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Table 1 Treatments number with different
irradiation dose and packaging type.

Irradiation
dose (KGr)

Treatment

No. Packaging type

Vacuum 0
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Without packaging
Without packaging
Without packaging
Without packaging
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Table 2 Analysis of variance for the effect of packaging type and irradiation dose on chemical and
microbiological properties of bread.

Sum of squares

Molds and yeasts (log

The source DF  Total count (log CFU/qg) CFUJg) Ash %  Moisture %  Protein %
Packaging 1 0.087 ™ 0.003™ 0.012" 0.166 ™ 0.002 "™
Irradiation 3 0.079"™ 0.052* 0.974* 0.528 "™ 5.002°

Packaging*Irradiation 3 0.141" 0.004 " 0.009 "™ 0.137"™ 1.427*
Error 24 0.048 0.002 0.038 0.305 0.064

** Significantly different at (P<0.01) * Significantly different at (P<0.05) ns: no significant difference.
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Table 3 Means of analyzed variables as the effect of irradiation dose on chemical and microbiological
attributes of bread.

:jggi(J(lPa(tg)rr; Total count (CFU/g) MOI?Z?ES’;""SB Ash % Moisture % Protein %
5 6.35+0.04° 3.53+0.05° 1.45+0.14% 12.53+0.48" 10.06+0.03*
3 6.47+0.11% 3.60+0.07° 1.71+0.21% 12.72+0.67% 11.05+0.13%
1 6.60+0.13° 3.69+0.04° 1.82+0.22% 12.84+0.56" 12.04+0.3*
0 6.48+0.45° 3.71+0.03° 2.29+0.16° 13.14+0.37° 12.80+0.12*

*in each column, the same subscripts are not significantly different (P<0.05).
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Fig 1 Microstructure of packaged bread irradiated at 5 KGr, 2D SEM
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[1) National standard of Iran, no 8033. 2005.
Food irradiation equipment and application.

[2) National standard of Iran, no 3102. 2005.
Doses of food irradiation.
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Fig 2 Microstructure of irradiated bread at 5 KGr and without packaging, 2D SEM image (A) and 3D SEM
image (B) with 500x magnification
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The effect of two factors, packaging (with high density poly ethylene) and irradiation with gamma ray
(with 0, 1, 3 and 5 KGr) was investigated on chemical and microbiological characteristics of industrial
breads produced in Kermanshah city by Randomized Complete Block Design (RCBD) with 4
repetition. ANOVA showed packaging had no significant effect on above characteristics, while
irradiation had significant effect (P<0.05) and (P<0.01). Mean comparison of data showed that
gamma ray with 5 KGr had the most effect on reduction of total count, yeast and mold, but the
moisture, ash and moisture content were unchanged. Correlation of bread characteristics showed that
total count had significant correlation with yeast and mold at P<0.05 and with ash and protein content
at P<0.01 and did not have a significant correlation with moisture. In addition, yeast and mold had
significant correlation with chemical characteristics at P<0.01 and ash with protein had significant
correlation at P<0.01. The obtained results confirm that gamma irradiation is effective in reducing the
microbial load at industrial bread, without a significant change in chemical characteristics. The results
of SEM analysis showed both bread with and without packaging under 5 KGy irradiation had the
most pores and porosity, however the bread without packaging had a better texture.
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