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Table 1 Thin layer drying models used in modeling of white mulberry (a, b, k, k1 and n: empirical
constants and coefficients in drying models)

Model Equations Reference
Demir et al MR = aexp(—kt )" +b 20
Midili et al MR = aexp(—kt )" + bt 21
Two- term MR = aexp(—kyt )+ bexp(kit) 11

Logestic MR = a/(1+bexp(kt) 22

Page MR = exp(—kt") 23

Logarithmic MR = aexp(—kt )+b 24

Wang and Sing MR =1+ at + bt* 25

Parabolic MR = a + bt + ct? 26

Aghbashlo MR = exp(—(a—t)) 19
1+b

Henderson and Pabis MR = aexp(—kt) 27
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Table 2 input condition for ANN and ANFIS their boundaries for predicting of moisture ratio of
mulberry fruit

condition Symbol Unit Category Min Max
Air temperature T °C Input 40 70
Air velocity V m/s Input 0.5 1.5
Microwave power P \\% Input 270 630
Drying time DT min Input 0 570
Moisture ratio MR Output 0.1 1
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Fig 3 Effect of air temperature (¢ 40 °C, ® 55 °C A 70 °C) on moisture ratio at different level of microwave

power and air velocity during drying of white mulberry in microwave- convective dryer

Table 3 The statistical comparison for prediction of thin layer drying of white mulberry

Model R? & MSE
Demir et al 0.9952 4.96 0.0251
Midili et al 0.9990 2.56 0.0071
Two- term 0.9987 2.94 0.0090

Logestic 0.9983 3.18 0.0104

Page 0.9992 2.34 0.0059
Logarithmic 0.9970 3.82 0.0154
Wang and Sing 0.9979 3.41 0.0125
Parabolic 0.9962 4.32 0.0194
Aghbashlo 0.9991 2.39 0.0066
Henderson and Pabis 0.9966 4.01 0.0172
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Fig 4 Effective moisture diffusivity for thin layer drying of white mulberry fruit at different levels of air
velocities, temperatures (|:|4O °C, 55 °C and W70 °C) and microwave power.
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Table 4 Activation energy values and related correlation coefficint for air velocities and microwave
power of white mullberry.

Air velocity (m/s) 0.5 0.5 0.5 1 1 1 1.5 1.5 1.5
Microwave power (W) 270 450 630 270 450 630 270 450 630
Activation energy (E,) 4277 5091 4432 4592 3130 4450 55.05 4695 39.66

(kJ/mol)
Coefficient ‘Zgﬁl)eterm‘“a“o“ 0.9745 0.9932 0.9657 0.9567 0.9706 0.9737 0.9983 0.9829 0.9621

s Pras S5 b s S g fals ous S
YL glales 5o (65,50 G pan fals el o alS
3 2,5k gladlss g o VU 55 S0l lalls
PR A g Cosby S ol (ol 63505 slales
ol gl LB b 4y Oas S Olej 5 el S
s & e S5O S Ol rals s s il
o3 a8 i [TA] il EalS glai>dle L
BAYVAY el 55,50k s slpn oS St s 4y sl
Y] OLLSen 5 05lS buy ijl:s,.gj};& TWA/R
03,5 St gl [V sl 5 ls Gmmen dal ooy
Sra 5 Ol fs Sl 5 S0 S S s 06

A3 S S VAT BY/AY MI/KE L o5

ARR

0529 b pas $55-T-F
(0) UK 53 A D58 sl 0 dloms 035 o2 (S5 5]
5l slas Sl L das o 0L s ol o o351
Bl alS ohs (B ae 551 A b Ol8
S [80] O an 5 Lol st oS ol ol el ames
S i s ged SIS L (g5 2 e plomil anlllas
£ glas (p S 5LS » 53 \WACAA ) o35 e (555
Sl o 5 S TV 55 Sl Ol (s 253
(AAO8) 055 b pan 55 SMMde (2S5 45l 2 e 0/0
Ol s a3 Vo glss 53 0 S5 LS 5 J55L8
Gzt 436 e 1/0 gloa o 5 D W 5,0l

Ol a5 ,Suln 015 5 (63505 lpn slos Jiull b il



é&})b@ﬂ@jubﬁ&b&wwﬁ Q\)&A)b}gw

1600 -
‘v 1400 -
=
E 1200 -
~ 1000 -
g
= 800 -
(="
g 600 -
Z
= 400 -
S
>, 200 -
&n
g 0
=
=

40-270
40-450
40-630
55-270
55-450
55-630
70-270
70-450
70-630

Air temperature (°C)- Microwave power (W)

Fig 5 Specific energy consumption for thin layer drying of white mulberry fruit at different levels of air
temperatures, velocities (0.5 m/s, Bim/s and [1.5 m/s) and microwave power.
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Table 5 Best selected topologies including training algorithm, different layers and neurons for FFBP
and CFBP for moisture ratio

. Number of
Training Threshold )
Network algorithm function layers and MSE R Epoch
neurons
FFBP LM TAN-LOG-TAN 4-16-16-1 0.0052 0.9993 134
FFBP BR LOG-TAN-PUR 4-15-14-1 0.0111 0.9981 99
CFBP LM TAN-TAN-TAN 4-8-8-1 0.0095 0.9985 153
CFBP BR TAN-TAN-TAN 4-11-11-1 0.0119 0.9979 131
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Fig 6 Predicted values of MR using ANN versus experimental values for testing data set
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Table 6 Information of the best models for MR in ANFIS model

Characteristics MR
Fuzzy structure Sugeno-type
First FIS for training Genfisl
MFs to each input 3-3-3-3
Type of MFs for each input trimf
Epoch 1000
Type of MFs for each output Linear
Training algorithm Hybrid
Number of inputs 4
No. of output MFs 81
Number of training data pairs 785
Number of testing data pairs 292
Number of fuzzy rules 81
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Table 7 ANFIS results for trimf membership function

The type of membership

Number of membership functions MSE

2
function for each entry for each entry R
trimf 3-3-3-3 0.0044 0.9995
trapmf 3-3-3-3 0.0054 0.9993
gaussmf 3-5-3-3 0.0074 0.9990
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Fig 7 Predicted values of MR using ANFIS versus experimental values for testing data set
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Table 8 Comparing the different method used to predicting the moisture ratio

Statistic criteria

Model
MSE &
Page 0.9992 0.0059 2.34
ANN 0.9993 0.0052 2.22
ANFIS 0.9995 0.0044 1.84
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The aim of this study was to determine the kinetics, effective moisture diffusivity, activation energy,
specific energy consumption, and also predict the moisture content of white mulberry during the
drying process with microwave-hot air dryer using mathematical models, Artificial Neural Networks
(ANN) and Neuro-Fuzzy Inference System (ANFIS). Drying process was accomplished in three
temperature levels (40, 55, and 70°C), three inlet air velocity levels (0.5, 1 and 1.5 m/s) and three
microwave power levels (270, 450 and 630 W). To estimate the moisture ratio of white mulberry, 10
mathematical models, ANN and ANFIS were used to fit the experimental data of thin-layer drying.
The results showed, the maximum and minimum effective moisture diffusivity during drying was
calculated 3.56x10” and 3.86x10"° m%s, respectively. Also, the minimum and maximum effective
moisture diffusivity during drying was achieved 48.54 and 1380.88 Mj/kg, respectively. Among the
mathematical models under study, the Page model was the best model for describing the behavior of
the thin layer of white mulberry drying. The mean square error (MSE) values for the mathematical
models, ANN, and ANFIS were 0.00059, 0.0052 and 0.0044, respectively. Therefore, the ANFIS
model with the highest Correlation Coefficient (R*=0.99995), the least percentage of mean relative
error (¢=1.84) and mean square error (MSE=0.0044) were used to evaluate the moisture ratio in
comparison with other methods implemented in this research Selected as the best model.

Keywords: White mulberry, Moisture ratio, Effective moisture diffusivity, Artificial neural network,
ANFIS.
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