VFeY sl Yooy VYO0 ol ;;}1;1\ é_)l.,\,c ML«.&} 5)1&4.12:.&
G \

ol ¥ 18 2lo g pole dlxo

www.fsct.modares.ac.ir :al>s <o lu

B SLbp 05 SSES dul 5 b 55 p o JEl S RISl 05 Sl
"0l s, Wa g a8 LS Il il b

Ol Olies e Jo 5 o850 l1s Bleo mdige 5 ke 055 Ll -

25 oohe s
JL«:J& 51 ealau!

Ol cOldas i o oK (gl mlis ibign 5 psks 05,8 bl (it )IS (5 pmeils Y

oS> dle S
Jparme qom 18IS Lol oS il baogn 5 Lag o Gl p sl By 5l S 05 SKas dul
:d\i.a‘_gu'c“)l?

233550 sl 35 8 e s Sen slacles el 5 eSS CllB Rl s Ja o o
M S ks W5 o ol b 5 Sl DAL e s e GRS e S Ol
N guammn 5 S 1y O S5 o 5 pleend S GlaBSTs s 53 5 LIS S
Dol S s ,Sele slasi e ) eslizad Liasss ol 5 e S A5 YU CudS b ediKis

\FY/2/\Y :C'Jl:_JA @)U

VEYVIYY (i dy b

2o s 4 dnl b gsladie 5 s gla st 03 S unT 8 dgb s pr Uil s
2 03 5195, 5ele ol b ganslers Oles Sl anlllan ol )3 il o g e (Sl — K
DS aw 5o mer Gl Susb) lae 5 0 S Ol Sl P 5 F0 0 A0 ¢ sl
2008 Y b pyean pas oSd S5 08 i) w T ) (38 E
A3 3ladde (b o)) (a2 ) 5 (05 SSis auT b dsb 5 55,0k b passles Obe)

3 omIB b sas 5l Cugby 7o 2 e (a5 ,Sle b pan ke Ol SRl L a8 sl 0L s

- solS s
ol 3JGT

(F gan g S S5, S
(O s

Wl S-S L5 )

s

538 3 oLyl s ciliie 36l Glapt, Sl Eals 03 SSCis Oloy 4z o
Sl Al Sewle Y=0-Y lsle b O ten 0 fivas e 4SS (ol laesls (5,
J._:_Jl:ld axdllas u._:_‘ BE) s ﬁ)ﬁ)’iiu C‘jﬁ‘ L: oL _)L«:; G‘}A LSLAU‘;')" k:djjé‘) 6‘)I.>u w&
Glas Lax 5Sike (NMSE) ol o5le s o Sl o 55k (MSE) et ey o 5 Siks
4 0kd S T3 b s et Sugb Ao it ¢lp 1) e o 5 (MAE)
@t S Sushy Gl niha 00 il i Olpee 00 SSEE T sk &S ol

.J‘).g

10.22034/FSCT.20.145. 139

Gl J s *

F.Salehi@Basu.ac.ir

yya


mailto:F.Salehi@basu.ac.ir
http://www.fsct.modares.ac.ir/

VEeY el (Ve 0,93 ARA A)La.ﬁ

W e el S pmn ae S8 By 2
A el Y 5 Oley Y (o5 oY e
Wl w03 & sl odd LSE5 Oy cptizr 5l Y
Cols lp slens Caeal 51Ol Y a0y, 5 sl
sbdle 1 5SS bosss Sl oy sl
Gk Sl Sl (s ol 03 A a0 a5l
e Sl BOSs 5 Lae Sisel AT Glaesls
Foboa i Gl Nsde e b G dha
Lokl gty 5 Al el it e le b
LYV=N0] 595 oo 0sls CiS g3y S

b bdshe s Condy 4SS p Sl
Sids s s e 0L |y (VL] 5 s S ealied)
S w bl ol plesen Jlall g Bl
Sl ol h) b Il bl &
L mas Sl 5 Shas f 50 (LOGs amle 5 Sl
Lo slaesls Wlg o a5 ) DA] &S o s
LUl e e Lailsy G S5e osba 5 Jobs 5 e
NAT LS (6 St 5 giledde Culg 53 5035 L35
AR

i 1SS Bl (gilaangy B o S, S
o 035 s 4 S 355 palie e
S S St 025 Sl el 5 5
IV NPT aS o i | e 5| el o sl dibe
2 Sl G o) S S5 S B
ol sl WSS ol ab sl el
ol el oL, gledde e Sy cpl 2
S Sda mb slis 5B sy ol 3 ol b
3y Slaal Ll 31 WS 5 C~é\j BEV-YURRCARSTINTE

3 o5d e eslinal st Colda Gl s S i kS

L Artificial Neural Network (ANN)
Z_ Selection

3. Crossover

4. Mutation
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1- Neurosolution software (Excel software release 5.0),
NeuroDimension, Inc., USA

- Sigmoid functions

- Hyperbolic tangent function

- Mean squared error (MSE)

- Normalized Mean squared error (NMSE)

- Mean absolute error (MAE)

- Minimum absolute error

- Maximum absolute error

- Correlation coefficient (r)
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Figure 1- Effect of microwave pretreatment on the moisture content change of carrot slices during drying process
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Table 1- The error values in prediction of
moisture content of carrot slices during drying

process
Error Moisture content
Mean squared error 5.298
Normalized Mean squared
error 0.006
Mean absolute error 1.620
Minimum absolute error 0.019
Maximum absolute error 8.768
Correlation coefficient (r) 0.997
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Figure 2- Mean square error versus generation during training of network
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Figure 3- Experimental data vs predicted values of moisture
content of carrot slices during drying process
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Table 2- Weight values and bias of the optimal network

Input neurons

Output neurons

Hidden Bias _ _
neurons Microwave Drying time Moisture content (%)

time (s) (min)

1 3.1931 -1.8347 -5.5813 3.2565

2 1.3420 -11.0719 -1.2530 0.5820

3 -1.4820 -1.3113 9.36109 -1.4665

4 0.3521 -0.6953 2.5041 -8.4074

5 -4.0259 -6.3299 -11.0761 -1.9877

Bias 6.8219
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Table 3- Sensitivity analysis results for prediction of moisture content of carrot slices during drying process

Input parameter Sensitivity
Microwave time (s) 3.467
Drying time (min) 13.158
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ABSTRACT

ARTICLE INFO

The drying process is one of the methods of processing vegetables and fruits,
helping to reduce the volume of the product, facilitate transportation, increase
preservation ability, and reduce microbial activities. As a fast and effective heat
source with thermal and non-thermal effects, microwaves can directly affect food
and thus accelerate physicochemical reactions and drying rates, and produce high
quality dried products. The purpose of this research is to use microwave
pretreatment to increase the mass transfer rate in the drying process of carrot
slices and to model the process using the genetic algorithm-artificial neural
network method. In this study, the effects of microwave treatment time at five
levels of 0, 15, 30, 45, and 60 seconds on the drying time and moisture content of
carrot slices were investigated in three replications. This process was modeled
using the genetic algorithm-artificial neural network method with 2 inputs
(microwave processing time and drying process duration) and 1 output (moisture
percentage). The results showed that by increasing the microwave treatment time,
the rate of moisture removal from the samples increased and thus the drying time
decreased. Different training algorithms were evaluated and the Levenberg—
Marquardt algorithm was chosen as the best algorithm. Based on modeling data
analysis, the Perceptron artificial neural network with 2-5-1 structure is the most
suitable network to predict the moisture content of microwaves-treated carrot
slices. In this study, the values of mean squared error (MSE), normalized mean
squared error (NMSE), mean absolute error (MAE), and correlation coefficient (r)
for predicting the moisture content of carrot slices during drying process were
equal to 5.298, 0.006, 1.650, and 0.997, respectively. The results of the optimal
neural network sensitivity analysis showed that the drying process duration was
the most effective factor in predicting the moisture content of carrot slices.
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