(&)

o® S
Qg s arry
- v

www.journals.rifst.ac.ir
S mlio g psle 5 Sslsi 5 gy @ JRIFST
14-1 clin 1 o)l 8 ul> 1398 Lo
DOI: 10.22101/JRIFST.2019.04.30.811 g Jy JolS aJlio

ST 3 Lol olS il o1 35T g 195 (Lily g duono W1 an
D3lS W16 Sligd 35U 5 (o oanbsS jud

2 A 74 (s . 3 2 L. .. 1o .7
S ooyl CplBolo Lo yde & oo S (g ¢ T Sl (g ppllie hluan ¢ LB 45,

Ol e e (cwgs B olKiils ( ol3e wilio g ple 09,5 (5 5SS gezmiily -1
Ol e e _owgd B olSiils ¢ ldé wolio g pale 09,5 wliwl -2
(mmtehrani@um.ac.ir) Jgtue soiw g *

Olosles ss92, ol > bl sl wlie 5 (53,5188 (Ai5el 5 Slihons 5500 0555l (siiigee 5 (538 Dligiod o ylotils -3

Olnl egeton «5,5L88 gy g el el
U‘)"' ‘~‘€~“‘-" ‘@L\s GLMo 9 'aﬁl.c Lsm'bﬁf w}.o ‘ks_»l..\.c D‘j.o 6)5])5 05; g)l.n)L..m‘ '4

1396108122 il o o s
1396/09/19 i pdy g s

sols slaoily
Sliaigls il 3 5]
Slbigs

S

oS w36

ASslSg 0

R

Sbgas 53958 b g gl5 Wb Slgs eeVanrd Sbag Giegy ol 5
eie DL 5o (o ol Jlie DIy SLaalislS il il 5 1S Ol
Lo Lol o3l8 a8l lgs Jge,d 0 8,1 Sj9 s, 2 U Lho jlade b plaS e
Ciz Gl oSy oeluly Jse b dige dbis bgle gLl )bl eolind
ol Gl @l il (wy p CBL (S 5 gy ) cpgate p (RS (89,
apeS 50 o ) lagon CLé 50 g @l e YL 50 (29, ©d> o iy &S
DLl Blasl ey, iz p S Gl dewo lade Aty 5 w3l 5 IS deo polie
5 ey )1 @in 0yl Goitisn G (oo DVLal Slml b jlielislS il 5
Set¥lgSany b oloml b Ll ((gig py Al hSas 5 Ligw (g 8 0leas
Py oz g Jol Gl del ol gy (b e gl S Jlesl b IS
e IS deo polie Gl (SlaS S e GASery 0 ol ol

w2l Ggy Bges ol lis C8L (Hh (9ajl (o) ad latligs S5 ad icrds,
by ajgSimy Gl 4 el Gl el (e (i Ll Geo 90 o ol
P San B obml s mpl (353 L s F e doe 50 il (liBler )
@ eSS A e ol Jee b a5 ols las fag ol il b i él
5 Glel 5IUT Bk oS (g3luands (sl Bl Sligs yo 1) gy A Wl o
9,155 dowo sy 044 ) doo s po 0198 g5l digei coriplml obaige

b 4l e b o e JLasbigl il 5 o] 20,0 0/58

Slae Ldx pac g deslreguw sl ol Jlssws o o] dodio

Dgbse ebolid s, el o bowelug 5 2lie pase 5l aS Cal (glody; il ams S SLlu g)len
Srae sblis 1, gdae Slse b jsbay )y oS 05d g0 ol (S5 axiae o8l o iglS e
S>58 839, o i, haw 10 w5 el Jlow o o Salauly o Plsl b s b ! (Peshin, 2001)


https://dx.doi.org/10.22101/jrifst.2019.04.30.811

1 o Lo 8 ul> 1398 Ju “s.ﬂ;\.é Lo g pgle 5o ‘5)5T93 9 URIR

GO leedyglp (A5 sl Thy e
oaSdy slp @ sy YL i Olee b
Moy 9 2 wxse b g Sebee pled OIS
3 ezeS Jame S3b sgzgcnll 005 o0 Jpams
rg..’.]a w‘o J.deq OMC)AAJ ‘S:‘J.C 0‘5.4 o u5l.|a.al.:
axgidype o)lgen Wls A glohy 8l 5 gsehae
sl Sy 2l olge Caio [y ailosgs HFALS 8 pas
S0y85 ol ol 3l cadiady OV game 4SS
Slge (S Sloogaz (o 5l <ol g S5,

L 2lsb Gleosygld ads )0 cudbse b lages
50200 guts ¢y 35 Laas (Cugb ) S g Laas Bua
Barcenas, ) wgd os 00,54 Sl sauSass 4 <l
Benedito, & Rosell, 2004; Guarda, Rosell,
ciliee glgil 04381 (Benedito, & Galotto, 2004
Lgo)ﬂ.a.c uobé- 4 SOy OYgame 4 Lasd.3§5159)d.z.m
L GiSeny «(Sojslsy o Thy > aiile Ll
Mandala, Kapetanakou, & ) sls Sy clj>l Koo
2 g el dages pogdle .(Kostaropoulos, 2008
03,54 con glaod,gl 3 o b adgs alizee Jolpe
3 2l Gl e ghw S o a5 1> wigd e
Fae 00yl 2l CobsS g et JSES S 5 Sl
(Gray & Bemiller, 2003) axiws

2159 Ol slages (o938l SIS dsdo )
sloo b 3 )0 oadpu (3glS W86 (i slaseS SLo
‘S,JLJ (0jy <l (g ralla e IS oLl
b S5 (IS p 8598y polie )3 i g S
E98 45 A adtine (pisred Sl 00l (50K 8,90
S Sl syl 5o (gssfile b i) 3
Sumnu, Koksel, Sahin, ) aib e jse o5glS a3l
(Basman, & Meda, 2010

ol (2015) Kim 4 Shin «Choi  Kim

‘ . 3

o9y 23z p (HPMC) dolu dte Jupgpn onS s ien
s W) (omyp 1) HiglS 8l Lgw lgs 8L 4
Cd> ol g0 sgam 10 Lgw (gol> lign a5 ols lis

dals Lges b awglio j0 g i Cugb, cdl 5 oég,

® Hydroxypropyl Methylcellulose

Wl ood o Nigdion w05 by a5 Gl 03,5 o
CAdzegw dzdd o S Sl e 1) 5lis,ge (gdse olge
Loyge Slge o pae S0 Jlew g 005 (o0 olx]
i Slgo 39005 4y bgyye wile 5 (59 R lzo
Blades, 1997; Murray, 1999; Schuppan, ) ss,5 -
Sl s 00,51 Gl (Junker, & Barisani, 2009
oimlidlasgy olpl jo gloanlid jebas STLlu adie of 3l

Slse rmols (Sl olloss SICEe et S o
OORomly €98 098 mizmed Luwl (La3LIs 550 2l0E
oolazw! Sy90 (5"“&'; éJLA qua,a u‘wdq W"Jo 9 wﬂj
Sy oW bl a5 cal (S JSKee oldl oyl
uyj.«aym ASLz.:T)‘ ] 09gs e o u.,..a..a.?b..c
£ . - . F - . . l -
Ap wwd HiglS b 550 aite G fedes Ty
Sl Coglgl jo 158lS e o WY guaste

4 odig i g x> gl (ridg e el
5 olodl o Sliss )b (sl (sl aen (5y9abse s,
o3 3l oaile BL sledSs aS g0l ol 4y wils
e 2 7 . . .
WS oo TS oSl Gl g 00,5 Eam 089, 0 | O
Rehman, Paterson, Hussain, Murtaza, & )
5 Bl i g0 sl wlige .(I\/IehmOOd, 2007
Sl JhE maw o a5 ol sl (o
058 o0 )18 ey b wled o Lesdites 5 00 s
L 089y @iz e 9 Casb) &8s tiey Sl
55 ke 5 Db loged K, Jlows! cll> 4o g 8,k
dsb ;0 S casl S alie Lol jisu o)l
OeliVs WS 2dlys S Syl 095
Ol oo Casb) amilys g il B a4 atulas
Job ;0 a5 0gd oo el a5 ol mhaw 51 YL e
9 WS y2les oddEp iSu 4 Cusb) gl S
(Tan & Mittal, 2006) & o 'y 5l 1, gelaw (53,5

03 S by &S Cewl (slodzmy wnld 9,5E e
Ol g0 0,5 oo LB eolaiul 550 oldE Slge A o
oo o)ly adE e Holieay olde DY game g,
Dueik, ) wigh g0 T (bozalais 5l 5L (sloo b 28
5o oée, ol (Robert, & Bouchon, 2010

! Bakery Products
2 Olykoek



3 e g2 3ol ol il 5T 9 185 (il (s dowo T (s 2

o Sen 5 Lol

Joles @i 350 & g slagntin (9538 waoe )3
AlS oo gt |y ae | sla]
L 5ol s Slgs wdgs Ghagh cnl (el Sua
w3l spax 0 S g ol sledes 5l sy
Al G4 b cwl sl ol lisliyls Gl 5
Sloisn sbml )0 mpl ol QUly g Slaabigls il
3,1 5 @y ol g 5,508 Glagitsn e o250
9 b Gm cdld A LIS fee o Sejonn
sbul @lly pals b Gl 5 cmlie (SaiiS 595y
a oglhe ALjeSing obml g SawVlgSiuny ASLL
O Slgs 5o ol cei 5 slE A gileand

g, g lge
31 @wp o] pasS o)l fels gewVge s clis]
Sedo e (oo Hll 51 SE g € eSS (e i
g og JUd Sas y0g 95 5l petme Aiad (gl
OBl l5S Slagae b ag ploy b Ao oz &2
Modernist Eliot) <5 & 5l leabigls il 5 w230
g (g y 6ylacS ol ans (5 0] el Pantry
(o> <3Lo Shandong Sanwei) 559, dwo, 70 L
ooliiwl 0,90 (5 5ol 3l LCriSCO 05 ) Kin5 9

255 )5

ligd dnd (b9
Ju) wlomS Gl piee 5l s A Gln
i olge laml ad solatl (50 ,0] csle Artisan
ol pede S ghejeaw 31 q@ip o)l s
3 S 4y fpeps wind byl oo L IS 5 ol
e D 00) A5 590 b (B (yje 5l eolinul b addo
590 baide 1 e a5 00938l €050 4 Kol
aslsl ); Slge 4 Sis lge @K1 08,5 CAHESs

Lo ,05 Ol ool 0djpd olKiws o5 s Sea b g oo
ol aiso 8 1D S 4 g oaiong 8l ylejen Hebas
4 e (RS ISE G G ad bl slge L L
ol )8 il &z o 38 sl b alp 3 50 addo 15 ous
Oley b 5l g 285 18 40,0 85 s b,

4 o b (50,1 i 0T b S e gl aass

S5l S8l g flaS ogane pz> (rized g ALDL
o098 as el gl mls eoren ol
Bl glaclyy codsS Jolwfie JngnemSooee
B d9ar (69 Hsbds Ligws 0,1 Lol a1y (5518

2055 el gl 5 (80955 slasT g3l Sl
p (59,8005 0,1 a5 ol lid 5elS W3l slal
e 05 ke Jlgl o)1 5 Gl 1, (b ogase
90, gol> b AT Wl esie (mizen ol alS
5 e Ky ppate pz oy ) coy el o)
L Sasysd &5 Gloy o Iy e (B g dlugy
Qs S has ggta wo,S Bds L als plaidgal
(Aguilar, Albanell, Mifarro, & Capellas, 2015)

(2016) AngNawut 4 Intasen SirichoNworraNit
40 20 ao polie U, pasS 0,1 wligs adg sl
(Gallb mr o5) obw @p 5,1 9oy0 80 5 60
S 0l polie Gl L auil e il is S 3Kl
S Jyo Gl yed sgme 5 Cugh; S ol
GBI L aizmen 8L Aol (g polie 5 0
lobss ds> Cobld 9 b olw zip 3,1 ssye
el ogate pr> g Lyt g (Shwgneads 9 (il
P 20 polio b as Slaclgs U5 hpdy coliye . cél
Gt L was ags ol @ip o1 5l wsye 40
3,5 o0 Gl a8 5,1 ao e 100 ;I covags

TV B SN S RC S TN
ol 850785 sl 05,5 Gy (5258 slaviny S5 L
by SeeldenS5)S 09,5 9 eSan Sl e
Losaxr lagssyn K00 5efgn 5l omeliglS (il
5 Marcoa .asS oo oloul 0,84 pamie g ol slo S5
21y 9550 Slaligls il 5 w2351 51 (2008) Rosell
Srbgw bole 9 Lgw q@n 598 o5l
et SLSeey Ll el IE ) 0550
285 (39 39 200 D) Ligw 5 g o)1 slogets
anlllaes yga 1, w3l oo 3list LialiglS il 5 @5l g
bsw 5 @r slogsSon om Spayn ol )3
s5ba g (J9¥ge0s9,0 cVlgeS (slasily JSias dlwwgas

! Tigernut Flour
2 Transglutaminase (TGase)



1 o Lo 8 al> 1398 Ju “s.ﬂ;\.é C"L"‘" 9 'aglc B ‘5)5T93 9 URIR

ool 3Bl T e 30,8 Jlad by ae 5o
Al (g5 oIl diged Jodow ws 0 g duwle G
[(Haralick & Shanmugam, 1973)

P yao pix>

10-05 5l sjlsbnl 51 ogesl cpl il cqe
Lols o jolate oyl slp i sslixl (AACC, 2000)
dgad 3l sddlas dxlad (Cony ) w cele 2 b
Joe) Jlioms 6935 LTy e il 2%2 slal 4 Sligs
s 235 g5 0,5 e 1 &8s 4 (Bosch PE 626
Oapl &l o o 1000 T Algsl S b e
e o B dgmge sladils ] 5l e s asso,
3l g o ools 1,3 ailginl Jols Dligs &ges aiuls Jb
b as g,y ol 6oy rie J51s o9zse o)) slaails
Ol 535 3l s s 1000 o gl e oS!
Slgd ogase o> yio JEb e eule Bl ()
I clss 535 o Loy i BI5T 5 seSe3ll
ol Cowsds Ll oy 0 p s

L% il s s Gyl Sligs dagy 55, 5T
1055516 () 6eolall S iy D0 DY 5 2
ilosgts Lraigal gl 51 153 1200 2525 L s 29
JBles LSt 5o s ad ey Slgs pgal 5l fuSy
oo o Lab glad o S Js L .cé 5 )3 Image J
Sun, ) wws,S aclxe 348 sloasls Plugins

(2011

QTS ) zwzdl oo 31 ool b uwzdly g5
YL es-les Essex NS Farnell (Texture analyzer
Sl bwg  losls LT 5 (0,8l oasie
sebaterpas b el olKws (TexturePro V2.0)
oz 3l sllginl Cep gy j0 Slge sladiges
3. 3 DT e e A . 1
28l sy 5lUT b e dee 25 48 b 5 pgias]
S0 b Qy.ﬂ o ladiges a8 5 )8 (TPA)

® Texture Profile Analysis

Sylastin] LB L S5dB g e el 1 culbhs
ObSs Celied b jed 03,5 0ty jolaieds (285 D90
oozl (WLl el Roll Matic) pulass LB s, ;)
p...la,u f;)'? 50+1 oabodjdB oz dil> o )9 0l
09y aids 45 Sk @ eaied; BB e e ol
85 s Cugby g 01,5 il d> 50 38 sleo L ailsp 5
PR TSV IR Ut I~ NSV Vo JX i S BR VSR
JEeze OSEm by ajed e ab
5 (4wl csle Moulinex DR5  Jos)  wSidge
b 5 9abge o9, as o, il &> o 170 sles b o2,
Slgs dus olaieds ol £y Sloged S5 4 e,
Jole ssilen gilwoolel Jolpe 8,5 13 eolanul

2 pldl GiglS g Slgo s

o9y P

‘)9%,‘;-‘ o9, )" 9, ol Qo0 6ﬁfo)~|d_;| )514’;@4%
Ty s (1388) sy 5 opmie wllels
5 ssele) o ool (1 dla) T awgs oats o1k
(1388 oS

(1) ak,

(0e9) gy iz = (b (g) 2oyd = ped (9, 90,0)

S5l Slige jhe SR liee (2l skien;
Pl Agay Holiacnoy b oolital pgas (Bil0
800%800 slul a5 (s 295 (HP Scanjet G3010 Jo)
oy JuSy 1200 zoop b lacligs e 5l Sy
S8 Image J liéle s Lol o polai w008
che psled o 8 Cwnd oS s LocsS
& S palal b gz sl g S
ool S JUeb 53l (5998 aand F 3095 sk
ol SGB g sy bl Gl lacgarme Jl38le 5 5l i
alh plyiedr S0 4 (pdy ) Bl G dplne o5
a5 ool s w90 35l baaiged JSSS (i ]
Oles &5 Cealine ooy ABL Jiin Cond (pl iz o

R (J_?!J_Z, Q‘}t‘“) CJU5~> ._,‘5[) 3O 09> dLmo).Ez}

! Gray Scale Image
2 Binary Image



5 e g2 3ol ol il 5T 9 185 (il (s dowo T (s 2

o Sen 5 Lol

Bgad ;3 9y @3> Olime (nteS g Glasliols Gl 5
0/33 45 155 as s 0/33 (luly s ys 1/33) 5 6L
S5 Aolie .50 )5 camlice (Glawsligls il ws
DAZ oyl Gride ded e QL Gf, ol
pae Sy o0 5 4ol oo laeligls (il 5 4 bogo e
ol e oy RS LIS s Gl Glekes jpax
logon 355 ;0 aSolmilil o)ls gy, iz Gl
33 sy 29,5 by Vb jlews (51 O e cusb,
b Dlgs diged 3)ly (i 89y OOSEM 2>
Sananse 4 Pawar [Badgujar Sakhale sleazsl b
O o ehe sole Cugh, el A0 3 (2011)
Dedioe b Gfgy dxr wBb Rl 53,SE
(2015) Sharma 4 Arora Sandhu Kaur zubs el
Jged & 1S g ol Gl wose slagee o3l
(PSO05) (sloisime sobtr igls gy CusSns
I3 beos 1) baiges Ggedsel collad 5 (85, i
Slrgas Jliie jilas ol las bl U1 zbs ol
Oy wix sl o g pme Al g8 Ll
cod b B IS g okl dew (P<OML) o)l
@ Sl wuisans SRl s O YL IS
Joles calpo 5l aS sblas ol (9, Ciz 5 Cugb,
O9) 2 plp 50 65 Ee Hsba SLeebslS il
@ bros 5l Sy as cul Jb o cpl s S0 Soli]
Slaolgy s pals 1) (éq) ol aiiles oles
Ol Jlade oS (bl o oS5 an e olBhes
Frigr SRl e 0o jLaaligls (uils g IS 5l i
37 A (nl G GRS e 53 (Siled Al (g, D
g2 Oy Geo (585, Cax SRalS )0 oS S n i e

60 con cerw b pS D oo Oliee b 8,bS
B aeye B0 (Foysd i g aiBe o el
VS SCPRV-RES | JEC NI IR
Karim, ) oo 48,5 i 0 aib 0 e s 2 gy

(Norziah, & Seow, 2000

&bl T
i S e bl 55l ik 5l Giagh onl o
16 G 2ciin bl Sales S8 L TSals
sl come bl jekaeay ol colaldl
W05 e alpe Py RP polie wadesls il
&b Ol e Bamsglis e lag
O S g wes it (slo e (g53)
aie Olyear ol Glopite ples lp (Sew 2>
Oy alize palie Joldh (ujbocs Joazr ol (B yee

w00 00)9] (1) JSJD- B rg..:)j 9 )‘;

bl b 5 ooliiwl b oadimni glajlos -1 Jgux

bsloke

Shaeliols il 5 IS okl 9,
1/00 0/00 1/00 1
2/00 0/00 0/00 2
0/66 0/66 0/66 3
0/00 2/00 0/00 4
0/33 0/33 1/33 5
0/00 1/00 1/00 6
1/00 1/00 0/00 7
1/33 0/33 0/33 8
0/33 1/33 0/33 9
0/00 0/00 2/00 10

RO PRVIPVER N VSR SESIPY FUF LN Y

09y @i ol
Wlgs sladiges )3 (89, @i Glime Cueal aazgil
I8 mlie 9550 55kl Bl 5l e, i e sl
ot it slajles dnglie jo (1 JS5) <88
2 b)lads Eges ;0 (g, i oliae oo W3S

WS 2 g lS asye 0 oy as e 0)

! Simplex Centroid Mixture Design
? Minitab



1 o Lo 8 al> 1398 Ju “s.ﬂ;\.é évl.w: 9 'agl.c 30 (S)BTS;’ 9 URIR

S 35 G yuiio (bl yp b9 S ST 319 sy oKy oo -2 Jgux

R? sy Joe S
67/17 7102 X +8/38 G +10/81 T - 12/00 XG" - 6/17 XT - 3/21 GT - 2/38 XGT Shsy i
62/80 5/84 X +3/59 G +6/12 T —0/48 XG - 1/14 XT - 1/43GT + 8/65 XGT Iz
73/99 0/79 X +0/82 G +0/49 T +0/27 XG + 0/34 XT +0/15 GT + 0/85 XGT LPgate pI
94/89 11/90 X™ +24/02 G™ +18/94 T™ + 15/75 XG™ +22/23 XT™ - 4/06 GT™~ - 9/93 XGT g L*
75/46 4133 X +2/92 G +4/48 T + 0/54 XG + 2/01 XT +4/04 GT " -12/12 XGT" Ay A
88/48 779 X7 +14/71G™ +8/96 T + 3/29 XG +4/07 XT - 1/49 GT + 4/52382 XGT gy b*
98/30 421127 X" +357/98 G™ + 223/69 T + 974/22 XG™ + 149/19 XT 15/08- GT - 1508/25 XGT" s

(T) sl sl il 3 w2331 5 (G) 155 dave (X) 15 oo
(P<0/1) 4 (P<0/05)"
Jedss Sl s oyl aS (5,5.,41 Caols Jdoay oLl aewo

bl egasys sgbie ali>de (2) gz ebely
2 s9a 4 by IS8T (i po o i SRl
2 5000 e ail o ST G GESem 52 g oS 5 s
Aol) acils Jadw o bl SIS oS5 A
e 25 5 D yyody e B1(2 JSim it 555 5
5l blgn ool al e slaols iy culks
Coglie Coy anld o> )0 bludl plp o s
Slaws a5y g Wadoad oyl Solw 4 g 0dges
ol b oo Gl 2l Jgaxe 55 558 o sl
& 3 & sledske sl Bl Jdsay YAl
Ziobro, Korus, ) aib e Jpame ,o Wil csless
SUasl oS gbles  (Witczak, & Juszczak, 2012

OlBl b jlelislS il w3l g e )
ey Gl on e o2 DVlal ol gl
Bl (S 9 @ ) il g 85L5)
Flocnl Ay ol S e S (s p
O eddhate (pSanSlee B glacls
ESen Gl Sl o Cese A (0,5
ol bhad Sodie 5 58 ol 28k g (mgee
Bgoi Vb CodS Whe Dl @ wlgee S
A5l (28 Loy &ged) ooy

Song 4 Gang Shin jiags L ol iegh wlbs
Sl gy A opdizme ol il callas (2010)
Osn @ OB 69y el ol Bl g etisn
> Rl 4 Bl cnl sl o Ll awils p (5lS
CoieS Sgee 5 ls0 CSIeSy ool JSas ol
Sppee Vo 1y JI5S l5ma 5 00,5 5SS oyl

A ol GlodsSse b ss8 ign 5 00gr Cusgas]
OOSEr wlE e 0 Jopeend aiS s
Bty 5l 5 oad laz ool 51wl s ol slaJsSge
sl b bl oo Cuzonll wisd g)ls Sl
GalS 55 s 5 sbar Cusb, il iy )3 Caeslie
@S Gl WS o0 S0 I A el 8y, i
Maghsudlo Mirzaei Garmakhany o,sliws aliv
L aisls oyLis Ll .oge (2014) Jafari 4 Kashaninejad
Oy, i e a1 ke a olsly ) eolaul
5l ooliinl b g palS a0 6213 e jouw sla D>
ohes g Kim il ials s ,0 602 15 as e 1
JrrsnemSopin oSl L oaxil e 5 (2015)
JLisar 5 Cughy <ol ligs ypmagerd o gk fita
)5 oy hels sals Dgei b anslie 1o 485, iz ]

Ofgy oA

A < o
B o /o
m e -
o,
4 YIS Nl

— I| O/ - Y
T —
A = > Yol

""" Y
)5S doo 3Usolighs ol 5 31

o g1 ligd (529) iz i y1 3Ll gl il @157

oy



7 e g2 3ol ol il 5T 9 185 (il (s dowo T (s 2

o Sen 5 Lol

Slg god HIIE 0 (e )0 5o Sl e Gl
ol S )5 g e (S S3lail 4y g ASS (g0
G Gl38l b 0008 Jgaxe p iolidlay i g
rraze p> Gl leligls il jlade 4 lades
oaileloas L a8 el 5T aTge ol ol cdly il
OB Wlgi ool (g n D (9)0 T9e slacle>
5o ol il ool asl il S5 Jpame po>
A0 G Rsilea Sl pege e 5B
I P APt AU PTIEN SN

55 e sl 1y oS ile ol o a5

ool &owo
Y

P paTe p>

] < VYD
| vo - Vo

Ve - VYD
oo - Y-
nm > /.-

L ' }U%‘L"’te-':u“i‘r"' w3

Ll o Cilickn (G i1 glS logai -3 S
Cos g ppate w2 g 3leelighS il w3 g ,le8
£ yed o

Glige diwgy S,
Knagy 2Ly 2 Jiane 588 cn i (2) Jpur b
sl Glly s sleelislS Gl Gl ce e )
SnalislS il ol 5 JJsSm ol Qs GRS
@b iSeep il olidy; Glime p Sl 5
L* (K algae olime Gial3dl 350 10905 I pine yuks
JS8) Ggem¥ged )3 lajes 51 Sose Jitae ial33l L
5l cailon g Cogb, Lia> b lbgow a5 cus sl @
Slyeess G5 o Sy sl e 0 o g
L* adlse alidl amtyo 5 2l Jyame dwgy lan
(1387) slalyd sloarsl b guls cnl igde
(2009) Salvadori g Purlis ase)pl,s .cusls cuillas

Ol @by Jorus gy mhw Slpess Woged (e
Moz ok 4 Cand Blo g gl sk 5 col

sls L* :‘uj}e Q\},,A u,u‘).sl 5O (8 i @Ub&’

oLl &owo
Y

j26] < Vb
W vo - M
B M- Ay

AY - A
E v - A
W s -
W0 -
| IRRVAREERRTA

Y . 2
5 oo SLaneliglS i o5
W0 33 Gy SIS 1 LneliglS il 5 o1 357 9

Pyase p>
S ah atie 2 Jpax) pyatte e gy 50
G 2 (ol diged 0 pgase px> (e (n il
Alcye @ IS Ghe 42l) 35300 opd it
! e g o9 a5 ead Sl IS 5 Ll Jiese
P eyae x> Gl )0 geo g0 A Cul
NS5 e g w6yl B oS jsbo sl sy
Cagb, oLl 5l e polie jo as s wojls YL ol
o3y Jsb 0 Vb cosb, el Sl S
S Fod g oud Slgs Sl (Jls jLad aldla e
Rodge  sloaidl, b o il Jsamme x>
s opl W5 (2012) Hashmi 4 Salve .Sonkamble
Ple> ol o obley Jdoay Ll 3,bsl il oo
slols L Loy g5 alie SuVlsSns
L lsS ogdledy ool S50 ooma (2al33l )3 (npS aeuSTiss
SlagiSeay  obml g Gl S b
Ogedsal 5o oo sl (g)lul 4 (Sliuly sl
ailen il 505 (1391) Lol S o SaS jpas
sbul Jywe (2ld feo Sufign e IS
Barcenas .o Juw gdgal jo s o Oliogas
lossglS'gyud Saaw; 4z cnl 4 (2005) Rosell
5 035 Jae 5 cadeniSly ply o o Ko plyise
L @t oplsies oo Bl ) ey SYgame o>
el calke (2004) ) Ses ¢ Guarda laasil,
o Ll e 9938 b Cniime cnl slaasdly 5.l
g0 3l Ob o gate

Oliee (S o5 0 aia B) JS5 aazgl
wop 2 gl dsel 4 by (pgate pn
S9s 53 a5 Zenl (nl el ol S 09 5lieliglS a5



1 o Lo 8 ul> 1398 Jlo (218 2 buo g pole j0 ‘_5)5T93 9P

oLl &owe

Y
$orols 515 il 5

oLl &owe

oLl &ewo
Y

L*

< Yo
m -
Wy -
B v- ¥
W -5
i@ o - o

Jiiil > -

Y . Y
3lioliglt il 5 o2 51

Hoalish o5 o 31

b*(z 9 @™ (o L* (W () Glayg5 1 LenoliglS il 3 w2 3T 9 5195 (il oo Ao (Gl i1 595l5" 510905 -4 JSi

el Cupgy Laa> g Ol o b yaiie (lends LSl

O iy S g0 008 Lo @) Joaz o aSaisS lea
Ab b b* g5 Gl il 5l e )"‘"l"
NS (2bdy, el ailes g b pate  JaEtus
Polo ub catls 1) b lisl b o xan
Sl i S fSpan eE e
ol e psie obaw 31als b* a5 alSay e
Ll g o 1y ,eiS Byl

Sligs i
S 2bi)l o (BL sla eSS p Sege 5l (S
Sl O905) L g ey Al oo Sy SY gae
561 s wasgl cwl ou 03,9l alie cpl o
2 e jsba siie 4w o (2 Jsax) bl
D5 Jtes Sl e al o o wmaSS 1
3O S lade i g K00 naie g0l i
doo 2oy b lily oo duoy0 1 (ol 6 5, Loy &g

L mesl deo 2Uss Jlite (lidlen Sl ol pogdle
cle w s o ol @IS cd)b s 4 oy
Kuraishi, Yamazaki, & Susa, ) ;LueliolS il 5 codlad
Moore, ) (55l (19 (lapiuns ;5 (izean 5 (2001
(Heinbockel, Dockery, Ulmer, & Arendt, 2006
5 oeebglS 5l Slsjaal a5 ol sods lgiiy Cadls
O23) 5 Oelisls el Gladnl i (2258 gy olxl
Sl 5 ol Gl cldik sse e wilie
gy Sy » 9 She oble adislesed (gla STy
Gerrard et al., 1998; Lorenzen, Neve, ) s,l3%; ,.5b
(Mautner, & Schlimme, 2002
Slgs sladiges (S, )l sdnliwmsa @l
85 og ol ) S s ol o 8 sl L
Alar bapea® jg5B 1alS p jlopne Sl cn i
SLeslislS il 3l 5 Ll 1S Geo (aban i
o it Jito Sl 5 o iiSany e o3
gl Jdoay Jlozo ol oyl diods 5556 ol iyl



9 e g2 3ol ol il 5T 9 185 (il (s dowo T (s 2

o Sen 5 Lol

Oy £9 cdeo g widale 5 ol oSl ol g ol

RSP
Y

Slgd (b
i < e
. Foee Aee
. Moo= Yooo
B, oy--- Y
= \Yee- Y
B f- Vv
|| > \#7
Y . Y .
JlgS &owo Lol gl il 5 o2 3!

(olly gowo ilis w1 HeulS Hloges -5 i
P35 Come 1 (i 1 UasoliglS il 5 o2 35T 9 5168

OpY 90,8 (Sbany
50 sals &ge lrosls LT sanlcwsa s b
S g, iz ol (sl 00t 03,51 allie ol
Sl gt 9 DY g @ LT la )y ogpate x>
35 wo,s 17143 5 10 Cspa sals &g
(p,5) 489 4 2416 6/39 51/64 4 (»,51 2 L)
SIS g Sligs Joayd (olatay jsliteds el Cusoay
9 omb Vb o> (olerdsSond o Shy ululy
ezl Ll coeal 5 055 5 L Shs 5l Sy ool
J992) b uns waalds ges 3l sdnloawsds slagwl
Sol Ut i osdipll Slhaig ity (3
0/58 5 155 soo a0 0/44 L) foo 00,0 0/98
Jge® cnl 5o el Camsay 5lialigls il 5 o 31 oy
121228 a0 )5 61607 5 e oo so i slogewls
71335 491225 5 (0,51, Jee) 1808 oo je
ey o slaygesl sl (0,5 497/764 4 24/109
g dalyt (a5 DT @Y LX (ogate pxe (JlSS

Cowsds gy p,85 1714129 Jlais @ ool 36 4 o5
ol 4 a5 K8 pbime alex;l (P<O/05) sl
Arunepanlop  sle i a4 Gl oo o, alin
doo Sl sogas,o (1996) Laye 4 Karleskind Morr
Empis Bertholo Arozarena 4 aui 3 S o Ll
kil 0,5 o lal 0,5 LS s (2001) Sousa 5 Bunger
2l i 5 o o I3 b a5
b ool bogas jpae o b I
iz wsbise s gl sl 8l 5 eaiylal
e plp 0 deo 50 e Gl ladigel Cuglic
Oili8l Bl s g ool iy oBlws Bl culislg
5l il e 55 ol il s ol gy
S Gl e 395 oS ATBl A Sy »
ol deao 90 (5 USa) suslcamots mls sub 09s oo
Sorm S8k e GRlB e selie gy Sl IS
2 e oyl alie 8L L Gl Wil ce Lly a6s,S
31 onlial pline oyl Lol S slomyl 35lE a0y sl
2 5l yion polie 1o 15 ol oo ool 5l sl polie
(Kokelaar, 1994) 59 oo (U e (st 4 yoxie duo y
2 =S AU Gl 4 a3 labglS il ]
5 ol by Ll Sl b Ll cusls aw _lidl
S G 2l g Gl sl G e cals leS
ol Sl gl sme ssbar m b S 5 A o Sl
ool s o oglis ol (PSOL) 0y Jgamn siinn
bug ssdady slapSey s oiy dow
Marco, ) wilse w3l cnl b ool (po,e slaisn
Perez, Ribotta, & Rosell, 2007; Marcoa & Rosell,
(2008
390 50 48 (5,555 (1 ate sdeliewdds ol ub
i o b Jpame (i &5, HIS A
Sl sasms JSas szl (JoSdge (139 9 A% jeSams

suiplnl glayge3T (wluly (5 glS (g ©ligd (obdints b ol sl -3 Jgu

Coonl 7] i o> ogthe > Ol o> Sas S 39
10 5 - 12 6 aaS oy, wie
10 5 - 15 13 N Jslss
10 5 - 350 2 R ate p
10 5 - 52 48 i gy L*
10 5 - 7 5 N gy A
10 5 26 24 - S asgy *
10 5 550 490 - S (s




10

1 o Lo 8 al> 1398 Ju “s.ﬂ;\.é CJLw: 9 'aglc B ‘5)5T93 9 URIR

13 oablaeie S aeaSTgo slali yal ol dzeati o
Son Sl HlSle o S 4 (S e o>
Sobjl b SRR g S gl S8l g ugeme
CHGS Oyg0h sddolml slools wpl jgam o
2 et mx> Ol Gpitier AS my 8L o
Sloul b Lily dews cdll 00ys piie a2 (g9l> Aiged
s o e b o 5 SNy ol
Aol @ mpl o ie (pgane pz ShlH
5 ghw Blo .l ppate px> Gle p e
9y syl p Phe Gla)eSl G Seke Cugb,
0d B0l o (o oo 93 2 pSpap Sl Log
25 ol IS phety 33 45lS i S S
aidlyns 2l 4 SlaS 5 ol 5l S saslcassa,
aw Cnl Jlite SlAT cnl g S adgi CodS L Jpame
Sy Jp 5 Jyame sl aspnin 85 el oS 5
90 2 sl ged condploml obatr poluly crlple
doys 044 )y doo soys 0098 polic L geo
Olyeas LaslslS il 3 aupl woys 058 5 18 goo

b 55 Jpad e

S 4zl
SlaS 5 ool b sadelnl  cladalllas i
L Gl ewbe Jse 4 Oleiee sl 0
clin (6 B0l Bae b 39lS e 60,1 (slaos gl 3
Pl 9 IS g ol sledes gyenlil cdl cus
Saosessl oluly wiad bl lislislS Ll s
sl Lealigls il w3l )5 et sadel
oSl g aLil g, Ll GEalS o skl S
5 ol deo 0lo &5 T onl jpa> 0 Cda iy
oIl 5 ol @ )l cudyl s IS
2O Al gy i g Casb, 7,5 gl Al jSns
Gl 0 eSS S ez dw Gl G S e
SIS b o i 22 Q) deo (g i
5 eSS dw B ypa> 4 bge SR (e
s (25 D0ty g il 09 Ll e 1S en
izt 3 T 6)luky 5 lse slacls iy culbes
2Sen Ad Ll ol il eae 5
8yl (025 Gladign Sl donisys (glos S

A Gy 0l g mip ol i bgw By p

&l

S5 Blaie 0 )5 5 Slgd (oloordsSsd Sloogas p 005 ¢ sllesd i 9 ge¥308 5l (2 (1387) 5 (s el

i Ol 2 0355 Ep Ol 5 085y slos GSLI T oy (1388) p s yhez 5 s logaie vp WIB LIS e e
21-21 (15 ol o mlo 5 psle lo Gheghy (Ghe) o edd Faw SVsame [0 ()

doi:https://doi.org/10.22067/ifstrj.v5i1.3394

gy o (Lepicium Sativum) als als gowo alwgr oo 4 Ol 40 g, b Cygandgol Slaogas o, (1391) T Lol
Olergd axly = cadlul oljT olKzsls (o)) ol )5 4l L) oo s ol

AACC. (2000). Approved Methods of the American Association of Cereal Chemists (10th ed.): American

Association of Cereal Chemists.

Aguilar, N., Albanell, E., Mifiarro, B., & Capellas, M. (2015). Chickpea and tiger nut flours as alternatives to
emulsifier and shortening in gluten-free bread. LWT - Food Science and Technology, 62(1Part 1), 225-232.

doi:https://doi.org/10.1016/j.Iwt.2014.12.045

Alipore, M., Kashani Nezhad, M., Maghsudlo, Y., & Jafari, M. (2009). Effect of carrageenan, oil temperature
and frying time on oil absorption in fried potato products. Iranian Food Science And Technology Research
Journal, 5(1), 21-27, doi:https://doi.org/10.22067/ifstrj.v5i1.3394 (in Persian).


https://doi.org/10.22067/ifstrj.v5i1.3394
https://doi.org/10.1016/j.lwt.2014.12.045
https://doi.org/10.22067/ifstrj.v5i1.3394

11 32 ol gl il 3 0 35T 9 5195yl s oo T (omo ) Ol fSan 5 A6

Arozarena, |., Bertholo, H., Empis, J., Bunger, A., & Sousa, I. (2001). Study of the total replacement of egg by
white lupine protein, emulsifiers and xanthan gum in yellow cakes. European Food Research and
Technology, 213(4-5), 312-316. doi:https://doi.org/10.1007/s002170100391

Arunepanlop, B., Morr, C., Karleskind, D., & Laye, I. (1996). Partial replacement of egg white proteins with
whey proteins in angel food cakes. Journal of Food Science, 61(5), 1085-1093.
doi:https://doi.org/10.1111/j.1365-2621.1996.th10937.x

Barcenas, M. a. E., Benedito, C., & Rosell, C. M. (2004). Use of hydrocolloids as bread improvers in interrupted
baking process with frozen storage. Food Hydrocolloids, 18(5), 769-774.
doi:https://doi.org/10.1016/j.foodhyd.2003.12.003

Barcenas, M. E., & Rosell, C. M. (2005). Effect of HPMC addition on the microstructure, quality and aging of
wheat bread. Food Hydrocolloids, 19(6), 1037-1043. doi:https://doi.org/10.1016/j.foodhyd.2005.01.005

Blades, M. (1997). Food allergies and intolerances: an update. Nutrition & Food Science, 97(4), 146-151.
doi:https://doi.org/10.1108/00346659710

Dueik, V., Robert, P., & Bouchon, P. (2010). Vacuum frying reduces oil uptake and improves the quality
parameters of carrot crisps. Food Chemistry, 119(3), 1143-1149.
doi:https://doi.org/10.1016/j.foodchem.2009.08.027

Fazeli, A. (2012). Evaluation oil-in-water emulsions properties stabilized by Lepidium sativum seed gum and
whey protein concentrate. (Unpublished master's thesis), Quchan Islamic Azad University, (in Persian),

Garmakhany, A. D., Mirzaei, H., Maghsudlo, Y., Kashaninejad, M., & Jafari, S. (2014). Production of low fat
french-fries with single and multi-layer hydrocolloid coatings. Journal of Food Science and Technology,
51(7), 1334-1341. doi:https://doi.org/10.1007/s13197-012-0660-9

Gerrard, J., Fayle, S., Wilson, A., Newberry, M., Ross, M., & Kavale, S. (1998). The effect of microbial
transglutaminase on dough properties and crumb strength of white pan bread. Journal of Food Science, 63(3),
472-475.

Gray, J., & Bemiller, J. (2003). Bread staling: molecular basis and control. Comprehensive Reviews in Food
Science and Food Safety, 2(1), 1-21. doi:https://doi.org/10.1111/j.1541-4337.2003.tb00011.x

Guarda, A., Rosell, C., Benedito, C., & Galotto, M. (2004). Different hydrocolloids as bread improvers and
antistaling agents. Food Hydrocolloids, 18(2), 241-247. doi:https://doi.org/10.1016/S0268-005X(03)00080-8

Haralick, R. M., & Shanmugam, K. (1973). Textural features for image classification. IEEE Transactions on
Systems, Man, and Cybernetics(6), 610-621. doi:http://dx.doi.org/10.1109/TSMC.1973.4309314

Karim, A. A., Norziah, M., & Seow, C. (2000). Methods for the study of starch retrogradation. Food Chemistry,
71(1), 9-36. doi:https://doi.org/10.1016/S0308-8146(00)00130-8

Kaur, M., Sandhu, K. S., Arora, A., & Sharma, A. (2015). Gluten free biscuits prepared from buckwheat flour by
incorporation of various gums: Physicochemical and sensory properties. LWT - Food Science and
Technology, 62(1, Part 2), 628-632. doi:https://doi.org/10.1016/j.Iwt.2014.02.039

Kim, J., Choi, I., Shin, W.-K., & Kim, Y. (2015). Effects of HPMC (Hydroxypropyl methylcellulose) on oil
uptake and texture of gluten-free soy donut. LWT-Food Science and Technology, 62(1Part2), 620-627.
doi:https://doi.org/10.1016/j.Iwt.2014.03.039

Kokelaar, J. J. (1994). Physics of breadmaking. (Doctoral dissertation), Kokelaar, Agricultural University,
Wageningen, The Netherlands. Retrieved from http://edepot.wur.nl/202247

Kuraishi, C., Yamazaki, K., & Susa, Y. (2001). Transglutaminase: its utilization in the food industry. Food
Reviews International, 17(2), 221-246. doi:https://doi.org/10.1081/FRI-100001258


https://doi.org/10.1007/s002170100391
https://doi.org/10.1111/j.1365-2621.1996.tb10937.x
https://doi.org/10.1016/j.foodhyd.2003.12.003
https://doi.org/10.1016/j.foodhyd.2005.01.005
https://doi.org/10.1108/00346659710
https://doi.org/10.1016/j.foodchem.2009.08.027
https://doi.org/10.1007/s13197-012-0660-9
https://doi.org/10.1111/j.1541-4337.2003.tb00011.x
https://doi.org/10.1016/S0268-005X(03)00080-8
http://dx.doi.org/10.1109/TSMC.1973.4309314
https://doi.org/10.1016/S0308-8146(00)00130-8
https://doi.org/10.1016/j.lwt.2014.02.039
https://doi.org/10.1016/j.lwt.2014.03.039
http://edepot.wur.nl/202247
https://doi.org/10.1081/FRI-100001258

12 1o lois 8 ul> 1398 Jlw w2lad 2 luo g pgle jo ‘5)5T93 9 URIR

Lorenzen, P. C., Neve, H., Mautner, A., & Schlimme, E. (2002). Effect of enzymatic cross-linking of milk
proteins on functional properties of set-style yoghurt. International Journal of Dairy Technology, 55(3), 152-
157. doi:https://doi.org/10.1046/j.1471-0307.2002.00065.x

Mandala, I., Kapetanakou, A., & Kostaropoulos, A. (2008). Physical properties of breads containing
hydrocolloids stored at low temperature: Il-Effect of freezing. Food Hydrocolloids, 22(8), 1443-1451.
doi:https://doi.org/10.1016/j.foodhyd.2007.09.003

Marco, C., Pérez, G., Ribotta, P., & Rosell, C. M. (2007). Effect of microbial transglutaminase on the protein
fractions of rice, pea and their blends. Journal of the Science of Food and Agriculture, 87(14), 2576-2582.
doi:https://doi.org/10.1002/jsfa.3006

Marcoa, C., & Rosell, C. M. (2008). Effect of different protein isolates and transglutaminase on rice flour
properties. Journal of Food Engineering, 84(1), 132-139. doi:https://doi.org/10.1016/j.jfoodeng.2007.05.003

Moore, M. M., Heinbockel, M., Dockery, P., Ulmer, H., & Arendt, E. K. (2006). Network formation in gluten-
free  bread with application of transglutaminase.  Cereal  Chemistry, 83(1), 28-36.
doi:https://doi.org/10.1094/CC-83-0028

Murray, J. A. (1999). The widening spectrum of celiac disease. The American Journal of Clinical Nutrition,
69(3), 354-365. doi:https://doi.org/10.1093/ajcn/69.3.354

Peshin, A. (2001). Characterization of starch isolated from potato tubers (Solanum tuberosum L.). Journal of
Food Science and Technology, 38(5), 447-449.

Purlis, E., & Salvadori, V. O. (2009). Modelling the browning of bread during baking. Food Research
International, 42(7), 865-870. doi:https://doi.org/10.1016/j.foodres.2009.03.007

Rehman, S.-u., Paterson, A., Hussain, S., Murtaza, M. A., & Mehmood, S. (2007). Influence of partial
substitution of wheat flour with vetch (Lathyrus sativus L) flour on quality characteristics of doughnuts.
LWT-Food Science and Technology, 40(1), 73-82. doi:https://doi.org/10.1016/j.lwt.2005.09.015

Rodge, A., Sonkamble, S., Salve, R., & Hashmi, S. (2012). Effect of hydrocolloid (guar gum) incorporation on
the quality characteristics of bread. Journal of Food Process Technology, 3(2), 120-133.
doi:https://doi.org/10.4172/2157-7110.1000136

Sakhale, B. K., Badgujar, J. B., Pawar, V. D., & Sananse, S. L. (2011). Effect of hydrocolloids incorporation in
casing of samosa on reduction of oil uptake. Journal of Food Science and Technology, 48(6), 769.
doi:https://doi.org/10.1007/s13197-011-0333-0

Schuppan, D., Junker, Y., & Barisani, D. (2009). Celiac disease: from pathogenesis to novel therapies.
Gastroenterology, 137(6), 1912-1933. doi:https://doi.org/10.1053/j.gastr0.2009.09.008

Shin, M., Gang, D.-O., & Song, J.-Y. (2010). Effects of protein and transglutaminase on the preparation of
gluten-free rice bread. Food Science and Biotechnology, 19(4), 951-956. doi:https://doi.org/10.1007/s10068-
010-0133-8

SirichoNworraNit, S., Intasen, P., & AngNawut, C. (2016). Quality of Donut Supplemented with Hom Nin Rice
Flour. World Academy of Science, Engineering and Technology, International Journal of Biological,
Biomolecular,  Agricultural, Food and Biotechnological  Engineering, 10(7), 443-446.
doi:https://doi.org/10.5281/zenodo.1125777

Sumnu, G., Koksel, F., Sahin, S., Basman, A., & Meda, V. (2010). The effects of xanthan and guar gums on
staling of gluten-free rice cakes baked in different ovens. Internationa Journal of Food Science &
Technology, 45(1), 87-93. doi:https://doi.org/10.1111/j.1365-2621.2009.02107.x

Sun, D.-W. (2011). Computer vision technology for food quality evaluation: Academic Press.

Tan, K., & Mittal, G. (2006). Physicochemical properties changes of donuts during vacuum frying. International
Journal of Food Properties, 9(1), 85-98. doi:https://doi.org/10.1080/10942910500473947


https://doi.org/10.1046/j.1471-0307.2002.00065.x
https://doi.org/10.1016/j.foodhyd.2007.09.003
https://doi.org/10.1002/jsfa.3006
https://doi.org/10.1016/j.jfoodeng.2007.05.003
https://doi.org/10.1094/CC-83-0028
https://doi.org/10.1093/ajcn/69.3.354
https://doi.org/10.1016/j.foodres.2009.03.007
https://doi.org/10.1016/j.lwt.2005.09.015
https://doi.org/10.4172/2157-7110.1000136
https://doi.org/10.1007/s13197-011-0333-0
https://doi.org/10.1053/j.gastro.2009.09.008
https://doi.org/10.1007/s10068-010-0133-8
https://doi.org/10.5281/zenodo.1125777
https://doi.org/10.1111/j.1365-2621.2009.02107.x
https://doi.org/10.1080/10942910500473947

13 32 ol gl il 3 0 35T 9 5195yl s oo T (omo ) Ol fSan 5 A6

Ziobro, R., Korus, J., Witczak, M., & Juszczak, L. (2012). Influence of modified starches on properties of
gluten-free dough and bread. Part Il: Quality and staling of gluten-free bread. Food Hydrocolloids, 29(1), 68-
74. doi:https://doi.org/10.1016/j.foodhyd.2012.02.009

Zolfaghari, Z. S. (2010). Effect of Formulation, Perfrying Treatment on Physicochemical Properties of Donut
and Application of Fuzzy Regression on Sensory Evaluation of Product. (Unpublished master's thesis), Faulty
of Agriculture, Ferdowsi University of Mahhad, (in Persian),


https://doi.org/10.1016/j.foodhyd.2012.02.009

14 1 o Lo 8 ul> 1398 Ju “sg.u.é Lo g pgle 5o ‘5)5T93 9 URIR

The Effect of Xanthan, Guar and Transglutaminase on the Physicochemical
and Textural Properties of Gluten-free Doughnut

Arezo Fazeli*, Mostafa Mazaheri Tehrani?”, Mahdi Karimi®, Alireza Sadeghian®,
Arash Koochaki?

1- PhD. Student, Department of Food Science and Technology, Faculty of Agriculture, Ferdowsi
University of Mashhad, Mashhad, Iran

2- Professor, Department of Food Science and Technology, Faculty of Agriculture, Ferdowsi
University of Mashhad, Mashahd, Iran

*Corresponding author (mmtehrani@um.ac.ir)

3- Associate Professor, Agricultural Engineering Research Department, Khorasan Razavi Agricultural
and Natural Resource Research Education Center, Agricultural Research, Education and Extension
Organization (AEERQ), Mashhad, Iran

4- Assistant Professor, Department of Food Processing, Research Institute of Food Science and
Technology, Mashhad, Iran

Abstract

The main objective of the current study was to optimize gluten free doughnuts formula for which the
effect of xanthan, guar and Transglutaminase (TGase) enzyme were investigated. Xanthan, Guar and
TGase were added from 0 to 2% of flour basis to the basic formula. Treatments were designed based
on the mixture design of the Minitab software. The optimum conditions were selected based on the oil
absorption, hardness, color, porosity and specific volume. The results showed that the high oil
absorption occurred at the high level of TGase in absence of gums and the minimum oil absorption
happened at the triple point. TGase caused cross linkage between rice flour protein, potato flour
protein, and soy protein concentrate, which led to making protein network, xanthan gum, creating
viscoelastic properties and guar gum, generating inter-surface properties, finally resulting in the
increase of porosity and specific volume of doughnuts respectively. The interaction between the
components showed that increasing the amount of guar gum improved the lightness of doughnuts.
Texture parameters showed that samples with just gums without TGase showed the highest hardness.
The synergistic effects of these gums increased viscosity. Hardness was decreased by protein network
induced by TGase. The results of this study showed that the formula containing all three components
could simulate the protein network in the gluten-free doughnut. The optimum point was 0.98% of
xanthan, 0.44% of guar and 0.58% TGase which showed the best responds.

Keywords: Celiac, Doughnut, Gluten-free, Hydrocolloids, Transglutaminase
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