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Background and objectives: Osmotic dehydration is a process of
soaking products in an aqueous solution containing salt or sugar,
which is normally applied to fruits and vegetables. The osmotic-
ultrasound dehydration method can improve the quality of
dehydrated products by increasing mass transfer rate and
maintaining appearance properties. Although there are many
statistical and mathematical methods for predicting mass transfer
kinetics in the process of osmotic dehydration of agricultural
products, but, the use of intelligent algorithms with desirable
features has made significant progress in recent years. The main
goal of this research is to predict the weight reduction percentage,
solids gain percentage and water loss percentage of apple slices
dehydrated by osmosis-ultrasound method using the adaptive neuro-
fuzzy inference system or ANFIS.

Materials and methods: The osmotic-ultrasound process was
performed using the ultrasonic bath equipment (VCLEANI-L6,
Backer, Iran). The apple slices were immersed in the ultrasonic bath
containing sucrose solutions of 30, 40, and 50 °Brix. The applied
ultrasound powers were 0, 75, and 150 W, the ultrasound treatment
time was 10, 20, 30, 40, 50, and 60 minutes, the device frequency
was 40 kHz, and also, the system temperature was 50 °C. The
moisture content of apple slices was calculated by oven at 105°C,
for 5 hours. The ANFIS model with 3 inputs of ultrasonic power (at
three levels of 0, 75, and 150 W), sucrose solution concentration (at
three levels of 30, 40, and 50 °Brix), and ultrasound treatment time
(at six times of 10, 20, 30, 40, 50, and 60 min) was developed to
predict mass transfer kinetics during osmotic-ultrasound dehydration
of apple slices.

Results: The results of this research showed that with increasing the
ultrasound power, ultrasound treatment time and osmotic solution
concentration, the weight reduction percentage of the samples
increased, which these changes were due to high moisture removal
from the apple slices. The optimal ANFIS network structure
includes three inputs (ultrasonic power, ultrasonic treatment time,
and osmotic solution concentration), 48 input membership
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functions, 16 rules in the middle layer, 16 output membership
functions, and an output response (weight reduction percentage,
solids gain percentage, or water loss percentage). The coefficient of
determination (r) values calculated for predicting weight reduction
percentage, solids gain percentage and water loss percentage
parameters using the ANFIS-based subtractive clustering algorithm
were equal to 0.952, 0.927 and 0.961, respectively.

Conclusion: The ANFIS system accurately estimated the output
parameters of osmotic dehydration process of apple well; therefore,
it is recommended to use this method in design and development of
intelligent control systems for dehydration processes in agricultural
products.

Cite this article: Salehi, F., Cheraghi, R. 2022. Development of Adaptive Neuro-Fuzzy Inference
System to Predict Mass Transfer Kinetics during Osmotic-Ultrasound Dehydration of Apple.
Food Processing and Preservation Journal, 14 (4), 73-90.
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3. Synergistic effect
4. Adaptive neuro-fuzzy inference system (ANFIS)
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1. Hybrid process
2. Ultrasound
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5. Artificial neural network (ANN)
6. Takagi—Sugeno

7. Fuzzy logic (FL)

8. Moisture ratio

9. Orange-fleshed sweet potato
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14. ANFIS toolbox
15. Subtractive clustering
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11. Weight reduction
12. Solids gain
13. Water loss
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Figure 3- Graphical representation of fuzzy rules to estimation of the weight reduction (A), solids gain (B), and or
water loss (C) of apple slices during osmotic dehydration.
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. If (Power iz in1cluster2) and (Brix is inZcluster2) and (Time is in3cluster2) then (WHR is outlcluster2) (1)

. If (Power is in1cluster3) and (Brix is in2clusterd) and (Time is in3clusterd) then (WR is outlcluster3) (1)

. If (Power iz in1clusterd) and (Brix is inZclusterd) and (Time iz in3clusterd) then (WR is out1clusterd) (1)

. If (Power is in1clusters) and (Brix iz inZclusterS) and (Time is in3clusters) then (WR iz outlclusters) (1)

. If (Power iz in1clusters) and (Brix is inZclusterd) and (Time is in3clusters) then (WH is outlclusters) (1)

. If (Power is in1cluster?) and (Brix is in2cluster?) and (Time is in3cluster?) then (WR is outlcluster?) (1)

. If (Power iz in1cluster8) and (Brix is inZclusterd) and (Time iz in3clusterg) then (WR is outclusterd) (1)

9. If (Power ig in1clusterd) and (Brix is inZ2clusterd) and (Time ig in2clusterd) then (WH is cutlclusterd) (1)

10. If (Power iz in1cluster10) and (Brix iz inZcluster10) and (Time is in3cluster10) then (WH iz outlcluster10) (1)
11. If (Power is in1clustert 1) and (Brix iz inZcluster1) and (Time is indcluster! 1) then (WR is outlcluster11) (1)
12. If (Power is in1cluster12) and (Brix is in2cluster12) and (Time is indcluster12) then (WR is out1cluster12) (1)
13. If (Power is in1cluster13) and (Brix iz inZcluster13) and (Time is in3clustert3) then (WH iz ocutlcluster13) (1)
14, If (Power is in1cluster14) and (Brix iz inZcluster14) and (Time is in3cluster14) then (WR iz outlcluster14) (1)
15, If (Power is in1cluster13) and (Brix iz inZcluster1s) and (Time is indcluster1s) then (WR is outlcluster13) (1)
16. If (Power iz in1cluster18) and (Brix is in2cluster16) and (Time is indcluster16) then (WR is out1cluster18) (1)
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Figure 4- Fuzzy rules to estimation of the weight reduction (WR) of apple slices during osmotic dehydration.
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Figure 5- Response surface diagrams for ultrasound power & osmotic solution concentration (Brix) (A), ultrasound
power & treatment time (B) and treatment time & Brix (C) effects on the weight reduction of apple slices during

osmotic dehydration.
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Figure 6- Predicted values by ANFIS model versus experimental data of weight reduction of apple slices during

osmotic dehydration.
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Table 1- The error values in prediction of testing data by ANFIS model

Error Weight reduction (%) Solids gain (%) Water loss (%)
st (1) 035 oals (1) dals g lim (1) S als
Mean squared error
Lot Sl o Sl 2.992 1.841 6.969
Normalized mean squared error
e o3l gllat Sl o il 0.110 0.166 0.097
Mean absolute error
e sl (-S3Le 1.509 1.001 2.130
Coefficient of determination (r)
@ s . 0.952 0.927 0.961
O P
Root mean square error
1.730 1.357 2.640
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Figure 7- Response surface diagrams for ultrasound power & osmotic solution concentration (Brix) (A), ultrasound
power & treatment time (B) and treatment time & Brix (C) effects on the solids gain of apple slices during osmotic

dehydration.
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Figure 8- Predicted values by ANFIS model versus experimental data of solids gain of apple slices during osmotic

dehydration.
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Figure 9- Response surface diagrams for ultrasound power & osmotic solution concentration (Brix) (A), ultrasound

power & treatment time (B) and treatment time & Brix (C) effects on the water loss of apple slices during osmotic
dehydration.
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Figure 10- Predicted values by ANFIS model versus experimental data of water loss of apple slices during osmotic
dehydration.
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