AERI

YA-£0 (ol VWAV (bl 5 )l /NE 0yl VY s/ a1 i ouwabigee ol

Ky LSl 5 Slow o 30 Dluogad 3 1S oo g il 9T (99391 wils
Wod gl 99 (9 PUE oudw! K5 diw g

" Sog b 9" 48 s 1gu0s 55 Lugo ;! SO0 Cyadw

oyl «Dlidzd lajle (g8 lmlyST oamb wlie 5 (55,9Le8 (Bjgel 5 Sliniod 35 e pwiige 5 (23 Olidos iy bsbiwk)

Olpl eyl 5555l g g

s az-ly oMl ol5T ol8zils 138 mlio g pole 09,5 cdd )l ol IS axs-gol jzila-¥

Ol @S (5509kaS @ 5 Sisel i plajls os5,lsS (uiigen 5 (8 Sliniod duge loliok Y

VWRVIBIF iy g, N YAVANY sl o & s

oS>

£

313 Sy (oM (SLlje & Cuwl By 9 By (saimeling 9 (90 cmmmiliy ¢ pund 51 )L paw 9 095,1b SV 51 (S0 ol
1S &owo 9 @05 3,1 Mo y3 V4 90 yhuo g daw yd (Wile 3,1 51 adliuw! b Blideo (b ygmus g0 48 5T ¢ pudla iRg3y 45
SLAS g Sl 00 o) 2 Miodgul 13 (2] S (s 9 (o2 lbiownis 38 (olh 52 003 +[0 g Juo el 93 )3
2 (&—«Jbgw.&bs&))d»dlb‘;ﬁss&) dl.i'bu»bw ‘,p»‘u,l.ﬁs Sy cél 9y c):.wSl» cwg.b) ‘_Lob»«S.ﬁS
9 Sy ylaciio (yiilo 3,1 Jlade Ll b amd o oyl Wodls (g lol 4300 gl wsiad 3,0 (Bokas Mol &,k LI
9 il a3 0 B ile 3,1 Ll b S pors s L Lol fiansl 03,5 Tty sl 381 o8 owo (55l (5L yom¥ 90 53
S jiol wad 0 i o bl gl (P<e/+0) Cawl Bl LR (5,15 dxe jobds o yd Yo U ile 3,1 Ligl380 U
olo 3,1 a3 Vo gola gladiged ;5 Lol i l381 (Wilo 5,1 wao jd 0 (goln (G AIged ;3 |38 Rowo Lyl b el g
30 1 9iS koo Q033 +[0 ol yok &y (yilo 3,1 o yd 0 31 3liw! ¢ Gulid oyl gl A dn gl b (D<o /4 0) Cawl Wil yialS

2905 0 Sepuiiag Siodguol pd 95T il S Mgi 43 U g0l Muoyd +JAY youis

ol a8l Llie s, s LT 5l eoliz_l
Y gams 51 SO SS by ol o (Yaganeh, 2012)
@t 555l dge b aS 05,000 Hlad 4 Bpaey alis
Sl Jams plgi o weogul B S5 0 5 o
LaoaiiS' b me iy, oyl b ks o 0,5 adye ik
YU e 5 g oo Ly (olid Slgs wijls les

A>3 50 Wilgl o yilo 0,1 (b ol o 0SB a0

SolS sl jlg

FPRY
A 3l (o aedguml 8 slalie pgas (o lidsd
a5 50 el 4 ol Slié mlio o o lae il
B o pan g wde GluS 5 faile, @l sl

Gt ST pan ilad  lié Slge wisT ol &l

http://doi: 10.22092/fooder.2018.121253.1131

Ya

s.zomorodi@aree0.ac.ir : Jgius 003,55

© 2018, The Author(s). Published by Agricultural Engineering Research Institute. Thisis an open-access article distributed

) 0

under the terms of the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/).



mailto:s.zomorodi@areeo.ac.ir
http://doi/
Shabnam Jabbari
Stamp


YA-£0 (ol VWAV (bl 5 )l /NE 0yl VY s/ a1 i oowabigee ol

Slod S 0)S czy mlio glwos gl 0 ogas
g 00l pladsal Glsie 4 olgise o 515 050
(Verbeken et o, 5 ooll S game )l oains plgd
4 1,55 oo 51 (Shokri, 2004) S al., 2003)
Sy plis 59, sl wl ST 0 052 Rl Olsie
patte 2 (Sl (aled (g Sl p 1S &S
Lol 53,00 (5l me 58l pabs sltal 5 SIS pras
S5, sl 5 S ) e L ((SS s
Sialidl s @ 1,58 5l eoliiul ams oo 3,50 cou
gy 50,0 Y amt o g O (65l 5 i
Sl GBI 58 4 5 e Jals aile la Sy
S 9l o Gome ol gyl elo Jlds 4 )
Dgs aid, ISan Coy sles gl b o Sloas luS s
5 Alwgy S 595 0 Cate (S (nl osry bl
(Moayedi cwl pos cpl wallasl Slusgas 5l 4L e
(Vinson et | )LSen ¢ (yg—uins 8,0 5l €tal., 2013)
ol33l g LDL g 0y S 6 5 o 225" al., 2006)
Gyl SLSTS g 0,5 NS 8 ,ae ,31 0 |, HDL
(Hajmohamadi et al., ,Ken 3 soazo zl> los,S
cIY eV slacclale )8 1,58 deo o958l 50 2013)
S8 28 s ool ao,s /A g +/F o /F <Y
Eomo 3l oolaiwl aS wisls (lis g Wo,S sy Zuiaul
siolS 5 5 il slsnl camge aeo s +/F L 1,8
WS (oo Ol (pl09d o0 SIS o Sl slaailis
ogdle ¢ Zridu] LS 10 1158 pas oo Tl oolaial
algi o wanie glasdss g g,ls elss og s 5
o=l Bl jes g 09— |, S (B ole
(Babaii et o ,LSen 5 b oo ial33l ) &Y game
S sla S5g o | 1S ks 56 35 al, 2015)
Fomo (9981 45 WS Al g wo S bl (i
Sdled palS g pgatie pom Rl 4 e 1S
1S do s 10 3,8 e ()l S5 o oS o]

slVigna radiate L. ole s L s 5lo 0,5 )13
Sl g o3yl b oYea 51 S Papilicnaceae ooyl
Sl B 9 By sloproling 9 (o9 eumiliy )i
Sl Eools o8 il 5 e S ) 2L
Sty czse ol 055 5 Sl (2 0l
5 bl Sdsd ael Hlade 058 o0 e ie slas Lo
S (Be (8 slas e 5l 6Kt ln 9 VL
Lo, Lsle (Blessing & Gregory, 2010) ol ais

g 10 1y 55 0550 5 pte dival (slaol ples
50l o ay (el 5 (o gl c e
39 S9de Gl Ay (dgiie 9 e (O30

(Ganjeali et al., 2008) 59 oo <L ol (yuiigy
(Noor Aziah & Komathi, 2012) slagS 505,95
paiS 5,1 le 0,1 g 0956 5,1 og58l as” wisls k158
soul o 63, Shoe (plgs 55 (6 pmss ¢ b SoS a5 o
1P La oS (A B ndy bl St il
Sk sl S5 50 @luyd prbw (Jl ol b aed oo
B 5 0abangs sla 598 g 5l (g in ol @ LS
bl aalgd 6 YL edl b i of Lds L
5 S 5 wsllae e aSl (g0l g0 TS
(Weiping & Williams, <l olie slge sla S04
5 el cpenlS oli5 S yolie lls 1,25 2000)
lsailoul Gl o] (s eSS 5 pu e
ETET ) IS W PO [N VO PRVC T RSN PSPPI PYRVES
(Pachuau et al., 2012) ¢l w5 cpdly g m
odmsy LS & a5 09t 50 ol 5l 5 090 (Lo
@ 2l mlo 01,05 2o (Eastwood, 1984) ol

1-Cookies

Y.

2-Tragacanth



e 1558 G g ile 3,1 539381 il

Jisenl) (S bl b g )lzgs 51 g o 3o il
98 O9ySee TVO Gie Ly STL 515 00 (o)) el
Sl il S ad Jse 2 (1) Jgozr o ol ool
Gk o Ladigad plaw .cuwl oo adl)l sall aigal
2 (M5 () sladgas 0 ool ashl ow¥ge )b
Ohismel § Sl 35 50 udie 5 (8 S oKyl
N agi onf ololydl o e 5 (5555LaS
O BB B Do ay S g & penst Il & ol Finle
(o 35 Lo 05,5 GR-O0L Juwe) (slalS 3o
LS oo o J3lgel ol oy, o Lgloa YU ey
Seis OlaS 5 ple 5 Sjenl i (les g9 4 w)
L aids 0 Soe ay g alol (05 K0Sen 59,1 524)
9 3990 SKuSo > o oy 31 10 0 00, 00 Yl pu
Lol Gless 55 4 din (ilo 0,1 5 paiS 0,1 03V lade
e by e (om by yu b adds Ve Do 4 g
Slolesd )2 oetisn Oom Yl Jobs & 093 o0 55l
s s gmes pled o b sl o ile 01 sl
bl gy O Jlacie 5,00 5 95 6y
(Noor Aziah & Komathi, a_s aslal il o)1 g9l

2012)

dy daxgi b oo )S slpidy (il SGST g Y e 8 50
=y SBaal goad ol il Y gladss b))
3,1 5l eolawl L siedgwl B o518 S adgs Sl
oo 3l esliiul L o] (8L sla Sy 950 5 Lile
Lo Sy S0 2 OseVsep b 0 |2 s
Tl SIS Ay () 5 e e plontsSe 8

o] °"\"‘:"g5“"))'.’ ).u ..\...Aéj....J‘)B LS’}lelS

Brigy gl

MAY 59y o0 Vo /8) Cagh, b jlies oubw o,
Sl D PIVY ol pH g as o /Y S sy
3 Olr) 09 KiaSer o Jly S8 Gl o w6 ads>
7 9 S h (Ol (dslie Saie 0l
St &8 285D oY mle g, (Glpl SLl, &5 20)
3 e pls ails 5 SLSTS 39 (8 yen55 ()45
31 gal Syt 0B ad S ed e slealiids
ledgel) oS Yo F Jiloal S5 15 ()T 08 5
AsS s hgs,3] oldl slmes,gl b S b 5l &l aue
tlord Slge 9 G Loyd &S50 5) LS oo (0l 5
RSVIRIIN K UK STt

92l (2t S5 yrod and Jgosd —) Joua

(0o y0) polio

olas 5

Yv/4
Y/a#
YY/-¥
YY/IV
UAA
VIVA

Js o)
b’.L‘ 0595

!



YA-Ee o/ VYAV (it 5 5l [TE 0yles /1Y ] 18 ol (owtige il

4o LS (Bitaghsir et al., 2014) sgi (5,05 ol> aus
2O N (ga a0 by Sl L slaidg
4t (V) Jogdo b 0 omwYge,8 (i ((Gubios [yl
sloo 1o 5 )l 54, V5l o S slodsges ol

A Ls.’le.})‘ Jsu
Sl o by S ladiged g 0d (159 SIS e

(Phimolsiripol et al., 2008) w5 ,5

ool Jo @ 505 1,05 foo (g5l slagygamVge b 50
D alS Bras JHgel Jlade 3l iies (saSslS 5 000
el B o 55 0,5 10+ o3l &y oud dgd jee |
Syan) 3] 030 LB o aisy, gy, G2 (s5l>
4 wgraw a0 Ve gleo L (LT i8S cslo
WSy Gl plesl 5l ams .aiad eols 1,8 4880 VO o
slos ,o aiads Feo¥0 Gue 4 S gol> sl

3 Ages 3,8 5l g Wed S Lo ools 1,8l

S S ygmr 9058 (6 10505 Y Jou

S Ul eSS s s
(dwoy0) o
(2wo,d) (Swo,0) (wo,0) (o)) Ogew g0 8

UAA VIYY ARTA (sali)
UAA <IAY ARTA <1 Y
Vo IAY VIYY YviAa N Y
Vo IAY <IAY YviAa <1 I ¥
VV/IAS VIYY ARTA \e. N
VVIAS <IAY ARTA 1 K 4

S 55 L g oo 51 o0 zme 3L S o oayo 350!
o Flabkd) LSy 4503 V0 jled o 5lais S L)
Sl e Lol an g ay (e sl YxOxA ol
Sy S SLa Sy (orp lp bl b Sgan
Ls‘)—’ I\ )l_u.n‘ FLERWIPRIRY Q‘)jb L g,«BL’ 9 rb—'-la diwgy
CtS gl Vil g 093 s g ogdbe CuaS
Sl Glygle ol eols plais] o s 5 ollacls
bl ladises bl ey 955 los (gt
(AACC, 2000) wis,S solaiuwl

oot (5 o Jalniga

s Jlss doleas SlS b B o agio
omilly Jdodigan o L calire (sl ygeVge )8
31 ooliwl L oo ,s A0 il phaa jo Tad s
Sloslaiwl b La Sl .abals duslae Minitab l5306 3

gh )3 (S5 i G5yl 9 MSTAT-C I3 3le 5

gL )| o NS i L S (B9 5 )
S5 e el Cwdds S A 90 40 suls (5 505l
0 eens S sty Slsanle b, 5l eslanal b 5
00,5 St b S 5 e 5,1 cusb, (AACC, 2000)
VeYEY los L (Gladl oS el o o) oy9l 50
0)95 39 oligmw L Lol jaSB g Gogandes a2
Sl U () 5-i8 el lusgs oluh) (S Sl
JodS (g, d gy el Css &y (g ST
L S slriges atugy 5, (ISIRI, 2016) ol yepss
sy i) b* Lels i 55, slaasls (s
o Sy b oaimo i) 8 (0,5 b o (K ik
00litiasl by (o b ol citps oo L) L* 5 (50,8 b
W gl i yee b (Jlioms (iS5 iy, )
(Naghipour et wis Sb s, Image J 38le 5 g JuuSuKe
Syl N0 1, SIS e sl Shsal., 2013)

1-Seed displacement

Yy

2- One way ANOVA



e S Rowo 9 yilo 3,1 53958 w35

S o> 9 o)W ey Bl Garm¥ 90,8
= Op¥gayd 5l daosls (5 bl o8 @l 4 azg b
Ty P 10) Eal o ire SIS o g iy 2
B Sl 2 o sine b Lo gaai¥gn b 5l Sogen
e (V) Jgoz 5l aS (g,0b ke (p>0/40) o)l
wi i a eS gao g Gile )T (Rl b ey il e
o sl (<[ 0) sl 4zl zalS 5 ilidl
(OgeYa 8 33 1S oo 025 L oSS sladiges
DL ole o] L33l b (S8 aze onlos Sl il
yobds (Mo, Ve B) wo,0 051 oo Lol ioli8l s o

Lol a8l pals g lo o

dw yo Layge;] coled 5o duglie duoyd A0 Lol

syl )Ss

ooy g b
Cgby 5l og &ylae solaiwls jge ilo o, sla S5
YIVA S g a0, 0 YVFA (pbigrm cao o VITA
3= (Khosravi et al., 2013) | )LSon 5 (g9 00,0
9 a58,5 5)155 oo 0 AMFY sgas |, ile 0,1 Cugh,
Cogb,y oo, 5l il o, Cogby dus o aS wisls Las
o)T 5 (d—a, VITY) Sl oj (3o, YIYE) Lo oj

S oo 9 SOy Sl (0,85 1 eV 90,8 51 3, lliw] slhs g (pSSle duglie -Y Jgan

(o o SHilw) o> (W ,9) iy & (o il (55 Ogew¥g0,8 a5
AYIYAP SIYAP s el
A¥/a0% o8’ e
AY/aY? sIsY° g8 §

Aonad §.9° % v
VAN -° v -2 Ny f
MDY sy n% 5
<IFA <IYA IBY oSl o laslisl (slas

P+ 0) axics o ire g ko] Ll 5l eygin o 50 alie By G L JBlas slael

20 eS g (S gamo s 5 3ls 0,1 (y30)
0030 1S dauo (90 il 0,1 oy Vo (g9l diges

D95

S diwgy Sy s asli p blews 5l
3, Gl 3 L (p<+ 1+ 0) 3,ls Sl e )*_,‘L__,
e oS Loy el S a% ol o (il
o oo;b.:_;: U@U b* 9 L* duubu‘ oS

Yy

S g 9 SIS ughy g g ge ]
helatal bz 5 Sl aaglie gl
5 AL b Hlade 5y e lide slaygenYge
b el oa 03,51 (F) Jga jo S0 sloaiges (g p
oo e oy lage Grli 8Ly () Jsoz 4 azgs
9 SS9 LS ()l e Hoban bdiges Cush,
|35 ey 4L U Lal il iy il 31 (a5
oo Sl il Sy sk, o

aald diged ;o Camgb, Jla e b (P<<+/- D)



YA-£0 Lo VPAY el 5 s /TE 0yl VY s/ i qyliao wige Coliios

S5 (g 9 fuS B Cagb slade 51 eaw¥ge 3 P13 lilil sllad g (iS0le dmglio —€ Jouo

(W0 50) (9 5 (W0)0) S (a0)0) Cugh, ¥ go,3 a5
125 -/ YA/fEP (aali) )
YIYAS v/ 5° Yyvve
AN VAT va/ar v
V/AA® VY Y- IASS v
AAF? VYY? VAT ¥
NS Vioa? va/as? 5
AN oSN L£59 eSSl o sl glas

P/ 0) axecs Yo gime (5 le] B 5l eygim o 50 alies By o b JBlos slael

S Binngy S5y S ad L 1 gmiged 1 3 el shS 9 (Silie dunglio —0 Jgun

b* a* L* OgY 908 a5
v5I5Y® YA/ E Mf? (2ali) )
Yv/ast yv/aa® YA AS
Yv/.q? Vo) Avay @ Y
Yy VYIAY vavs® Y
YV d VF/ARC AYIYA? f
Yf/a0° VOIANE A-nE® 5

YISA Y5 VIYAO OeSilee o lailinl lla

P10 0) st o cme g5kl Llad 5l cgin jo 50 alie B> G L JBlas slacl

S5 (ows jliiol 31 (yomw¥ 90,8 51 5, Iail] (lad 5 (Sl dunlio =T Jgu>

¥P v/o° v/esP
\A0 vy \a8 N
¥ryP YIVAS wryP
5
veeP Yy £rv? 0
¥P ¥y . v..0
\ .
¥/AQ? ¥/oP viooP 0
-IYa Y YA - el o lailinl (gllas

P 0) s o gre g5kal B 5l g o 50 alie By SO L JBlas slacl

Y¥f



e 1558 G g ile 3,1 539381 il

o= pali (amoye Vo L) Lile o, s ol381 L
oLl pals o ool oo (palS (gl sine 5k
95 Y 51 (230 Wl g ol 3,1 Gral3dl 31 5o o
a3 0551 s ay (gl o5 wl ole 0] (g
ol 3l oaiiangs S5 0yl (ot ol 4 5l el
30l s el i Sl (h s ees g5
(Noor Aziah & 55 o diged px> (oS 4 o

Komathi, 2012)
9 iS5 Lol GhalS S cush ¢ tle o)1 ol L
S50 S5 Caghy GhalS el sl tal8 (T oty
Cersby 509 05 Jdo & Wil oo 525 oo 0,1 Sl
e 85k 5l (Ja )T Ly avglie o (oo o)

Ao, 0 MAY o /FY o an saw oyl o Lel ws o
153 B9 9 FeS lade (il (nlply 5 Cul
oo s Ul 51 g0 SIS o ibe o)1 lade ol I
Shd 5l S e g (Gae Slgs 5l (28 Sl 5l (S
(Ganjeali et al., 2008) ¢l puil s g 7Koo cpummnliy
—~3(Noor Aziah & Komathi, 2012) |, Se2 50515
pasS 0,1 4 ile 0,1 5 0456 0,1 o438l a5 wsls 155
Slde Glidl cege (( SoS HgVe )8 )3 3520
Jgmazme (S (hpdn Sl g pglie atulis (i
Byl Slesren godod ul plo b aS cunl oads ol
3, o559, (Khosravi et al., 2013) |, Ken § (59
NEE sg0> 1, o] Cogby g duo,0 Yo /FF sg0 1) ilo
adlosls 5155 ws o

ool35 3= (Moayedi et al., 2013) - )LSon 5 (gas5e
i <0 Jsma 40 1,35 oo il 381 L o5 wilos
o=l b oe Rl (255 LB jsbas adiges uS1>
i 1155 oo S Slge oS wilaid I as . ladoe
Sl SlySran Gdod nl @l b 6 S e Gl ool
S S e 1nS aal3dl b ol ool las a5

Yo

> 205

21 deo g ile o)l GaLisee ol fe 0, LS
5 b (S5) e oloS el S gV ge
asiie £ Jgaz sl cwl anily (gl Jxe )..Jb (ca8b
b 5 cil o5, slotel 1S fas Sialihl b aS o
3,1 lade Sal38l (Pt /o 0) ol ails o xe ol
¥ slopgaa¥oe ) 003 0 mhaw U gem¥ge 3 0 il
Sla S 2 1S 9oy 20 L jho e 0 (P
ay ole 5,1 Jlade il ol sllasl 5 S8
S mre GalS el (F 5 0 sloyganYge 3) o jo Ve
Gl Jose,8 jo il oui Ladsges cdl 5 SO, Lol
dlie )3 7 5 ¥V laygraVge ®) 1S foo (551>
sV ) lagg¥se ) S oo w3l slage 2 L
P<120) oyl gilo sime il abs sLitel (O
sladiges Sy Sl oy p 5l Jol> mls 4 azgi b
gy B ) 1S deo Glie BN ST 0 S
ol 6 s i 3 18 fao @YU ol ele
il 0,1 (539331 b Ll sy alS oy ] 3 o
ol 05 STy Gl eSS Cagh ) ShalS s

s S e Gl Ly o a3 il s
I 18 8 5 155 oo g s oty S olon
S Sl SIS0 ealadsi LS Gl st ke
Sl gas cwl a8l yioli8l 50 SUS poe> a0
Syl s e b g bl 5 YU Jlail oyl 5 b
(Collaretal., weis oo ywaz 10 YL A 568y
(Rosell et al., 2001) ,LSon 5 Jul, Sliizs 1999)
a2 oo olas (Guarda et al., 2004) ), g 15,155 4
dald 4o S O e 0l e 4 Eeue 39381
@l b @S onl @l ilior (Rl s Hobay
Looyls Sletran YU jo cabass lidone Olador
Dgos 4 Cmmnd g 2> 0,0 O B ilo 0,1 ol58l

Lol caiS o o (5,0 gime s (Lo 0,1 (y500) vl



YA-£0 (ol VWAV (bl 5 )l /NE 0yl VY s/ a1l i powabigee ol

(Hajmohammadi et al., 2014) ) Ken 5 (goazozl>
o, oY mhaw jo 1,08 5l eslatul a5 Wi )57 158
g wlas glaas; 4o of Jlasl g cosb, & >les
Ll sl 03,5 655k Jpamo 53 agl i iy S
AYL Bl s dowsys JA 5 2 1F) SYL lacas o
ool ol Jdo a8 conl oy aals diges b B )
9 65 (55 At sloml e 50 YL Aty 5eSns

el S0 i b ol axs o
alin ol 50 (Gomez et al., 2007) ) Ken ¢ 503
ol @l b oliios ol mls ailes,s (3,158
LS Sl ols plzs as” ojls Slgen ol gubo
J5 e 09d e (bl S Zusb) Lads e
(Lightness) L* o>l L ouis ools cid p slogs
el o138 oole gy ali L* oS 54 oo (atuive
2 R cemge (25 sl jlade o il
Voo U jao 5l LF aials ois aales bdiged (gouiw
()55 =l D% 5 (o8 b s 5D 8% slo el o
2 s gl lagl asels 50 a8 ain (S5 (sl
sani SSNY e LY oy Lo T osgame Ylie 2

Sl a* jasls juels (Mendozaa et al., 2006) ol

3 Gt ol jo 4SSl Jdo el 4 le 0,1 2058l
) o (9, cads 950005l g oaboslaul jw ilo
Ol 3l d)iS pao (199381 b pen .l ool o33l
S5y 5 Al o e joboany SIS diwgy bl
load ool o an 1,08 .l ol 0,5 LSS
Sloggd STy waid cuw 095 LSl ;o cuisS Lo
(Moayedi 50,5 o0 S K5, o 0,05 9 0,0le ol
@ 56 o,b,0 095 Slidss o laixe ol €t al., 2013)
S 599381 W5o S odmline ¢ a8l s wline 0l

AJGA 3% Jald AJj_oalJMLO.A ) ‘) ul) g &:)
oo iyl 4 o 5 s o 5] ol

(oor o=l 3l el s 4 az g bk oo B
Oy St An (SIS A 0 1S g e syl o8
(=3 yb 3l oo alol g Jgy S5 gladss
sl dresglp OLoS 5 Glyied (ALS slagnsy
il St (eizren g SYgaze b 5 55l S5
3,1 590, Lolg s 0gin o oolaiwl Loyl (glasdns
Sria Pl Slg> 00,5 ol it 5
Camols ol oy ccwl alizes Loyl i jo L:z:OT S g
Ogadgal ol L5 K00 sl Shy Stz jsbas
b s a1 Uy JeSeis g omlojaS ( SauS
(Moure et al., 2009) a2s .o
Sl Gl 55 S Casho, S o il L
S Gialidloaae JJo aslg oo (Shg cpl ojle
OsYg0 2 3 1535 Gowo (e (I BI LSS Cusb,
(Glicman, 1969) wib ol Jsaxe
aS a_dl,o (Guarda et al., 2004) ol Lo oI5 )LS
Sosb) (il ez ge (L A HLENS feo (0939
;o (Ayoubi et al., 2010) ;)|,lSen 5 o9l 0o o
S=S Sagb; Glie 2 J8S 5 QWIS o Sl (o) 2
SLLSen 5 sl ailon 1S 3155 alie omls és,
as oS peo 09581 i sS o (Rosell et al., 2001)
9 9B 0 Sg jedd Al 0 ] es (gl e
Ob Cagby g wb oo Gl o cullad g ogass x>
g e Bai> g
S San 5 S zmileg, ol s 5| ol ml s
Shoslaiwl aes oo lis 3.5 (Romanchik et al., 2002)
. S c c ) .
3 EropsS 09,5 5 ke (il plsiear LT des
Cgh) (o ol Bai> ed (UL 4zl g
13 e 59 99 9 Sty 3l am Aol | Laa>olS

Sl dalez iolislh el 4 o

1- Okara gum

Ys



e 158 G 9 ile 3,1 539381 il

9 b he IS o bbdes Sy @) 1S feo
Al dols wlusl bl g co a9 Cdl Cugh,
5 Loy 3 |y aliie _om s Cenlools Comd oo 4o
Alesls 4135 (Sowmya et al., 2009) |, Son
ObSes 5 S—zmibeg, Dbl ol gl
3,8 aes o Lii 33 (Romanchik et al., 2002)
3 EropS 00,5 5 5,8l (Rl leea )BT dao
(e Ply i ol (D andlS egs
395 95 5 S5l Aol 1) LaazolS gl
ool 00l il 8l sals aSges a4 Caand o5l s
oo)l35 3= (Moayedi et al., 2013) . )LSon 5 (gas50
sl T o Gl 5 1S oo 35331 45 les S
el ool wals (L L auslas o (gl rals
20l (e g aals (b o (Slo (b a5 (5 psbas
el 0aBonsd | iS ws 0 ¥V (gl diged

S 5 A

Loy cdl &S ams oo gLt oy 2 (0l 5l ol s
o Oge¥g0 8 )0 1S e g Gile o)1 e 2l
(P<e1+0) wbygo 215 5 2al3dl o Sl

09958 5 S g (g Gl Bayb 5l o)l Gl
S a5 G sitme Sle Gial3dl Gyl 5l S
ile 0,1 Giali 8l L 55 Cogby 0 oo YU I oihunl
St I3 1S o a5 8 L Ll il S
il U g a* asla ibe o)1 il b (p<+/+0)
50 aS e ay alSh* g LY asls |58 dew
sl Gial3dl carge 9o p0 B alo 0,1 5 158" i
rgo doys Vo U Lel SLS cladsises il 5 5,
5l o S sladiges il 5 I, liel tals
S 41, Loigas b sl iko 5,7 5 1,55 lite
o=l bl a azg L .(p<+/+0) cusl 0o YL jlo sxe

RUSSRYIN °|)_4,_a, o ola oﬂ RPN RV L L

2 LS5 e 051 Gl 0,8 (<414 0) sl o
S9= o b Ll Hlo gime Gl crge (oY ge
Oialidl 51 o b 9 5y sletel oli8l Lo (p<+/-0)
)_IQM 0‘9.9 él.’?u‘ 9 x_i.S Ay L)"\'“" LS“’}'QB “).‘.5 é""‘a
9 Szl A o (0 ol g dlas iiSTy
o9,35 3= (Hajmohammadi et al., 2014) ., e
Wy [F U S remo ol Gial38l L aS” wilosls
G e Hobay pab g 8L (S, bl STl
4 o oy A o s ol380 G Lol o581
Olee 58 8l (o) 3 b oo 2015 el diged
LchaG...;))., @Lu w‘ ob% M)\b ~/(b ‘)....S éo-»o aﬁ)lf
ol ) ol (y 5l sdnlciwoas bl oy laame
Sl 5 e 3 i GalS (ko 5l S e
O 05 s g o s |y doys Ve lade s ile o]
ole 0,1 10 39290 SladiloSS, 1y LS dtwg K,
Bl S

A bgo e 50 1S dao Hil o cdl slasl molisl Lds
il 1 Jale dao opl 45 Canladiges Cagb, il
5 M Ol NS Sl ole Cagbs; g8 o0
aibe Cugh )y sl Con mlio CYgame cdl o ,u8
Sgdon S8l (Al g cge 9 WS (oo Joo s nlucitadly
b ;o 45 5 b Lea (Peyghambardoust, 2010)

Cogb; 651055 L douo (ol a osalie Cugh ) 905
ST JLESl 5 s, © 2l 5l 55k 5 S5 2L 0

OHe 5 gdeze gzl ojlail o Gaga a4 ], SIS ol
ol)LSen g 3055 9 (Hajmohammadi et al., 2014)
Phe Judo a5 wleo S 5138 5.5 (Gomez et al., 2007)
Cugb) ()05 oSS 8L (0 50 LaadolS g e (o
T Oyl Sletran gudiow pl mli b as el cél o

Gl sladiges i b pds Jdo 50 (Benech, 2007)



YA-£0 Lo VPAY a5 s /TE 0ylad VY s/ 1 qliao wige Coliios

Fodly

AACC. 2000. Approved methods of the AACC. American Association of Cereal Chemists, St Paul, MN.

Ayoubi, A., Habibi Najafi, M. B. and Karimi, M. 2010. Effect of whey protein concentrate, guar and
xanthan gums on the quality and physicochemical properties of muffin cake. Food Science and
Technology. 8(29): 33-46. (in Persian)

Babaii, S., Tamooshi Didaban, S. and Berenji, S. 2015. Evaluation of physicochemical and microbial
properties of sponge cake enriched with mint sweat and tragacanth gum wheat during storage. 23™
National Congress of Food and Science of Iran. 14-15 Oct. Ghouchan, Iran.

Benech, A. 2007. Water Binders for Better Body. Improving texture and stability with natural
hydrocolloids. Food & Beverage Asia. 32-35.

Bitaghsir, M., Kadivar, M. and Shahedi, M. 2014. Investigation of the possibility of producing low-calorie
cake containing flaxseed mucilage as fat replacer. Iranian Journal of Nutrition Sciences & Food
Technology. 9 (3): 73-82. (in Persian)

Blessing, I.A. and Gregory, 1.0. 2010. Effect of processing on the proximate composition of the dehulled
and undehulled mung bean (Vigna radiata (L.) Wilczek) flours. Pakistan Journal of Nutrition. 9(10):
1006-1016.

Collar, C., Andreu, P., Martinez, J.C. and Armero, E. 1999. Optimization of hydrocolloid addition to
improve wheat bread dough functionality: a response surface methodology study. Food
Hydrocolloid. 13(6):467-475.

Eastwood, M.A. 1984. The effects of dietary gum tragacanth in man. Toxicology Letters. 21(1): 73-81.

Ganjeali, A., Parsa, M. and Sabaghpour, S. 2008. Farming and Agrosystems of Pulses in Pulses. Jihad-e-
Daneshgahi Mashhad Press. p 500. (in Persian)

Glicman, M. 1969. Gum Technology in the Food Industry. Academic Press New York and London.

Gomez, M., Ronda, F., Caballero, P.A., Blanco, C.A. and Rosell, C.M. 2007. Functionality of different
hydrocolloids on the quality and shelf-life of yellow layer cakes. Food Hydrocolloids. 21(2): 167-
173.

Guarda, A., Rossel, C.M., Benedito, C. and Galotto, M. J. 2004. Different hydrocolloids as bread improvers
and antistaling agents. Food Hydrocolloids. 18(2): 241-247.

Hajmohammadi, A., Keramat, J., Hojjatoleslami, M. and Molavi, H. 2014. Evaluation effect of tragacanth
gum on quality properties of sponge cake. JFST. 11 (42): 1-8. (in Persian)

Hajmohammadi, A., Keramat, J., Hojjatoleslamy, M. and Molavi, H. 2013. Effect of tragacanth gum on
texture and staling of commercial sponge cake. Journal of Herbal Drugs. 4(1): 39-42.

Institute of Standards and Industrial Research of Iran. 2016a. Cereals and pulses— determination of the
nitrogen content and calculation of the crude protein content — Kjeldahl method. ISIRI no 19052. 2™
revision, Karaj: ISIRI. (in Persian)

Institute of Standards and Industrial Research of Iran. 2016b. Biscuit- Specifications and test methods.
ISIRI no 2863. 2" revision, Karaj: ISIRI. (in Persian)

Khosravi, Y., Karamat, J., Hosseini, A., Kashavar, A. and Mahmoudi, A. 2013. Functional properties of
Iranian legume flour. Food Technology & Nutrition. 10 (4): 73-80. (in Persian)

Larmond, E. 1970. Method for sensory evaluation of food. Food Research Institute. Central Experimental
Farm. Ottawa, Canada. Department of Agriculture Publication. 1284, 27-30.

YA



e 1S Rowo 9 yilo 3,1 539358 w35

Mendozaa, F., Dejmekb, P. and Aguilera, A. 2006. Calibrated color measurements of agricultural foods
using image analysis, Journal of Postharvest and Biology and Technology. 41(3): 285-295.

Moayedi, S., Sadeghi- Mahoonak, A., Azizi, M.H. and Maghsoudlou, Y. 2013. Effect of different levels of
gum tragacanth on bread quality. Journal Food Science and Technology. 10 (38): 103-112. (in
Persian)

Moure, A., Sineuro, J., Dominguez, H. and Parajo, J. C. 2006. Functionality of oilseed protein products: A
review. Journal Food Research International. 39, 945-963.

Naghipour F, Mazaheri Tehrani M, Sahraiyan B, Sheikholeslami Z, Soleimani M. 2013. Replacing eggs
with soy flour and mixing with wheat flour with wheat germ for oil cake production. Iranian Journal
of Nutrition Sciences & Food Technology. 8 (2):211-220

Noor Aziah, A. A. and Komathi, C. A. 2009. Acceptability attributes of crackers made from different types
of composite flour. International Food Research Journal. 16, 479-482.

Pachuau, L., Lalhlenmawia, H. and Mazumder, B. 2012. Charcteristics and composition of Albizia procera
Rox b Benth gum. Industrial Crops and Products. 40, 90-95.

Peyghambardoust, S. H. 2010. Cereal products technology. Volum 2. Tabriz University of Medical
Science. 250p.

Phimolsiripol, Y., Siripatrawan, U., Tulyathan, V. and Cleland, D. J. 2008. Effects of freezing and
temperature fluctuation during frozen storage on frozen dough and bread quality. Journal of Food
Engineering. 84(1): 48-56.

Romanchik, J., Tilm, N. and Balaree, K.A. 2002. Moisture retention and consumer acceptability of
chocolate bar cookies prepared with okra gum as a fat ingredient substitute. Journal of the American
Dietetic Association. 102(9): 1301-1303.

Rosell, C.M., Rojas, J.A. and de Barber, C.B. 2001. Influence of hydrocolloids on dough rheology and
bread quality. Food Hydrocolloids. 15(1): 75-81.

Shokri Busjin, Z. 2004. Evaluation of relationship between structure, operational and rheological properties
of tragacanth gum and comparison with Arabic gum and it's utilization in a cake. Isfahan: University
of Technology, M. C. Faculty of Agriculture. (in Persian)

Sowmya, M., Jeyarani, T., Jyotsna, R. and Indrani, D. 2009. Effect of replacement of fat with sesame oil
and additives on rheological, microstructural, quality characteristics and fatty acid profile of cakes.
Food Hydrocolloids. 23(7): 1827-1836.

Verbeken, D., Dierckx, S. and Dewettinck, K. 2003. Exudata gums: occurrence, production, and
applications. Applied Microbiology and Biotechnology. 63(1): 10-21.

Vinson, J.A., Proch, J., Bose, P., Muchler, S., Taffera, P. and Shuta, D. 2006. Chocolate is a powerful ex
vivo and in vivo antioxidant, an antiatherosclerotic agent in an animal model, and a significant
contributor to antioxidants in the European and American Diets. Journal of Agricultural and Food
Chemistry. 54(21): 8071-8076.

Weiping, W. and Williams, A. B. 2000. Tragacanth P A. In: Phillips, Hand book of hydrocolloids.
Cambridge: Wood head publishing Ltd. 231-246.

Yaganeh Azad, S. 2012. The study on Effects of different ratios of soy flour as a fat replacement and
milling time on textural, rheological and sensory properties of milk chocolate. Iranian Food Science
and Technology Research Journal. 7 (4): 255-262.

Y4



S’ Food Engineering Research/Vol.17/No.64/Spring and Summer 2018/P:29-40

Effect of Mung Bean Flour and Tragacanth Gum on Physicochemical
Properties and Shell Color indexes of the Cacao Sponge Cake

S. Zomorodi’, M. Karimpour Sohragheh and H. Behmadi

*Corresponding author: Department of Engineering Research, West Azarbaijan Agricultural and Natural Resources Research
Center, Agricultural Research, Education and Extension Organization (AREEO), Urmia, Iran.

Email: s.zomorodi@areeo.ac.ir

Received: 31 March 2018, Accepted: 28 July 2018

Mung bean is one of the most valuable legumes that is rich in phosphorus, potassium, protein and vitamins
B; and B, and has health benefits. In this study, the effect of mung bean flour in three levels of 0, 5 and
10% of wheat flour and tragacanth gum in two levels of 0 and 0.5% of emulgel on the physicochemical and
sensory properties of functional cake were evaluated. The characteristics of cake such as moisture, ash,
protein, cooking loss, symmetry, volume, color indexes and sensory evaluation were determined. The
results of statistical analysis of the data showed that by increasing the mung bean flour, the moisture
content and the a* index decreased, but the ash content, protein, and cooking loss increased. Also, with
increasing tragacanth gum, the moisture and ash content increased while cooking loss, the L* and b*
indices decreased (p<0.05). The volume index of samples also increased with the increasing of tragacanth
gum. Also the volume index of cake increased with increasing of mung bean flour to 5%, and then with the
increasing of mung bean flour to 10%, decreased significantly (p<0.05). According to the results of sensory
evaluation, color and texture score increased with increasing tragacanth gum in samples containing 5% of
mung bean flour, but decreased in samples containing 10% of mung bean flour (p> 0.05). According to the
results of this study, the use of 5% mung bean flour with 0.5% tragacanth gum for the production of
functional sponge cake is recommended.

Keywords: Formulation, Legume, Qualitative properties, Sensory evaluation
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