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ARTICLE INFO ABSTRACT
Article type: Background: The staleness of gluten-free bread is one of the important
. factors in the waste of this product. Countless researches have been
Research Article presented to modify and improve the preparation process and increase the

shelf life of bread.

Avrticle history: Aims: The purpose of this research was to investigate the extent of starch

Received: June 22. 2023 damage, rheological properties of batter and staleness of gluten-free bread
Accepted.' Septemt’aer 27 2023 made from waxy rice flour in different particle sizes and under the
Publishedl: March 3 202;1 influence of different heat treatments.

Methods: For this purpose, waxy rice flour in different particle sizes (180,
150 and 125 microns) was prepared and subjected to dry heat treatment
for 2 hours and wet heat treatment (25% humidity) for 5 hours at 110
Keywords: degrees Celsius and with the samples control (without heating) were
Moist heat, Dry heat, compared. Results: The results showed that particle size reduction and
Orange, Gluten-free bread, heat tr_eatment_ led to an inctease and decrgase in sFarch damage,
Staling respectively. Viscous and elastic modulus of rice paste increased with
decreasing particle size, and the highest viscous and elastic modulus was
related to paste obtained from dry heat treatment flour with particle size
less than 125 microns. The effect of particle size and dry heat treatment
on water activity of brain and shell was not significant, while wet heat
treatment had significantly more moisture and water activity of core, but
had no effect on water activity of crust. According to the obtained results,
changing the particle size and dry heat treatment did not affect the texture
of the breads, while the use of flour obtained from wet heat treatment led
to the improvement of the texture of the bread by reducing the hardness
and chewability of the samples. The results of thermal analysis showed
that the sample obtained with the particle size of 125 microns had the
lowest enthalpy, but in general, the samples obtained from wet heat
treatment with the lowest amount of enthalpy were the best samples in
this research.
Conclusion: In general, the use of flour with a particle size of less than
125 microns and wet heat treatment with improving the rheological and
stale properties of bread were the best examples.
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EXTENDED ABSTRACT

Introduction: Celiac disease is a type of
immune disorder of the small intestine caused
by gluten, and other non-wheat grains such as
corn, rice, millet, etc. can be used to prevent
the occurrence of disease symptoms in
susceptible people (Torobika et al 2021).
Waxy rice flour is a suitable and widely used
raw material as a starch module to compare the
effect of different types of honey and heat
treatment on the rheological properties of flour
gels (Seow et al. 2019). Among gluten-free
products, bread is considered the most widely
consumed food, because it is easy to eat and
convenient for mass production. Due to the
removal of gluten, many gluten-free breads are
prone to becoming stale. Gluten, as a protein
that inhibits the staleness of bread, leads to a
decrease in the rate of moisture transfer from
the core of the bread to the crust (Haghighat-
Kharazi et al 2018). Therefore, research on
delaying staleness and reducing bread waste is
one of the concerns of researchers, and they try
to delay staleness by adding additives,
changing cooking and storage methods.
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. Heat
treatments, depending on the intensity of
temperature and storage time, by modifying
starch  granules, denaturing  proteins,
deactivating enzymes, reducing microbial
load, and even modifying taste and aroma are
suggested as a suitable method to change the
performance of weak and gluten-free flour
(Gomez and Martinez 2016). Due to the fact
that the effect of rice flour particle size on the
rheological properties of dough and gluten-
free bread has not been studied so far, in this
research, by dividing rice flour with different
particle sizes (180, 150, 125 microns) and
using heat treatment (moist and dry heat) were
investigated to improve the functional
characteristics of rice flour and improve the
rheological characteristics of dough and
gluten-free bread.

Material and methods: The content of
moisture, pH, ash, protein of rice flour was
measured using AACC standard method (2000)
and the total amount of starch was measured by
alkaline extraction method and the amount of
starch damage was measured by non-enzymatic
rapid method. In order to classify the size of the
particles, waxy rice 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 2 hours and moist heat treatment with
humidity, 25% for 5 hours at a temperature of 110
degrees. Celsius was placed. In order to produce
gluten-free bread, the formulation used by
Haghighat-Kharazi in 2020 was used with a slight
change. Ingredients for gluten-free bread
formulation for 100 grams of rice flour included
125 ml of water, 4.5 grams of sugar, 2 grams of
salt, 6 grams of vegetable oil, 3 grams of yeast and
2 grams of xanthan gum. The rheological
parameters of the pastes included strain, frequency
and temperature. In order to check the staleness of
bread during the storage period, moisture tests of
core and shell, blue activity of core to shell,
analysis of bread texture and DSC were used.
Finally, the factorial test was used to investigate the
effects of particle size and heat treatment of rice
flour, and Duncan's multiple range test was used to
compare the means at the 5% probability level.

Results and discussion: The effect of particle
size and heat treatment and their interaction
showed a significant effect on the degree of
starch damage (p<0.05). The samples of dry
heat treatment and wet heat treatment had less
starch damage than the control sample.
Changing the particle size and dry and wet heat
treatment led to a change in the rheological
behavior of the samples. By reducing the size
of particles, the viscous and elastic modulus of
the samples increased. Wet heat treatment
samples had the lowest G* modulus. The effect
of particle size and dry heat treatment on tissue
analysis was not significant (p>0.05). While
the wet heat treatment significantly had the
lowest hardness and Chewiness during the
storage period (p<0.05). Although the amount
of skin moisture and water activity increased
during the storage time, the effect of particle
size and heat treatment on the moisture level of
the skin was not significant, while the wet heat
treatment samples had more brain moisture
and brain water activity during the storage
time. were (p<0.05). Wet heat treatment
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samples compared to dry heat treatment and
the change in particle size had the lowest
enthalpy among the samples on the first day of
cooking and during the storage period.
Conclusion: In general, the results of the
present study showed that the degree of starch
damage and the rheology of batters were
affected by particle size and heat treatment.
Changing the particle size and heat treatment
led to an increase and decrease in starch
damage, respectively. Rice flour with smaller
particle size and wet heat treatment sample
obtained with particle size less than 125
microns showed better rheological behavior.
The results of the evaluations related to the
staleness tests of bread in this research showed
that during the storage time of the sample
obtained with a particle size of less than 125
microns and samples of wet heat treatment due
to the lower enthalpy of retrogradation and the
high capacity of maintaining moisture, also
The effect of wet heat treatment samples on the
reduction of hardness and Chewiness led to the
improvement of bread staleness. In total, the
measured characteristics of using flour
obtained from wet heat treatment compared to
flour from dry heat treatment, as well as flour
with a particle size of less than 125, led to the
improvement of the rheological characteristics
of gluten-free bread dough.
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Table 1- The extent of starch damage

Starch damage(%) Treatments
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2.30+ 0.02¢ HTT 120

Different letters in each column indicate significant
differences between samples (p<0.05).
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Figure 1- G" values of gluten-free batter as a
function of frequency

Figure 2- G values of gluten-free batter as a
function of frequency
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Figure 3- G* values of gluten-free abeh paste as a
function of temperature
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Figure 4- Results of texture profile analysis of gluten-free 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 5 days at the 5%probability level.
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Figure 5- Moisture content of crust of different breads during different days of storage
Different lowercase letters correspond to the comparison of samples on a specific day and different uppercase letters
correspond to the comparison of samples over 5 days at the 5% probability level.
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Figure 6- The amount of moisture in the Crumb of different breads during different days of storage
Different lowercase letters correspond to the comparison of samples on a specific day and different uppercase letters
correspond to the comparison of samples over 5 days at the 5% probability level.
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Figure 7- Water activity level of crust of different breads during different days of storage
Different lowercase letters correspond to the comparison of samples on a specific day and different uppercase letters
correspond to the comparison of samples over 5 days at the 5% probability level.
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Figure 8- Brain activity level of different breads during different storage days
Different lowercase letters correspond to the comparison of samples on a specific day and different uppercase letters
correspond to the comparison of samples over 5 days at the 5% probability level.
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Table 2- Endotherm parameters of retrogradation of types of gluten-free breads on the first, third and fifth days of storage

Enthalpy Final temperature peak temperature starting temperature Storage time (days) Breads
AH

434/04 114/6 92/1 4213 1

462/9 118/5 92/8 34/5 3 C80
524/16 118/8 95/1 38/3 5

445/92 11717 92/6 40/4 1

468/72 117/8 93/6 40/1 3 DHT 80
483/84 119/6 96/2 38/7 5

37417 112/7 91 40/5 1

404/88 116/1 92/4 39/7 3 HMT 80
428/28 116/6 93/1 38/9 5

409/5 112 89/1 44/6 1

416/06 115 95 40 3 C 100
515/74 123/8 96/9 40/4 5

409/8 113/4 90/4 40/6 1

422/76 116/2 91 37/9 3 DHT 100
477148 118/6 92/4 35/3 5

363/42 113/5 91/2 43/5 1

402/18 114/2 91/6 45/8 3 HMT 100
440/16 119/6 94/6 43/2 5

391/26 115/5 92/6 39/9 1

414/04 115/8 95/6 40/3 3 C 120
504/76 119/2 96/9 40/4 5

412/92 119/3 93/4 39/3 1

468/66 117/4 95/1 37 3 DHT 120
483/84 119/1 95/9 38/7 5

304/32 110/2 90/4 41/8 1

407/76 116/5 93/3 40/4 3 HMT 120

43717 120/8 94 38/6 5
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