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The use of whole wheat flour in hamburger bun production, due to its
structural characteristics, results in a decrease in the textural quality
of the final product. To overcome this challenge, several solutions
have been proposed, among which the incorporation of additives,
particularly enzymes such as transglutaminase and a-amylase, is of
notable importance. In this study, the effect of adding
transglutaminase enzyme at three levels of 0, 0.15, and 0.3% and
alpha-amylase at three levels of 0, 0.1, and 0.2% on the
physicochemical and textural properties of hamburger bread prepared
from whole wheat flour was investigated. The evaluated texture
attributes included hardness, cohesiveness, gumminess, and
adhesiveness. The results of data analysis showed that the use of
transglutaminase enzyme significantly increased protein, moisture,
firmness, cohesiveness and bread gumminess; while the pH value
decreased. On the other hand, the addition of alpha-amylase, while
increasing the percentage of protein, moisture and cohesiveness of
bread, significantly reduced its firmness and gumminess. In general,
the results of this study indicated that the simultaneous use of two
enzymes, transglutaminase and alpha-amylase, can be used as an
effective strategy in improving the textural quality of bread made
from wholemeal flour. Among the experimental treatments, the
addition of transglutaminase enzyme at a level of 0.15% and alpha-
amylase at a level of 0.2% showed the best performance in improving
the textural characteristics of bread.

230


mailto:hosjooy@asnrukh.ac.ir

Iranian journal of food science and industry

Number 170, Volume 23, April 2026

1- Introduction

Bread is a staple in the diet of Iranians and
many populations worldwide. Wheat bread
provides a major source of calories and
protein, supplying about 20% of the daily
energy and protein needs of 4.5 billion people
globally [1]. White wheat flour—used for
most white breads—has the bran removed
during milling, which reduces its fiber
content. Consequently, modern white breads
often have low dietary fiber [2]. Wheat bran,
however, is a rich source of dietary fiber and
contains substantial amounts of protein,
carbohydrates, minerals, and vitamins [3].

Producing  wholemeal (whole-wheat)
bread presents post-baking challenges such as
reduced specific volume, decreased softness
and crust crispness, poorer dough
machinability, a denser crumb, and faster
staling. Bran components (e.g., cellulose and
arabinoxylan) compete with gluten for water,
impair gluten development, and weaken the
dough structure. Various strategies can
compensate for these defects, the most
important being the addition of suitable dough
improvers [4]. With the food industry shifting
toward healthier products and regulatory
limits on chemical additives, food enzymes
have gained importance [5]. Because wheat
flour’s performance depends on gluten’s
viscoelasticity, some enzymes are
incorporated into dough formulations to
replace chemical additives, shorten processing
time, and slow staling [6].

Alpha-amylase is particularly effective

against bread staling and it partially
hydrolyzes starch into
lower-molecular-weight fragments,

preventing amylopectin recrystallization [7].
Beyond anti-staling effects, alpha-amylase
improves dough elasticity and crust structure
by degrading damaged starch to dextrins that
yeast can ferment, increasing loaf volume and
improving texture [8]. The small sugars and
oligosaccharides (glucose, maltose) produced
also enhance Maillard browning, contributing
to crust color, aroma, and flavor [9].
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Microbial transglutaminase (EC 2.3.2.13)
is a transferase that can rejoin weak links
within protein networks [10]. It catalyzes
acyltransferase reactions that form covalent
cross-links between proteins, improving
texture and quality and creating proteins with
novel properties. These cross-links are stable
and resistant to pH and temperature changes,
thereby enhancing product quality [11].

Given high per-capita bread consumption
and substantial product loss from quality
decline, improving breadmaking to reduce
reliance on chemical additives and extend
shelf'life is a key industry challenge. Although
many studies have explored nutritional, safety,
and quality enhancements using functional
ingredients, further innovations are needed to
improve dough performance and maintain
final product quality. This study therefore
investigates the use of  microbial
alpha-amylase and transglutaminase to
improve textural properties and produce
wholemeal bread with desirable quality.

2- Materials and methods
2-1- Raw materials

The flour used for bread preparation was
obtained from Darreh Shahr Flour Company
(Ilam, Iran). Fungal alpha-amylase enzyme
with an activity of 120,000 SKB/min and
microbial transglutaminase enzyme with an
activity of 100 units per gram were obtained
from Arteen Chemical Company (Karaj, Iran).
Also, baker's yeast (Nabmayeh) was
purchased from Razi yeast and alcohol
Company. (Tehran, Iran).

2-2- Preparation of wholemeal hamburger
buns

Bread dough samples were produced by direct
dough method using the method of Jooyandeh
et al. with slight modifications [12]. The
dough was prepared according to the formula
including 1000 g whole wheat flour, 12 g dry
yeast, 10 g shortening oil, 10 g salt, and 10
ppm improver (potassium bromate). Alpha-
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amylase enzyme at levels of 0, 0.1 and 0.2%
and transglutaminase enzyme at levels of 0,
0.15 and 0.3% (each based on flour weight)
were added to the formula. The dough was
prepared using a dough mixer and after 20
minutes of storage and initial fermentation, the
dough was punched into 70 g pieces. The
dough pieces were placed in a warm room at a
temperature of 30 to 32 °C and a relative
humidity of about 85% for 50 minutes to rest.
The baking process was carried out at a
temperature of 250 + 15 °C for 25 minutes.
After cooling, the resulting breads were
packaged in polyethylene bags and stored at
room temperature for further tests [12].

2-3- Evaluation of
properties

physicochemical

The physicochemical properties of flour and
bread, including moisture, ash, fat and protein,
were measured according to the Iranian
National Standard Nos. 2705-1, 2706-10700,
and 19052, respectively [13, 14, 15, and 16].
The pH of the samples was also measured
using a Metrohm-780 pH meter made in
Switzerland. For this purpose, 10 g of the
sample was mixed with 100 ml of distilled
water, and after 30 minutes, without filtering,
the pH of the upper solution was measured
[17].

2-4- Evaluation of texture characteristic

TPA (texture profile analysis) was performed
to evaluate various characteristics of the
produced hamburger buns, such as firmness,
cohesiveness, adhesiveness, and gumminess.
For this purpose, a Stable Micro System
texture analyzer (model TA.XT.PLUS, made

in England) was used. Initially, 2x2x2 cm
cubes were cut from the center of the bread.
For the test, a probe with a cylindrical cross-
section of 36 mm in diameter and a moving
speed of 1 mm/s was used. Also, a 5 kg load
cell was used to apply pressure and the
samples were compressed to 45% of the initial
height of the samples [18].

2-5- Statistical analysis

This study was conducted as a factorial in a
completely randomized design with three
replications. In this study, the effect of alpha-
amylase enzyme at three levels (0, 0.1 and
0.2%) and transglutaminase at three levels (0,
0.15 and 0.3%) on the desired factors was
investigated. Data analysis was performed
using SPSS software and comparison of
means was performed using Duncan's test at a
confidence level of 95%.

3- Results and discussion
3-1- Physicochemical properties

The results of the physicochemical properties
of the flour used in bread production are given
in Table 1. As can be seen, the flour used
contains 12.5% protein and pH is 6.3. Also,
the results of the analysis of variance of all the
factors studied are shown in Table 2. Based on
the results obtained, the effect of both alpha-
amylase and microbial transglutaminase
enzymes on the ash and fat content of the
treated bread samples was not significant
(p>0.05).

Table 1. Physicochemical properties of whole wheat flour

Moisture (%)

Ash (%)

Protein (%) pH

Whole wheat flour 9.31

1.6

12.5 6.3

The results of the analysis of variance of
the bread samples produced are reported in
Table 2. As it is clear, increasing the
concentration of transglutaminase enzyme in
breads produced from wholemeal flour had a
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significant effect on the moisture content of
the bread samples (p<<0.001) and increased the
moisture content of the bread samples (Figure
1-a). However, as can be seen, there is no
significant difference between the control
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sample and the sample containing 0.15%
transglutaminase. = The  transglutaminase
enzyme plays a role in the formation of a
protein network and the creation of protein
chains with high molecular weight, which trap
water in the bread texture and prevent water
from migrating from the core to the crust,
thereby slowing down the process of bread
staleness [19].

In the study on the addition of the enzyme
transglutaminase to  gluten-free  bread,
Pouresmaeil et al. reported an increase in
moisture content with increasing enzyme
levels in the formulation [20]. The cross-
linked network between the amino acids
glutamine and lysine, which is formed by the
action of the transglutaminase enzyme, has the
ability to trap water and hence increases the
water retention capacity. On the other hand,
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the increase in water absorption capacity can
be due to the deamidation of glutamine
(deamidation by the action of the enzyme) and
its conversion to glutamic acid, which reduces
the hydrophobicity of the environment and
consequently increases water absorption [21].

Babakhani et al., in their study of the
physicochemical and sensory properties of
cake enriched with fish protein powder and
transglutaminase enzyme, reported that the
moisture content in treatments impregnated
with transglutaminase enzyme increased
significantly compared to the control
treatments, such that moisture content also

increased with increasing enzyme percentage
[19].
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Figure 1. The effect of microbial transglutaminase (MTG) (a), a-amylase (b) and their interaction (c) on the moisture

content of bread samples

The results of the analysis of variance

of the produced bread samples in Table 2
show that the addition of alpha-amylase
enzyme also had a significant effect on the
moisture content of the bread samples
(p<0.001) and with increasing the amount of
this enzyme, the moisture content of the
samples also increased (Figure 1-b); however,
no significant difference was observed
between the control sample and the sample
containing 0.1% alpha-amylase. In fact, the
presence of alpha-amylase enzyme in the
dough formulation can increase the amount of
damaged starch in wheat flour, which has a
positive effect on the water absorption rate of
the dough and the moisture content of the final
product. Dehghan Tanha and Karimi (2016)
investigated the application of psyllium gum
and fungal alpha-amylase enzyme on the
physicochemical and sensory properties of
donuts. The results showed that with
increasing the amount of psyllium gum and
fungal alpha-amylase enzyme in the donut
formulation, the moisture content of the

samples also increased [22]. Purlis and
Salvadori (2008) also reported an increase in
moisture content as a result of adding alpha-
amylase enzyme to cake formulation [23].
Nejatbakhsh et al. (2018) also showed in a
study that adding alpha-amylase enzyme and
lactic acid sourdough increased moisture,
fiber, ash and decreased fat and protein
content of toast bread samples compared to the
control sample [24]. The interaction effects of
adding both alpha-amylase enzymes and
microbial transglutaminase are shown in
Figure 1-c. According to this graph, adding
different ratios of transglutaminase and alpha-
amylase enzymes to flour significantly
increased the moisture content of the produced
bread compared to the control sample. As can
be seen, the highest moisture content was
found in the sample containing 0.3%
transglutaminase enzyme and 0.2% alpha-
amylase. The lowest moisture content was
observed in the control sample (Figure 1-c).

Table 2. Analysis of variance for the effect of a-amylase and microbial transglutaminase (MTG) on the physicochemical

and textural properties of bread

Variable sources Mean square

df Moisture Ash Fat protein pH Hardness Cohesiveness Adhesiveness Gumminess
a-amylase 2 8.44™ 0.003%  0.036™ 37.53™ 0.001™ 584.07""" 0.000™ 851.48™ 214.55™"
MTG 2 8.61" 0002 0197  41.104™ 0.008"™ 243.93"" 0.001" 515.11m 88.42""
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a-amylase x MTG 4 923" 0.001™ 0.001™ 9.29™ 0.003" 86.860"" 0.005™ 513.30™ 26.54"
Error 18 0.25 0.00 0.00 0.03 0.002 1.06 0.01 5.74 3.06
CV (%) 5.10 1.5 3.86 4.21 1.4 11.54 8.4 1.6 13.96

ns, *and ** and *** means non-significant, and significant at 5%, 1% and 0.1%.

The results of the analysis of variance
(Table 2) show that the addition of microbial
transglutaminase enzyme to breads produced
from wholemeal flour had a significant effect
on the protein content of hamburger bread
samples (p<0.001). Also, samples containing
transglutaminase enzyme had a higher protein
content than the control sample. Of course, as
can be seen in Figure 2-a, there was no
significant difference between the control
sample and the 0.15% transglutaminase
enzyme, but this difference became significant
in the 0.3% sample. Steffaloni et al. (2010)
stated that the presence of transglutaminase in
bread dough causes a decrease in albumin and
globulin and an increase in gliadin levels.
Because albumin and globulin do not play a
role in dough formation, transglutaminase

binds the aforementioned proteins together
and precipitates them, and this action has a
beneficial effect on the quality of the product.
The beneficial effects of transglutaminase are
due to the binding of glutenin subunits with
high molecular weight. Transglutaminase,
having protein binding properties, also causes
the repair of damaged wheat grains [25].
Saeidi et al. (2017) stated that
transglutaminase had no significant effect on
the protein of the samples [26]. Also, Aziz
Mohamadi and Bolandi (2017) reported that
the amount of steak protein increased
significantly under the influence of the
transglutaminase enzyme [27].
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Figure 2. The effect of microbial transglutaminase (MTG) (a), a-amylase (b) and their interaction (c) on the protein

percentage of bread samples

The results of the analysis of variance
(Table 2) show that the addition of microbial
transglutaminase enzyme to breads produced
from wholemeal flour had a significant effect
on the protein content of hamburger bread
samples (p<0.001). Also, samples containing
transglutaminase enzyme had a higher protein
content than the control sample. Obviously, as
can be seen in Figure 2-a, there was no
significant difference between the control
sample and the 0.15% transglutaminase
enzyme, but this difference became significant
in the 0.3% sample. steffolani et al. (2010)
stated that the presence of transglutaminase in
bread dough causes a decrease in albumin and
globulin and an increase in gliadin levels [25].
Because albumin and globulin do not play a
role in dough formation, transglutaminase
binds the aforementioned proteins together
and precipitates them, and this action has a
beneficial effect on the quality of the product.
The beneficial effects of transglutaminase are
due to the binding of glutenin subunits with
high molecular weight. Transglutaminase,
having protein binding properties, also causes
the repair of damaged wheat grains [25].
Saeidi et al. (2017) stated that
transglutaminase had no significant effect on
the protein of the samples [26]. Also, Aziz
mohamadi and Bolandi (2017) reported that
the amount of steak protein increased
significantly under the influence of the
transglutaminase enzyme [27].

With the increase in the amount of alpha-
amylase enzyme, the protein percentage of the
bread samples also increased significantly
(p<0.001). As can be seen in Figure 2-b, there
is no significant difference between the
control sample and the sample containing
0.1% alpha-amylase enzyme, but a slight
increase in protein is observed in the sample
containing 0.2% alpha-amylase. Nejatbakhsh
et al. (2018) showed in a study that the
addition of alpha-amylase enzyme and lactic
acid sourdough caused a decrease in the
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protein content in bread samples compared to
the control sample, which was inconsistent
with the results of this study [24].

Figure 2-c shows the interaction effects of
transglutaminase and alpha-amylase enzymes.
As can be seen, adding different ratios of
transglutaminase and alpha-amylase enzymes
to bread produced from wholemeal flour
increased its protein compared to the control
sample. The highest protein content was
observed in the sample containing 0.3%
transglutaminase enzyme and 0.2% alpha-
amylase, and the lowest protein content was
observed in the control sample.

Regarding the pH factor, with the increase
in the amount of transglutaminase enzyme, the
pH of the bread samples decreased
significantly compared to the control sample
(p<0.001) (Table 2, Figure 3-a). The effect of
different amounts of transglutaminase enzyme
on the changes in the pH of the bread samples
is also shown in Figure 3. Based on the results
obtained, no statistically significant difference
was observed between the samples containing
0.15 and 0.3% transglutaminase enzyme
(p>0.05). In general, the pH range of the
samples was between 5.5-5.17. The decrease in
pH was probably due to the deamidation of the
amino acid glutamine and the production of
glutamic acid by this enzyme, which caused a
decrease in the pH of the resulting breads [28].
Saeidi et al. (2017) also reported on the
optimization of gluten-free cake formulation
enriched with pomegranate seed powder and
transglutaminase enzyme that the addition of
transglutaminase enzyme reduced the pH of
cake samples [26].

Unlike transglutaminase, the addition of
alpha-amylase to the produced samples did
not have a significant effect on the pH of the
produced breads (p>0.05). As Table 2 shows,
the interaction effects of  adding
transglutaminase and alpha-amylase on the pH
were significant (p<0.01). In general, it can be
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said that the highest pH was related to the
control sample and the lowest pH was related
to the sample treated with 0.3%
transglutaminase enzyme and 0.2% alpha-
amylase (Figure 3-b). Movahhed et al. (2011)
reported in a study that alpha-amylase
enzyme, by producing metabolites such as
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dextrin, increased the substances participating
in fermentation, which again led to a decrease
in pH, which was inconsistent with the results
of this study [29].
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Figure 3. The effect of microbial transglutaminase (MTG) (a) and the interaction between MTG and a-amylase (b) on the

pH of bread samples

3-2- Textural characteristics

The addition of transglutaminase enzyme had
a significant effect on the firmness,
cohesiveness and gumminess of the bread
samples (p<0.001). However, as can be seen
in Table 2, this enzyme did not have a
significant effect on adhesiveness (p>0.05).

As can be seen in Figure 4-a and 4-c, with
an increase in the percentage of
transglutaminase enzyme in the produced
breads, the firmness and cohesiveness of the
samples increased significantly. However, this
increase was not significant between the
control sample and the sample treated with
0.15% transglutaminase enzyme, but the
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firmness of the samples treated with 0.3%

transglutaminase enzyme increased
significantly. ~ Also, the addition of
transglutaminase enzyme increased the

gumminess parameter of the bread samples
(Figure 4-¢).

Transglutaminase affects the properties of
the dough and the resulting bread through
different mechanisms. This enzyme directly
causes cross-linking between proteins. Also,
adding transglutaminase by deamidating
glutamine and lysine is effective in improving
water retention capacity and inducing
elasticity to the bread texture and involves
greater cohesiveness of the protein (gluten)
network [30]. Also, by creating cross-links
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and forming a strong gluten network and
increasing gluten strength, the
transglutaminase enzyme traps water within
the bread texture and in fact increases the
water absorption of gluten and reduces the
available water of starch, thus reducing
retrogradation. By creating stronger links, the
bread texture becomes firmer and denser, and
more force is required to compress the bread
texture. Therefore, the amount of enzyme
added to the formulation should be controlled
as much as possible [31]. Onyango et al.
(2010)  investigated the  effect of
transglutaminase =~ enzyme on  dough
rheological properties and bread quality
prepared from pregelatinized cassava starch
and sorghum flour. The results of this study
indicated that with increasing enzyme
concentration, the resistance to deformation in
the dough decreases and the firmness and
cohesiveness of the bread texture increases
[32]. Dluzewska et al. (2015) showed that
transglutaminase enzymatic treatment with 1
unit of enzyme (per gram of protein) reduced
the firmness of gluten-free bread, while
transglutaminase enzymatic treatment with 10
units of enzyme significantly increased the
firmness of the product [33]. The effect of
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transglutaminase enzyme on the firmness of
bread texture is explained by the increase in
the molecular weight of proteins and the
formation of larger proteins [34]. The results
of Jooyandeh and Mortazavi (2018) also
showed that with increasing the concentration
of transglutaminase enzyme, the firmness,
consistency, and cohesiveness of yogurt
increased significantly [35].

The gumminess is defined as the energy
required to prepare food for swallowing, and a
low value is considered soft and a high value
is considered hard or brittle with cell breakage
[36], which was consistent with the results of
the hardness of the produced breads. Hosseini
Ghaboos et al. (2018) also reported that the
two characteristics of chewability and
gumminess of cakes containing pumpkin
powder and transglutaminase enzyme
increased significantly compared to the
control [37]. Majzoubi and Vosoughipour
(2014) reported an increase in gumminess due
to the increase in the protein content of the
formulation by adding soy protein isolate to
the sponge cake formulation [38].
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Figure 4. The effect of microbial transglutaminase (MTG), a-Amylase and their interactions on the textural properties of

bread samples

The results of the analysis of variance of
the texture of bread samples in Table 2 show
that the amount of alpha-amylase enzyme
added to breads produced from wholemeal
flour had a significant effect on the firmness,
cohesiveness and gumminess of the bread
samples (p<0.001). However, as can be seen,
this enzyme did not have a significant effect
on adhesiveness (p>0.05).

As can be seen in Figure 4-b and 4-f, with
an increase in the percentage of alpha-amylase
enzyme, the firmness and gumminess of the
bread samples decreased significantly;
however, as can be seen, there was no
significant difference between the samples
treated with 0.1 and 0.2 percent alpha-
amylase. Also, the addition of alpha-amylase
enzyme increased the cohesiveness parameter
in the bread samples (Figure 4-d).
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The results of this study are consistent with
the findings of Lagrain et al. (2008), who
attributed the decrease in bread texture
hardness in the presence of alpha-amylase to
increased yeast activity, resulting in the
expansion of CO, gas bubbles and increased
porosity in the bread texture [39]. Goesaert et
al. (2009) stated that the effect of amylase on
reducing bread hardness is due to the
breakdown of glycosidic bonds in starch into
dextrins with lower molecular weight, which
causes a delay in the formation of amylopectin
double chains and prevents the cross-linking
of amylopectin molecules. As a result, it
weakens the three-dimensional network
formation and ultimately causes a decrease in
the firmness of the bread [40]. In the studies of
Caballero et al. (2007), similar results were
reported regarding the addition of amylase
enzyme on the decrease in the firmness of
frozen bread [41]. In the study of Sozer et al.
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(2011), cakes prepared containing modified
starch, alpha-amylase enzyme, gum and
emulsifier had lower firmness than the control
samples and a significant decrease in their
firmness was observed [42]. Bedoya-Perales
and Steel (2014) studied the effect of different
concentrations of maltogenic alpha-amylase
and fat on the technological and sensory
quality of cakes. The results of these
researchers showed that the use of alpha-
amylase enzyme reduced the firmness of the
product; therefore, this enzyme can be an
appropriate alternative for reducing the fat
level of these products [43]. The reduction in
the gumminess of bread samples with the
addition of alpha-amylase enzyme has also
been reported by Rosell et al. (2001), which
was consistent with the results of this study
[44].

According to the results reported in Table
2, the interaction effects of adding
transglutaminase and alpha-amylase enzymes
on the firmness and gumminess of breads have
been significant (p<0.001). According to
Figure 4-g, with increasing the amount of
transglutaminase enzyme, the firmness of the
bread increased, and with increasing the
amount of alpha-amylase enzyme, the
firmness of the bread decreased, so that the
highest firmness (3.45 N) was related to the
sample without alpha-amylase and 0.3%
transglutaminase, and the lowest firmness
(5.32 N) was related to the sample without
transglutaminase and 0.2% alpha-amylase.
Also, as can be seen in Figure 4-g, no
significant difference was observed between
the levels of 0.15 transglutaminase enzyme
and the control in terms of firmness. Also,
with increasing the percentage of alpha-
amylase enzyme, the gumminess of the
samples decreased, and with increasing the
amount of transglutaminase enzyme to 0.15%,
this factor increased; although it showed a
significant decrease at the level of 0.3%
(Figure 4-h). As a result, as shown in Figure
4-h, the highest gumminess was found in the
sample treated with 0.3% transglutaminase
and without alpha-amylase, and the lowest
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gumminess was found in the sample treated
with 0.1% alpha-amylase and without
transglutaminase. Significant increases in the
firmness, cohesiveness, and gumminess or
mechanical properties of foods as a result of
enzymatic treatment at high levels of
transglutaminase have been reported in
various products such as white cheese [45],
yogurt [46], and edible film [47].

4- Conclusion

Bread is a staple food worldwide, particularly
in the Middle East. Its fiber supports digestive
health by preventing constipation and
promoting regular bowel movements, helps
regulate blood sugar and cholesterol, and
increases satiety, which can aid weight
management. High-fiber diets are also
associated with lower risk of heart disease,
type 2 diabetes, and certain cancers. However,
bran can reduce dough -elasticity and
extensibility and impair gas retention during
fermentation, producing smaller loaves with a
denser crumb. Because whole-wheat flour
forms a weaker gluten—viscoelastic network,
enzymes can be added to dough to shorten

preparation time, slow staling, replace
chemical additives, and improve baking
performance.

Alpha-amylase is particularly effective at
reducing bread staling. It breaks down
damaged starches into lower—molecular-
weight dextrins that yeast can ferment, which
increases loaf volume and improves crumb
texture. Microbial transglutaminase (a
transferase) reconnects weak bonds in the
gluten network by catalyzing acyl-transfer
reactions that form covalent crosslinks
between proteins. These covalent bonds are
highly stable and resistant to pH and
temperature changes, enhancing texture and
product quality.

In this study, adding transglutaminase
increased protein content, moisture, firmness,
cohesiveness, and gumminess, while
decreasing pH. Addition of alpha-amylase
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increased protein content, moisture, and
cohesiveness and significantly reduced other
textural parameters. Based on these results,
use of 0.2% alpha-amylase and 0.15%
transglutaminase is recommended to produce
hamburger buns with optimal texture and
quality.
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