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1. Soybean soluble polysaccharide
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Fig 1.(a) Processes of bread crust image processing: (A) the initial image; (B) the image represents the index L
*; (C) the image represents the index a *; (D) the image represents the index b *

@

Figl. (b) Processes of bread crumb Image processing: (A) the initial image; (B) the image represents the index L
*; (C) the image represents the index a *; (D) the image represents the index b *
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Fig 2 Image processing steps of bread: (A) initial image, (b) gray scale image, (c) contrast image, (d) threshold
image, (b) binary image
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Table 1 The order of experimental randomized treatments in the design of the central composite
breads enriched with sesame meal and soluble soybean polysaccharide

13 12 11 10 9 8 7 6 5 4 3 2 1 Treatment
0.00 6.25 YY/o 6.25 6.25 6.25 1.83 1.81 10.66 10.66 6.25 6.25 6.25 X,
1.00 1.00 1.00 1.00 1.00 1.00 1.70 0.29 1.70 0.29  2.00 1.00 1.00 X,

Xi: sesame meal, X;: soluble soybean polysaccharide
5 Ose3l 50 sl mal @ bgse (Lol LT Jsas fou cb _y

sl 0 0l OLESY JJJ@-

Table 2 Regression coefficients of quadratic equations for the response to the image processing

technique
Porosity b"crumb a’crumb L’crumb b'crust a’crust L'crust Source
20.79 26.55 -5.02 74.21 13.36 10.89 60.49 Bo
0.0001™""" 0.3117" 0.71" -1.23™ 6.50" 1.06™ -1.493™" B
11.200"" 1.781™ -1.41™ 1.446"™ 17.52™ 7.44™ 2.451™ B
-0.04" -0.093" -1.01™ -0.0246" -0.33" -0.01™ 0.082" BiP:
374" 0.555™ 1.35° -2.681™ -4.46™ -1.95™ 111 B2P-
-0.07™ -0.042" -0.22" 0.324" -0.95" -0.378" 0.064™ BiBo
0.00 0.001 0.012 0.01 0.011 0.014 0.00 Model(p-value)
0.840™ 0.536™ 0.271"™ 0.749" 0.178™  0.987™ 0.374" Lack of fit (p-value)
94.97 91.67 83.19 98.76 83.95 86.62 94.23 R?
91.38 85.72 71.19 97.88 72.49 70.21 90.10 Adj-R?
13.23 15.09 -51.76 7.25 17.78 26.13 6.59 CV (%)
16.32 50.85 16.72 9.59 511.07 22.874 35.46 PRESS

ns: meaningless in > 0.05, *: p< 0.05, **: p<0.01, ***:p<0.001, ****: p<0.0001, cv: coefficient Changes, B,: sesame meal,
f2: soluble soybean polysaccharide
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Fig 3 Response surface plot for colorimetric analysis of the bread crust: (a): L, (b): a, (c): b using the image
processing technique
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Fig 4 Response surface plot for colorimetric analysis of the bread crumb: (a): L, (b): a, (c): b using the image
processing technique
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Fig 5 Response surface plotof index porosity of
bread
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Table 3 Comparison between estimated and experimental estimates of responses to optimum
conditions for bread containing sesame meal

Experimental value obtained Estimated amount Adjective
42.04 42.50 Moisture
18.75 18.81 Protein

1.44 1.36 Ash
3.00 3.11 Hardness
0.78 0.79 Cohesiveness
2.40 2.68 Special volume
24.60 24.51 Porosity
7.01 6.93 Entropy
64.06 62.92 L"Crumb
50.90 52.02 L"Crust
-0.15 -0.20 a"Crumb
15.28 16.58 a'Crust
6.24 6.46 Fiber
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Table 4 Total phenol contents (TPC) of bread samples (mg of gallic acid equivalent / g sample) and
radical inhibitory strength (DPPH)

DPPH (%) TPC Concentration (ppm) Treatment
5.466+0.201° 0.19656+0.00015 * 1000 Control crust
1.144+0.041 € 0.19471+0.00009 * 1000 Control crumb

15.199+0.119 * 0.19739+0.0002 * 1000 Optimal crust
4.103+0.134 ® 0.19608+0.0002 * 1000 Optimal crumb

Similar capital letter at eachcolumn show no significant difference in 95% of confidence level
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Table 5 Mineral amounts of sesame meal, optimal and control bread (mg / I)

Optimal bread Control bread Sesamemael Mineral
3.730 £ 0.510" 0.612+0.002% 3.95+0.130% Fe
0.097 +0.002® 0.023+0.001¢ 0.62+0.023 4 Cu
0.480 +0.030® 0.161 £0.011°¢ 0.93+0.056* Zn

Similar capital letter at eachrow show no significant difference in 95% of confidence level
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Barbary bread is one of the most popular types of flat breads in Iran. In this study, the effect of adding
sesame meal and soluble soybean polysaccharide in bread formulations using response surface
method and central composite rotatable design was investigated. The independent variables were
included sesame meal (0-12.5%) and soluble soybean polysaccharide (0-2%). The colorimetric
properties, antioxidant activity and mineral contents of bread were considered as the dependent
variables. The image processing method using image J software and transformation of color space
RGB to L*a*b* were done to study the color characteristics of the bread.The antiradical capacity of
optimized sample was assessed by measuring total phenolic content and DPPH radical-scavenging
activity. In addition, its mineral amounts were measured by atomic absorption. The results showed
that increasing the amount of sesame meal and soluble soybean polysaccharide in bread formulations
had a significant effect on colorometric factors, and increased the porosity, antioxidant activity and
mineral contents of Barbary. Based on the findings of this research, colorimetry with image
processing method is proposed as a simple and non-destructive method to assess the properties of
bread surface color.

According to the optimized results and obtained model, the use of 6.43% of sesame meal and 0.62%
of the soluble soybean polysaccharide had the most effect on the color properties, antioxidantactivity,
and mineral content of bread.

Keywords: Flat bread,Image processing, Sesame meal, Antioxidant activity
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