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Table 1 Percentage of essential components of

dried milk powder
Protein 33
Fat 0.1
Moisture 3.6
Lactose 55
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Fig 1 Artificial neural network structure
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Table 2 Electrical conductivity of the recombined milk is influenced by independent factors

Fat 6%
Temperature (°C)

Fat 3%
Temperature (°C)

Lactose Protein
(%) (%)

65 60 55 50 65 60 55 50
27102 254+02 247+02 237+02 291+0.1 2.83+02 2.52+0.2 2.44+0.1 4
2.61+0.1 253+0.1 242+0.1 231+02 2.81+0.1 2.72+0.1 2.44+0.1 2.38+0.1 6 1
254+0.1 245+02 233+0.1 229+0.1 2.75+0.1 2.54+0.1 2.38+0.1 2.32+0.2 8
242+0.1 225+0.1 221+0.1 2.15+0.1 2.61+0.1 2.42+0.1 2.36+0.1 2.18+0.1 10
47302 4.69+0.1 4.45+0.1 425+0.1 4.82+0.1 47702 4.54+0.2 431+0.2 4
444402 422402 4.09+0.1 4.04+02 4.73£0.1 4.68+0.1 4.55+0.1 4.08+0.1 6 2
433+0.1 424+0.1 4.17+02 381+0.1 4.61+02 4.53+0.1 4.47+0.1 4.02+0.2 8
4.11+0.1 3.93+0.1 3.84+0.1 3.55+0.1 4.51+0.1 4.32+0.1 4.31+0.1 4.02+0.1 10
532+02 5.21+£0.1 491+02 4.62+02 5.72+02 5.71£02 5.01+£0.1 4.98+0.2 4
511£02 491+02 4.81+£0.1 459+0.1 5.65+02 5.21+0.1 5.01+0.2 4.81+0.1 6 3
491+0.1 4.75+0.1 4.67+0.1 448+0.1 531+0.1 4.96+0.1 4.85+0.1 4.67+0.1 8
4.78+0.1 4.61+0.1 455+0.1 441+0.1 4.87+0.1 4.81+0.1 4.78+0.1 4.61+0.1 10
594+02 5.52+0.1 52602 5.17+02 5.99+0.1 5.82+02 5.73+0.1 526+0.2 4
5.65£02 55402 525+0.1 5.01+0.1 5.82+02 5.77+0.1 5.62+0.1 5.11+0.1 6 4
5.55+0.1 537£0.1 4.99+0.1 4.72+0.1 5.78+0.1 5.62+0.1 5.55+0.2 4.92+0.1 8
519+0.1 4.93+0.1 4.83+£0.1 448+0.1 5.26+0.1 5.21+0.1 4.88+0.1 4.81+0.1 10
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Table 3 Some results from different structures of artificial neural network have been used

Network Epoch Train'ing Actuqtor Network Learnirzlg Network tesg
Arrangement Algorithm function MSE R MSE R
4-2-1 33 Mom Tanh 0.019 0.936 0.11 0.944
4-2-1 18 LM Tanh 0.006 099 0.014 0.99
4-2-1 805 Mom Sig 0.02 0.87 0.41 0.92
4-2-1 19 LM Sig 0.001 099 0.032 0.96
4-3-1 25 Mom Tanh 0.018 0.937 0.1 0.944
4-3-1 21 LM Tanh 0.004 0.986 0.014 0.99
4-3-1 600 Mom Sig 0.02 0.897 0.41 0931
4-3-1 16 LM Sig 0.001 099 0.027 0968
4-4-1 77 Mom Tanh 0.02 0.933 0.069 0963
4-4-1 19 LM Tanh 0.003 0.996 0.011  0.992
4-4-1 488 Mom Sig 0.02 0.865 0.41 091
4-4-1 15 LM Sig 0.004 0.986 0.021 0.98
4-5-1 47 Mom Tanh 0.019 093 0.086 0954
4-5-1 22 LM Tanh 0.004 0.988 0.025 0984
4-5-1 391 Mom Sig 0.02 0.86 0.43 0.893
4-5-1 14 LM Sig 0.001 0.99 0.015 0984
4-2-2-1 115 Mom Tanh 0.019 0.96 0.18 0918
4-2-2-1 19 LM Tanh 0.005 0.986 0.023 0966
4-2-2-1 1000 Mom Sig 0.083 046 1.23 0.55
4-2-2-1 16 LM Sig 0.001 0.988 0.026 0.97
4-3-3-1 109 Mom Tanh 0.019 0.954 0.16 0935
4-3-3-1 24 LM Tanh 0.006 0.986 0.036 0.96
4-3-3-1 1000 Mom Sig 0.078 0.902 1.17 0.865
4-3-3-1 18 LM Sig 0.002 0.974 0.065 091
4-4-4-1 123 Mom Tanh 0.019 0.94 0.11 0.958
4-4-4-1 14 LM Tanh 0.002 0.992 0.018 0.98
4-4-4-1 1000 Mom Sig 0.081 0.81 1.19 0.76
4-4-4-1 16 LM Sig 0.001 098 0.026 0968
4-5-5-1 34 Mom Tanh 0.017 0.958 0.12 0.937
4-5-5-1 19 LM Tanh 0.003 0.992 0.019 0978
4-5-5-1 1000 Mom Sig 0.078 0.884 1.16 0.96
4-5-5-1 14 LM Sig 0.001 099 0.026 0.97
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Fig 3 Difference between the actual and predicted

data of selected neural network
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Fig 4 Correlation between actual and predicted data
of selected neural network
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In this study, the electrical conductivity of recombined milk was modeled and predicted using artificial
neural networks (ANN) method. The protein (1, 2, 3 and 4%), lactose (4, 6, 8 and 10%), fat (3 and 6%)
and temperature (50, 55, 60 and 65°C) were considered as the independent input parameters and electrical
conductivity of recombined milk as the dependent parameter. Experimental data obtained from electrical
conductivity meter, were used for training and testing the network. In order to develop neural network
firstly experimental data were randomly divided into three sets of training (70%), validating (15%) and
testing model (15%). In order to develop ANN models. Multilayer perceptron networks (MLP) models
were trained in two, three and four layers. The number of hidden layers and the number of neurons in
each layer were obtained by trial and error. The best training algorithm was LM with the least MSE value.
The highest coefficient of determination (R*) and lowest mean squared error (MSE) were considered as
the criterion for selecting the best network. The network having three layers with a topology of 4-4-1 had
the best results in predicting the electrical conductivity of recombined milk. This network has four
neurons in the hidden layer. For this network, R* and MSE were 0.992 and 0.011, respectively. These
results can be used in milk processing factories. The correlation between the predicted and experimental
values in the optimal topologies was higher than 99%.
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