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2 .Artificial Neural Network (ANN)
3. Genetic Algorithm(GA)

4. Selection

5. Crossover

6. Mutation
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1. Lutron, TM-916
2. Digital balance, LutronGM-300p (Taiwan)
3. Moisture content (MC)
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3. Bias

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

5. Activation function

6. Sigmoid functions

7. Hyperbolic tangent function

8. Levenberg—Marquardt (LM)

9. Topology

10. Correlation coefficient (r)
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1. Oil uptake (OU)
2. Hp Scanjet 300, China
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Fig 1 Schematic of frying process modeling of coated zucchini slices using genetic algorithm-artificial neural
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Table 1 Effect of Wild sage seed gum coatings on the physicochemical characteristics of fried

zucchini slices.
Mucilage concentration  Oil uptake (%)  Moisture content (%)

0.0 8.97% 83.93°
0.5 7.03° 85.70 *
1.0 7.15° 85.71
1.5 7.00° 86.18 *

Means with different superscripts in same column differ significantly (P<0.05).

J\_»J\i); g_.Jl_>.r.:.;‘ 4.(.....2 Lgl.hfjji [)\};94.3 C]a..a Q\ﬁ:ﬁd s. n g“,.j ﬁ)ﬂ‘ ‘SJ.LNJ.'\A @m _Y_y
Solwdlas o] olaal b aS (g 1aS gl jlide 4 as 45 L
Ealial sl s a1 e balis ) (g5 S < )

ool 2 5 Ol Y 3 led 1 Olgse 1 BB b S St et ey o

) ‘QA—!}b))\J_&A‘O_&*})M))Jﬂuomtﬂﬁ)‘?}ﬁ

- L é Sl xS Ol o ol (S 8 ¢ )
0v 4SS gm s b aseie Uas s0se3l iy, elal el AR P R DL DO S RES

_ : lizul o5 S = K an, S gsled s
23 g a8l 38 eslital i3 sel (gl Laesls dus P SF s et O 5 N $de

) Y yea oS5 L s o il 3 S
Jsdr) b oo b 55 s laensys o il 6,550 & Oin G5 b g e b e

p p A e ¢y Lds 4 S b s aSd gl
s el 45 Gya] Sl s Laesls oy Vo (Y 0 RS w S ks 4l glasess

_ ;<_| ] Noodd o ol ¢S5 5 ) o<
Lneals sbla 3L 31 o Kb b3l 5 shitons s S ealis 3 S St S bt e B s etk

A



\f,")ﬁﬁj:‘\/\e)})‘\\Oe)w Q]ﬁ]&u&@lﬂﬂjt‘}lﬁw

LgLACA_]a.LP l_’ sl ol Lf:‘-":'ﬁj u':‘—":’j'l Q}Ja o.)....f:'cjw aS sl QLL_u g:*-“}}—l d‘ll C”‘L:J JQ‘J; oalaol (M).) f,')

.(rd}k)%uﬁ&‘)}ﬁd‘bbém Ll oo Olgy &Y 53 0550 by o 5inn e oS3

iy 9IS Gl i ol 555 Sls s e

Table 2 Optimal values of genetic algorithm-artificial neural network parameters

Number of Learnine rule a;[‘t}ifsg ti(:)fn Tﬁliznglnlzel;ff Training Validating Testing
hidden layers & . Y data% data% data%
function neurons
1 Levenberg—Marquardt Sigmoid 5 50% 10% 40%

Table 3 The error values in prediction of testing data by optimal genetic algorithm-artificial neural
network with 5 neurons in hidden layer

Oil Moisture

Error Yellowness Redness Lightness Color change  Surface

uptake  content index change

Mean squared error 1.196 1.538 6.459 17.971 28.258 24.241 1.332
Normalized Mean squared error ~ 0.221 0.203 0.062 0.255 0.097 0.093 0.084
Mean absolute error 0.707 0.830 1.918 3.442 5.036 4.465 1.063
Correlation coefficient (r) 0.916 0.928 0.970 0.916 0.961 0.956 0.968
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Fig 2 Mean square error (MSE) values (average
fitness) versus generation number during the
optimization procedure of the genetic
algorithm-artificial neural network system.

1. Mean squared error (MSE)
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Fig 3 Experimental data versus predicted values for the physicochemical characteristics of fried zucchini slices

coated by Wild sage seed gum
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Table 4 The weight and bias values of optimized genetic algorithm-artificial neural network system.

Input neurons

Output neurons

Hidden Bias Gum Oil Moisture . Color Surface
neurons . Temperature Yellowness Redness  Lightness  change

concentration uptake content index change

1 -4.6233 -3.5873 11.0233 -0.2538 -2.5544 1.6371 -0.0311 -0.1915 1.3457 3.1392
2 8.3485 -3.5620 -7.8233 -1.9197 0.2910 1.5728 0.3291 5.2647 -4.2107  -11.8045

3 0.8163 -5.2803 1.9101 -16.4946  -7.9947 -11.9359 8.9913 11.8916 12.6606 5.0758

4 -2.7566 -7.8214 20.3043 7.9180 -7.1554 -9.8089 -10.6383  -5.7507 -8.7298 7.3544

5 0.7116 3.2564 -7.1443 9.6512 10.1455 -2.7736 -2.1094 2.3034 0.9945 -1.8351
Bias 1.9499 -3.5608 11.3773 -2.2887 4.3390 -3.2183 1.6095
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Fig 4 Sensitivity analysis results for
physicochemical characteristics of fried zucchini
slices coated by Wild sage seed gum.
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Fried food products are very popular due to their unique characteristics such as
color, smell, taste and desirable texture. 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 wild sage seed gum (0, 0.5, 1 and 1.5%)
were used to coating of zucchini slices during deep frying at 155, 170 and 185°C
and the relationship between process parameters and the quality of final product
were modeled by genetic algorithm-artificial neural network method. The results of
this study showed that coating with wild sage seed gum reduced the oil uptake of the
final product and in terms of appearance characteristics, the coated samples were
lighter. Coating pretreatment maintained the final product moisture and the size of
the samples coated with 1.5% gum was larger than the other samples (lower surface
changes percent). This process was modeled by genetic algorithm-artificial neural
network method with 2 inputs include wild sage seed gum concentration and frying
temperature and 7 outputs include oil percentage, moisture content, yellowness
index (b"), redness index (a’), lightness index (L"), color changes intensity (AE) and
surface changes. The results of modeling showed that a network with 5 neurons in a
hidden layer and wusing the sigmoid activation function can predict the
physicochemical properties of fried zucchini slices. Sensitivity analysis results
showed that the changes in the concentration of wild sage seed gum had the highest
effect on the yellowness index and then on the surface color changes intensity index
of fried zucchini slices. Also, the change of frying temperature has the highest
effects on the color changes intensity and lightness indexes of fried samples.
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