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Figure 1- Packaging bread with packaging films
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Figure 2- Material Tissue Machine, Penetration Test, An example of the force-displacement diagram of the
punch test performed on the specimens
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Table 1 - Results of analysis of variance of the effect
of day, bread, film type, gas and temperature on Fmax

Sources of Degrees of

change freedom Fmax

Day 2 0.1*
Bread 1 0.00™
Film 1 0.06"
Gas 1 0.00™
Temperature 1 0.00"
Test error 96 0.003

“ns” means there was no significant relationship here.
* Significant relationship between two parameters at
P <0.05.
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Table 2 - Results of analysis of variance of effect of
day, bread, film type, gas and temperature on Emod

Sources of Degrees of

change freedom Emod

Day (A) 2 1.23x10-6*
Bread (B) 1 1.05x10-6*
Film (C) 1 9.75x10-7*
Gas (D) 1 9.58x10-7*
Temperature (E) 1 2.23x10-7*
AxB 2 1.06x10-6*
BxC 1 1.06x10-6*
CxD 1 1.02x10-6*
AXCxE 2 6.11x10-7*
BXDXE 1 2.4(?:*10-

AXBXCXD ) 1.1(?:*10-

AxXCxDxE 2 5.50%x10-7*
BxCxDxE 1 1.33x10-6*
AxBxCxDxE 2 9.33x10-7*
Test Error 96 2.22x10-7

“ns” means there was no significant relationship here.

* Significant relationship between two parameters at
P < 0.05.

** Significant relationship between two parameters at
P <0.01.
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Figure 3- Diagram of Maximum Penetration Force for Enriched Sangak and Control Sangak at 4°C - Graph 1.

Environmental Atmospheric with Nano Film; Graph 2. Modified Atmospheric with Nano Film; Graph 3.
Environmental Atmospheric with Polyethylene Film; Graph 4. Modified Atmospheric with Polyethylene Film
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Table 3 - Results of analysis of variance of the effect of day, bread, film type, gas and temperature on Oz, N2 and

CO2
Sources of change Degrees of N2 COz 02
freedom
Day (A) 2 7328.68** 10616.6** 398.56**
Bread (B) 1 3.27™ 14.88" 0.85™
Film (C) 1 0.76™ 0.003" 770.43**
Gas (D) 1 14828.54** 27919.62** 2.59*
Temperature (E) 1 1558.47** 1076.38** 49.34**
AxB 2 26.17" 3.54" 13.34**
AxC 2 265.12** 266.86** 2.73**
AxD 2 3546.39** 7892.74%* 285.98**
AxE 2 60.74** 250.17** 11.35**
BxC 1 153.07** 225.25** 4,23**
BxD 1 1073.27** 367.04** 14.26**
BxE 1 4.09™ 368.96** 13.73**
CxD 1 1022.56** 254,13** 14.77**
CxE 1 388.32** 1885.73** 45.42%*
DxE 1 1208.31** 1843.98** 74.99**
AxBxC 2 118.41** 103.83** 0.14"
AxBxD 2 630.99** 331.87** 31.43**
AxBxE 2 95.20** 110.45** 11.11**
AxCxE 2 80.32** 142.05** 2.66**
AxDxE 2 32.12™ 53.27** 8.47**
BxCxE 1 399.1** 1449.7** 23.42**
BxDxE 1 262.62** 54.48** 3.38**
CxDxE 1 419.8** 925.68** 43.64**
AxBxCxD 2 361.89** 50.49** 4.87**
AxBxCXE 2 82.78** 314.61** 8.84**
AxBxDxE 2 137.49** 248.78** 8.64**
AxCxDxE 2 133.37** 153.52** 1.55%*
BxCxDxE 1 308.2** 674.7%* 27.8*%*
AxBxCxDxE 2 125.44** 173.96** 3.65**
Test error 96 11.98 6.31 0.37

“ns” means there was no significant relationship here.

* Significant relationship between two parameters at P < 0.05.

** Significant relationship between two parameters at P < 0.01.
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Table 4 - Analysis of colorimetric variance of bread samples during storage

Sources of change Degrees of AE b * a* L*
freedom
Day (A) 2 1918.5** 11.2 65.04* 1234.33**
Bread (B) 1 361.54**  122.82** 177.11%* 676.3**
Film (C) 1 62.25" 28.68"™ 9.27" 41.63™
Gas (D) 1 41.19™ 3.03™ 3.05"™ 52.96"
Temperature (E) 1 174.33* 58.84* 62.96* 0.00™
AxB 2 309.98** 17.75™ 53.79** 543.22**
AxC 2 18.79™ 2.48™ 17.08™ 157.84*
AxE 2 139.89** 24.47™ 10.2m 156.62*
BxC 1 1.48™ 0.47" 3.13™ 199.63*
BxD 1 50.09" 16.57™ 1.6™ 208.49*
BxCxE 1 13.34" 9.11m 0.07" 160.46*
BxCxD 1 59ns *34.07* 0.004" 84.47m
AxCxDxE 2 64.95* 5.18" 40.16* 153.91*
BxCxDxE 2 84.52* 12.47m 28.46* 97.53™
Test error 96 24.06 10.61 9.92 50.64

“ns” means there was no significant relationship here.

* Significant relationship between two parameters at P < 0.05.
** Significant relationship between two parameters at P < 0.01.
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Introduction

Because of its good flavor, Sangak bread is one of the most widely used kinds of flat bread in Iran.
Dietary fiber has been the focus of attention in recent years due to its beneficial physiological and
metabolic effects. Most studies have focused on reducing and delaying bread staling using bread
improvers. There are many ways to reduce bread staling today, such as the use of fiber in bread
formulation. One of the abundant and inexpensive sources for enrichment of foods with fibers is
waste from the processing plants including fruits and vegetable powder. Some high-fiber wastes
include tomato, beet, apple, and carrot powders, which are often wasted. Carrot contains large
amounts of fiber, protein, fat, and carbohydrates. Carrots have been used in foods such as bread,
cakes, pickles, enriched wheat bread, and biscuit to enhance the fiber content of these products. In
our country, the consumption of flat breads such as Lavash, Sangak, Barbary, and Taftoon is high.
Sangak bread has the highest amount of insoluble fiber among traditional bread types in the country,
and adding soluble fiber to it, due to differences in physiological responses of these fibers, seems
desirable. This study aims to use carrot powder waste and extract its fiber to increase the nutritional
value of Sangak bread and to prevent bread waste by using new and cost-effective packaging.
Material and methods: In this research, wheat flour with a 90% extraction rate, was supplied from
the Maryanaj-kar Co in Hamedan. Carrot powder was collected as a juice waste from the local fruit
juice shops. Wheat flour (1 kg), salt (45 g), and water were used to prepare the dough. Carrot powder
was added to the dough at different percentages of 3, 5, and 7 % (w/w based on flour) at the mixing
stage. The dough was then rested at 25 + 2°C for 1 to 2 hours to complete fermentation. Wheat flour
(3 kg), salt (45 g), and water (as needed) were used to prepare the dough. Then, the sourdough (20%)
was added, and the dough stirred for half an hour with the stirrer. The fiber was added to the dough
at various levels during the mixing process. It was then baked in the oven for 4 min at about 400°C.
For the packaging of bread, silicon Nano-polymer film and lightweight polyethylene film were
prepared from Tehran Aitak Nano-polymer and Tehran Plast companies, respectively. The
mechanical properties, qualitative and microbial properties of enriched Sangak bread and control
under modified atmosphere (80% carbon dioxide, 20% nitrogen) and ambient atmosphere at 4 and
20°C and two kinds of silicon nano-polymer film and light polyethylene film were studied. Puncher
test is a destructive test in which a sample is studied under uniaxial tension until failure. Puncher test
was done using food testing device (Bbt-Fro. 5 th.D, model: Zowick/roell 14, made in Germany)
equipped with a load cell (X Force Hp nominal Force: 500 N Capacity) in the laboratory of biosystem
group at Bu-Ali Sina University. The color model of L* a* b* and the Chinese colorimeter (model
HP Hanter Lab) were used to evaluate the color and determine the colorimetric factors. To evaluate
the concentrations of O, and Co> gases, three packages of coated and uncoated treatments stored at 4
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and 25°C were provided and their concentrations were measured every other day using gas analyzer
machine (WITT- GASTECTHNIK OXybaby 6i; made in Germany). The control and enriched breads
during the storage period were examined for appearance of microbial load. The present study was
designed in the form of a completely randomized design in factorial with 3 replications. The data
were normalized via Minitab14 software and analyzed by SPSS software at the probability level 5%
and 1%.

Results and discussion: As the storage time increases, the bread becomes stiff and the amount of
force required for the punching test increases. The results of tissue and puncher test showed that by
adding carrot powder to bread, the bread staling process decreased, and Silicon nano-polymer film
had a better process in staling the bread than light polyethylene film. Colorimetric results also showed
that the amount of L* was reduced but increased by a* due to the presence of colored ingredients in
Sangak bread, which made the bread maker more attractive. The results showed that the enriched
bread with nano-film had the highest b* factor compared to the control bread. Changes in oxygen and
nitrogen at modified atmospheric conditions during storage showed that the oxygen content of the
nano-films at modified atmospheric conditions was gradually increasing. It can be concluded that
silicon nano-polymer films have less permeability for oxygen inlet and outlet. This process caused
the samples in the silicon nano-film film to die later due to the oxygen control properties of the films
in the polyethylene film. The results of polyethylene film showed that this film had high permeability
for inlet and outlet gases so that carbon dioxide content varied between 3% and 80%, which was a
significant difference in polyethylene film. The highest color difference was observed in the bread
sample enriched with nano-film and the lowest color difference was observed in the control bread
sample with polyethylene film. The lowest color difference was observed in the samples using nano-
film. The microbial load of enriched and control Sangak bread was significantly influenced by all
three factors of time, temperature, and atmosphere in the package, so that by reducing carbon dioxide
concentration and increasing storage time, mold in the samples seen. Microbial results of the samples
kept at 4°C for up to 20 days did not show any mold, but samples kept at 20°C for 6 days.
Conclusion:The overall results showed that with the addition of carrot powder to flour, the protein,
fat, and fiber contents increased but the carbohydrate content decreased. Thus, the carrot powder had
a significant effect on Sangak bread. The results of the films showed that silicon nano-polymer film
prevented the staling process during the storage period compared to the light polyethylene film.
Results of storage temperature showed that 4°C for 20 days prevented bread molding but 20°C only
prevented bread spoilage for 9 days. In-package gas results showed that at 4°C the modified
atmosphere had a better tendency to preserve bread than the ambient atmosphere.
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