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6. Central Composite Design (CCD)
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2. Recovery Time-20
3. Deformation Mation
4. Trigger Point

5. Target Value
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Table 1 Experimental conditions and observed response values of CCD

Variables Answers
Concentration Concent.ratio Height Specific ' Bread
Exam nzyme (%) egg whites of bread volume of Bake loss Porosity hardnes
Number  © y“;( powder (%) bread (%) (%) s (g)
P (X2) ) (i)
1 0(-1) 0(-1) 3.02 1.39 18.21 17.59 1749
2 1.5(1) 0 (1) 3.33 1.69 18.33 18.79 1764
3 0(-1) 6 (1) 2.85 1.12 15.66 17.86 1100
4 1.5 (1) 6 (1) 3.31 1.56 17.20 19.20 2738
5 0(-1) 3(0) 3 1.02 16.94 19.39 1796
6 1.5 (1) 3(0) 3.29 1.39 17.76 20.66 2622
7 0.75 (0) 0(-1) 3.8 1.76 18.26 18.74 1335
8 0.75 (0) 6 (1) 3.45 1.5 16.43 19.08 1498
9 0.75 (0) 3(0) 4.15 1.46 17.34 20.7 1788
10 0.75 (0) 3(0) 4.1 1.4 17.38 20.5 1790
11 0.75 (0) 3(0) 4.06 1.45 17.37 20.55 1787
12 0.75 (0) 3(0) 4.05 1.43 17.36 20.56 1789
13 0.75 (0) 3(0) 4 1.43 17.35 20.58 1788

Table 1 Continued Experimental conditions and observed response values of CCD

Variables Answers
Enzyme Egg whites
Exam . powder
concentratio . L* a* b*

Number n (%) (X)) Concentrati

on (%) (X2)
1 0(-1) 0(-1) 86.28 -23.873 4531
2 1.5(1) 0(l) 84.57 -24.588 41.53
3 0(-1) 6 (1) 87.04 -25.66 39.58
4 1.5(1) 6 (1) 85.12 -24.23 35.80
5 01 3(0) 86.79 -23.15 42.44
6 1.5(1) 3 (0) 84.98 -23.5 38.67
7 0.75 (0) 0(-1) 84.25 -23.75 43.42
8 0.75 (0) 6 (1) 84.96 -26.01 37.69
9 0.75 (0) 3(0) 84.69 -23.7 40.52
10 0.75 (0) 3(0) 84.68 -23.87 40.53
11 0.75 (0) 3(0) 84.73 -23.8 40.57
12 0.75 (0) 3(0) 84.71 -23.8 40.55
13 0.75 (0) 3(0) 84.7 -23.6 40.5
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Fig 1 Three-dimensional graphs of the effect of
transglutaminase enzyme and the egg white protein
concentration on bread height
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Fig 2 Three-dimensional graphs of the effect of
transglutaminase enzyme and the egg white protein
concentration on specific volume of bread
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Fig 4 Three-dimensional graphs of the effect of
transglutaminase enzyme and the egg white protein
concentration on porosity
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Fig 3 Three-dimensional graphs of the effect of
transglutaminase enzyme and the egg white protein
concentration on bake loss
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Fig 6 Three-dimensional graphs of the effect of
transglutaminase enzyme and the egg white protein
concentration on bread hardness
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Table 2 The results of comparison of suggested artificial neural networks in prediction of observed

response
The number of neurons in
MSE R? hidden layers
second First
0.6217 0.958 - 2
0.2020 0.988 - 3
0.8646 0.847 - 4
0.016 0.999 - 5
0.0999 0.999 - 6
0.2649 0.966 - 7
0.051 0.995 - 8
0.0011 1.00 - 9
0.8701 0.933 - 10
0.1236 0.994 2 -
0.4252 0.902 3 -
0.2050 0.993 4 -
0.425 0.994 5 -
0.0242 0.999 6 -
0.1991 0.948 7 -
0.8529 0.968 8 -
0.1245 0.942 9 -
0.1638 0.982 10 -
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Optimization of the formulation of corn-based gluten-free bread
with egg white protein and the microbial transglutaminase
enzyme and parameters estimation of this process with artificial
neuron network
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In this research, optimization of the formulation of corn-based gluten-free bread with egg white
protein and the microbial transglutaminase enzyme was conducted with the purpose of minimizing
baking loss and hardness, and maximizing the specific volume, bread height, porosity and color index
L* by the response surface method and finally, estimating these responses with the help of the neural
network. The effects of the two concentrations of microbial transglutaminase enzyme in the range of 0
to 1.5% and egg white protein in the range of 0 to 6% with the help of the central composite design on
specific volume parameters, baking loss, porosity, bread height, hardness and color indices L*, a* and
b* of bread crust were investigated. Investigating the results indicated that the optimum conditions for
the production of gluten-free bread based on maize is created when the enzyme and egg white protein
concentrations are 0.65% and 6%, respectively. By increasing the enzyme concentration, baking loss,
porosity and a* index increased, but the b* index decreased. The results also indicated that by
increasing the enzyme concentration in the formulation of samples, we firstly observed increase and
then decrease in bread height and specific volume. Increasing the protein concentration of egg white in
maize-based gluten-free bread formulation resulted in an increase in L* and a* indexes, and a decrease
in baking loss and b* index. The results of artificial neural network modeling indicated that a network
with a hidden layer containing 9 neurons, with an 8-9-2 layout (a network with 2 inputs, 9 nodes
(neurons) in the hidden layer and 8 outputs), had the best result in predicting the mentioned outputs.
This network indicated the highest accuracy among the mentioned topologies with a correlation
coefficient of 1.00 and mean square error of 0.0011.

Keywords: Gluten-free bread, Corn, Microbial transglutaminase enzyme, Egg white protein, Neural
network modeling.
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