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1- Artificial Neural Network (ANN)
2- Genetic Algorithm(GA)

3- Selection

4- Crossover

5- Mutation
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1- Lutron, TM-916

2- Digital balance, LutronGM-300p (Taiwan)
3- Moisture content (MC)

4- Oil uptake (OU)

5- Total solids (TS)
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3- Neurosolution software (Excel software release 6.0),
NeuroDimension, Inc., USA

4- Activation function

5- Sigmoid functions

6-Hyperbolic tangent function

7- Levenberg—Marquardt (LM)
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1- Hp Scanjet 300, China
2- Bias
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Evaluating GA fitness function
s the optimizationcriterionsatisfied?
End of optimization
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Figure 1- Schematic of frying process modeling of coated eggplant slices using genetic algorithm-artificial neural
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Table 1- Effect of Wild sage seed gum coatings on
the characteristics of fried eggplant slices.

Gum concentration  Oil uptake Moisture
(%) (%) content (%)
0.0 49.392 39.76 ¢
0.5 34.77" 55.25°
1.0 28.32°¢ 62.07 2
15 26.28 64.15°?
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Figure 2- Effect of coating with Wild sage seed gum on the weight changes of eggplant slices during frying.
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Figure 3- Mean square error (MSE) values (average
fitness) versus generation number during the
optimization procedure of the genetic algorithm-
artificial neural network system
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Table 2- The error values in prediction of testing data by optimal genetic algorithm-artificial neural network
with 3 neurons in hidden layer

Error Oil Moisture Yellowness Redness Lightness
uptake content
Mean squared error 15.027 15.906 5.721 2.324 7.702
Normalized mean squared error 0.137 0.136 0.077 0.094 0.070
Mean absolute error 3.017 3.115 1.850 1.249 2.051
Correlation coefficient (r) 0.934 0.951 0.967 0.959 0.972
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Figure 4- Experimental data versus predicted values for the physicochemical characteristics of fried eggplant
slices coated by Wild sage seed gum
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1- Sensitivity analysis results
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Table 3- The weight and bias values of optimized genetic algorithm-artificial neural network system.

Input neurons

Output neurons

Hidden Bias Gum Oil Moisture
neurons - Temperature Yellowness Redness Lightness
concentration uptake content
1 -2.6958 11.2798 -15.9489 -0.7168  -1.1765 -6.2730 0.7199 1.0941
2 8.1843 8.1802 -15.6699 6.2815  -0.2333 3.1937 3.9205  -4.0102
3 -0.1331 8.4815 1.3616 -0.5402  7.8169 1.4798 2.6156  -0.0181
Bias 6.1624  -6.2303 -5.5913 -5.9426  -2.0682
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Figure 5- Sensitivity analysis results for characteristics of fried eggplant slices coated by Wild sage seed gum



WY Jlo /Y opleuds ¥V Al / olis mlio sba jingh 4 puis

sl g 2o FA

Oldisy g cugby 5wl ol Jsene cusby
s Ll gad bl 3 fas ws s Vo b osadissls
et Slee Ol Y 58 (R T bl e sime
Olaeal slagin (bl i clussas
slaclle b sadisaly (i o 5 (i g3 (9 S0 yuw
cble juas wle Sugin 1) g Ol pes aliss
Ssks @l 5 1 5SE Gasidn s Gl fas
slbes oads RUWARY °4‘5“CJ“ ULM.JL: GLAU’LJJ
Lty peals 1y 8b i 58 oS¢ e

el s s sAL pa

S S el
slagiudsy O saldiwl 5 GuSEow kalyd JS
6l clio slagis, 5 (S (Shss sad K s
Sluo god soag 5 cusb, Bia (G255 ol GualK
o0 ol Glaeals auile sudipF s olde ul e (sall
S oo Ol e iline glackile 51 ha 5y (ol
Gaee ad ¢ alKia Glaaal slagis Ao it
OE 9y oo Hudl g wo S suldinl Galie slales o
5 o daEF i gladss cugb, Hlaie
S uls plas Giagd o) @l wa S iledes

G50 i alS sels 50 Gl fas b Aty

Bis sely aspidg slad Gy i oles Jpans

ouldiul v,y 90 (','-‘L.“

VA=Y (WYY (olik s clagha o3y cad

o S5 wl, SI g 5ludings Ghgs © Fomsod (SSEA L Ga S (b slla)) o @8l goludas @VYAA b alla
0014 ‘(\)Yo\ ‘UT-“‘:\'&' c\tuo L;LAQ.Z.AJJ,:\ ‘GCJLAA s

(SLAJ&AJ;;} ‘L')L?..AJL:A UJJS t‘).n.u .A..si."‘)s U-ln o9 S:s_) Cb“):s:_si:a ssgs.e.-.u GJL-UJJ-A 9 C;:J‘); JEC\:\‘ O ‘b\‘”\/\ «8 o.a-".l.a
AYV-1E4 (Y)Y olie s

Q@AJ@&\HJJAQ‘J&A;&B&Guaﬁkgwdum#&';‘ﬁgut\:\é ‘\2'.‘tgfl“cléd|g£‘l:‘“JJ B UAJLAA
212 mlus g asle (e gims rme 4ol — S5 Al S (B, b Galine slales 5o sadp o (L3558 508 slagh
AM=VAY (VVONA ()l

Amini G, Salehi F, Rasouli M, 2021. Drying kinetics of basil seed mucilage in an infrared dryer: Application
of GA-ANN and ANFIS for the prediction of drying time and moisture ratio. Journal of Food Processing
and Preservation 45(3): e15258.

Bouaziz F, Koubaa M, Neifar M, Zouari-Ellouzi S, Besbes S, Chaari F, Kamoun A, Chaabouni M,
Chaabouni SE, Ghorbel RE, 2016. Feasibility of using almond gum as coating agent to improve the
quality of fried potato chips: Evaluation of sensorial properties. LWT - Food Science and Technology 65:
800-807.

Gohari Ardabili A, Aghajani N, Daraei Garmakhany A, 2021. Response surface optimization of low fat fried
zucchini slices production conditions (Balangu seed gum concentration, frying time and temperature).
Food science and technology 17(109): 129-142.

Hosseini Z, 2006. Common Methods in Food Analysis. Shiraz University Pub.

Ignat A, Manzocco L, Brunton NP, Nicoli MC, Lyng JG, 2015. The effect of pulsed electric field pre-
treatments prior to deep-fat frying on quality aspects of potato fries. Innovative Food Science &
Emerging Technologies 29: 65-69.



I i dLchD 3 D.L.uc).w u\.’xo.!b LSLQA_)")" uL..ow 29y &l ew L» L;m)umy ).:l d)LJJJ& 9 227 (w2

Jorjani S, Hamrahi V, 2015. Effect of Guar and xanthan hydrocolloids on uptake of oil in eggplant rings
during deep frying. Journal of Food Research 25(2): 231-238.

Khazaei N, Esmaiili M, Emam-Djomeh Z, 2016. Effect of active edible coatings made by basil seed gum and
thymol on oil uptake and oxidation in shrimp during deep-fat frying. Carbohydrate Polymers 137: 249-
254.

Kurek M, S&etar M, Gali¢ K, 2017. Edible coatings minimize fat uptake in deep fat fried products: A review.
Food Hydrocolloids 71: 225-235.

Maghsouzadeh R, Jalilzadeh A, 2020. Bamieh production with the use of whey protein coating and
evaluating its qualitative characteristics during storage. Journal of Food Research 29(4): 59-69.

Ramzi M, Kashaninejad M, Salehi F, Sadeghi Mahoonak AR, Ali Razavi SM, 2015. Modeling of rheological
behavior of honey using genetic algorithm-artificial neural network and adaptive neuro-fuzzy inference
system. Food Bioscience 9: 60-67.

Salehi F, 2018. Color changes kinetics during deep fat frying of carrot slice. Heat and Mass Transfer 54(11):
3421-3426.

Salehi F, 2020a. Effect of coatings made by new hydrocolloids on the oil uptake during deep-fat frying: A
review. Journal of Food Processing and Preservation 44(11): e14879.

Salehi F, 2020b. Recent advances in the modeling and predicting quality parameters of fruits and vegetables
during postharvest storage: A review. International Journal of Fruit Science 20(3): 506-520.



WY Jlo /Y opleuds ¥V Al / olis mlio sba jingh 4 puis sl g o Ve

Journal of Food Research, 2022,32(2):59-71
https://foodresearch.tabrizu.ac.ir

© 2009 Copyright by Faculty of Agriculture, University of Tabriz, Tabriz, Iran
This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-nc/2.0/)

DOI: 10.22034/FR.2022.44523.1787

Experimental investigation and modeling of wild sage seed gum coating effect on
the fried eggplant slices characteristics at different temperature

F Salehi®and M Asadnahal?

Received: February 14, 2021 Accepted: June 9, 2021

1Associate Professor, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran
2MSc Student, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran
“Corresponding author, Email: F.Salehi@Basu.ac.ir

Introduction: Fried food products are very popular due to their unique characteristics such as color,
smell, taste and desirable texture. During the frying process, food is immersed in an oil bath at a
temperature above the boiling point of water. This results in counter flow of water vapour (bubbles)
and oil at the surface of the product. Colour changes measured may be used to predict both
chemical and quality changes in a food. The colour parameters have previously proved valuable in
describing visual colour deterioration and providing useful information for quality control in fruits
and fruit products. The oil uptake problem associated with fried products can be decreased by using
hydrocolloids as edible coating. Also, the sensorial examination results showed that the coated
products with gums have total acceptability better than the uncoated samples. Using of
hydrocolloids (gums) to decrease the oil uptake during deep-fat frying is one of the easy and most
convenient way which does not needs changes in frying devises (Khazaei et al 2016; Salehi 2020a).
The term “gum” is used to explain a group of naturally occurring polysaccharides. Gums have a
good functional characteristic such as emulsifying, coating agents, packaging films, gelling,
stabilizers, solubility and textural improvement. Gums influence on the gelatinization and
retrogradation of starch and decreased the retrogradation of starch. Wild sage seed mucilage is a
gum extracted from wild sage (Salvia macrosiphon L.) seeds. The performance of artificial neural
networks (ANN) was reported by some researcher. They reported that these approaches are able to
estimated characteristics of various fruits and vegetables with high precision. It has been shown that
nonlinear approaches based on ANN are far better in generalization and estimation in comparison to
empirical models. Determination of the best number of neurons in hidden layers of ANN models is
generally carry out by trial and error. The genetic algorithm optimization method can be used to
overcome this inherent limitation of ANN. Genetic algorithm is the search technique for optimal
value, mimicking the mechanism of biological evolution. It has a high capability to find the
optimum value of a complex objective function, without falling into local optima (Salehi 2020b;
Amini et al 2021).

Material and methods: The cleaned wild sage seeds were firstly soaked in water at a seed/water a
portion of 1:20, 25°C, and for 20 min. The mucilage extract was separated from the swollen wild
sage seeds by passing the seeds through an extractor. Controlling frying conditions and using edible
hydrocolloid coatings (gums) is one of the best ways in reduction of oil uptake, moisture retention
and improving the appearance properties of fried foods. In this study, different concentrations of
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wild sage seed gum (0, 0.5, 1 and 1.5%) were used to coating of eggplant slices during deep frying
at 150, 175 and 200°C and the relationship between process parameters and the quality of final
product were modeled by genetic algorithm-artificial neural network method. To examine the
changes in colour indexes including lightness (L*), redness (a*) and yellowness (b*), images were
taken after the frying. In order to investigate the effect of frying temperature and wild sage seed
gum concentration on the colour changes of fried eggplant, a computer vision system was used.
Sample illumination was achieved with HP Scanner (Hp Scanjet 300). Neurosolution software
(version 5, NeuroDimension, Inc., USA) was employed for making the GA-ANN model. In the
hidden layers and output layer a sigmoid activation function was used (due to the highest r-values in
comparison to the other functions, hyperbolic tangent and a linear). The Levenberg—Marquardt
(LM) optimization method was applied to network training. The crossover probability and the
mutation probability operators were adjusted equal to 0.9 and 0.01, respectively. Also, a sensitivity
analysis was done to supply the measure of relative significance between the inputs of the ANN
model and to show how the model output changed in response to input changes.

Results and discussion: The results of this study showed that coating with wild sage seed gum
reduced the oil uptake of the final product. Coating pretreatment maintained the final product
moisture and moisture content of the sample coated with 1.5% wild sage seed gum was higher than
the other samples. This process was modeled by genetic algorithm-artificial neural network method
with 2 inputs include wild sage seed gum concentration and frying temperature and 5 outputs
includes oil percentage, moisture content, and three main color indexes (yellowness (b”), redness
(@), and lightness (L")). The results of modeling showed that a network with 3 neurons in a hidden
layer and using the sigmoid activation function can predict the physicochemical properties of fried
eggplant slices.

Conclusion: Wild sage seed gum concentration and oil temperature are the process parameters
which affect the parameters of eggplant slices during frying. Sensitivity analysis results showed that
the changes in the concentration of wild sage seed gum had the highest effect on the moisture
content and then on the oil content of fried eggplant slices. Also, the change of frying temperature
has the highest effect on the lightness index of fried samples.
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