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ABSTRACT

Background: Heat treatments and wheat flour particle size can play
arole in improving the quality and staleness characteristics of bread.
Aims: The aim of this study was to investigate the quality
characteristics of bread made from wheat flour of different particle
sizes and under the influence of dry and wet heat treatment.
Methods: For this purpose, wheat flour was prepared in different
particle sizes (180, 150, and 125 microns) and subjected to dry heat
treatment for 10 minutes at 100 °C and wet heat treatment (humidity,
16%) for 5 minutes at 96°C and compared with control samples.
Results: The results showed that the effect of heat treatments on the
uniformity and symmetry index and weight loss was not significant,
but the effect of particle size on the volume index was significant.
Moist heat treatment and a particle size of 125 microns led to an
increase in the specific volume, volume index, oven spring, and the
ratio of the bread core to the crust. Differential scanning caloric
analysis showed that the bread sample obtained from the moist heat
treatment had the lowest retrogradation enthalpy during the storage
period and led to improved bread quality and staleness. The highest
amount of red color of the bread crust was obtained from the moist
heat treatment. The samples from the moist heat treatment had the
lowest firmness and chewiness in texture analysis.

Conclusion: In general, using flour with a particle size of 125
microns and wet heat treatment were the best examples for
improving the quality characteristics of bread.
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Introduction: Wheat is a staple food for most
people in the world but it cannot be used
without processing. The nutritional importance
of wheat flour is due to the presence of gluten
proteins that create viscoelastic properties
(Sudha et al.,, 2016). Gluten is the most
important factor in volume and texture
uniformity, efficiency and water absorption,
aroma, and flavor in wheat flour products. One
of the most useful components of flour is the
collection of gliadin and glutenin proteins,
which form gluten after mixing with water.
The gluten network is the main determinant of
the important characteristics of the dough,
including extensibility and resistance to
stretching, tolerance to mixing and the ability
to hold gas, which encloses starch granules and
fibrous parts (Payan, 1393). Weak wheats have
less protein and the flour, dough and bread
produced from them are not of good quality.
To solve this deficiency, chemical modifiers or
improvers and physical modification of flour
are used (shanmugavel et al., 2019). Physical
modification of flour is a safe method without
using any kind of chemicals. physical
modification of flour includes heat treatment
and particle size classification (Rosa zavareze
et al., 2011). Particle size distribution is the
most widely used technique for classifying
solid particles, which is effective in improving
rheological properties by affecting the
physicochemical properties of flour during
hydration, such as water absorption, solvent
retention, sedimentation, and adhesion
properties (Pang et al., 2021). Heat treatments,
depending on the intensity of temperature and
process time, by modifying starch granules,
denaturing proteins, deactivating enzymes,
reducing microbial load, and even modifying
flavor and aroma are suggested as a suitable
way to improve the quality of bread, especially
for weak flour (Chakraborty et al., 2022).
Considering that the interaction of particle size
with moist and dry heating of wheat flour on
the qualitative characteristics of bread has not
been studied so far, in this research, by
dividing wheat flour with different particle
sizes and using moist and dry heat treatment
for modification the functional characteristics

of wheat flour and the improvement of the
qualitative characteristics of bread were
investigated.

Material and methods: The content of
moisture, pH, ash, protein, and zelny of wheat
flour was measured using AACC standard
method (2000), and wet and dry gluten with
standard numbers (9639-1,3) was measured.
To classify the size of the particles, wheat flour
was divided by a shaker sieve with different
sizes of 180, 150, and 125 microns, then under
the influence of dry heat treatment for 10
minutes at 100 degrees Celsius and moist heat
treatment with humidity, 16% for 5 minutes at
a temperature of 96 degrees Celsius was
placed. To produce gluten with bread, the
formulation used by Farhen in 2012 was used
with a slight change. materials for gluten with
bread formulation for 100 grams of wheat flour
included 58 ml of water, 2.5 grams of sugar, 1
gram of salt, 1 gram of vegetable oil, and 2
grams of yeast. Bread tests, which include
weight loss, specific volume, oven spring,
Crumb to crust ratio and shape indexes, were
studied to evaluate the quality of bread. Shape
indexes include volume index and uniformity
index and symmetry index. To check the
staleness of bread during the storage period
test DSC was used. Finally, the factorial test
was used to investigate the effects of particle
size and heat treatment of wheat flour, and
Duncan's multiple range test was used to
compare the means at the 5% probability level.
Results and Discussion: The results showed
that the effect of thermal treatments on
uniformity and symmetry index and weight
loss was not significant (p>0.05). The effect of
particle size on the uniformity index was not
significant (p>0.05). Moist heat treatment and
particle size of 125 microns led to an increase
in specific volume, volume index, oven spring,
and ratio of crumb to bread crust (p<0.05).
Thermal analysis of bread showed that the
sample of bread obtained from moist heat
treatment during the storage period had the
lowest amount of retrogradation enthalpy and
led to the improvement of bread quality and
staleness (p<0.05).
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Conclusion: The results of the research
showed that the use of moist heat treatment and
the particle size of 125 microns improved the
quality of bread, so that the moist heat
treatment causes the dough to expand by
keeping gas and air in the dough and causes the
starch gelatinization temperature to increase
and the delayed gelatinization to prolong the
expansion period and further development of
the dough during baking, this caused an
increase in the volume and specific volume of
the spring bread. The lower retrogradation
enthalpy of the moist heat treatment sample led
to improved bread quality and staleness. In
general, the use of flour with a particle size of
125 microns and moist heat treatment were the
best examples for improving the quality of
bread.
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Table 1- Specific volume of bread samples in different treatments

Treatment / Particle size 80 100 120
Cc 0.01Bb+3/26 0.1Bb+3/45 0.05%0+ 3/71
DHT 0.217%+ 3/65 0.044b+ 3/49 0.05%°+ 3/62
HMT 0.08%+3/83 0.01%+ 3/86 0.1A2+3/95

Different uppercase letters in each row and different lowercase letters in each column indicate statistically
significant differences (p<0.05).
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Table 2- Crumb to crust ratio of bread samples in different treatments

Treatment / Particle size 80 100 120
C 0.12%%+ 1/02 0.05%%+ 1/02 0.03b+0/9
DHT 0.01B2+0/86 0.0682+£0/92 0.03%+1/07
HMT 0.04%2£0/92 0.09%2+0/97 0.07/°+0/9

Different uppercase letters in each row and different lowercase letters in each column indicate statistically
significant differences (p<0.05).
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Table 3- Weight loss of bread samples in different treatments

Treatment / Particle size 80 100 120
C 0.14B2+21/10 0.57%2+23/60 0.52%2+22/92
DHT 1.56%2+21/45 0.04%2£22/97 1.62%2+21/08
HMT 3.237+23/51 1.48%2+22/25 1.007+23/37
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Different uppercase letters in each row and different lowercase letters in each column indicate statistically

significant differences (p<0.05).
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Table 4- Oven spring of bread samples in different treatments

Treatment / Particle size 80 100 120
C 0.01°0+0/21 0.01B20+ 0/31 0.02%2+ 0/42
DHT 08+0/10 0.047Bb+0/18 0.077°+ 0/25
HMT 082+0/30 0.07AB2+0/35 0.0172+0/46

.J.J:Low (p<005) L;)LJJ‘J&MJM‘J_)?‘} ol QL.Z.' Q)S.wﬁ)) Q}wﬁ&;d}f-}‘-&;{})ﬁjﬁ CJ}LL?A;?)JJ ‘—é};"

Different uppercase letters in each row and different lowercase letters in each column indicate statistically

significant differences (p<0.05).
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Table 5- Volume index of bread samples in different treatments

Treatment / Particle size

100 120

C 0.108°+14/50
DHT 0.144%+14/60
HMT 0.1082+15/00

0.147Bb+14/80  0.07”%+14/95

0.214%+14/65 0.07A°+14/75
0/%+15/30 0.28+15/60

Different uppercase letters in each row and different lowercase letters in each column indicate tatistically

significant differences (p<0.05).

Table 6- Uniformity index of bread samples in different treatments

Treatment / Particle size 100 120
C 0.0742+0/15 0.2172+0/25 0.1472+0/20
DHT 0.1472+0/20 0%2+0/10 0.0722+0/15
HMT 0%2+0/10 022+0/10 022+0/10

Different uppercase letters in each row and different lowercase letters in each column indicate statistically

significant differences (p<0.05).

Table 7- Symmetry index of bread samples in different treatments

Treatment / Particle size 100 120
C 0.21%+0/45 0.2172+0/45 0.28%2+0/50
DHT 0%2+0/70 082+0/30 0.21AB2+0/45
HMT 0.14%+0/40 0%2+0/30 0.142+0/40

Different uppercase letters in each row and different lowercase letters in each column indicate statistically

significant differences (p<0.05).
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Table 8- Endotherm parameters of retrogradation of breads on the first, third and fifth days of

storage
Breads Storage time starting peak Final Enthalpy
(days) temperature temperature temperature AH
1 20.1 78.3 111.2 212.82
C80 3 21 85.5 125.8 271.38
5 21.4 77.3 126.9 311.64
1 23.3 81.5 119.5 236.52
DHT 80 3 21.3 83.1 126.6 279
5 22 77.2 125.9 341.1
1 22 81.9 120.1 198.66
HMT 80 3 22.4 88 129.8 252.12
5 21.6 80.9 125.1 304.5
1 20 82 117.9 216.18
C 100 3 20.2 82.3 127.3 278.04
5 22.8 78.9 125.2 322.86
1 22.1 82.3 122.8 252.06
DHT 100 3 20.9 74.4 117.4 288
5 21.7 76.3 123.7 343.2
1 23.3 84.9 121.8 200.7
HMT 100 3 21.3 75.1 123.9 258.24
5 21.2 74.3 128.1 307.26
1 25.4 82.8 123.1 222.72
C 120 3 20.4 82.6 129.3 278.16
5 21.2 70.7 125.7 326.4
1 25 82.7 120.5 252.18
DHT 120 3 23.5 82.5 128.8 295.38
5 20.7 73.4 124.5 395.52
1 23.5 79.3 118.7 202.2
HMT 120 3 22.7 72.8 124.2 262.92
5 21 71 136.7 309.24
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Figure 1- Results of texture profile analysis of bread samples
Different lowercase letters correspond to the comparison of samples on a specific day and different
uppercase letters correspond to the comparison of samples over 3 days at the 5% probability level.

Gl s ine Ml (550 3 S5, Ol il (Lo 5 5
Glo @ s0d 4 T 25b o (Sl e (sl 4 ga Al
Vor Slys oilhl s s 4 dald s Six S5l > Sl
Azl el ol pme OVl (650 3 KK, Ol ses O3 Sus
Sled a4 ad sk e SOl Sled 5 Dl eslul 56
e N (G503 S5, Olpe p als 5 S Sl

AP<e/20) sls Ol 1y sl s

Ol gy K,
Jﬂ?,mgumﬁ61ﬁ<bja‘L>&)éuP\)g@_u
bl 3, 3 ‘c,\ﬁi@sq@b}&b.wl ol 03,51 4
s Sy Ol cilzses 3 03100 5 s jles cae s L
3y90 55 (P00 0) dzils gl s me Ml sy

G lamd SUF SO Dl gle s winp A el

Table 9- crust color parameters of breads

Breads L a b
Cc80 6.15%+40.00 1.12°+14.81 1.922+ 28,95
DHT 80 3.18% 37.09 0.40°°+ 14.53 0.25P+ 28.37
HMT 80 2.25% 36.53 0.74¢+ 14.26 0.22°+ 28.34
C 100 4.68% 39.57 0.56°+ 14.78 0.06%+ 28.96
DHT 100 3.26% 39.76 0.09¢+ 13.55 0.45%+ 28.99
HMT 100 1.05% 36.87 0.27%+ 16.55 0.24%+ 29.04
C 120 3.26% 41.54 0.46°+ 14.03 0.37%+29.73
DHT 120 1.99%+ 39.44 0.38¢+ 13.97 0.15%+ 28.45
HMT 120 4.20%+ 36.60 0.90°°+ 14.36 0.21%0+ 28.65

Different letters in each column indicate significant differences between samples (p<0.05).
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