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Table 1 Ingredients and their quantities in
control bread

. Quantity
Ingredients (@)
Wheat flour 100
Saccharomyces cerevisiae yeast 2.5
Improving powder 1.2
Sugar 20
Soya oil 5
Salt 1.2

Table 2 Statistical design used in Simit bread

formulation
Run Spinach Wheat
powder(%) flour(%)
1 30 70
2 22.5 775
3 0 100
4 15 85
5 30 70
6 7.5 92.5
7 0 100
8 0 100
9 30 70
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Fig 1 The effect of spinach powder replacement on
bread loss weight after baking of bread
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Fig 2 The effect of spinach powder substitution on moisture, ash, fiber, fat and protein content of bread samples

Table 3 Variance analysis and regression coefficients of fitted models for moisture, ash, fat, protein
and fiber of simit bread samples containing spinach powder

Moisture Ash Fat Protein Fiber
Model 54.29%* 252.25%%* 5.65% 18.95%* 24.10%*
Lack of fit 0.44™ 0.93™ 0.50™ 0.41™ 0.31™
A 3.61%* 1.98** -4.46* -0.74%* 0.98**
R’ 0.88 0.97 0.44 0.73 0.88
Adj R? 0.86 0.96 0.36 0.69 0.85
CV 2.79 8.77 11.19 5.12 18.48

A: spinach powder, ns: non-significant, *: significant in p<0.05, **: significant in p<0.01
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Fig 4 The effect of spinach powder substitution on
the specific volume of bread samples
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Fig 5 The effect of spinach powder substitution on
the water activity of bread samples
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Fig 3 The effect of spinach powder substitution on
the height of bread samples
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Table 4 Variance analysis and regression coefficients of models fitted with the parameters of height,
weight loss, water activity, specific volume and antioxidant activity of bread samples containing
spinach powder

Height Loss weight aw Specific volume Ant10.x1.dant
activity
Model 105.72%* 104.36%* 21.24* 28.89%** 162.26%*
Lack of fit 0.78"™ 0.65"™ 0.98™ 0.31™ 0.82"™
A -6.11%* -2.53%* -0.019* -0.44%* 7.05%*
R’ 0.93 0.93 0.75 0.80 0.95
Adj R? 0.92 0.92 0.71 0.77 0.95
CV 4.73 12.31 1.19 8.43 5.01

A: spinach powder, ns: non-significant, *: significant in p<0.05, **: significant in p<0.01
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Fig 7 The effect of spinach powder substitution on color parameters of bread samples
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Fig 8 The effect of spinach powder substitution on the textural properties of bread samples

Table 5 Variance analysis of color parameters and texture characteristics of bread samples containing
spinach powder

L* a* b* Firmness Penetration
Energy
Model 417.16%* 21.29%* 47.33% 59.71%* 76.55%*
Lack of fit 0.54" 0.12™ 0.23™ 0.31™ 0.09™
A -0.17%%* 2.44%x* -6.93%%* 0.44%* 0.33%*
A’ 15.15 0.50 -9.16 - -
A’ -10.36 -1.57 11.03 - --
R? 0.99 0.92 0.96 0.89 0.91
Adj R? 0.99 0.88 0.94 0.90 0.90
CV 2.86 6.11 4.64 14.31 14.02

A: spinach powder, ns: non-significant, *: significant in p<0.05, **: significant in p<0.01
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Fig 9 The effect of spinach powder substitution on the sensory evaluation of bread samples
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ABSTRACT

ARTICIE INFO

The aim of this study was to investigate the effect of replacing wheat flour
with spinach powder (0-30%) as a rich source of fiber and minerals in a mixed
D-optimal design on physicochemical properties (weight loss, moisture, ash,
protein, fat, fiber, antioxidant capacity, color, specific volume, height, water
activity) and textural and sensory properties of bread. The results showed that
an increase in the moisture content, ash, fiber and a decrease in weight loss,
protein, fat, specific volume, water activity and height of the samples with the
addition of spinach powder. The antioxidant capacity of breads containing
spinach powder was significantly increased compared to control samples
(p <0.05). Also, textural properties including penetration energy and firmness
of the samples were significantly increased by adding spinach powder
compared to the control samples. Spinach powder substitution decreased L *,
a * and increased b * in the samples. According to the results, replacing wheat
flour with spinach powder up to 7.5% improved and increased the overall
acceptance of the samples.
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