W‘\\/ﬁ:‘\o a)jb‘\/\/a‘)l.a.i LS'«U'G@WJ?}LG

S 2 EV 19 b o )5 S a8 30 yigo Jolgs (wy p
Wb a5 ol

ool e c\él»w."

g e

d‘j‘.’.‘ ‘O,:.A.Jj AJDL,@. :\ﬂalf.i.‘.\s‘lrli_—J:»b)J;-!j“j_l.l.éij(}bAJ;Lﬁ)lwu)Kéja:Jl>—\
Ol el s o othal 33T oK zils gy = el sy dly (LU ol 5 slyses S skl Y

U‘)‘l\ g‘;,.:ﬂ\)j «;543&»:\ Jb‘iol{&i‘: ‘1}':*3'4_ ;ﬂ“‘.)j .,\>U ‘u—lu”.; @WJ({}L@ cjjg g)[;..i.?.b—r

AV E/YE b pds Gool 40 /N /N il s ju)b)

0 S>>

GV (gl g el 0 LSS 5008 5 e oI 0 5enST 5 03 51 0T s s (Sl Sl ok Lilen &S SV esl Sl S el alS YL
3§13 Slsn o s (e 453 V0 5710 00) ke 4 3 Los 6 LSl G 3 Wl O 03 28 aslizal Js i 5 o BB (0555
Dlasd 53 s Dl (i ol Gk 38 1B e 3550 DL O S B 5 e (S 2l (50 2T 5 )) e
O m/s gles ce w5 00C° L) Ty Sl s (BEA) Ky Sl ois Olies op 2S5 o sV VY i &0 oY MV/S (gl5m o e 5 00C° slon)T,
A58 (6,8 o3I akds Y4 e 4 (Y VS (glon s e 5 VOC? (b)) Tr jles 3 0 it 0l o 208 cpizmad A odaline YW/ lis o
SAS 5 Mie i Sl a5 BB L 8 slety 1558 5 e le die o5 5 4SS5 5 058 S anl bl e o g sl
RS 5 Sasky e SLaml o Jlie cp i S Gb W3S Gl A3 VO/Y lie 4 (0 TS (glua s 5 VOO sLd)T Sl w
m/s gl e 5N0C° b)) Ty K gm 5 s S stalie To las 3 V04 kJ/mol 5 g/0v e ™ m%/s s 5w bl (550 e
Olge & Ty dasles 81 o s e DMt 5y pte 4 5 5 JS (st e 53 s OBl e U501 5 51 Sled o 2 Ol e 4 (Y

35 e sl e

h.ahmadi@iauvaramin.ac.ir :ol35 J s *

AR



ol 3l e Kos ol ar bs r S das
ol b o 5T b oS (gosb 4 Y a5 b, 035
S350 gei 5 Ay 4 B 1 Ol Julge 5 bagg SL 5 il
Gl 02,5 S il sd S e e el L
S el s 1 Ok S &S Ll le S 4
Clis Jols s e baasls bl bl Jpama
5 e (SAS s el S Il ol Sl (S5
() e O Glosgd G mSly o olews ol
OgrnldanST 5 s oo sl gladad dbappuali s 53 Ol oS
Y ame 03 S Vs el wobl psba il sl o
IS PP e S RSNV GRS N U AP Sy
5 03s SR Y DU Bl b Vb o sl
(S s Gl a e D050 oS 5 e sk 4 L1 Sl
5 oS sl Gl Sl S Y ol s B s e
—8 Lol ol 23l 5 5 (S5 b Ao i slpe S
o Wle 55d rae ol 4 S bl Jsame A5
IFIKirt 53 g S

358 ales Sl S Jol e 005 St Ollas 3
b s ol S Jpool ool 51 p1S 2 4 4 55 pks o
Jsol (pl S 3l 5 kS Bl 5 i sl o] 5l
Pl pame slp oS SIS p 8 o e Sl Le
Lim 5 058 S el 51 S s Dles o e
D038 Sost o drame (AS 5 (o5 ol

sl o A B gle Shs Ol ais o
oS K K s Sk Y Cose 4 0n 8 S il
sor OT0) (gad 5 Gl b odem bus ¢l andd
T s8r00) Ly e 4w 3 035 S sl Jlesl s S
2 V05 /0] Tea s s v 5 (o saedes 42
2 DS Gle wgad BLogle Shy 5 Sl el (L6

Aoss Yo 5 YO 0V AN AY) by Gl sl sy

aods —\

LoV o3l bt 51 adslos e S ile sl alS DL
S5 Sl 3l ol les s Vicia faba ale ol
sl s sl lapl @ ol OeST 3 s 51 0T wls
Gl 31 S ML oS ol b s Opabe e o LSCES
Ghla 53 gles S eslizal 5 ol pls 5 Ol I Lol
5 okaSL s e s Ol gl s GBle clal e
wnlds 5 ean LB 85, VU Gl 0l e s
Code 5 Ll Sldlas ol OF 03 2.8 eslizad s
el b 8 e 5l S Sl s 4 LOBL 0o e
sol Sl s cpl s S e Aol Sl Sume 3lse s
5 Sorer My a a5 bl Sl ol g Sy Sa
Olgr by siS 3 o pastas (s &I g (S8
s s ot pmbe SV VL s glalle WS e
25 e Bl eyl e 4 e Ll 0B [ Sk e
sy a Mg s CAS 5 mae e (Ol oS
O 53 iS5l 51 Ol s ol el ol
ol S O L3 3 Shee b 51 Js 5)ls JI3 i
o el e W b L W5 s S L e Sl e
033 5 EYAEY —VVEAY 5 LS YOV e STty LS S
03 51 AaS o o S5 Ol o0 10 &Sl a4y s b [T ]
e g I3 3 Il 0 51 S JUbI 31 71/0 —/) /A roean
oIl G W sl e ab 05 5l el 5 ol
Sl 5l s s IS el Gl Sl D 5 A s

RO I VAN
(S bele 53 mbsasliS slaesssl b bl ol
Lo b osby Gl il o dsame ojbs 5 Les gloo
oeoss ol b glae=dle LB Olse 4 Ol55 0 93 2 L 5
ol b O b oS cod ganl 3 08 i sl il

Lo s baws O cogby Ol a8 L ke osle



\qu\/}c:c\o 692 ‘V\/ A‘)Lm;

L;U..&« @W}f}lﬁ

ce A VAT YT s S a l aeSs
Gl el s 4 Jse p JaiskS YO LYYV 5 36
5 P b dbe o Sl il Jus
VAM /ATl e 5 b 4 el
5 EY /Y Ll skl gl o Sle 5 +/49A
[olamils g 28 lat s Jto e b awslie 53 /010
Six ogline s s, 86 (YY) 6 5 8L
Sl Gep 03,8 S 5 b Gl b 0s s Sa)0s S
DB op e G M6 5 5 5209 Sl K5
¥eOC 5l 055 S ol s Rl s G Ll
St Jgeams Ol bl 5 e JialS Eel V2 OC
YOO glos 53 1m L 058 Sa Kos (gm 3l 3 S o
bz 3 1a b 038 St 5 [l 5o )y 3 oS Dl i
) Fohld D e b 008 Six 5 vOC
S (YY) 0L 5 S 8 [Viks S J same
B s s L S arsS sl i S Y 058
Ve 0 e c00) coglite gles s s RbesT Lsls
S0 055 S il glaley OG5 s el (L s
500 lales 3ol i gla 5 88 IE
4 8 Cad oSS (S A8 (VL Olgee S e s a o
2 e a8 Sir s a5 Ly Sl Al
5 el 4 A8 (S ST Al wig B o 00°C
Glabes 53 055 Ko S g LB s S 53 K,
52 5 B S 4 s (s 5 Ve 510) YL
s St VIS b iy K iS5 ke sl
5 Sl cdb ol Sy ls (Y0Y0) LK
ol St 5o K el aew gl Jgi o olS s
A s e S L E Gler by e
O3y s Gl S5 sl s ke 038 Sa Aol

35 S L Jgassw gla Jokos 51 oslinad b O (g el

A

Gl Sns ml Gb s S o3l (Cb e 055 elul
Dl ol 5 3500 ek 03,8 Si T b s e 8L
P Usame Losb,y el L os 05,8 S Lyl s b ke
G Soesy 5 el Sose 4 e 0 Syl
S b Shier 5 oyl Sl 5 el bt o0
S 3l by ks 53 0 B Ll il e
A 45 G ol OLES s Sl JSS age L) 0l
A sdalie doys 00 Uy Cusby e 3 O e
okl e sl (Shs s Ll sl 0L Llols 4
s 2 o8 Jom 5335 Ul e S B 5 ol
A s et O 55l a8 ol ae (S
S Ll Gl s gme b (S5 cnl pled p s S
SEN) Sl B e 2eS sl s 4 L e
Wby e ) o s b iz n b Slos @ bgy e (U5
OIS 058 Sl o5 sl Olse 4 ksl s
sed 53 Hled ol 5o 0 S Oly e 33,8 e sl
Vbl 5 00 K Sleg o S Sl aS 55 cell YYY0
55 Vs cola Y8 LE el 2 V/0 5 sl e
0 5 ks a3 B0 0 S Lyl s OF o Sk )

L8155 5 obsS ool VO 550 s 3l 4 e
2l aSs 26 oas Sax (IT40) OlKes 5 o
Sla Ol 53 Els lsa —5e 3 Ol S5 S S S
9 o eede a3 Ve 5N 00 glales (5 YVO 5 YO VO
bodksses g ol 2 e V5 V) Gl O oo
2l b a b e s s Y 0l b s 4 e
SRIBl gl e gl 4083 B paee 0D S Al
4 00 3l il el YVO 4100 51 5e 3 Ggsle oY Ol
AT ) Sl Ol S S b a3 VY
YO/Y S YV IA g b &sad s i Ol b

Gildled (551 5 Cusby e 358 o b s Al s



00 sles Lyl 2L o8 Sis s a8 Wy 6L sla &gl
U o e T 5V Gls S s g 45 VO 500
53 esliud 5y pe Loyl 45 ol a5 BB s i
slaaly 05 S ok a0 Wl ol wlyl YV Jgdr 5o s
osleul ‘Q,L:_i e JAL{J._.{U)'T S oKaus aw DL
e dol a3 aS e aib 55 (S gl s S
Sl Jpmaies 45 il (Sl i pg> aib 53 5 pla S
SLAF s b pl S 55 5,8 e )3 Of 3 03 SSes
2335 sn (S b el s and Hls Gl s S
EEFE N P AW PR I TS B (RN (e P |
S e AL e VN0 em o gLl 5 trom LS Sis
s CaS 3N v CM s S s bk ged 2 S
em sl oSS i U ol alol 5 anils dols
S5l 3 Jmee 51 SNL rem sl (gl s .ol
el ol nd sb e Slan s Sl Sl s ek sl
Sl S 51 Znall 53 Sls Lo SUSas ol 51 1S s
Slign s S5 4S5 Lb e 5l 550 sles (el
Lo Ol o 23,8 oo U S s oy 0 (5505 5 i
St Gl b LA s el 5 00 65 ey S a5
s> S L s VASYY s MR s sies ) aslea Ol
T s S g S AL e i 6
m/s s> L, Anemometer,lutron YK,AM,Taiwan)
S 33 s (6,8 o310l (gl 53,8 o (5,8 o3Il E )
a>,3% /) s U Lutron- TM-925,Taiwan) Las
s Tead 53 (5,503 5 op ) eed 3 (SG sk
s L el Sl 5 J3 15 s Gles oS el 4 OB

S o 65 o3l ilesT gla

1. Kiln dryer

¢y

Yo) woslize labes ¢ (oS5 e b £0) Cosline gla clale
O L) Copd o gee Sl 93 5 ((spds 4o £0 L
S SEE s IRl s (Sais s palS s Lol s
Sl olE 1 os S i i g b Odd gl e gart
Sasgie 035 St VL glabes s Wl ziw Pl
Sl b dges 3 e W5 dB 5 s Jpd llie iomen 5y
S S0ka [Alsy SV Lop eds Six Ve OC glos 5 &S
ssb 4 A8 5k Wyl gl e b s S S
£ 55 0ol 5o Sk A 5) el SRl I s 6K
o bol S e YT dsles e S el 5 lge
e 53 05 AS VYVA 5528 50 Jpame 1l 5 Shes 353
Sl i s Lo past (5 Dluls (VL ds s Ll (el
Sl azils Jlis a1y Oly,5las Las LS (s 5 3l e
S 035 Sit logast il 3l e gadol B )y o 1
S esd s Goslp Slhes (e 5 S5 sl
Ly cpl oo ol Jlay s Sl Jfals js Lol Sl
S gl s e Jelse wsp sl @ ol s

Wy el W S ol (S p gl L 0s S

by 29y 93l Y
sl O IS basl ol e ploil (Sougs 4 e 55
bnSs o @ 035 Sl 5l a5 (5 08)) (L
Sty LSt s s (ol 2 Ol 5L oS s e s L
53 g a3 £ (gles 53 5 Lys S (g 4t |
L esls I3 (S5 SIS Sl 6,8 shate 4 b 05,5
O g3 el 5 S3 gl Lo 5 ples Ll d 3 e
Sl asg b § 158 oas Ses sk 4 bles
St gl gty A bl alnil 5l S b 4 ged asby
Mo Ll csb, 03,8 Sis aul b b oS s 8 albe

el s 2550 analr LBl RalS Sl 4l Ao s



\\~Q\/ JTS c\ 0 692 c\/\/ a)La~;

L;U\.&« dl—w;fjlﬁ

Table 1 Treatment of study

Row Temperature(°C) velf)Ic(;:ya(lrz /s) Code
1 55 1 T,
2 55 2 T,
3 65 1 T;
4 65 2 T,
5 75 1 Ts
6 75 2 Ts
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Table 2 The models that used inorder fitting the experimented data

Model Equation Reference
Lewis MR = gxp(=Kt) [7]
Henderson & pabis MR = gexpl=kt) [7]
Page MR = asxpl{-kt™) [6]
Modified Page MR = gxp(=Ee)) [10]
Yagcioglu MR = asxp(-kt)4 C [10]
Verma MR = asxpl—kt)+ (1 — adexp(—gtd [11]

Tow term model

MR = gexpl=rot) + bexpl=F. &) [11]
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Table 3 Non liner experimental model inorder to define the shrinkage changes

Reference Equation Model
[13] Shwm & + I;‘E_: i (i) Mayor & Sereno
[13] Shm Ky + Kot 4 Eex® 4 Kax® Ratti
x I
[13] Sh= K, + K, [m]+ &-‘.t‘p(hmm} Mulet
[13] Sh = Kyy Ky 4 Hygh 4 Kyorp(Ry g Garza
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Table 4 Analysis variance data of drying time, rate of drying, effective moisture diffusion coefficient,
activation energy, protein countent, shrinkage and discoloration (AE) of bean seed

Discoloration  Protein Activation  Effective moisture  Shrinkage  Rate of Drying
(AE) countent energy diffusion coefficient drying time
F F F F F F F S.0.V
"273.5 714731 7'89.41 "273.52 "141.7 74125 728542 Temperature(A)
6.31™ 7110.11 765.02 7195.14 2.6™ 98451  T431.12  Hot air velocity(B)
"101.2 "'37.41 “41.6 "101.47 7843 78721 3847 Bx A

**:significant at 1% , ™:no significant
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Table S Mean comparison of interaction between treatment X hot air velocities on drying time of bean

seed

Temperature (°C)

75 65
36° 48°
294 314

55 Hot air velocity (m/s)
88" 1
64° 2
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Table 6 Mean comparison of interaction between treatment x hot air velocities on rate of drying of bean

seed
Temperature (°C)
75 65 55 Hot air velocity (m/s)
0.80® 0.65° 0.53¢ 1
0.88° 0.72° 0.62° 2
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Table 7 Evaluation of dryings models at (65°C and 1 m/s) for bean seeds

Model Equation R’ 107 RMSEx10>  P-value (%) Reference
Lewis ME = gxp(=kt) 0.97 27 20 11.41 [7]
Verma MR = asxnl-kt) + (L - dexnf-gt} 090 52 32 23.12 [11]
Henderson & pabis MR = gexpl=kt) 0.95 31 47 13.14 [7]
Yagcioglu MR = agxp(=kt) + C 0.97 27 21 20.15 [10]
Modified Page MR = gxp(={t)™) 0.97 41 18 13.14 [10]
Page MR = aexpl=5Kt") 0.99 8 6 5.95 [6]
Table 8 Fittings of data by page model in drying process of bean seeds
: o
P-value(%) RMSEx10? %x107 R® Ak n Hot air (m/s) )
velocity Temperature
5.2 13 27 098 0.011 0.17 0.10 1
6.7 17 20 098 0.018 0.21 0.17 2 55
10.2 13 15 098 0.11 0.13 0.05 1
8.4 12 13 097 023 027 024 2 65
13.2 18 15 099 047 0.11 0.106 1
5.4 6 9 099 029 0.33 0.09 2 75
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Table 9 Mean comparison of interaction between treatment x hot air velocities on shrinkage of bean seed

Temperature(°C)
Hot air (m/s)
75 65 55 velocity
15.2° 8.41° 6.92° 1
14.7° 7.03°¢ 6.87°¢ 2
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Table 10 Evaluation of shrinkage models at (65°C and 2 m/s) for bean seeds

Reference  P-value (%) RMSEx10?  %3x107 R? Equation Model
Kox : Mayor &
[13] 172 16 47 095 Sh= Ky 422+ K, E} yor ¢
[13] 14.6 25 35 0.97 Shm K, + ﬁ',,r-;- Ko x% 4 i&r?,x’i Ratti
[13] 13.2 14 22 097  Sh=Kg+ Ky (1. )+ #‘Y?J[f’:'“. T ] Mulet
[13] 4.7 13 10 0.98 Sh = Ky Kige + m;.‘f' + K poxnlis . x) Garza
L gl sl o s L Ll 284S ) Sl wglis s ol al> Com los J.;L? by =Y

D cp i s e Ol Casby e SLESH ol

by e s £/070 7 als by g Jlisl g s AEpe R SRS 2P R

5V M/S s Sl S 5 ek w253 VO Slos ML wils 858
X0 Uslae Cushy fpe SLEEH G pp M oS M 56 5 pls lon oo o 3B 8 Jpdr 4 a5 L
Slop S o 453 00 Sles 3 5B e ) s sle als by S Sl o 2 s lea e 3 Lo

..@;mu“\m/si\; Jsdr @ axg bdisg Ll gme ) Jlazs) mlaw s 305G

Table 11 Mean comparison of interaction between treatment x hot air velocities on effective moisture
diffusion coefficient of bean seed during drying process
Temperature "C

75 65 55 Hot air velocity (m/s)
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*$10x4.53 *$10x3.97 1510x2.84 2
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Table 12 Mean comparison of interaction between treatment x hot air velocities on activation energy of
bean seed during drying process
Temperature (°C)

75 65 55 Hot air velocity (m/s)
16.7¢ 20.51° 27.32° 1
15.9¢ 18.41° 21.12° 2
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Table 13 Mean comparison of interaction between treatment x hot air velocities on protein countent of

bean seed during drying process
Temperature (°C)

75 65 55 Hot air velocity (m/s)

8.2¢ 18.6° 21 1

9.7°¢ 20%° 21.3° 2
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Table 14 Mean comparison of interaction between treatment x hot air velocities on discoloration (AE) of
bean seed during drying process

Temperature (°C)

75 65
29.12° 28.10°
29.14° 28.09°

55 Hot air velocity (m/s)
27.66° 1
27.71° 2
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Table 15 Analysis variance data of sensory evaluation of color, texture, flavor and general acceptance of
dried bean seed

General acceptance Flavor Texture Color
F F F F S.0.vV
20.45 720.45 T15.21 "18.52 Treatment

" :Significant at 1%

Table 16 Mean comparison of sensory evaluation of color, texture, flavor and general acceptance of dried

bean seed
T Ts T, T, T, T,
2.7 €3 4.7 4.6 44 b4 Color
°3.8 b4 4.8 147 147 4.1 Texture
2.8 2.8 4.7 4.6 4.6 4.6 Flavor
°2.7 °2.7 4.7 43 ©4.6 4.4 General acceptance

T;. (55°C and 1 m/s), T2: (55°C and 2 m/s), Ts. (65°C and 1 m/s), T4: (65°C and 2 m/s), Ts: (75°C and 1 m/s), Ty:
(75°C and 2 m/s)
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Faba bean is a plant from the legumes (Fabaceae) family, and like other legumes, the protein of its pulse
has two albumin and globulin components. Its high starch and digestible protein contents are two other
reasons for its widespread cultivation. In this study, the effect of temperature at three levels (55, 65, 75°C)
and hot-air speed at two levels (1 and 2 m/s) on qualitative and sensory properties of faba beans were
investigated during drying process. Results showed that the highest protein content (3.21) belonged to the
T2 treatment (drying at 55°C and 2 m/s). As for discoloration (AE), T1 (drying at 55°C and 1 m/s) with
27.66 had the lowest results. Moreover, the lowest drying time belonged to T6 (drying at 75°C and 2 m/s)
with 29 minutes. The best model for drying and shrinkage were Page and Garzera, respectively. The
highest shirinkage (15.2%) was in TS5 (drying at 75°C and 1 m/s). According to results, the highest
effective moisture diffusion coefficient 4.53 x 10® m%s and the lowest activation energy 15.9 kJ/mol
were reported in T6, respectively. In addition, T4 (drying at 65°C and 2 m/s) was the best treatment in all
sensory properties. However, as there is no significant difference between some of treatment, Study
findings suggest that T4 can be introduced as the best treatment.

Key Words: Bean, Drying, Protein, Shrinkage.
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