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Optimization of Bread Formulation Based on Artificial
Neural Network Algorithm

FENG Zhan-li, LI Wen-zhao, ZHAO Lu

(Key Laboratory of Food Nutrition and Safety ,Ministry of Education,College of Food Engineering and Biotechnology,
Tianjin University of Science & Technology, Tianjin 300457 ,China)

Abstract: In the optimization of bread formulation experiment,aiming at the question of bread aging and short storage,
artificial neural network (ANN) was used to model the twelve effect factors and six targets. Best formula was obtained that
have good taste and can keep longer time by this model, that is the best ratio of raw material respectively are flour 32%,water

7%,salt 0.962% ,milk power 8% high fructose syrup 30%,butter 18%,sugar alcohol 3%,fresh enzyme 0.03%,starch enzyme

0.001%, fat enzyme 0.002% ,xylan enzyme 0.005%,carrageenan 0.5% ,xanthan gum 0.5%.
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Tab.1 Sensory evaluation of bread
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Tab.2 Parameters of bread hardness
SRR g (TR
7k P/2 P/6
JE4i R 25 /mm 2.0 4.0
AT/ (mmes™) 2.0 2.0
A5 32K/ (mm-s™) 1.0 1.0
MR P %/ (mmes™) 1.0 1.0
I T1/g 3.0 3.0
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Tab.3 Parameters of 26 experiment

Fe Xi/% Xo/% X3/% X% Xs/% Xo/% X% Xs/% Xo/% X10/% Xu/% X 12/%
1 8 0 26 12 4 0.06 0 0 0 0 0.1 0
2 8 16 10 4 0.05 0 0 0 0.1 0 0
3 8 18 0 12 2 0.03 0 0.003 0 0 0.1 0
4 8 0 26 12 2 0.03 0 0.003 0 0 0.1 0
5 4 18 0 15 3 0.03 0 0.003 0 0.1 0 0
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g x
=2 X% X% Xs/% X% Xs/% Xo/% X% Xs/% Xo/% X 10/% X /% X /%

6 4 0 26 15 3 0.03 0 0.003 0 0.1 0 0
7 6 18 0 18 2 0.03 0 0.003 0.005 0 0.8 0
8 6 0 26 18 2 0 0.002 0.003 0 0 0.1 0
9 6 18 0 18 2 0.03 0 0.003 0.005 0 0.1 0
10 6 18 0 18 2 0.03 0 0.003 0.005 0.1 0 0
11 6 18 0 18 4 0.03 0 0.003 0.005 0.1 0 0
12 8 0 26 18 2 0 0.002 0.003 0 0 1 0
13 8 26 18 4 0 0.002 0.003 0 0 1 0
14 8 26 18 2 0 0.002 0.003 0 0 1 0
15 8 26 18 2 0 0.002 0.003 0 0 2 0
16 8 18 0 18 2 0.03 0 0.003 0.005 0 3 0
17 8 18 0 16 2 0 0.002 0.003 0.005 0.5 1 0
18 8 0 26 17 3 0 0.001 0.002 0.004 0.8 0.8 0
19 8 18 0 16 3 0 0.002 0.002 0.003 1 0.5 0
20 8 20 0 16 3 0.03 0 0.003 0.003 0 0.3 0
21 8 0 26 17 3 0 0.001 0.002 0.004 0.8 0.8 0
22 8 22 0 16 3 0 0.002 0.002 0.003 0.5 0 0.5
23 8 18 0 16 3 0 0.002 0.002 0.003 1 0.5 0
24 8 18 0 16 3 0 0.002 0.002 0.003 0.5 0 0.5
25 8 0 26 18 4 0 0.002 0.003 0 0 1 0
26 8 0 26 17 3 0 0.001 0.002 0.004 0.1 0.1 0
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Tab.4 Results of 26 experiments
i Vo2 Y)/g Yi/g Y5y Yslg Yo/g FS A Yg Ys/g Y5y Yslg Yy/g
1 90 8.87 133.50 71 52.77 238.63 14 87 17.53 112.37 67 30.17 169.53
2 79 16.23 299.30 65 242.07 1 685.60 15 71 40.57 252.20 69 93.57 431.03
3 93 38.57 102.87 80 54.80 231.67 16 60 63.37 234.50 54 24630  578.60
4 92 49.70 147.10 75 78.73 370.67 17 75 33.00 141.17 76 52.77 325.40
5 90 36.27 137.10 81 64.90 231.10 18 75 29.43 112.93 73 61.00 291.20
6 92 37.60 148.97 71 56.97 251.30 19 92 27.90 71.57 85 54.60 149.30
7 78 49.97 129.60 64 105.73 389.60 20 73 61.20 208.03 56 164.87  615.57
8 69 45.70 132.43 62 97.43 334.83 21 78 62.80 120.47 64 62.80 359.90
9 75 45.13 188.50 71 71.77 273.23 22 93 38.70 67.43 80 32.83 102.67
10 81 47.20 179.27 72 104.17 413.20 23 94 28.00 70.57 86 55.50 148.10
11 86 32.70 119.17 78 4433 184.13 24 95 39.20 65.34 87 34.83 100.50
12 94 29.17 97.63 78 44.70 178.80 25 88 32.10 120.47 80 50.50 256.75
13 83 33.10 125.47 78 52.33 265.23 26 93 27.53 102.93 81 60.00 279.20
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Fig.1 Learning process of ANN
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Tab.5 Results and errors of ANN

S YWY Ylg  Yilg YAy Yilg Ylg
ShrfE 79 1623 29930 65  242.07 1685.60
2 A 7899 1624 29835 65.02 24491 1661.41
WEM% 001 006 032 002 1.17 144
SEME 75 4513 18850 71 7177 273.23
9 M 7542 44.84 188.68 70.89 7229 279.11
WE% 055 064 010 015 073 215
ShRfE 75 33.00 14117 76 5277 325.40
17 HHEME 7499 3301 14122 76.01 52.65 323.79
WEMZ% 002 001 004 000 023 049
SThME 88 32.1 12047 80 50.5  256.75
25 JHMH 8551 32.60 12297 7899 5133  262.47
W% 283 155 208 127 164 223
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Tab.6 Parameter values of modelling experiment

HWASH ZH/g ) B/ g
X 0~16 1
X, 10 ~30 1
X, 15~36 1
X, 8~30 !
X5 0~8 1
Xs 0~0.06 0.005
X, 0~0.002 0.001
Xs 0~0.003 0.001
X, 0~ 0.005 0.001
Xuo 0~3 0.1
Xu 0~3 0.1
X 0~3 0.1
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Tab.7 Three possible best values from modeling experiment

s A B C
P P =0.1129 P,=0.0988 P;=0.098 1
X% 10 8 8
Xo/% 23 16 0
X% 0 10 30
X% 20 19 18
Xo/% 4 4 3
Xo/% 0 0.06 0.03
Xo/% 0.002 0 0.001
Xs/% 0.003 3 0.002
Xo/% 0.004 0.004 0.005
X% 1 0 0.5
X/% 0.6 0.5 0.5
X% 0 0.5 0
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Tab.8 Three possible best values from modeling experiment

S A B C
P P =0.1129 P,=0.098 8 P;=0.098 1
Yi/5r 98 97 96
Ylg 23.13 19.12 20.13
Ys/g 71.79 60.24 70.01
Yooy 85 86 84
Yslg 76.25 86.45 71.63
Yo/g 110.21 90.53 101.81
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