1399 51 47 o, 55 106 ol DOI 10.29252/fsct.17.09.03 LM o sl

w9 5SS byl y 419 Hwgo (48 )5 S wiaT 9 (53l

P Jgoy domn & o b el e

Ol Oles s e 5 ol &3l ((g3,55LES eaKiils Ayl bt S (g eiils -1

Ol Ol b e g o K53l (g5, 5LES 0 aKls Lskiul =2

(99104128 2 2 13 g5 99 /02126 1230 55 s ,6)

s A

3lie ghls Ol lails g e ealizal A8 lse e 5 (BL (S5 Sl st 2pp sl b 5 ALS Glages o35l
O g0 3 53 390 oy gty 5 gn (O S5 5 Laadls 1 2l sl 1 ey o s lin (63 Shes ol L (Do) oo e 55 5
Y Ol s S el s s s SOl ail Pl se 03 S g addlle nl 53 o s eslinal Cilie DY pas
O o 0les 2 (a8l 15 5 10 0/5) 59 sl 5 (o 8l 12 58 ) oY 5l sl abols (215 375 5250 150) - s 3
dols 2alS 5 Y Ol Rl bl 0L & s b ) b Olmy il Phwge 03 S ol 58 15 3550 Olom s s Dl s
Gl Plge 0ds S 0bj Kl e Sl 12 44 51 g dols 2l Ll e aals 05 St 0les oSl e ) e sas
6l i go 003 Sa Oloy ol ¢ ol U5 & 05 51 law g cuslies 239l Ll ol 3l aids 336/41 w aiss 131/37 51 Gl
sgaY ol o Y 05) (63505 3L epae e Kb S b bl 3L I3l aiss 36T/BT « 4iss 103/67 I Gl
S5 0338 5118 L s 513 0L o s o 1505 ) 4 53ldle i 03 (53l ite (008 St 0e3) s 2 1 s (s
25 |y Fs b S Sl oslinad b Olom s 415 Pl go 003 St Oles il 5o G oS 3ludlad U Sl aslinad L 5 Olgy Y
O S Oloy U8 55 Jelo op 5 35e Olgiear €ped Cabins o 5l 0L gy e 43 Lo Sl ST b (1=0/96) L

Al g Ol ails S 5

L0Ls St Ole esiludla b (a3 5 (ol ILTIOETS1 g AlS

M.Rasouli@Basu.ac.ir .o J,.”

23



ey Ol 413 Phomyn 03 SSES AT 3 g 5led e

O 5 ol dl3e

G Sl fls Sl LS edd S s (ien 35
S 4058 il 5 goleasl 05 S gl )
9] ot als

Dbl el (e slse 03 SSa glats, S S
b Oy SSUES S ol Gl &S el ’Cﬂb}
Mool laas talS 5 olg Jpame CoiS
Soskd S Olgear Sy (nl osdie S35 S Al
03 St wile gl b 5l il sl iou 53 n s
whp s e s CeSem U Sy O3S F e i
Frmob sl ol Ll @ilianas osd 5 O 05 S
5l me 00 S o e SIS L
5 dsame 53 Gl b Al e e
J11] ssie anlp oLkl (Bl 5 CudS Lis s
> Dol Gl boaslis s m o L as g s
s oS 5 ey Godate bl bbb Jslue
Aol Ol iy opl s ol VL 0T s edaSlas
Doymaz ..l e S (55 Chias Ole 5 HeliS
Sz St p Fsp N Giesn 5 (2011)
O e GE p sdeme O il Sl 5 O
Ol e Dl Bl sz (el 03 3 D13 sz 2058 L
53 6,5 cubis e 5 oly 167 5146 125 104 ot
GRIPIL S ol Ol sl old oslinad e e 8 5
W 58 04 Sist loj s andl GG s
S5 SSex K (2004) ol Ses 5 Hebbar [12]
@S Fs b oSS e s s sl b s
T 3 i O3 SSES Gl plese B sl s
Oloy als 3 Sl sbel s 4l s S eslinad
=SS SIS 53 Grae 3 SRl 0 S
A sy oo [18] s pls s 5 s b 4 s
Lo goi a5 ¢l sl slos a5 oY Ol 3
ohd Six by 0wk Sir S 5 Ol
Hosseini Loy pslas SLlS = b G 53 ol 08
75 slos (2l 272 Ol 5 5 el ), (2016) Ghaboos
S Olsea e Sl 05 coales ESE T WP
U] e eds )18 Ll 508 05 S Ll o

e 3 e slse sl glaanl b siladde sl
solb e B e Gl bl Sy 5 00 S

24

dodie -1

5 L L 5l gles sazme 4 (o) A0S 5508 Sle
soekd i b e O S s OO Lt
3 Ses Slosar dase GRS s sSes
g DY ez 3L S 5 Bis Jold b slS ue
(S8 Lle (Gale e s Cnle (il XS 15L)
bl 5 (S8 Opmdpl (B o Gl 5 I3 S
308 5 Comal 4 oar s L21] ail e WO s
o W el s e glo s LSS e
sl SR ey s AL Glakes 4 s (Y
S a0 Ry (A mle s Js o4 Ol
s dies (golns gk ped b AS laies Sl
x5 B sl glls (Ocimum basilicum) ol
o gl Daspl 5 s e 3 Sles ol b ke
S 5 e Pl s el M sl OV B
Ol s 8 ol badils ol o5 0 ole Jsame 5L
s o3l SlMas 5 ol )5 b XS 0 L3

[4 3] w5 o slowd (S5 Jslons 0)
sladls 31 ead sl Plse b T ol L«
W8l S ) 51 dolns Jail 2 0552 13l 5 aLS
398 SIS e )l S e O g s ) il
U Bule 0les il 5 sld 5l o, Sk oo b
e SIS 5 Jis Jem slaauza s 05 Sl
Glp Lol gla gy, Ol 18 ol
Soa B Llesls S5 s 350 Phowse pl 05 S
03 Sz gl [6,9] dul s Vo dS L Jgames
il le sy 5l LS sladls 5l el ol sl Bl s
iy s Glsn SlagSSEr 5 sslind ol
Gl 0l oslizad 230 5 M o ol (s Sle
4 (2012) Mirhosseini s Amid Je. !, [10-6]
3 il sbeml Fls dlea Jols 05 S gl b
SR 10‘)ﬁ° Wb peo Slosas S o
b0 SSKes s, 8 1 0L Dl ol gl Lles S
Nep comes [6] 505 oo K5 5 L Shs » ol ne
O3St gy S WS oS (2011) Conway

i i Jpame Sleogar i sl Ly S e

1. Durian seed gums



1399 ))T 417 092 4106 e)w

DOI 10.29252/fsct.17.09.03

s mle 5 el

Lhuﬁjj 3 :‘y —2

05 S i 5 -1-2

Al 5 A Oltas Ol Sl Ol @l Liass cnl o
Ml hrss gl S i3S ol Sl Lol
a5 10 los b O 05,5 4233 20 Sode & Olomy, (slaals
a5 S 31 020 L ah o of e 5 oS sl
oo 3l dladils 5l e T e 035 L g e
0SS S A a sl b el P S
dope o s Jame (S a5 Al b Dlss
oeyate Syl 05 edd plal Plase i
U5 5 105 laglis )l b g s b lol L 05 SSis
eole 23 813 S 05 5 ekd sy e Sl
ol s & O ot ) sl Do 4 sl b
iz bedd gl Phwss 05 S0 L
a3 S’Cﬂ}ﬂ oY Glally Jold gla iz 51 7 s B
e 5 a5 Y sl 5 2l 375 5 250 150 o
Wi god 035 Sl ks A o3litad e il 12 58 A das
L Jams 55 Ly adids a0 S b
A3 St g el an (SSUS 3 S e SE0/01 23
ol 5 ol b 5l S(WR) 035 el Ol
2 S

My —M

(0] WR = L %100

0

(9r) wse sl o> Mo

b ol 51 dey 0 et 51 s (OF) € o (ML

ol ek sy 35 23S alonil 5SS w53 L iulesT S
or oz N W bl oSl B s
2007 4w JoST 153l 5 51 Uasls sas oy (51520235 513
e SAS i3l 5 51 ol el s o (51 A o3l
o3lital b doy3 B mlanr 53 Sl sl s o3lind 911

b8 e Sl Slaals L O ga30 5l

5 GRn oS &MB Silwde -2-2

2. M-J-376-N, Nikko Electric Industry Company, Iran

3. Infrared Heat Lamp (NIR), Noor Lamp Company, Iran.
4. Digital balance, LutronGM-300p (Taiwan)

5. Weight Reduction

25

s oalizal aloie SWolas 5 bt 5l ot anus
(b Gl 0 S gladsl b gsledas [15]
b plasl T3 RS s srse Glaptens 25
B st b s 00 S (2006) Togrul
i e 538 o o seedes 4255 80 650 e s
ormmen [16] sls sty 0 S ) Cho g g
Olges (ANN) oimn as bt o5 Dol
Sl S s 5 $ildde S (5 s
St 0k = ae e slse s ok Jloe) Cilis
5 bt et G3ledle & 0B psas e
b e e s Scaos ool ol sl el
Sals O el e o2 Sy 2K U5
el Bl 5 Y s (gladles b 5 5) 3l LS
s gt Ol Y sla0s 5 sl e (Olgy &Y
Sl [18 17] 55 o plosl ot 5 05n51 alosty 0 s
G A e s 0A S T ledde
5 s (2018) RasouUli L5 s sms e aasis
Y L Do n (Fran oas oSl nl Gl
El el el S S w g lisl e Ole Co
U Olsie by o Cushy Jldie oS by 0L tass o
5 S hge e o Sle b ae S 51 aslind
35 Geote drus Pl e 4 G i e e
Lials Sy sk (2015) o Kas 5 Salehi [19]
0 SSix by dlr sl Sl 5 T pelS 03
ol o gems mas 4 ledde 3 I3 (g e
Sl Jhe i o S 0L Oliie ) mlS s sl
52 035 14 5 0y AV 1 Glils G la il o Siy
[20] il o Y a

058t S AS jasiie oddpliiie mlbe s 4 g L
Plawge 03,52 T b giladie opas 53 Jiass
[SURICI RPETI SIS Fresp SSEE 53 Oloy, 4l
Y UlE el Sl s sk cnl s
3 Dhpe 03 SSES  aisad Sl oY ol 5 35
Fean s S5 gy 5 el bl giladis
Lk e

1. Artificial Neural Network (ANN)



ey Ol 413 Phomyn 03 SSES AT 3 g 5led e

O 5 ol dl3e

S i 45 & b g 450 ksl

L;La):.d\_)b_ u‘i}i“:“:‘i s loslarul Wi &.&: u"li.).)\ ))la..uu
e .1 = . e

38 eslanul T Steas oo et lE Sl 3550

Sig Z%
3) l+e™”

Tanh :i
@) e¥+e™

Loy 5 b -3

03 SSis -1-3
Od Stz by b ¥ U8 A s S
d50 SLa0lss b f s b Y s 51Ol s s
Gl sles Shlssl Lass S eslin ol ol 375 5250
O ol 2als 5 asg ¥ Ol ol b o ssas
5o JUsl Ol Il i) 5 4l il sl s I
Ods it ol Jials Eel aS b o ulisl ol >
Al 0l i a8 sl 0l 15.[23,22] 55
Ol il lowge 31 Ol 255 (P<0/05) (515 pne
AL e ialS 0 St Oles Y Ol ElBI L s sl
L oSl spba o o oS 2 1S58 53 65 sboles
Ods s Ol ool 375 4 150 51 Y 0l il

el 4Bl EalS o5 85/04

400 -
300 4

200 4

Drying time (min)

100 -

b
C
rd ‘/

250W

0./

150W 3BW
IR lamp power
Fig 2 Effect of IR lamp power on drying time of
basil seed mucilage.
Aol s 3 (P<O0S) sy Jlsiime 5 oS> mls

Oowy s e s i3 Olog et el 51 Y

6. Topology
7. Correlation coefficient (r)

26

G Ol s s 03 S il s sled s
Sl Sy am 0ad S Ol g Sy e ErsR
Os i n Y ao (as Sl v s (o pe 2
Y oy st s ol sl dy el iy
e 4 Pl Gl b S Y) s s Ol
35 tmalimn 2 alayly Sl eslizal b ol 53055 slass s
21
Y= 2L TWX 4 b))

@
CoamaS ol 055 S35 s Wi G5 dilas s
5055 A sl sl P il e (ol Juate ] o jlas
Wl [ 055 ol 1 b
5 oY Sl sl ahols (oY 01 5) (53555 4w alllae ol 5o
A (s S oley) e SO (6 s

(1) a8
IR power (W)
Y Hidden
nEurons
Distance (cm) | rying time (min)
—_— | Wil - sl i
anm
Hidden
Thickness (cm) nEurons
’ o
Bias Bias
~ 7 \

Fig 1 Schematic of drying process modeling of
basil seed mucilage using artificial neural network

33,08 g5 an Jols Sals Ol Y gl 5 sl
Sad aalllan ol s 5 sl K05 sl bl a3
Sple o shas e S B 32561 o Olgy 4N 055
el 53 e el (3l g () o s 5
HERYJVCOUNP I BPS I W ey A
Y 0ol (4 dal) f S g s 0156 5 (3 )
(6 xS g el desli il laesls sl (1-25) Olgs

5 .. . ) -
R e S lem S S ad (6 550k eleB 5 oLl 5 Ose]

1. Bias

2. Neurosolution software (Excel software release 6.0),
NeuroDimension, Inc., USA

3. Sigmoid functions

4. Hyperbolic tangent function

5. Levenberg—Marquardt (LM)



1399 ):T 417 092 4106 O‘)L&Aj

DOI 10.29252/fsct.17.09.03

s mle 5 el

g s 4o (§5\lwds gl -2-3
b 53 g 0Ad S Ol o Sy e
S E s Sras am Olomy adls g 05, SSUs
e e Bt
Slags s, Olsea e ol 5 el 5l s ol
s Sus Sas Oles 5 Lds a5 ki 5 oS
G S gllax e 4y bos S ol Sd 2y
!l el s w4 s oS ladled b eslinad | oS
a5 Oy oY o iladled U Olgea U ¢ 5

e

20 4S 5o 3 Ai Laseie et 50 g3l i, ulal
5 o as 208 eslinad a3l gl baesls Ao s
Jader) Wil o a5 5 asasns o lilsy 653k«
sdes 5 gal (S O3l (gl on Laesls Ao 53 20 (1
Laosls ol 3b 5l oo 4Kt bl ) shtens s S oslizad
S sls Oli i ool it S eslind (4o 60)
Ul Ol Y 55 0558 Ll o sime s 2
Phowgs 03 S8 a1 (b o 0d Ko 0l e
(r=0/96) uoles Koy 1) s b hs) @ Ol 4l
(2 Jsa)

1T 3adie o) 4 (2015) o Sas  Salehi
Fean omae 4S5 ) eslind U T3 (el 03 S S2
Ospaorn Y L e 4Kt Cilisee gla bl izl
O3l 3590 1 0 ST I o Jinl o Kt sl
14 5lacs b 1t 0l Ol add 3155 gl 5 disls 13
U5 PalS vy gt Olgy a¥ S 5 05—
Gl e 5 (R?=0/97) LT _zsls au s (R?=0/98)
Syl 03, S w3 b 53 (RP=0/96) el 510
A5 st 5 e e cpl el o S0 1 s
S50 Dl s b sllas S L s
[20] 5,8 513 eslinad 3550 a3 (3latings 5

S Pt P INE RS S-EEu PSRV 1 - PP
el 12 6 4 5 eaY dol i L (3 S2)
3 Obw, als Py ods Si Obey SOk sba

3l il aiss 336/41 4 aiss 131/37

a
_ 350 A
2 300 - b
g 250 -
;. 200 4 .
£ 150 A
L]
& 100
504 -~ —~
/// ’/
0 -
4cm Scm 12c¢m
Mucilage distance

Fig 3 Effect of mucilage distance from IR lamp on
drying time of basil seed mucilage.

e s Sa 0lej pr Phoge Culies 4 IS s
ol sl s il w Eres P SSSES D3 Ll ails
3 baised Cules ill b ssd o aade &S b0les
Gl Pl e 0As St Oloy 1Kike 20 2l 1/5 4, 0/5

ol 43l 2055 4i3> 367167 w 43> 103/67 5l Ol

a
b
¢

0.5cm lem 1.5cm

400

o

=

=
L

(g

=

(=
L

Drying time (1nin)

—

=

(=]
L

Mucilage thickness

Fig 4 Effect of the mucilage thickness on IR drying
time of basil seed mucilage.

Table 1 Optimal values of artificial neural network parameters

Testing Validating Training T:: i%g:rr]nlt;ere(r)f a-(!,—t)i/\rjztioofn Learning Nl;rir:jtézrnof
data % data % data % Y - rule
neurons function layers
. . Levenberg—
0, 0, 0,
60% 20% 20% 8 Sigmoid Marquardt 1
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Table 2 The error values in prediction of testing data by optimal artificial neural network with 8
neurons in hidden layer

Weight loss (%) Error
5199.176 Mean squared error
0.00872 Normalized Mean squared error
47.27 Mean absolute error
0.963 Correlation coefficient (r)

e e 03 S gbadnl B gsledis Cgr i)

1200

1000

800

600

400 600

800

1000 1200

Experimental data

Fig 6 Experimental drying time data versus
predicted values for dried basil seed mucilage
during drying by IR system
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Table 3 The weight and bias values of optimized neural network (3-8-1).

Hidden Bias Input neurons Output neurons
neurons IR power (W)  Distance (cm)  Thickness (cm) Drying time
1 2.0984 -2.7925 2.5999 -0.46222 2.7281
2 0.39126 0.2426 0.1982 -0.3588 0.2198
3 1.1163 -0.1121 3.0497 -2.0288 -2.0885
4 4.4202 5.4936 -1.1373 -4.0589 -4.2159
5 3.5141 1.0160 0.0293 -1.1825 -1.7803
6 -1.6560 -1.6679 -2.2007 0.3465 -1.5526
7 2.3671 2.3787 5.4746 -3.1287 3.2948
8 -4.1320 -4.2740 1.7771 3.3434 3.5692
Bias 0.0902
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Today, plant and commercial gums are used to improve the rheological, textural and sensorial
properties of food. Basil seeds have significant amounts of gum (mucilage) with good functional
properties that after extracting from seeds and drying, can be used as a powder in formulation of
various products. In this study, for basil seed mucilage drying, infrared radiation (IR) method was
used. The effect of infrared lamp power (150, 250 and 375 W), distance of samples from lamp (4, 8
and 12 cm) and mucilage thickness (0.5, 1 and 1.5 cm) on drying time of basil seed mucilage were
investigated. The results of basil seed mucilage drying using infrared method showed that with
increase in lamp power and decrease in sample distance from the heat source, drying time was
decreased. With lamp distance increasing from 4 to 12 cm, the average drying time of basil seed
mucilage increased from 131.37 minutes to 336.41 minutes. With sample thickness increasing from
0.5 to 1.5 cm, the average drying time of basil seed mucilage increased from 103.67 to 367.67
minutes. The process was modeled by an artificial neural network with 3 inputs (lamp power, lamp
distance and thickness) and 1 output (drying time). The results of artificial neural network modeling
showed that the network with 8 neurons in a hidden layer and using the sigmoid activation function
could predict the drying time of basil seed mucilage using infrared dryer (r=0.96). The results of
sensitivity analysis by optimal neural network showed that samples thickness is the most effective
factor in controlling the drying time of basil seed mucilage.
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