GIBIL ol ot 8L plSotiul s S S | 4zl
S Ll cow WPC Ll cily ials EMC gl
9 W15 zolaw cpo yo talidl ool (p<0/05) st Jgamme
Sy o gixe EMC 51 oYL slans j9a> 3 o9 4 5 %3
<8l Gl EMC oo b 5 Jyame (IS Andy

26,5 | 3WPC (5 3 cos Ll (p<0/05)

Sladiges 623095 (e I pM9d » ik
GialS gWPC mhaws (il 381 L ooyl o, 90 sodis s
J9a>)(p<0/05) il jzals s,lo gxe ;g EMC mlans
(2

ST ol bl fome G Sy 2 e i
ool 3Jgaz ;0 e 9051 sloosls 4 gy uil)lg
s3> b ol glopn pab sl @bs Sl .ol
Sl sine Solas ax 31 (p<0/05) sl 3l EMC
2 WPC s (5155 Sy ol 15 5 25 #olaw olee
gl 1B S5, el 0g 556 o el Bpd Ol

(eSloo lne Slyou) (50l iy slaigas L slo T polia » WPC 5 EMC cilisee ohan 15l 2 Jgu2r

Srlogd o) el L) Sz S WG EMC  ous

P

(se50) (o) (-) (4t o5) (o¥ss)

111 +0/8° 441 +0/07°  0/55 +0/01% 0/33 +0/03> 18552+0/13° 0 0 1
106 +1/1° 437 +0/04°  0/58 +0/02® 0/32 +0/01% 2804 +0/21° 1/ 0 2
102 +1/5° 4/33 +0/02° 0/60 +0/01° 0/31 +0/04° 3296 +0/14* 3 0 3
117 +0/9° 4/37 40/05*  0/54 £0/01° 0/35 +0/01% 17714019 0 2/5 4
109 + 1/3% 4/35 40/03°  0/57 +0/01 0/34 +0/03* 26/08+0/19°  1/5 2/5 5
107 #1/4°f 4/31 +0/03' 0/59 0/01° 0/32 +0/02° 2802 +0/15° 3 2/5 6
124 +1/2° 434 +0/03%  0/52 +0/02° 0/36 +0/01 16/39+0/23° 0 5 7
117 +0/9™ 4/33+0/07°  0/55 +0/00% 0/35 +0/00% 23/39:0/09°  1/5 5 8
114 +1/3° 429 +0/04" 056 +0/01% 0/34 +0/01%* 2378 10214 3 5 9

(0=0/05 ghaw 4o o5Sils (yg03T) w5 300G b (5 ks ima gl (g,lel Bloxd 51 5 o g > (sl (slaceS

(eSleo Fleme Slyond) (S0dlis 2ty sladigas (o slo Ty » WPC 5 EMC Galiis b 123k .3 Jgur

S ekl S al, ) b WPC  EMC s
3/11 £0/14°  4J05 +0/12°  3/48 +0/14°  3/54 +0/07® 3/05 +0/12° 0 1
3/22 +0/16°  4/84 +0/07° 3/44 +0/07° 3/20+0/16°¢% 2/71 +0/09° 1/5 0 2
3/14 +0/21°  4/66 +0/082 3/45 +0/09°  2/95 + 0/10° 2/59 +0/12° 3 0 3
4/21 +0/28*  3/650/19%  3/96 +0/07**  3/71 +0/12° 4121 +0/14%* 0 2/5 4
4129 +0/28*  4/44 +0/07%  4/05 +0/07°  3/35 +0/07" 4/04 +0/21% 1/5 2/5 5
4/34 +0/15*  4/73 £0/09°  3/97 +0/08®  3/12 +0/14% 3/96 +0/18° 3 2/5 6
4/30 £0/11*  4/39+ 0/26" 3/79 £0/14°  3/78 + 0/09° 4/53 +0/10° 0 5 7
4/31 +0/14*  3/96 +0/18° 3/75£0/07°  3/61 £0/15%® 4/44 +0/21% 1/5 5 8
4/30 +0/14*  4/11 0/14*  3/80 £0/11°  3/40 +0/17* 4/ 40+0/19* 3 5 9

(00105 ghaw 4o 5Sils (yg03T) 95,15 00 b (o ks e caglis (5Ll Blow) 51 5 o By (sl (slacasS


http://nsft.sbmu.ac.ir/article-1-1343-fa.html

97 1392 sl 2 oyleis et Jlo oyl 013 mlio g 4335 pole dloe

RN W 4_§|)| C.)L.u rg’) ‘SLQ‘_’GDLM ¥ Lb,..;...n ).yl

L gl ol @l (o sl (Fnrnd (39051

PR g e slpools o (S (0 )b S

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

(p<0/05) o4 (il plSoinsl 9 )

I, b* Jlais EMC (p<0/05) o L* el ) yl5ee LiealS
ol il ) amasls ool olj—e WPC Lol ¢ tal s
a* jialS eeelb WPC ¢ il 8l o EMC (p<0/05)

(p<0/05) s Jool> soudss

(cnSilen s Slond) (s0alis oy (slaisai jo 5 (slaaslis polie » WPC 5 EMC cilises pobans s 4 Jguzr

a* b L* WPC EMC Jsers
-7134+0/11%  27/30+0/26"  81/25+0/51" 0 0 1
-7/10£0/19¢  28/15 +0/31®  79/76+0/43% 15 0 2
-6/80£0/21°  28/49+0/36°  78/96+0/40° 3 0 3
-TIA4+0/17%  26/64+0/12°%  81/97+0/38% 0 2/5 4
-7121+0/18%  27/60+0/18"  80/62+0/47* 15 2/5 5
-6/9140/23°  28/16+0/34%  79/87+0/22% 3 2/5 6
-7/59+0/18%  25/81+0/29°  83/18+0/67° 0 5 7
-7137+0/34%  27/09+0/35"  81/67+0/21" 15 5 8
-7007+0/167  27/91+0/24%  80/82+0/33% 3 5 9

(00105 grhaws 4o oSk yg03) 05,105 ;30080 b (ol e gl (5 5lel Ll 5| S i B9 > (slyls slo caeS

Force (N)

L

Time (s)

(Lofly @ elows )l codils 5 AofAL 1 Sswg Az Soine H i) o oy lp TPA 9031 loj g Sl pais 69311 S0


http://nsft.sbmu.ac.ir/article-1-1343-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

OHSon 5 s dpdye [ loonds ((Su3d slo S b))

98

53 slaasls polie p 6,5 EMC pa> a5 o,
ol a5 s ay WPC Ly Ll s ol ansles o
2 Opge Sel g (o7 g Jhdie ploe Sl
Olee Ay WPC g 008 5 (s00lw ylgic ay culogsls’
o=l polie 1o (6 Kaiz s (il 0929 30
Y 9 150 Ojle w4 b olewl slaglais (o digei
oy 0 (22) Larie JS5 i S 4 e slp
Lol S PH e EMC jgas U aSsyl Jol oo 0,8 53
9 99=be S35 (g p Syl el 4 5 Wb (oo
Oleo (ga8ls ey o o Plas 4y plls L
2 Ogadgel S 4 oSy g o5 052 SlaJelS
Al QM&A‘ Lg)L)._)L: 9 .L)LGJ ML{ FRVATY) o]
Sl L S lee 20lS o5 s (23) 55500
Ol g e 0,510 60-70°C & ,)l,> 0 o]
35750 ST Jiyeilss 05,5 o2l 5l (50 el g3l
ol S e Llam |, s SLSYLL eyl sl o
JUIE S RS P IO PN [ SO B K CEX
(24) 5,151, 555U sla oSl 55 g o] gdSLSYLS
sles o wilgi oo iy Ol lageisn Gs7 o ol @
WS B ose Jlail Laussls L g 5005 L YL
G55 ol jo Ll ool o ol 8l sadss o alSocil
oatine 2 Jgaz 0 sacd 4]l slaosls 5l as ol Lo
20 S eSSBS mlaw 45 cons WPC 43 s cens!
Jlo jo Dees el ools lis Jgame b asew o8l
Sl Gdoe b0, S 5T 1 cealise (gases 2002
Sz Gl e 12 o> SIWPC ol iolil cosls
WPC YU ol jo 105 .0b dalgse ovw ol o
Sl 555 mlanl oo Gl Jgame 595V Gl
4SS (659l ity n ged g S 5 5l lgi e
oo 0,650 o 5,51 80°C ol ald O ol
(25) caliS walgss oo p
0l le ¥ G 5l Cl Sle (S
YL R0 Sle s 00,95 e o les i 5113
gl 5 1 gl o (S glogys » ade sl
Lol 51(22) axs wles o oy T L 138 a5 (olge ol

-—xy e

GBI b Jpame nign Hlade elS L aka, jo
FoS Al az g b S o0 WPC 5 EMC s
2l ol 0 3s2ge (Bgn laie olea 4 EMC
o5k Gmed 5 oad ol iy JLEle )0 o Slis;lS
L awslic ;o (%35) WPC 1o 84390 jaS (puiligp jlaie
0sds S s (H90) SIS 50 s9250 aig Gl
Jl ,o Kaminaredes G.iss ;0 0g gwiies B
3 o Lay b Jol amis al sSe 2000
50 b oo o35l S onle 1o eiis s %66 L WPC
s Oge¥sed 50 feS (tign lptme b LSk
(19) ws g

(s2ab LS (512 559>) EMC ¢l PH & ez 55 L
oo s PH e e (ol e il 5 o
EMC 3l oolaiul (1388) (s g0 iz ,0 a8 Lials
1o 3,55 oo s, iz PH e 59 (55 Jiio
I a e Olee 5 09’ slacSel (58 b b g9o5e ()
2(20) ot plyie Jgame (ygagayd 5 EMC wid,
30 =S Limli8l o 9 09 6/8 sga> pH WPC s 90
SLaslS PH ey glis 3929 by s Jgamo PH s
L Jyame 5 PH l38 ol5e (618) WPC  (612)
ploul o les oo 1y aze ol Jdo cnl o0g 0L
i 0l Oyl a8 ol i dliie (l g 0 Dl STy
aslys YU sles ,o 555V 51 JT slaanl o o1 &
Jo—ame PH Lrals cely colyd 1o onuay cpl icanl 0als
|, WPC 5> 51 b PH _isls8l oga> L5 oS ons
OhbSen 5 pXladlie (pplidn jobo a0 oo e
%40 109381 a5 w55,5 canlice 395 idgh 4o 55 (1996)
Oliee 4 b pdy e g oy (y9en¥g0 2 WWPC
(21) ols zol3811, ol Jgame pH O3

4 S cesls o9 >g S W56 EMC jbslw o
(b 0b Joamme Gaea¥ge B 0 SLHl (030l
s9=a> L Joame LS e oS Concs SUatl 1 g0
Slyime Jds a5 WPC 45>y ily 8 EMC
(%316 Jolia ,o %7/B) wlisls au cos SV S
g )3 ol Gl Il Je—ame Sl de
Camn 6y S5 LulS . (2000) Kaminaredes
s 4 Jomamme SnS a0 .cils WPC a4
S8l halS (g n 0 LS L Ll sy ol 3l
(19)

2 O9rge Sad g 2y g jlade aSiul 4 g
o=t Ol 31 0T L sliie 5 i a5, i W EMC


http://nsft.sbmu.ac.ir/article-1-1343-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

99

1392 ol 2 o lasd it Jlo el i qulio 5 4355 pole e

Sadiosd Gl A e a8 wal Ssrs 4 hens
ol g (g0 A5 Ogy 1yl e (AT Lol Ll Jgaze
wslhs 5 oleS el EMC U5 gl 5 ofys 4
S0 8 Sy edelys 55 g0 > 4 iy g cdlas
his Ko slcend ;o Ll woass ©gd 055 4 bbowend
WPC 5B g0l 13,95 o0 i 4 aiile UGS sloogs
Gl Gk 5l ol Glacetisn par caS s
GBI L 5 ol Ly Sus b sy wLlal
ORIB Jypame (5w (2890 m 0o Slo S e 2
s ymals 1) ogd cobl as cl dhie caies e
Srdogd ax 51 o5 5055 2007 Jle s Solowiej
s3a b ol 6535 sl Sl ey e
(6) ol Jgud B o jeim Ll ws,S oy ials WPC
5% B 5 piesd b el b LB e
oseVses U5 UL aie 4y Lais WPC a5 g oy
D a8, )15 4 Jgaze

ol e a8 canl gt cudlis 5 glisg, Joles L*
100 5 i Jolao yao .ol e 100 G oo o0
SlaS 5 Sy @ azg bocwl jg JlS GulSl bl
dpdcr ml oad S @l Coms euyn 99
25 4 blo auis EMC 0,5 b ols )5 oo lis;ls)
Sl mals (casl SLSS 51 o a5 WPC ¢ i,
@ Olgee 1) WPC (ol gadis oy o LY a3ls
wlos 3 ke Sy ploxl g WPC 0 9290 5925
sload o 1STy) cudls bgye pioanls oYU
a e a5 ooty siel 09,5 5 555V Jre eaniSL
(0500 Jpame Ky o losed

o=l e polie 90,5 S5, Joleo b ciin polie
e sl b asls el T K5, Jole oS
s Jlos gailss a8 o sualie cote yolie b b Jge 8
A bgipe 0,5 ) ) Cnladined Gaen )5 95 K, 45
b S (S Jpazma )3 39290 (GoaliS p sosle
s5=a (g g ol aeli oy gladiges Lo (e @
995,08 ;0S5 0,5 alete (K5 (o) p 3)9e Jelse
2 By 9 e b Slo ity LS NS
o Jame )39); S5, a5 (i el LEMC &g
03,5 S (b sl a4 gulE iy calid il
ools olidl ) el s gladiged 50,; WPC L.l
el

Ol il sga el B* polde aiile 8% ddlfe polie
A el e U 30,8 51 S5y Ol s (goaims ylid esls
e polde g 50,8 S, Sibled Cuie polie o (5 sk

5 8,56 Lol Jele (2001) Bachman s 3.l oS
€8 3 e Gull i (Shwsn 9 (Sher Oliee
EMC [0 89390 o2y &5 <8 g wls (1) cul o)
ol el el o s &dly e aS
9 (S Sl 009 6.:.,193 = ;M Lgo.).;.ﬁé&‘}ﬂ
sy Shimz ol 4 e (2010) i e
S 1y o e g 05,5 o LA EMC o380 51 o (shasls
ailasily glals o b awslas ;0 EMC (oYL (pusig
oS e S 5 onl 9z WPC (185 o), (26)
odd (Gl iy (e (lPl y (S n aSD 35
Iy ol oy Cdl Sz a5 04 aalys b ol
RERALY
Sar e 500 Ol a4 le o |y Jpaze 50,5
(22) el (inSls 5l S abiged JSii s sl p3Y
e 9 S jlade hals 51 (S slasigy
e ad L3l S EMC jeas b 5l s cnSs
Sy Oliee Gl s WPC 0 1355 0 bogy yo
o=l Llce ol oo goulis i calizre gladiges
L il s SYLal 5l 5 0 b 5| WPC oS e
D se Glidl ) (A3 gladisy @08 55

ssls a5 ol aJgl gLl 5l Sl el colils
5 o5 (22) 08 oo k1) T oy b 5o (22
e Cdz glil oy glaasul ol e aiis
7 LS SLEl o) oty Cungd 0z sloeg S
oS (S Ll ey 000 oo i3l e 0n
oo (1) des oo Jpame 4 olow )| cubld a5 095 0
Gtz (0wl 0als Jgmame elow )| e bl el s
U yao ] WPC alaw iol38l b 55 (2000) Kaminaredes
el LmalS Aol GLulS ol 50 %39/25
g a0l Comnd (1255l e S 4y 1) 31 el ladons
FEE SW-CS LI B E BN LR TP L SR VSL S o
(19) el WPC |

©oog JSis 0 s Sld ollg 4 Cgd ol
(17) s)ls oylal &)l> 51 0 o lesh § diwgn olie
Gt gl iy (s pduosd collB Cavalier a8 b
5 oS S YL e ey L YL PH ay ans
s Gl31L(27) col oz S3lopisemdsel o5 G5


http://nsft.sbmu.ac.ir/article-1-1343-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

OWSed 5 s dudye [ lond (38 b S b))

100

4iF B el ite 90 ol (Sly S goims lis
Sl 113 4 W15 51 WPC mlaws o33l a8 0
el ol a g 0.0, 50 obnl cél plSil lade o
Gk I WL WPC (VL polis jga a4z ST 25 Gl o
Js—aze (5 53 BLE L gondlpmss oLl 6] 3
ilams 4 WPC 5 (ial5dl ol Lal cms l3l
ol i S Wl e il S
odge = Jymazme ;0 ) (Suieslidl 5 (SauS gandsal
G 4y (5 WPC (oYL oolie jo ol o jls
S o S S ol ogdle el 4Bl 3Bl 6 ieS
32 Sl oo eyplo 4 pb ol lacnsyy Comlas
(25) o)l Lzals & boles 5655 YU polie jga>

Saged & S Glpglo (IS ulant Sl (S 200
(Jomaze (09 dou> dn g Lol (o) 3550
S )5 0 5 oo E309e Osld 03 50 o (IS b dy
Olilaal s w45 aeo co Lis gl gy Sl
4t EMC Sglite ol (55l sladiges )0 (AT ndy
] diges K5y (6390 U g pabs Oliliial s 059, 4
Lol g i azsl o oo S5 4 (s om0
ol ad)S I o (S Bl cde 4 sl sl o
5, 5l WPC oS LT 51l 0591 Jgame 5, 5 pabo
SLESh ol EalsT ) Jsmame pab jliel (S5 5k 4
Ngy rl bl wss 2al8 55 ) Joame (IS o pdy <850
= WPC S ix 505 (Saw gy g ol camline
o S 5 ey el 55wl a5 el 2l plSo
oW

%5 59205 ola s e (5 ko ime Sglds (Egazma y
gl Lol (bl 9529 (o sla S5 (25,1 50 EMC
5o ool o eil plSovul el o U5
213 il (gsllacl g S piSy pe JSS ) pdiogd
%3 5 UL/5 Folams oo (5 lo sime Siglis 35 WPC 5,40 50
Sl b Lalooczs samlie 8l sla g b)) o
500 g890 b g 5,y cangllae 51%3 4 W1/5 51 T e
Srdyogd g SOl (o ah ALl Jpame (pwx oly>
oolol slalie yo oolaiwl gl Lo puy ais8 (] canlio
PR 985, g Sl sl 590 S oz g i (ozen
PS50 s T 2l Gy 5o Jpame (o Slio
3 obrebl sl a8 353 e Sleiiiy (nlply o
@l 9 (Bl (o> Gl Ty b Jyazme 4 (Sl
oS5 b ool i Gee¥ae b (ludinge ogllan
05l plonil gy 2 9 )90 Jlse

Sy Gl B e EMC ol ol o S, Sk
O WPC 5o auli 8L Ll conds (guudds puty 4o juw
ROWRPCE R INT TR PR [OUPSW FrNC T FEU I

) EMC (o5l ulis gloyoy pabo (o (50
Ol 1y (ol Ll cabiols oz )5 (glatasde JoB8 j9 b
G55 Jole ol 65 s %205 slass (5l (slmasiges
g Noronha slea sl L sl o a s ulais S5
orb g o> EMC jlesliul ;0 (2008) Lo
LEMC ;| ;6500 gubizs ;o ardl.cwl Sglbl s a ols
238,85 05 solizl 550 i gsla
Slatide 15 j5b &1y b Lol aidlys EMC a2 5]
i slodigad flee Wiogs ol Lol ;) Lol cams 58l
Wgb BB 5led s, alide ol L EMC (g5l
eyl Lal o 55U o ol 2y e 2 WPC (B)
9 e asllbae ;5 pdoy Ao sy iy sl
Ly e a0 WPC 04581 a5 sls Lis (1996) ), Ken
b Jyae (cw plpS 103 5 b Sp cge
20 gl o wilgs oo (ablise (e ol (21) el
IS @ ety ol elo iy glie sl b WPC s
SOl Shegsy 99l o a8,

Slodised o b3l 5 00l S K slel ol
Gk 31 S5, o @l b (o 3550 i 93 5ol
O SV (Kot 8 000 Slssten pgai (A3l
(0/96) L* Lol § (e ) o S5y il
Vo (Shrod o izt Sl 3050 00l 2 505
(-0/90)a% aslss 5 (g o)l )0 S5 o wsSae 5
cools 9929 (-0/88)b* iz 4

olaz (h'5) EMC oVl gshaw 5ol slo ity v,
ol s Laobaj )l g otd @8l (s gl iy 9550
30 850,5 aogi (ol lpald lse Cod | adiges
Glasls iy slos, 12010 Jls 45 oo 5 (e (stalllas
e85 )18 EMC Jlaie psls coss i b o
Yo zobw 1) Jymame sloeg,l J555 cdle Lbims
EMC (oYL 5l 51 (20 obsS 0oy oy (slaond
B sl azgie Lol ;) e o cpl 5o (26) sl
clize polie gyl sladises axl) jo glaka>dle
ass WPC

gl GRIBIL ol oy 2L plSovinl als” Lo
A Eon S oS el Jgame ;0 e gel Cinnas EMC
O35l @S b (e 093] 5l 0ad oS @l s
yle cillas il (6T oslul mwadl olKiws L 4S8l
o (088) (ogmas (1l )0 oud 051, (Kior


http://nsft.sbmu.ac.ir/article-1-1343-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

101

1392 il 2 o lasd it Jlo el e qulio 5 4385 pole e

10.

11.

12.

13.

14.

References

Bachmann HP. Cheese analogues: a review. Int
Dairy J 2001; 11: 505-15.

Ennis  MP, Mulvihill  DM. Compositional
characteristics of rennet caseins and hydration
characteristics of the caseins in a model system as
indicators performance in Mozzarella cheese
analogue manufacture. Food Hydrocoll 1999; 13:
325-37.

Guinee TP, Caric A, Kalab M. Pasteurized processe
cheese and substitute/imitation cheese products. In:
Fox PF, editor. Cheese chemistry, physics and
microbiology. 3th ed. vol 2.  Massachusetts:
Elsevier Academic Press; 2004: p. 379-85.
O’Riordan ED, Duggan E, O’Sullivan M, Noronha
N. Production of analogue cheeses. In: Tamime AY,
editor. Process cheese and analogues. West Sussex:
Wily-Blackwell; 2011: p. 219-39.

Meza BE, Verdini RA, Rubiolo AC. Effect of
freezing on the viscoelastic behaviour of whey
protein concentrate suspensions. Food Hydrocoll
2010; 24: 414-23.

Solowiej B. effect of pH on rheological properties
and meltability of processed cheese analogs with
whey products. Pol J Food Nutr Sci 2007; 57: 125-
8.

Mleko S, Foegeding EA. Incorporation of
polymerized whey proteins into processed cheese.
Milchwissenschaft 2001; 56: 612-15.

Noronha N, Cronin DA, O’Riordan ED, O’Sullivan
M. Flavouring of imitation cheese with enzyme
modified cheeses (EMCs): Sensory impact and
measurement of aroma active short chain fatty acids
(SCFAs). Food Chem 2008a; 106: 905-13.
Kilcawley KN, Wilkinson MG, Fox PF. A novel
two stage process for the production of enzyme
modified cheese. Food Res Int 2006; 39: 619-27.
Noronha N, Cronin DA, O’Riordan ED, O’Sullivan
M. Flavouring reduced fat high fibre cheese
products with enzyme modified cheeses (EMCs).
Food Chemistry 2008b; 110: 973-8.

Institute of Standards and Industrial Research of
Iran. determination of the fat content of cheese and
processed cheese. ISIRI no 760. 1rd revision.
Karaj: ISIRI; 1968 [in Persian].

Institute of Standards and Industrial Research of
Iran. Determination of the protein content of
processed cheese. ISIRI no 1811. Ord revision.
Karaj: ISIRI; 1998 [in Persian].

Institute of Standards and Industrial Research of
Iran, Cheese and processed cheese products-
determination of chloride content - potentiometric
titration method. ISIRI no 3692. 1rd revision, Karaj:
ISIRI; 2007 [in Persian].

Institute of Standards and Industrial Research of
Iran, Cheese and processed cheese— determination
of total solids content (Reference method) Test

method. ISIRI no 1753. 1rd revision. Karaj: ISIRI;
2002 [in Persian].

15. Institute of Standards and Industrial Research of
Iran. Determination of the ash content of processed
cheese. ISIRI no 1755. Ord revision, Karaj: ISIRI;
1977 [in Persian].

16. Institute of Standards and Industrial Research of
Iran. Milk and milk products-determination of
titrable acidity and value pH-Test method. ISIRI no
2852. 1rd revision, Karaj: ISIRI; 2006 [in Persian].

17. Hajimohamadi Farimani R. Pizza processed cheese
formulation[dissertation].  Mashhad:  Ferdowsi
University of Mashhad, M.C. Faculty of Food
Science and Technology; 2008 [in Persian].

18.Wang HH, Sun DW. Melting characteristics of
cheese: analysis of effects of cooking conditions
using computer vision technology. J Food Engin
2002; 51: 305-10.

19. Kaminarides S, Stachtiaris S. Production of
processed cheese using; kasseri cheese and
processed cheese analogues incorporating whey
protein concentrate and soybean oil. Int J Dairy
Tech 2000; 53: 69-74.

20.Sabouri S. Optimization of processed cheese
formulation using enzyme modified cheese
[dissertation]. Mashhad: Ferdowsi University of
Mashhad, M.C. Faculty of Food Science and
Technology; 2009 [in Persian].

21. Abd-El-Salam MH, Al-Khamy AF, El-Garawany
GA, Hamed A, Khader A. Composition and
rheological properties of processed cheese spread as
affected by the level of added whey protein
concentrates and emulsifying salt. Egypt Dairy Sci
1996; 24: 309-22.

22.Gunasekaran S, Mehmet AKM, editors. Cheese
rheology and texture. 2nd ed. Boca Raton, FL: CRC
Press; 2003. p. 299-329.

23.Fachin L, Viotto WH. Effect of pH and heat
treatment of cheese whey on solubility and
emulsifying properties of whey protein concentrate
produced by ultrafiltration. Int Dairy J 2004; 15:
325-32.

24.Wong DWS, Camirand WM, Pavlath AE.
Structures and functionalities of milk proteins. Crit
Rev Food Sci Nutrit 1996; 36: 807- 44.

25. Dees AL. Effect of various ingredients on a model
process cheese system [dissertation]. Raleigh: North
Carolina State University, M.C. Faculty of Food
Science; 2002.

26. Miri MA, Habibi Najafi MB. The effect of adding
enzyme-modified cheese on sensory and texture
properties of low- and high-fat cream cheeses. Int J
Dairy Tech 2010; 64: 92-8.

27. Cavalier-Salou C, Cheftel JC. Emulsifying salts
influence on characteristics of cheese analogs from
calcium caseinate. J Food Sci 1991; 56: 1542-7


http://nsft.sbmu.ac.ir/article-1-1343-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

Iranian Journal of Nutrition Sciences & Food Technology 102
Vol. 8, No. 2, Summer 2013

Assessment of physico-chemical and sensory properties of imitation cheese containing whey
protein concentrate and enzyme-modified Lighvan cheese

Hosseini M*', Habibi Najafi MB, Mohebbi M?

1-*Corresponding author:M.Sc. in Food Science & Technology, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran,
Email: marziehossini@yahoo.com

2- Prof, Dept. of Food Science and Technology, Faculty of Agriculture, Ferdowsi University of Mashhad

3- Associate professor, Dept. of Food Science and Technology, Faculty of Agriculture, Ferdowsi University of Mashhad

Received 12 Jun, 2012 Accepted 14 Oct, 2012

Background and objective: Imitation cheeses are cheese-like products produced by blending individual
ingredients, such as fat, protein, water and edible acids, with a mixture of emulsifying salts. The main
protein sources in dairy-based imitation cheeses are rennet casein or sodium and calcium caseinates.
Rennet casein is usually preferred to the other protein sources due to its functional properties and desirable
flavor. However, in the present study sodium caseinate was employed as the protein source because of its
higher availability and lower price in Iran. Also, whey protein concentrate (WPC) and enzyme-modified
Lighvan cheese (EMC) were used to improve functional and sensory characteristics of the imitation
cheese produced.

Materials and methods: Imitation cheeses were formulated with three levels of WPC (0, 1.5 and 3%) and
of EMC (0, 2.5 and 5%). Meltability and color parameters were assessed using the image processing
technique. Other textural specifications, including hardness, adhesiveness, cohesiveness and springiness,
were measured using a texture analyzer. Chemical analyses and sensory evaluation were done using the
comon methods and the 5-point hedonic scale, respectively.

Results: The data showed that all the textural specifications were influenced by WPC and EMC (p<0.05).
In addition, based on the results of chemical analyses, increases in both variables affected significantly the
protein and ash contents, as well as the pH of all the immitation cheese samples (p<0.05); however, no
significant difference was observed as regards fat, salt and moisture contents. Also, the effect of both
variables on the color parameters were found to be statistically significant (p<0.05). Finally, no statistical
difference was observed between the overall acceptability of samples containing 2.5% or 5% EMC as
judged by the sensory evaluation panel members.

Conclusions: On the whole, results of the present study indicate that the physico-chemical and sensory
characteristics of immitation cheese can be changed significantly by whey protein concentrate and
enzyme-modified Lighvan cheese, the magnitudes of changes being a function of the amounts used.

Keywords: Enzyme-modified Lighvan Cheese, Immitation Cheese, Physico-chemical Properties, Sensory
Properties, Whey Protein Concentrate
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