[ Downloaded from nsft.sbmu.ac.ir on 2026-02-17 |

olnl 2188 glvo g 4045 pole aloxo
AD-AF olxiuo AVAA il ¥ 0 ko a0l Jbw

godoml al p Semdgol J5 5l eoliiwl b oy o5 55985518 g (2055l 9 adgd

Tr o 59
Tosly olhab ands Fooly > S8 o le < ot g Liges

Ol eoleial (leiol taio olSails (g5,slaS suSiails ( plié mlio 5 pole 05,5 « olié mlio ab )l w15 -
shekarchizadeh@cc.iut.ac.ir : Sig xS oy 0yl ) olodol ladiol o olKiils «(g5,5Las 0aSiails « olié mlio 5 psle 05,5 JLoliwl : st odiunsi =
Sl eoleiol (lebol aio oSl (53,5laS suSals (olié mlio 5 pole 05,5 JLalial =Y

AVIBIVA = o pdy g, AVIVIA :c8b s 7,6

° .

Qi [ o> Bl 098 s0 000 Do 4y BAUS B rae o 0 SeS gy el sblad sl eslaiul 4y Liled 059 S0 g dislw

u‘}[yam L ‘SaLJ.M.h) 6‘,1 oz u.:)iab u‘}A.C L Lg‘m))a.mfj &9“"’ uL;.S]J U"‘)"L“’ Od)f‘sa ‘Sxﬁl.‘a.nl.a 60;14.9 9 = Uol? Ql?q“
u\.wl.i‘sn @M}c‘ J))‘ obw‘bwww)o (bﬁ}‘a.c S u,».tbls a,@l}k}dﬁﬁ)‘ Bad .l ol k.':jJM U)Dpsu’_lLJ&

@ 7 G Ol Sl sl glgel S a g gl 5 @in Guse 065, 5l esliil b onds wlg Sgedgal 5 HBghg g g
Ol a5 Jol> 0z 05 g Sl T 5 08 7 (Rl FH9ES18 Gemge Ggee¥se 8 50 doy0 Ve 5 00 o (e
235 )8 2byyl 9yse s o S 5 2 65l Cud b iy il (s ¢ S, o 8L sl Shg PH lierd SLS 5

L aS sl 4 o)l symien S50 5 O )l Cad )b PH S5 cughy semdgol S sl G S0 LS b saaidly
Bl sl SRy 9 r slr mY Gam Sy Sl oy s Bib el al WlBl S sty Gl (iRl ey I
w2z ge Somdgal J5 Senl 00,5 Iy el Jpaze bl CobB 2 4 (Ggr Sl g g (Geo (L Ol (Siwg (o)
28l Gl (59,5 D7y GhalS (5309) 8 5 (alidg)) L oo Salz duops (2al33l L 5 008 o s (5

Fgame (ol IS Gondy 2 Cedlsi 02 05 g a8 )0 Ssedsel 5 5l ealiial ol LaS b Gusges (oo (215)] 35 5 A0
Fyaze Serdgel J5 b g 45 0 (Bran 5895 095 Rl L olg oo alple les sl s losme FT GF A S rae som

Dged ddl e ol 435 g AS sl Shol oyz oS

T oo 09 ¢y ¢ 598808 g )7 25l tgwl OB 31y

Jgore jsb 4 &5 wiiwn (SVgamo 5| (o Lo mpmge

YL G yas al o a5 g 0090 o)z LY ) Ll sol>
ool )ls EAS Gpae cdles 5 ol il o]
2 g5 slooyslp ailpw Bras ouls pll glao gl
2 PSS o dgax 5l g oo Dglite il glajsiS
b azg b (0) col Sslite Jlo s o,55LS YE L Lo
(g Oge¥sed )0 ol g oz Sk Ol sea>
OO Ogedsel iy g o (b Bus (e
ol ol S e g Jlail slml g oad 03933 o)
Gl o el ool Jad sla gy dawgi 0al 05438l

Aodio ©

S aen oo SlS Sl (S s g g
aims e 5 b o |, lie SV game s olsS
CoblB Spp 4 e b9y 5 207 lgime Ll Lages
S Jo jo vpd o0 Bl (FauSs a5 g 95 Em
Glsime b o 5 e 3L olmyl el o] sals
bz ok Srae Koo )b 5l Ll oo S oo by Susb,
09> S S 65 lie RPN con Wl oo Las2s)
o ol slalosl 5 (Bs,e slag)len o Jlis a5 255
O-F) Wl vg>g


https://nsft.sbmu.ac.ir/article-1-2638-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-17 |

OB g Cutigygr igs [ 02 65 55985308 g (2L 5 W95

AF

90 SeS b ay g )0 (27 &5 (l 4 azg L
4wl e plo 4 (SonS 5 g (SuS Hgedsel (S
slaoly 5 (o Gomdoal slads Sl eslitul dwy oo Sl
S Sy & cul God (2 Rl Gl el
Ogemdgal Silad gl Semdgal 5 adl g (A
sl 03925 (28ly J3 e o) g9 cnl ol J5 oS0 5L 50
5 sy ey sl sy opdle A el (g and ole
9 Ogedsel iFu sl g wtlior pebed A5 )l Lo
5 U, wsEle Slogas wius saiS 5 ke
Slgo 8L ly> g Slas by Goedgsl Sl 5 (o
W, )55 o) Ken g Forker .(\Y) o I35 o 50 glie
CogSa 0 oS Sl a4 Serdsal S5 o098 iRl
S gLt Gz del ZAY 5 o2 AFF 2ol @ e
J59dsi b o), 5 Paradiso .(\Y) 04 oo dalss diges 4
s ol 4 gshs 0fey 9 oddsRl eleln (Geedosl
o Rl G oy @ olg oo ]y 5 cnl &5 S,
Slgid Glapas (61 g outs gLt )y sl pnd 5l (e
OF) 0,5 )18 oolal 550 ol 8lge yo
sbds g sy Ve o LSS S
b Sl Gl el cwl sl @g) I 4 (S sl
slas,loh 5 plisys  atws > oled
whoad Jsle ol sad gananlb glalis e
3955958 Sladign by 593595 D slasSge ol
Josdse S5 Vgons g wilond Jate Soues & B (V)
Gl ol e (6598598 oy kil So 4 S8
Sydse ASLLD (oo03) b Olyie 4 sludss Sl uSS
D) 09l eolaiwl oy wiSle S Glaie 4 wilgd oo g
WS oo g7 el R 1) dsnl &Sl (S
Ay b oSl ala b 59,80 5 S0 cud)b
Ol il oo Sos8 lagess JSAS g waas e ST
Sl Sy g 03,8 e 995 50 ) O g3k polie STl
oo dbml (27 4 Al plesl plas 0 oS Glasls 5 65
anlllas o o], Ken 5 EI-Nagar .(V£) 5,41 oo 0925 4y 1, oS
Bl el ey g Vb cdile an o gl S
51 ooliinl a5 Waws; 4l (pl @ oz oS Sle (S
baiges (S RIPl g (i 28l 4 e o
atie M oS (Jigo 10 33,5 sald dgel 4 S
ol 0ezg pdan] alize polie gol> slodiged pu
S8y Pls> p sy sl Gelsl 5l eslanal SHOY)
oo g Karaca Luwg o, @bt polie gol> i

o9l g WSl cu B (i 5l Jels (Sl
T itisy 0,5 Jb «Sod g blins asle lo
Sl s & oad Jor g ol Jlud lanyy Bl oe 0ad
Iy oo 00938l oy aSly wijl oo Sy 8 1) 00l 00438
s sz g wildgoe g 00,5l 10 Ggmdsel g0 4
S leiee Jlul gam aw Al o ) ead gl
B slog o gond bakaly oyl sla s 0 a5 ole
Ll s ads b oad el Conl ssel 3525 4 Bgse
e Blaal 51 So plie 4 0pzeS bsS (slaesygl
odls Hlid W gy Ll 0,8 )18 axgi 550 culisS mlio
(S A e oy 08 sga> U gy lels as el
5 955 S8k 93,1 b (S el o b plyy (S
ol el Sl (Soe 252 la (Sl b oS dge B
WS b B (Jeazme S (S S Sl
SIS e falS g pad sl osed sla STy rals
“)"'Jy @ o °)‘9“'°’ Qm b2 U)‘ )‘ ;}5“; cfﬁfi“" Ll
5 wohe sla She osbul Glp wax o2 Kl
9 Sampaio alal, ! ,0 .(F V) Slosgr g5 (slaes gl 8
Jolls oads ol aiolis (LSS fas 51 o Sen
L sz oSl ol 4 BVs atugy g sty o etig
G5l e S Gl g WS (omyp F)s8SSL8 o
St VA YANA TIVA TNIVA C W ISPV TR Uy
o S 03,508 Slogas o San o ChOI (A) ws,S
Sl 4 @p v b g 2L Gl ol oz
Ny a2 (al Ay g WOl 1B w050 |, S5 00
Samd 4D j9Semg 9 PH S (g «Cush) Oliae &5
& ess Gokoglu 4Cengiz (1) ol yias dald (saiges 4
g JofedS gime 5 (L) IS 5l Ol
bgw (9 0y5lasS 9 OLS po yod (o938 L, 15,5450 8
B e 050 oz Nl Olsre 4o Y e &
5 Bl B GiHl Olee 00 axg B rals g il
5 Caceres (V) widged ovalice |; JoypdS (sgize
@ ol e G L or Sl ez oK
Ol &5 Wy 4zl (nl 4 0z o8 Yobijle 5V 8
L oawlae ;o (VAR keal/1009) o,> oS Yob,l )5
Cdl @ e g cdl als (YY) Kkeal/100g) sals dges
o W3S deps Ve lade 4y 8Ly S 6550 Ol
e 28l 5 2dl rals aieSans o shelS L oSl

O)) ol oaslice wals diged 4 Canud


https://nsft.sbmu.ac.ir/article-1-2638-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-17 |

AY

b sigygoige o

3,0 QY eels b dsi] jos teolaiw! 8590 Slgw
Sl @r ooree G895 (OlnD el SELL eS8
Slge adS 008 )l pledel laollag s 5l Lt
ul.o.ﬂ J).n us).w )I d,..a.’;u U"‘ o oolaul 3,90 LS'L‘M“"
3,5 A

o5 o B B ¥ dluss e o, 5l e audg 5
adgi 0 eolaiwl 050 LS 5 ple ol solatwl plida
DD )l B Sl ngh &l ] g
oolaiwl 090 sld 59,
PNV 9 Er oo Of9) 05 TV Sl gol J5 ad g
sy b e O] s 0sd bglee ,%005s b oyulsn
OBy do,0 Vg al alol o 4y 0,5 Ve 4y byl 39
L Jol> byl o5 @l 55 plicadgel plpie 4 A
Joe 6500l Sigmlle) gy Swipmslydyl 5l ool
Y08 g b (ol cile ONR &S 5 FTQOV3-01003
Dal )5 ised Oygo a4 ai 8o O b YoKHZ Lul5 )5 4 &l
Jos o5 ol plam) o plar S8 L byl oo
il 420 Y0 350, (Gl & pen il WNB-14
S sl Sogul gl (b les iolidl 516 ol Laas ol F
Sz 05 e Mg 0 Jel> (Sendgal 3 0gh
OVF) w eolaul

dmlie 0)90 68 (7 (R £9 90 b g odd (o) 2
Sladiges 50lb anjeSimy a5 obs ol @it 285 )13
wiges Wl 0391 Jsons i e ydsis] 15 5 /F ool
Sls plas VL s ,all 4598y polie (sl 1A 5ol
(A

b oaee Olors @y ojgpl &5 (55)0las wluls 5l (S
Oy oo LB eslaiul o5 Lis o (STt (89, U3
@tz JB lde ol mwin g ol @i uge
TR g 09y 4751 aBloe 2oy WYV o 08,
Cools wiz sl Jy ool (LS slagés, plo s
los Ll (il iz sl SEs)le 89, cnl ol o
S3l> ezt g mly gl oy sl o ys 9 VL Gl o
E oeeling aile YU (ke (85,1 SLaS 5 5l (VL
(V) asb oo olomsT T

P ez okl Ol 4 Saedgal 5l eolil
@ azgi bcwl a8 S 18 axgl 5y50 ©yzeS DY gans
p> Jole (ool sed Olie 4 sl sladss )l
30« 2laeolse Jgo,8 j0 oims il ol 5 5 I8 oS oaums
g OF9) 9 Oalgkl b p Serdgel J5 Tl Giizd ol
oo Oy 9 e 5l (@ (IRl S lye
g S (27 (RS L Bd> s g b A @i
At g IS5 9 (S Gla Sy Sgm 9 9SS
235 513 b)) 99 (Semdgal J5 5l eslinnl L oud

0D 4l g Sadiged (gra¥ 50,3 N Jgur

(o7 o35l 1) ¥ psepo (27 35l 10 pgeslye b (L) gedyesd Slse
- 0. 0. N 4
\V/# \VI# \VI# &=

) Yy Sl oz

v " osedydl s
A A VO Sos
YIA YIA YIA o)T
\lid \lid \Vid atwlis
\iF \iF Vi Lo alg3y)
\iF Vg \Via isls
-Ivf - IvE s JOY
<IYA <IYA <IYA Jels
A A -+ b 9>
<IYA <IYA “IYA PRSP
e A o Sy
-J-Y “[oY -/eY Syl sl
<IYA <IYA “IYA Olawd



https://nsft.sbmu.ac.ir/article-1-2638-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-17 |

OB g Cutigygr igs [ 02 65 55985308 g (2L 5 W95

AN

 STM-20 pliw) il bl olfiws 5l oslizl b 3
(YY) 0l s (0]
yoisbe VITY [hd b sbadiges 1SSy (ol (5 50 )l0l
“Ggel phaw j0 (6ol ol A eiile ¥ Cwlxs
2 laaigai b’ ga" L slaasls g o plol g sla
cile ZEB000 Juo) Jyle K, (6 yeSoslul s
o ylS 3 il Slorio b olfiwd cad et (3l g
P ohyy A oy Gl asy sy Gl (g S lul
(YY) 005 awle
) dolro
Sy Sl =(d g 5l S g B35
O E 3l S g G390¥)

SV g 0905] 0l Sl iomwg JRIST ()
Slabad ol osls By yeile ) Culbs 4 o, ahate
vy 4 pgad po 50 i s 50 Sleogas Wb )l s
cadib b)) slp 1ol (I cad b (g Sl
a YIOXYID sll &y dlo 325 ankd Lz ol o)l
N8 Bysnl e d e Vo slodlg) jo 500l U Joas JSC0
OF U3 50 digad )5 1Y oo B (s 0 (g5 5 2,5
Seuis sl 4885 Ve e a0 VFe e rpm o g 0l ools I8
sy 5l iy bwg dged Garin il 0L 5l e S
o S5 ol yan 4y 3,500 slaal) 5 0 5 53 il
Cedyb ke L ,0 sS85 I8 njs 0y Touome
sl gladised I (G35 Sl woye Soge 4 Ol IS
25 Jsed b ©T IS b b so e 1005 Alore
(YY) 0 dlone
(V) aloleo

o ol3T O =gy il 5l ams g LB y59 glis/

PRERCEG I PUVERS AP

ol 6ol S cud b= Ve — o ol Gl asye (V) dolrs

Glodises oLyl Gy pmmwgw (ow> (U3)
Yeoolawd .aus )8 solatul Sbais awslie fyge)l 5l g
&)%T > b)) @l Jlo YY-YA (w00, 50 b3l
Cod s e Soe 4 solaiwl 8,50 ool ;] aials eols
5 @ kel gy boalaly o Jee 5 595 slateel
Srhe (Bl sladgles jasid Guizmen g lbaiged b))

3 el 5983 g (Sladigel i pmmmgus At
o ol (65,0laS easiils lié mlio osbl
Lgodg Epe p50 BB g £95 (nl b a5 (ledol
wr YT 5 dlgS o5 cossS 10+ sgam ) sl
5 39 oz pS Sleaiged wlsi gl 09,5 o0 adgi Sl
J5 b e Rl ey Ve g B0 L e
u_a)ivl} )‘ oolaiul 9 445.0.1 gS.l 9 ool aisluw ‘:Mﬁ.ﬂ‘
Wged 2 ol sl oS Wy wels Glge 4 o
@ bl ol Jaiie S5 oBiws 4 o Lo VY Ll g
g 35 e Sles i) BB g 0 celo ) S
WSSyl am s eols 8 ol 3 sle ax e YY-VO 4
a0 b ailsow 4 g ol S 0w ol by ladiges
8,5 )18 Gl la ygejl 8,90 B ol Jaiie ol 5 il

g (lrond SLoS 5 g (o2 oy OLS 5
AOAC b9y & juS 5 (efign w2z «Susk) Jold
(Y +) o g pSoslail (Y+19)

A 52938 L 1y iges 05 Y imags PH (625 05l
PH o 00,5 (502 4880 ) S &y jlaiie Of ) Lo
cd gl ST cale g b gl o s Ly
(Vo) a5

Bl By orn il Bloy wiy o9l
STM-20 pliiw) il b, olfiws 5l ooliiad b Gepesges
pll lp cd )5 plol ol Sl az 50 YO sles o (ol,!
b eSS g (T8 000 B0 b IS 53 yg05] (]
Jles! g +/+0 Trigger force g p,55LS 0-0+ (5,135
i sl el )b sl Cews 4y el eolatwl Lol
(digos 0 pid sl Lo 0)50 (59, iSlas) (Hardness)
IS8 s oal) (Cohesivness) o8l ol (Kiwgw
eyl ol (cdl a5l S dges
o 09> adgl IS b5k sl aiged o Ulgs) (Springness)
@ ged (et oo 5l sl 5l 9,50 59,29) (GUMmMness)
Glp ks 5,50 15 (Kgxem) aue> oo Ll8) (Chewiness)
Cawd 4 (o9 sroe Ol x gl )l CollE) aiges oue>
(YY) aul

ol VYV 513 b (sladiges 153yl Conmd) (32 ¢y303]
e pY Gons Al b 4 Jeiile Vo ckls


https://nsft.sbmu.ac.ir/article-1-2638-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-17 |

Soedgel S5 Gl o mmgn a5 S lis S
5 Nyl wals w4 Sl (G b S oo)0
Silo B9 ol 5l edwl s 4y slael (P>+/+0) ais
B3 Olie 2 Smalsel 5 b oz il 3l e
Lﬂb:b}o; u...: d)lb ‘S.M d)lol 9 w‘ 003." Lkwujm
g0 w...)‘ﬁ.u U"’i"5)" U‘)“"Q U"‘ (P>~/'&) Ao ouslie
Ssdgal J5 Gl s Slodiged (o sne IS
Deds dall diges b

30 g Sadiges PH (5,05 o3l 44 by o gl ipH
(sl aens Gl bl sad eols lis ¥ Jgoe
M ol Gl Syse 4 s PH
P<e/eeY)

Zadib s ySolail 4 bgye @l 1ol )l cud b
OMT Y JSJ.} IO g aliseo LsLbd.:ﬁ..o.) u] LS)LXQ'K’
D b G il aop Sl b
Gl e ysb 4 laaiges O (550K b b« Sgand sl
P<e/e oY) cél ol

cdl o3l ds s GlPl b mls elely iesy cdél
Joaz P<-[+21) wbioo a5 glo snn job a4 oy
J5 sl slodiges 5l g caldh dges Com cdl (Y
g (gl yal

1 Gl sladiges JHUS olime 4 by e bt 1 Jdklss
el aos GlEl bocal sad eols las ¥V Jgoe
ol ghle gime WS L g S5 Jlaie o 0y

b g slodiges jolite (pay i3S 18 (cesb
Ll b cd 8 o )18 el )l Lzt o Sglice slo S
Sladiges slp GLSs (a3jlitel gl @y Sl Jols 5 o
g Sadiged cogail el loj o iy Ol
A diged dw o g 0dd (5,I50S o8 aw sleaS L sy
oS5y S0l eaiges B ol eols Lol 4 plejen ol
Sigae whie pelulpy (5 (Dbl g pab g slae 2l
b e 5o byl i 18 bl 0 )90 (slalais cie
oY Sk e a0 g ol T Sile a0 YO gles
gai o syl alols jo 0 alsl Sl Fe s b s 5ls
ol 5l eoliiwl b 1) 893 slas b as awwlys ool
(V) angio

S5 s 58 g (sladiges 1l 3T g )bl 250
aigei sk 93 aigad o 5l seil e sli 5 WS A e
SaS L 5 LSD g, 3l ooliiasl b s syl i 6l
py5 5 ool b s 50UT oy ,5 alosl olas SLS &b
o ol 730 liebl zlaw o SAS 153l

basl e

SlaS 5 4 barye sloosls g (o2l Sl
ouds 00yl ¥ Jgaz ;0 0k wlgi Sl g (oliord
Ji bRl ey Gl bocash, le ool
P<-10) 8l il ylssine ysb 4 Ssmadsel
Gan b o sl 5 al o 4 55 o sSiles
Sydoal J5 sl Glagmmgn 30 (02 Gle a5
R Ol lB Jol @l bl 457285 plo
30 ez ,ladte (IVe sgum) o pre el o il
Jode 5l ednel Cawd 4 bl (P<+/+0) 9gb b g

J5 il @iz slaas,o b ool 4 s g J5d5s 5 coy ! Gl cad b pH ( oland LS 5 Y Jou
TR oosm 9 3 el 5l Jol (Sgad 5l

e R
Folpd o[ OV/-Y £ - jraP N RV Cagb,
VA/AD £ - AV YOIFY £ o N0 YoYAE N e
FIEY £ - AN ZAAERYNS oY+ - AF° Sl
TYIAD £ - £V YYIO) £ - p5° AATRERY/Sh TP
F\eowkofoy? §1-Y85 £ - \° OINESS £+ /- YC pH
FYIAVY £-/2F° FYISEY £ - AR OV/FAY £ - /AY° R PSRVE SN

Yo IOVAY £ +/AYC YY[AVY £ - /ASP YVIOVO- £ - VF oy 2l
YEIVEYY £ +[AQ2 YANG- - £ P VAL+ + SV £+ [A¥C s

(P<-1+0) Conl ladiges (s o gine B odims lis (s, ;o 0 Slite S g8 By >


https://nsft.sbmu.ac.ir/article-1-2638-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-17 |

OB g Cutigygr igs [ 02 65 55985308 g (2L 5 W95

Jj 0093l &5 aas e plai (alidg) L esls mls
L dyame @lids) (ommg Ose¥sed & (Godgal
305 o0 Jyaze S5y Hab 0y s J5 (ol 5 00l ralS
&S ams e i (S8 @ asls s (P<+/e+))
J3 b e Sle> 7 e Vo Rl
Sydee Jyame i Jlgre S o Soedosl
B0 b Grawges diges oo a5 Conl Jb o pl (P<+/+-Y)
3925 (Slo ce S| wald dged 5 LN wo)o
& Rl 2ops Gl L s (60, BT oasls el
P<e/e e ) N o8l ‘_;)bb.:.u & yg0
ool oz T Jgaz 0 a5 jsboles i ome (b))
S Shsl 9 K, eyl o )l sae 6)L"] SOLES
Sredgal J5 ol @it sl b Gy laaises
lsloel ke Js il sszs wali digas b aylie ;o
gl 3 ey lsl bl el)l 4 eads el
b s e sl o el oy ol 28l el
dalh diged 5l g 0aiiS Sras Sl Gl 0y oS ladiged

.09.3

Jsoz) (8L Llsn mls oeluln (8L Jolgn (o) 2
sgb 4 e Glpe (iRl ey Gl L (T
ol s 4 azgs L (P<+/++)) cély pals sl ne
Sols igad 5l iy Gedyal J5 sl sladipes ;o o)
agb 4 gl Celll (3Kl ey Al L g el
mls a5 jehiles (P<+/-+)) abio il s )ls sne
8L bl (Semmdsal 5 sl slogmmmgas ol (jLis L3
gy 51l Gl b Ll ais SR g 5y
i oaslie g,lo g B! baiges o £8L ol
5 Rl sy RIEIL (o (oo i (P10 0)
b (Bl e (Swgm g S8l b J2alS ol Jlis 4
L oomizmen (P<e/++)) cil uals o ls dme M
Ongr Cebl (Semdosl J5 b oKl weys S
ROW P TS o PSSO

OeYged 5 5 dezy @l eluly Gy Calil
Sy P21y ad ol (o bl (0l s g
¥ Jgoz) el (s BB 55b ol (e

b" ga L slagasls pSojluil 4 bg e mbs 1S5y
el 0o ool HLas F Jaa 10 g calisie sladiges

T s 09y 5 Oedsrl S ol (Gaedsel S5 (sl Blie slaas jo Lot 4l sl g SL Sliogas V Jgua

TSSO SRS
Voo 5

W ZETN
-[a9¥0 £/ 4
NGO
Ve IYYYA £ - /A©
Ve YYD £ /YN
Y/oVoV £ «/yeb

VAUYTYY £/0\°
NI E A
CJFAFF £ /80
WEYYO £ < ¥e°
Ve aEs £ /A’
AAARE R

YY/A+O £-/F\? (p,5) i
NN AE (o) gl )| culils
Do B ol (Siwge
VPASY - £ < [PAR (5 (o9 roe
VEIADED £+ YV Odgr cobld
FIVOOF £ +/0)? s okl

(P14 0) sl odigas oy )low WS onps Hlas (o) o 10 Gglaie S5 By >

S0y 9 odsil 5l ol Gemdgel J5 3Kl Galises sldas jo b oads ags sl (o (215 5 S5, sla il b F Joue

TR g

Voo

SR ae)e
ae

OFNYSY £ o/ YC
VPIAFYY £/ AP
VAIYYVY £ -2
VEVYA £ /807
AR ED N
AR ETIRS
AR AE-RIN

OS/EYD- £ o[- \°
VEIAVYY o[- 0%
VYo £ oo F0
S350 £ /A%?
VAR E N ae
VYPE £
VAYYA £ - /F0°

DAY £ «/oY?
VE/SNY oo 82
VO/NAYY £ /A
IR RE%
SIASYY AV
BT /SE
JAAFF £ AV

sl
b g sl
& b

(P<A120) conl ladiges (s o gine B onims lis (o, ,o 0 Sglite S g8 By >


https://nsft.sbmu.ac.ir/article-1-2638-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-17 |

0

29 a8l Rl el Ol (g 5 (S sl
RSN JOWE PE RN E I JPYIVE ROIEN PN
S8l il Bl g g0l PH ( Ggdgel J5 590> 50
aib il Of 6)leS eyl p Sute 5B Wl e &S
(Y9

Aol eoy Sl e aige Ol S cud b
Ere b il YL Ol eSS Sl az e 538 s
T Jyame 5l )5 Sjgo 4 5508 Ol Jpame (50,8
@ by @l a8 jsbples b oo ol Coy Cdl 5 oud
(Sl deys Ll Lol Glas O (o laeSS eud b
Cdl amgs o g ol 00,5 oy Uil O (6, laeSs cud s
L golas ool Cowsy s oS salgs g jials coy
00958 a5 W S )38 Ll g ) Ke 4 Keenan assl
Sl Rl g ey C8l el o g 4 Gl
YD) 05,5 oo gl gl

bl ool igedsel J5 4ot 5o 005 oolitl (5]
e el aoys Gl LI (TF) syl oYL uS
el aidly Gl 2l e S35 Wles 5 sl

bl Gl sl s 5 Gsedsel S5 59
Y ) Jgame Cugb) 1 5 oads Jpame ;0 Of (5l
S8l o0 5 Jyame yia gl goims (i 45 55 0
ais S IS LK ¢ Mendoza oy dales Jgaze
5 Vel VSN el il lacdale I oslil
Wgod Ay S B pugas S8l ol Jie b 4y yoxie (VYO
Iy St opyieS VVO clale aS (g psb a4 058 o0 wall
@ odgnl 5l eolaiwl axaly olo sl cwls vals 4 cas
5 00l pmwgw b sl b Jlasl cel J5 &yee
Sle a0 S 4 (TF) 098 o0 L (S e ez ge
Sebige Sml Jpame ;0 (8L« Soendsal U5 (09 14
o adsl cdlo a4 eSSl gy Jlesl ST s a8
Sl Gl cage ol (nl g 0og i o )3 gy B>
5 5575 95500 gzl J5 Gl b atises ol
2 &2 JB Ol Al g 55 (Sgrd gl
o g Mendoza iz o w8 sl) 8L e (Ko
mo0ysl8 S8l Olee (s ¢ 7 HlEe W8S (3)15S
3 Gokoglu 4 Cengiz (V7)) <l |l38,50 oissS sl
SLS e ped by 0 005 Rl b WS ol
(V) 3,8 pess Gloj (b g (S8L Oloo (Swsy
OO oo SRl o ladiged Gasx ol als
o)en g Cofrades .cosl Sgadgsl J5 g5l sbodiges

- e

Somdsal J3 b (3l ao )y Gl b cosb ) ol
2 2l dszy s 4 e cdl (Rl gyl gme sk
¥ Gl Sodsal U5 adlbioe Godsel U5 JLSle
Oliee a8l bases o g cawl 095 Jlisle o Ol asyo
Wang sl oo Gl o oliee ez 55 (Smmdsol U5
g Saiged ;3 1) (g hnn Cugh) jlade 58 ) Sen 5
OIS el sladiges 4 o oz (iRl Lot g
Sl 0 Cogly cyolidl sls s 1) cglas ol cde Ll ss S
(V0) wisged el (o2 (3Rl g g
ol Gl sl (998 L (e 5 Mendoza
# b IS e Slaure 27
Rosell (Y#) wiogess cvalie b jwwsw S olie
55 S weys IV ) gl 5o v92 e (g n (e
@7 42y S als & CuS lgiee ggeme 3 (YY)
doys b)) Sl o Sl o (R b ooles
Sl 5G9l @r oegew Of9) L (el o2 YL
S g (bl é o YL wep y sdke
sl anals HFAnS G ae bl 1 oedges

Jolss Byl 5l (238 Slge o lagny g laoy Wlo
5 b leogS (Al adly) Sslisly Sl
ohlas 5 Choi (YA) wigd oo PH Ol s cely b 8
TR g e 9 (BLS 089y b oad dged g 5
osgy ool e a5 Wis,S ssmlie (FIFS-S/FY) PH iyl
0098l Woged Ly eigred g Wld Connd (Gane Slge 4 |,
(YQ) 09 ggS DY gamo PH o josd Caels Wlgh oo 0

L cisS bl oaims Glas Ol ()l cod)l
Glogys b azlse ol 4 Ol L 0 (2855 00,518
(Vo) cwl oy g jlid (Bp Ol a2
Slojer 0,5 adlsl b js ol Ken ¢ Méndez-Zamora
stz P BB RIB 9S8 s & 55 9 (o
S (YY) Woged edalin 1) ol )l cd b o
Shde Wil oo a8 el J5 JoSiis ol sl sl S
ol J5 ol el Geseme 053 0 1) ST ok
oxd o el oyl sleo oy o iSen
laJbns 55,500 sl Conl (Ko J5 (l 09800 JoSi5
50y b ol olasl wilgs co oS all 8 cnid o
Pl GiSeny ap jo8 a5 55T 092y 4y ], (gl aSs 5 00l
Syl @ azrg bgulplo (VY ol gl S plo 4
Ji Rl aeps Gl b dsnl YL Ol (65l


https://nsft.sbmu.ac.ir/article-1-2638-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-17 |

OB g Cutigygr igs [ 02 65 55985308 g (2L 5 W95

ay

(o Ole SR a0 Sl 4 ol aslllas o
Collae Slos Gelel 5l Ly bl g (8L Glee (Sowsy
2oy Gl Loy cnl 5l s allS g sladiges 5o
4 b Cogllas 5l Gemdsal J5 b Sl 202 R
d37y s Sy 3l S wels gy LB Gl
wzge Sl o7 0 osllel peab 5 (sile OloS 5
sz 7S polie ol Gbmmse i g
Sl Slagmmgn ;0 Ky Dad Dok 09d oo (Sl
> skl oS sg oS Glolal 4 (Serdsel Jj
o ohen g Berizi ey aseis | Solas ol asiles
Pl BB sl b e Rl
Ly el ol Ll 0ils g slodiges cws sl S5
17 e B gl o GlaSs oo Jod JB o
(FY) wisls bLs |

Sl g« GxBS (ol 50 ool Cews @ s olsl 5
S &5 sl SRy Sl Geedaal J5 L ot ady
Sladiges ;5 (Gemdgal 5 jpa> Gl jlsisg (Sslite
GlS ol eSS Sudl Il 4 e ond g
Wzyp dged o)Ll (o) axg JB RelS y coy 2dl
(Rl Sy (Bl Shy o SRS (S5 Sl
55 4 ls Jpame oS sloShy » sllal b
GBS Bpae Sl gl B coll g S el oS
3R Dslis 3929 pae ol LB 4SS 09) gllasl 1
oS Sl Soedsal J5 shls 5 el slaaises U5 S ndy
7 S 4 S H ol Gl coll Sl Wl s
23l 0y oS Gl 50 (Slg>

e References

1. Bennion EB, Bamford GST. The Technology of Cake
Making. In: Bent AJ, editor. Blackie Academic &
Professional, UK. 1997.

2. Ashraf S, Saeed SMG, Sayeed SA, Ali R, Saeed H, Ahmed
M. Effect of fat-replacement through rice milling by-
products on the rheological and baking behavior of
dough. J Agric Res 2012; 78: 5898-904.

3. Devereux HM, Jones GP, McCormack L, Hunter WC.
Consumer acceptability of low fat foods containing inulin
and oligofructose. J. Food Sci 2003; 68: 1850-4.

4. Sandra Bastin MNS. Fat replacers state extension
specialist, Food and Nutrition. Cooperative Extension
Service. University of Kentucky, College of Agriculture.
1997.

5. Boada LD, Henriquez-Hernandez LA, Luzardo OP. The
impact of red and processed meat consumption on cancer
and other health outcomes: epidemiological evidences.
Food Chem Toxicol 2016; 92:236-44.

2B 85T G SellB il e b yed Wagei ol
Jyame )5 gam aw LSl LSS cage 1) w5l
(YA) g co

w2y Sordgal S5 0998l o)lil a5 S les
3957 S5 4 45 00 S (g (Bl (Shwgn (A8l
Ssl> ladiges (b sln oY o RO wse Wlgi e
w27 Ol e (5 sk 405l Sendeel
2B A g agd pBon A (g Gl sl e
Byl 252y 4 (s mnd slads gy ol 5l g eatd 5L JalS
Méndez- (Y1) cwlS salys bages op coblB ) a5
b Sl 0z siSlr 5l o 38 olSes 5 Zamora
r e Ol AU (xRl Olge 4 ekl
YY) wivges 155 1,

Jds & Sendgel J5 5l sladiges alids) halS
o JEs Gl Ly ol bbaiges s il
ol 59 g CaSd Ccage Somadsal 5 ol sladiged
Ll 51 (F+) 0gco btized lidy, olime LialS 5 Lol
2 b baeton bS5 0 Wlgee el &5
i3Sl 33l L 13 (F)) WS S o e (gla STy
Ol g CACErES 058 oo 03938 (65,5 § (G DD 5
033195 b 93 55l g 50 1) (steline () slo il
ool assle 518 g ain S caaline wy,SLl S leiS g 8 s o
il ool yd 0575 5 (z S97y poe Sl 4 ol
RO RSP { BTETS A CNICT NN R )
GalS LT gl Slasng S sgime Gl L oS (5 )5b
(FY) Wb oo

6. Essien E. Sausage Manufacture Principles and Practice.
CRC Press, England, 2003.

7. Olivares A, Navarro JL, Salvador A, Flores M. Sensory
acceptability of slow fermented sausages based on fat
content andripening time. Meat Sci 2010; 86: 251-7.

8. Sampaio GR, Castellucci CMN, Pinto Silva MEM, Torres
EAFS. Effect of fat replacers on the nutritive value and
acceptability of beef frankfurters. J Food Compos Anal
2004; 17: 469-74.

9. Choi YS, Jeong JY, Choi JH, Han DJ, Kim HY, Lee MA.
Effects of dietary fiber from rice bran on the quality
characteristics of emulsion type sausages. Korean J Food
Sci Anim Resour 2008; 28:14-20.

10. Cengiz E, Gokoglu N. Effects of fat reduction and fat
replacer addition on some quality characteristics of
frankfurter-type sausage. Int J Food Sci Tech 2007;
42:366-72.


https://nsft.sbmu.ac.ir/article-1-2638-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-17 |

ay

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Caceres E, Garcia ML, Selgas MD. Design of a new
cooked meat sausage enriched with calcium. Meat Sci
2006; 73:368-77.

Chiavaro E, Vittadini E, Corradini C. Physicochemical
characterization and stability of inulin gels. Eur Food Res
Tecnol 2007; 225: 85-94.

Forker A, Zahn S, Rohm H. A combination of fat
replacers enables the production of fat-reduced
shortdough biscuits with high-sensory quality. Food
Bioprocess Tech 2011; 64:123-4.

Paradiso VM, Giarnetti M, Summo C, Pasqualone A,
Minervini F, Caponio F. Production and characterization
of emulsion filled gels based on inulin and extra virgin
olive oil. Food Hydrocoll 2015; 45:30-40.

Villegas B, Costell E. Flow behavior of inulin — milk
beverages. Influence of inulin average chain length and
milk fat content. Int Dairy J 2007; 17: 776-81.

Zahn S, Pepke F, Rohm H. Effect of inulin as a fat
replacer on texture and sensory properties of muffins. Int
J Food Sci Technol 2010; 45: 2531-7.

El-Nagar G, Clowes G, Tudorica CM, Kuri V Brennan
CS. Rheological quality and stability of yog-ice cream
with added inulin. Int. J. Dairy Technol 2002; 55:89-93.

Karaca OB, Guven M, Yasar K, Kaya S, Kahyaoglu T..
The functional, rheological and sensory characteristics of
ice creamwith various fat replacers. Int. J. Dairy Technol
2009; 62:93-9.

Choi YS, Jeong JY, Choi JH, Han DJ, Kim HY, Lee MA.
Quality characteristics of meat batters containing dietary
fiber extracted from rice bran. Korean J. Food Sci. Anim.
Resour 2007; 27:228-34.

AOAC. Official Method of Analysis, 20" Edition.
International AOAC, Virginia 2016.

Fernandez-Lopez J, Jimenez S, Sayas-Barbera E, Sendra
E, Perez-Alvarez J. Quality characteristics of ostrich
(Struthio camelus) burgers. Meat Sci 2006, 73: 295- 303.

Baliga B, Madaiah N. Quality of sausage emulsion
prepared from mutton. J Food Sci 1970; 35: 383-5.

Fidantsi A, Doxastakis G. Emulsifying and foaming
properties of amaranth seed protein isolates. Colloids
Surf A 2001; 21:119-24.

Sutnick MR. The Q sort technique applied to nutrition
attitudes investigation. J Nutr Edu 1981; 13(1), S102—
S105.

Wang Q, Hongbin W, Xie Y, Chang H, Li X, Liu C,
Xiong Z. Effects of tomato peel as fat replacement on the
texture, moisture migration, and sensory quality of
sausages with varied fat levels. CYTA 2017; 15:582-91.

Mendoza E, Garcia ML, Casas C, Selgas MD. Inulin as
fat substitute in low fat, dry fermented sausages. Meat Sci
2001; 57: 387-93.

Rosell CM, Santos E, Colla C. Physico-chemical
properties of commercial fibres from different sources: A
comparative approach. Food Res Int 2009; 42: 176-84.

Murugesan M, Packrisamy I, Yap TN, Munisamy S.
Effect of commercially manufactured kappa semi-refined
carrageenan (SRC) with different phosphate salts on
yield, textural and sensory properties of beef meat. J
Microbiol Biotechnol Food Sci 2016; 5(6):518-22.

29. Choi YS, Choi JH, Han DJ, Kim HY, Lee MA, Kim HW,

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Jeong JY, Kim CJ. Characteristics of low-fat meat
emulsion systems with pork fat replaced by vegetable oils
and rice bran fiber. Meat Sci 2009; 82: 266-71.

Zhang SX, Farouk MM, Young OA, Wieliczko KJ,
Podmore C. Functional stability of frozen normal and
high pH beef. Meat Sci 2005; 69: 765-72.

Méndez-Zamora G, Garcia-Macias JA, Santellano-
Estrada E, Chavez-Martinez A, Duran-Meléndez LA,
Silva-Vazquez R, Quintero-Ramos A. Fat reduction in
the formulation of frankfurter sausages using inulin and
pectin. Food Sci Technol (Campinas) 2015; 35(1):25-31.

Moscatto J, Borsato D, Bona E, Sergio A, Hauly M. The
optimization of the formulation for achocolate cake
containing inulin and yacon meal. Int J Food Sci Technol
2006; 41: 181-88.

Nelson AL. Properties of high-fibre ingredients. Cereal
Food World 2001; 46: 93-7.

Muchenje V, Dzama M, Chimonyo M, Strydom PE,
Hugo A, Raats JG. Some biochemical aspects pertaining
to beef eating quality and consumer health: A review.
Meat Sci 2009; 112:279-89.

Keenan DF, Resconi VC, Kerry JP, Hamill RM.
Modelling the influence of inulin as a fat substitute in
comminuted meat products on their physico-chemical
characteristics and eating quality using a mixture design
approach. Meat Sci. 2014; 96(3):1384-94.

Moerman FT, Vanleeuwen MB, Delcour JA. Enrichment
of higher molecular weight fractions in inulin. J Agric
Food Chem 2004; 52: 3780-3.

Cengiz E, Gokoglu N. Effects of fat reduction and fat
replacer addition on some qualitycharacteristics of
frankfurter-type sausages. Int J Food SciTechnol 2007;
42: 366-72.

Cofrades S, Lopez-Lopez I, Solas MT, Bravo L, iménez-
Colmenero FJ. Influence of different types and
proportions of added edible seaweeds on characteristics
of low-salt gel/emulsion meat systems. Meat Sci 2008;
79: 767-76.

Hoogenkamp HW, editor. Soy protein and formulated
meat products. CABI Publishing: Oxford, UK. 2005.

Strasherg G, Xiong YL, Chiang W Physiology and
chemistry of edible muscle tissue. In: Damodaran S,

Parkin KL, Fennema OR, editors. Fennema’s Food
Chemistry. 4th ed., CRC Press: Boca Raton; 2007; 924-
68.

Jiang J, Chen J, Xiong YL. Structural and emulsifying
properties of soy protein isolate subjected to acid and
alkaline pH-shifting processes. J Agric Food Chem 2009;
57:7576-83.

Caceres E, Garcia ML, Toro J, Selgas MD. The effect of
fructooligosaccharides on the sensory characteristics of
cooked sausages. Meat Sci. 2004; 68(1):87-96.

Berizi E, Shekarforoush SS, Mohammadinezhad S,
Hosseinzadeh S, Farahnaki A. The use of inulin as fat
replacer and its effect on texture and sensory properties
of emulsion type sausages. Iran J Veter Res 2017,
18(4):253-7.


https://nsft.sbmu.ac.ir/article-1-2638-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-17 |

Iranian Journal of Nutrition Sciences & Food Technology 94
Vol. 14, No. 2, Summer 2019

Production and Evaluation of Low-fat Frankfurter Sausage by Emulsion Filled Gel
Based on Inulin and Rice Bran Oil

Nourbehesht N*, Shekarchizadeh H*?, Soltanizadeh N*

1- Graduated MSc Student, Dept. of Food Science and Technology, College of Agriculture, Isfahan University of Technology,
Isfahan, Iran

2-*Corresponding author: Assistant Prof., Dept. of Food Science and Technology, College of Agriculture, Isfahan University of
Technology, Isfahan, Iran. Email: shekarchizadeh@cc.iut.ac.ir

3- Assistant Prof., Dept. of Food Science and Technology, College of Agriculture, Isfahan University of Technology, Isfahan, Iran

Received 28 Apr, 2018 Accepted 19 Aug, 2018

Background and Objectives: : Nowadays, the tendency to use low-fat food is so obvious among consumers.
Removing food fat leads to undesirable sensory and performance characteristics. Thus, different compounds have been
introduced as fat replacer in order to produce low-fat food products. The aim of this study was to reduce the used fat in
sausage production by using emulsion filled gel.

Materials & Methods: The fat of frankfurter sausage formulation was substituted with emulsion filled gel as fat
replacer at the rates of 0, 50 and 100% and the properties of produced low-fat sausage were evaluated in terms of
chemical compounds, pH, textural properties, color, porosity, cooking loss, water holding capacity and sensory
characteristics.

Results: The results showed that the sausage containing emulsion filled gel had higher moisture, ash, pH, water holding
capacity and porosity. As by increasing the substitution percent, these factors were also increased. On the other hand,
fat content, cooking loss, cutting force and textural properties (hardness, cohesiveness, gumminess, and chewiness)
except springiness of products were decreased. Emulsion filled gel darkened the sausages, and by increasing the
substitution percent, L (brightness) and a (redness) were decreased and b (yellowness) was increased.

Conclusion: Sensory evaluation results showed that using emulsion filled gel in low-fat sausage production could not
cause meaningful effect on the consumers’ general accept of this product. So, it is possible to produce a low-fat product
with good qualitative and nutritional properties by substitution of the used oil in sausage production with emulsion
filled gel.

Keywords: Fat replacer, Frankfurter sausage, Fiber, Rice bran oil
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