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Fig 1 Comparison of the mean content of starch (a), soluble solids (b), phytic acid (¢) and free phosphorus (d) under
the influence of alpha-amylase and phytase
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Table 1 Investigation of changes in physical parameters of bread after production

+
Factor Control Bread+Free Enzymes BreadEncapsulated
Enzymes
specific volume(%) 2.46+0.07° 3.87+0.1° 3.59+0.1°
Porosity(%) 18.16+0.3 22.70+0.2° 21.86+0.2°
Viscosity(cP) 3861.33+21.5° 3048.33+75.6° 3200.00+18.33"
L* 60.56+0.09° 60.09+0.13" 60.12+0.06°
a* 1.44+0.09" 1.8140.1° 1.80+0.1°
b* 14.39+0.04° 15.18+0.12° 15.37+0.1°
*Different English lowercase letters indicate a statistically significant difference between different samples
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(CFU/ g) of each bread sample during storage
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Table 2 Investigation of changes in sensory parameters of bread after production

Factor .Storage Control
time(day)
Flavour 1 3.00+0.00"*
3 2.33+0.07%8
5 1.66+0.07°8
Taste 1 3.33+0.5"
3 2.66+0.5%48
5 2.00+0.00°B
Texture 1 433+0.5*
3 3.66+0.5"8
5 2.66+0.5%
Colour 1 5.00+0.00**
3 3.66+0.5"
5 2.33+0.5%
Total Acceptance 1 4.00+0.0"
3 3.33+0.5%
5 2.33+0.5

Bread+Free Bread+Encapsulated
Enzymes Enzymes
4.66+0.5 4.66+0.5
433+0.5 4.33+0.5%
3.66+0.5* 4.00+1.0°
5.00+0.00** 4.66+0.5*
433+0.5 4.33+0.5%
3.33+0.5%8 4.33+0.5
4.66+0.5 4.33+0.5
4.00+0.0%A8 4.66+0.5™
3.33+0.5%8 4.33+0.5*
5.00+0.00** 5.00+0.00**
4.00+0.0** 4.66+0.5™
3.00+0.0°8 3.00+0.0°8
5.00+0.00* 5.00+0.00**
4.33+0.5*8 4.33+0.5
3.66+0.5"8 4.33+0.5

*Different English lowercase letters indicate a statistically significant difference between different samples in one

day.

*Different English uppercase letters indicate a statistically significant difference in a sample and on different days.
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Due to the importance of bread in the diet of the world's people, it is vital
to pay attention to increasing the nutritional properties of this product. In
order to reduce the content of phytic acid and increase the shelf life, in this
study, an attempt was made to investigate the effect of microencapsulation
of amylase and phytase enzymes in bread. Chemical, physical, microbial,
and sensory properties of whole-grain toast containing microencapsulated
enzymes and free enzymes toasts were compared with the control sample
(whole-grain toast and no enzyme). The results showed that samples
containing free and encapsulated enzymes had less Phytic acid than the
control sample (p<0.05). The specific volume and porosity of the samples
containing free and microencapsulated enzymes were higher, and their
viscosity was lower than the control sample (p<0.05). Samples containing
enzymes had the lowest brightness, redness, and yellowness parameters
than the control (p<0.05). Control samples had lower numbers of
mesophilic bacteria, mold, and yeast, and the samples containing the
microencapsulated enzyme showed the highest sensory score by the fifth
day of the test (p<0.05). The results showed that encapsulated enzyme had
a higher amount of phytic acid than the sample containing free enzyme.
However, in other results, there was no difference between the
microencapsulated and free samples, and the use of microencapsulated
enzymes during storage led to Increasing the score of sensory properties,
and it can be used to increase the quality of toast containing bran.




