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ABSTRACT ARTICLE INFO  

Bread, as a staple food, has an important role in the household 

consumption basket. In recent years, due to increase in the food cost, 

bread consumption has increased significantly. Limited resources and 

the inability to provide sufficient food have led to the nutritional needs 

of people, especially low-income groups, being met using the simplest 

methods. One of these methods is the production of breads enriched 

with compounds such as proteins, salts and vitamins or substances 

containing them such as whey. However, the use of whey powder, 

even its demineralized (DWP) form, may lead to a decrease in quality 

and destruction of the bread texture. Therefore, in this study, 

transglutaminase (TG) was used to increase protein networks in order 

to improve the quality of bread. The effect of adding DWP at levels 

of 0, 4 and 8% and TG at levels of 0, 0.15 and 0.3% on color and 

sensory characteristics of Tafton bread was investigated. The results 

showed that with increasing the percentage of DWP and passing the 

storage time, the brightness (L*) decreased and the redness (a*) and 

yellowness (b*) increased (P<0.001). Also, with increasing the TG, 

the brightness (L*) and yellowness (b*) increased and the intensity of 

redness (a*) decreased (P<0.001). Based on the results of sensory 

characteristics, from the panelists' perspective, increasing DWP to 4% 

improved aroma, texture, and color, and increasing TG enzyme to 

0.15% improved the texture of bread samples, and therefore this 

sample was identified as the best formulation for producing Tafton 

bread. 
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1- Introduction 

Bread is a staple food in many cultures, 

supplying energy and essential nutrients. It 

is a major source of carbohydrates, 

proteins, vitamins, and minerals in 

numerous countries. For example, in the 

United Kingdom bread supplies over 10% 

of daily protein and several micronutrients, 

although consumption has declined in 

recent decades [1]. In Norway, bread is also 

a principal source of energy, dietary fiber, 

and protein, with average annual 

consumption around 52 kg per person [2]. 

Globally, bread is one of the oldest and 

most widely consumed staples, 

contributing substantially to nutrition and 

health [3]. In some countries—such as 

Iran—flatbread is more popular than 

wholemeal varieties and is considered a 

dietary staple [4]. 

However, bread quality is problematic in 

many places, particularly Iran, largely 

because of the low quality of commonly 

used flour [5]. Wheat flour, the primary 

ingredient of bread and baked goods, is 

deficient in the essential amino acid lysine. 

To address this, researchers have 

investigated fortification and ingredient 

substitutions. Adding ingredients rich in 

lysine—such as whey protein 

concentrates—can improve the nutritional 

profile of baked products [6]. Beyond 

nutrition, studies show that incorporating 

various forms of whey into bread can 

enhance physical and sensory qualities [7, 

8], improve emulsification and product 

stability [9], and offer additional benefits 

such as better taste, extended shelf life, and 

reduced fat uptake in fried products [10]. 

For instance, Zhao et al. [11] found that 

adding different levels of tofu whey powder 

(TWP) significantly improved the texture 

of enriched bread versus a control, likely 

because whey proteins are more 

hydrophilic [12]. Improvements in aroma 

and crust color of TWP-enriched bread may 

also stem from lactose in dried whey 

powder (DWP), which promotes the 

Maillard reaction during baking [13]. 

Bread, as a staple food, plays a vital 

role in providing energy and nutrients in 

many cultures. It contributes significantly 

to the supply of carbohydrates, proteins, 

vitamins and minerals in many countries. 

For example, in the United Kingdom, bread 

provides more than 10% of the daily protein 

and various micronutrients, although its 

consumption has decreased in recent 

decades [1]. In Norway, bread is also a 

major source of energy, dietary fiber and 

protein, with an average annual 

consumption of 52 kg per person [2]. 

Globally, bread is one of the oldest and 

most widespread staple foods in diets, 

making a significant contribution to 

nutrition and health [3]. In some countries, 

such as Iran, flatbread is more popular than 

wholemeal bread and is considered a staple 

food [4]. However, bread quality in many 

countries, especially in Iran, has many 

problems, one of the most important 

reasons for which is the low quality of flour 

consumed [5]. Also, wheat flour, the main 

ingredient used to produce bread and baked 

goods, is deficient in lysine, an essential 

amino acid. Therefore, many researchers 

have focused on improving the quality of 

baked goods by adding other ingredients. 

To improve this quality, the use of additives 

such as whey protein concentrates, which 

contain high amounts of lysine, can be 

effective [6]. In addition to nutritional 

properties, various studies have shown that 

adding different types of whey to bread and 

baked goods can improve their physical and 

sensory properties [7, 8]. In addition, the 

addition of these proteins to baked goods 

improves the emulsification capacity and 

stabilization of the product [9]. In addition 

to improving physical and sensory 

properties, the use of whey proteins in 

bakery products can also have other 

benefits such as improving taste, increasing 

shelf life, and reducing fat absorption in 

fried products [10]. In this regard, Zhao et 

al. [11], in a study aimed at investigating 

the effect of different levels of tofu whey 

powder (TWP) on bread quality, reported a 

significant improvement in the texture of 
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enriched bread samples compared to the 

control sample. This improvement was 

probably due to the greater hydrophilicity 

of whey proteins [12]. In addition, the 

improvement in the aroma and color of 

Tafton bread may also be due to the 

presence of lactose in the demineralized 

whey powder (DWP) and, as a result, the 

enhancement of the Maillard reaction 

during the baking process [13].  

There are many processes in the food 

industry in which enzymes are used [14]. 

These processes mainly include improved 

extraction, bioconversions and synthesis, 

changes in performance, viscosity 

reduction and flavor modification [15]. The 

enzyme transglutaminase, which catalyzes 

acyltransferase processes, can help improve 

the texture and quality of bakery products 

[16]. By creating covalent bonds between 

proteins, this enzyme creates unique 

features in the texture of food products, 

which makes them highly stable against 

changes in pH and temperature [17]. 

Various studies have also confirmed the 

positive effect of this enzyme on the 

physical and visual properties of bread. For 

example, Redd et al. [18] reported that the 

use of this enzyme in breads prepared with 

gluten-free flour improved the properties of 

bread compared to control samples. Also, 

the findings of Moradi et al. [19] in the field 

of gluten-free Tafton bread showed that the 

addition of transglutaminase enzyme along 

with guar gum in the bread formulation led 

to an increase in brightness and a decrease 

in the color indices a and b of the product. 

In another study, Abbaszadeh [20] stated 

that the combination of ascorbic acid and 

microbial transglutaminase enzyme in the 

production of Barbari bread caused a 

significant increase in the brightness of the 

bread surface. Similarly, Babakhani et al. 

[21] also reported similar results; such that 

the addition of 0.5% of this enzyme 

increased the overall acceptance of the 

product, while increasing its concentration 

beyond this value had a negative effect on 

the sensory scores of the treatments . 

Therefore, considering that it seems 

that the simultaneous use of whey 

compounds of DWP and TG enzyme in the 

formulation of bakery products can be 

considered as an effective strategy in 

improving the quality of bread and bakery 

products, this study was conducted to 

investigate the effects of the two 

aforementioned factors on the color and 

sensory characteristics of Tafton bread 

 

2- Materials and methods

This research was conducted at 

Agricultural Sciences and Natural 

Resources University of Khuzestan 

(Mollasani). Tafton bread samples were 

produced in the university bakery. 

Measurement of color parameters (L*, a*, 

and b*) and evaluation of sensory 

properties of the produced Tafton bread 

samples were carried out in the laboratories 

of the Food Industry Department of 

Khuzestan University of Agricultural 

Sciences and Natural Resources. 

2-1- Materials 

Tafton Lavash flour with an extraction 

percentage of 83% was obtained from 

Khuzestan Flour Company (Ahwaz), active 

dry yeast from Dezful Yeast Company, and 

demineralized whey powder from Iran Milk 

Industries Company (Pegah). The 

composition of demineralized whey 

powder included 18.4% protein, 68.3% 

lactose, 6.2% ash, and 0.6% fat. Also, 

transglutaminase (TG) enzyme was 

obtained from BDF Natural Additives 

Company, Spain. The average activity of 

this enzyme with microbial origin was 100 

units per gram of protein. Other chemicals 

used in this study, such as sodium 

hydroxide, sulfuric acid, hydrochloric acid, 

and other reagents, were obtained and used 

from Merck. 

2-2- Bread making procedure  
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In this study, bread dough was prepared 

using the method of Ruzegar et al. (2015) 

with slight modifications [22]. For every 

100 kg of flour, 2% salt and 1% yeast were 

used. Demineralized whey powder at levels 

of 0, 4 and 8% and transglutaminase 

enzyme at levels of 0, 0.15 and 0.30% 

(w/w) were added to the flour mixture. The 

dough preparation steps included mixing 

the ingredients, kneading, primary 

fermentation, kneading, intermediate 

fermentation, shaping and baking the bread 

at 300°C. The physicochemical properties 

of the breads were measured immediately 

after production. 

2-3- Color evaluation 

Bread crust color was evaluated using a 

colorimeter (Konica Minolta, model 400-

CR, made in Japan). To calibrate the 

instrument to measure the color of the 

samples, a white standard plate (L*=43.94, 

a*=0.39, and b*=1.80) was used. After 

calibrating the instrument, bread samples 

with specific dimensions (10×10 cm) from 

the middle and peripheral parts of the bread 

were placed on the glass part of the 

instrument in 3 replicates. Then, color 

parameters including L* index (sample 

transparency, with a scale of 0 = black and 

100 = white), a* index (positive values 

indicating sample redness, and negative 

values indicating sample greenness) and b* 

index (positive values indicating sample 

yellowness, and negative values indicating 

sample blueness) were measured by a 

colorimeter at two time intervals 

immediately after bread making and 72 

hours later [23]. 

2-4- Sensory evaluation 

The sensory characteristics of Tafton bread, 

including aroma, flavor, color, and texture, 

were evaluated by 20 evaluators using a 

hedonic method, immediately after baking 

and after 72 hours of storage at 25°C in 

polyethylene bags. Scoring was based on a 

scale of 1-9 (where 1 is the lowest and 9 is 

the highest score) [7]. 

2-5- Data Analysis 

Considering the two variables DWP at 3 

levels of 0, 4 and 8% and TG enzyme at 3 

levels of 0, 0.15 and 0.30%, 9 treatments 

were produced and the effect of the 

mentioned variables on the sensory 

properties and color of Tafton bread was 

investigated during 3 days of storage. The 

mean data (3 replications) were analyzed 

using a factorial design in a completely 

randomized format and with SPSS software 

(version 24). Analysis of variance 

(ANOVA) and Duncan's test were used to 

compare the means (significance level P< 

0.05). 

 

3- Results and discussion 

3-1- Color assessment 

Color is considered an important criterion 

for the initial acceptance of baked products 

by consumers. In general, the color of bread 

crust is caused by Maillard reactions 

(reactions between reducing sugars and 

amino compounds). Some of the color of 

bread crust is also related to the 

caramelization of sugars. Caramelization of 

sugars can occur even in the absence of 

Maillard reactions, especially when baking 

temperatures are higher than 155 °C. Since 

enzymatic activities are temperature-

sensitive, any change in dough temperature 

or delay in baking may affect the color of 

bread crust [24]. In addition, the color of the 

surface of the product depends on the 

physicochemical properties of the dough 

and the baking conditions [25]. 

The results of the analysis of variance for 

the color parameters L*, a*, b* in the 

Hunter Lab color system are shown in 

Table (1). According to this Table, all three 

variables demineralized whey powder, 

enzyme treatment, and storage time had a 

significant effect on the color parameters 

(P<0.001); but no significant interaction 

between the tested variables was observed 

on the color parameters L*, a*, b* (P> 

0.05). 
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3-1-1- Effect of DWP on color 

parameters 

The effect of different amounts of 

demineralized whey powder on the L* 

parameter (brightness) is shown in Table 

(2). According to this Table, with 

increasing percentage of DWP, the amount 

of L* of bread samples decreased 

significantly compared to the control 

sample (Table 2). Azarbad [26] reported 

that adding whey powder to bread causes its 

color to become darker and the decrease in 

L* value is due to the Maillard reaction. 

The addition of dairy proteins such as 

DWP, depending on the amount used, 

causes the bread crust to darken. This color 

change is due to the Maillard browning 

reaction, which is a chemical reaction 

between amino groups and reducing sugars. 

In the case of milk derivatives subjected to 

high temperatures, lactose as a reducing 

sugar combines with the amino acid lysine 

and leads to the formation of brown 

melanoidins. These results were similar to 

those of Krupa-kozak et al. [27]. Also, 

Sahraiyan et al. [28] stated that adding more 

than 3% cheese powder reduces the amount 

of L* value in the crust. 

Table (2) shows that with increasing DWP 

percentage, the amount of a* value in bread 

samples increased significantly (P<0.001). 

In other words, the intensity of redness of 

the samples increased significantly 

compared to the control sample. The 

increase in redness of the bread crust, which 

makes it darker, is due to the increase in the 

occurrence of non-enzymatic browning 

reaction. The results of this study are 

consistent with the results of Zhou et al. 

[29] in investigating the effect of whey and 

soy protein on bread. 

As shown in Table (1), the variable of 

demineralized whey powder had a 

significant effect on the b* parameter 

(P<0.001). The trend of changes in this 

parameter is shown in Table (2). According 

to this Table, with increasing DWP 

percentage, the amount of b* value 

(yellowness) of bread samples increased. 

The results of this study were consistent 

with the results of Zhou et al. [29] on the 

effect of whey and soy protein on bread and 

Mohtarami et al. [30] on improving the 

physical and rheological properties of bread 

dough using transglutaminase and 

asparaginase enzymes and whey powder 

and inulin. Also, Shin et al. [31] reported 

that with increasing whey protein levels in 

gluten-free rice bread, the amount of b* 

value increases. 

 

 

Table 1. Analysis of Variance for the Effect of Transglutaminase Enzyme (TG) and Demineralized Whey 

Powder (DWP) on Colorimetric Parameters 

  Mean Squares (MS) 

Source of Variation Degrees of 

Freedom 

L* a*  b*  

DWP 2 26.12*** 7.53*** 37.64*** 

TG 2 169.00*** 1.17*** 24.39*** 

Day 1 221.35*** 1.75*** 84.40*** 

DWP × TG 4 0.22 ns 0.02 ns 0.15 ns 

DWP × Day 2 2.53 ns 0.03 ns 0.80 ns 

TG × Day 2 0.84 ns 0.02 ns 0.05 ns 

Demineralized Whey Powder × Enzyme × Day 4 1.08 ns 0.03 ns 0.12 ns 

Error 36 7.16 0.05 0.61 

 *** , ** , *and NS indicate significance at P<0.05, P<0.01, P<0.001, and non-significant, respectively . 
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3-1-2- Effect of TG on color parameters 

According to Table (1), the 

transglutaminase enzyme variable had a 

significant effect on the color parameters 

L*, a* and b* (P<0.001). Table (3) shows 

the effect of different percentages of the 

enzyme on the brightness of the bread 

samples. As can be seen, with increasing 

percentage of the enzyme, the brightness of 

the samples increased compared to the 

control sample. This change can be 

attributed to the reduction of Maillard 

browning reactions, which is caused by the 

action of the transglutaminase enzyme. 

This enzyme reduces the amount of 

available lysine by creating cross-links 

between the amino acids lysine and 

glutamine, and consequently reduces the 

Maillard reaction [32]. These links can also 

affect the physical structure of the bread 

and change its color [33]. These results are 

consistent with the findings of Moradi et al. 

[19] regarding the addition of 

transglutaminase enzyme, guar gum and 

sodium caseinate to gluten-free Tafton 

bread based on potato powder. Also, similar 

results were observed in the study of 

Pourmohammadi et al. [34] in the study of 

adding transglutaminase enzyme to wheat 

bread containing barley flour without a 

coating. Abbaszadeh [20] also reported in 

his study on adding ascorbic acid and 

microbial transglutaminase enzyme to 

Barbari bread that the brightness of the 

bread samples increased with increasing the 

percentage of TG enzyme. 

Table (3) shows the effect of different 

enzyme concentrations on the redness (a*) 

of bread samples. As enzyme percentage 

increased, a* decreased — i.e., samples 

became less red than the control. This trend 

mirrors the L* results: reduced non-

enzymatic browning leads to lower redness 

and a lighter crust color. These findings 

agree with Abbaszadeh [20], who examined 

the effects of ascorbic acid and microbial 

transglutaminase on Barbari bread quality. 

According to Table (3), with increasing 

enzyme percentage, the yellowness (b*) of 

the bread samples increased. 

Transglutaminase enzyme increases 

yellowness by forming a complex with 

xanthophyll (yellow pigment in dough) or 

protecting the hydroxyl groups of the 

pigment from oxidation. These results are 

consistent with the findings of Fazeli et al. 

[35] in investigating the effect of xanthan, 

guar gums and transglutaminase enzyme on 

the physicochemical and textural properties 

of gluten-free donuts. 
 

Table 3. Main Effect of Transglutaminase Enzyme (TG) on L*, a* and b* Parameter 

TG (%) L* a* b* 

0 60.63c 2.19a 14.12c 

0.15 63.18b 1.95b 15.16b 

0.30 66.73a 1.68c 16.45c 

Means followed by different letters within a column are significantly different at P< 0.05 according to 

Duncan's multiple range test 

Table 2. Main Effect of Demineralized Whey Powder (DWP) on L*, a* and b* Parameter 

Demineralized Whey Powder (%) L* a* b* 

0 65.99a 1.22c 13.82c 

4 63.82b 2.14b 15.19b 

8 60.72c 2.47a 16.71c 

Means followed by different letters within a column are significantly different at P < 0.05 according to 

Duncan's multiple range test 
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3-1-3- Effect of storage on color 

parameters 

As shown in Table (1), storage time 

significantly affected all color parameters 

(P< 0.001), causing a decrease in brightness 

and increases in redness and yellowness. 

According to Table (4), brightness 

decreased over the three-day storage 

period. Nosrati et al. [36] similarly reported 

that storage time significantly reduced 

brightness in cheese when ultrafiltrated 

whey powder and lactose were added. 

Table (4) also shows that a* (redness) 

increased by day 3, indicating greater 

redness compared with the control. 

Likewise, yellowness increased over time, 

with the highest b* observed on the third 

day of storage. 

 

 

3-2- Sensory results 

In this study, sensory evaluation of bread 

samples was performed including color, 

flavor, aroma, and texture characteristics. 

Table (5) shows the results of variance 

analysis of sensory evaluation data of 

produced bread samples. According to this 

Table, the variable demineralized whey 

powder (DWP) had a significant effect on 

color, aroma, and texture characteristics, 

while transglutaminase enzyme (TG) had a 

significant effect only on texture. The effect 

of storage time was also significant on all 

sensory characteristics. Among the 

interaction effects, the effect of 

demineralized whey powder × day on color, 

aroma, and flavor, and the effect of enzyme 

× day on texture were significant. 

 

Table 5. Analysis of Variance for the Effect of Transglutaminase Enzyme (TG) 

and Demineralized Whey Powder (DWP) on Sensory Evaluation Parameters 

Source of Variation 
Degrees of 

Freedom 
Color Aroma Taste Texture 

DWP 2 4.08*** 1.40*** 0.40 ns 4.19*** 

TG 2 0.00 ns 0.0.3 ns 0.06 ns 3.07*** 

Day 1 9.77*** 17.71*** 20.03*** 16.88*** 

DWP × TG 4 0.03 ns 0.02 ns 0.02 ns 0.03 ns 
DWP × Day 2 0.13* 1.74*** 2.72*** 0.02 ns 

TG × Day 2 0.38 ns 0.61 ns 0.49ns 16.98*** 

DWP × TG × Day 4 0.01 ns 0.06 ns 0.02 ns 0.03 ns 
Error 18 0.03 0.10 0.17 0.06 

 *** , ** , *and NS indicate significance at P<0.05, P<0.01, P<0.001 and non-

significant, respectively. 

3-2-1- Effect of DWP  
As mentioned above, the variable of 

demineralized whey powder had a 

Table 4. Main Effect of Storage Time on L*, a* and b* Parameter 

Storage Duration (day) L* a* b* 

1 65.54a 1.76b 13.99b 

3   61.49b 2.12a  16.49a  

Means followed by different letters within a column are significantly different at P< 0.05 according to 

Duncan's multiple range test 
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significant effect on the color, aroma and 

texture of bread samples (P<0.001), but did 

not affect the taste (P>0.05). The effect of 

different amounts of demineralized whey 

powder on the taste quality of breads is 

shown in Table (6). Adding 4% DWP 

slightly increased the taste score of bread 

samples, but using a higher amount of DWP 

(8%) decreased the taste score. However, as 

mentioned, these changes were not 

significant (P>0.05). In accordance with the 

results of this study, Haratian et al. [37] 

stated in their study that adding 7.5% whey 

did not have a significant effect on the taste 

of bread. Also, Jamalian and Rahimi [38] 

reported in similar results that adding 1 to 

5% whey powder did not change the taste 

of Sangak bread samples. 

According to Table (5), the effect of DWP 

on the aroma characteristic was significant 

(P<0.001). According to Table (6), with 

increasing DWP values, the aroma 

characteristic score of breads increased 

compared to the control sample, and 4 and 

8 percent DWP values had the same effect 

on the aroma characteristic score, which 

was in accordance with the research of 

Jooyandeh et al. [7], who showed that the 

organoleptic properties of bread improved 

with increasing whey content. Table (6) 

shows the effect of different DWP values 

on the color and texture scores of bread 

samples, respectively. As can be seen in 

this Table, with increasing DWP 

percentage, the color score of the samples 

increased significantly (P<0.001), which 

was consistent with the results of Morad 

khani et al. [39]. Also, sensory evaluation 

of texture showed that with increasing 

DWP percentage, the score of this 

characteristic increased significantly 

(P<0.001). In accordance with the results of 

this study, Zhao et al. [29] reported an 

improvement in the texture score of the 

samples compared to the control sample in 

their study of the effect of tofu whey 

powder (TWP) at different levels. The 

texture desirability can be attributed to the 

greater hydrophilicity of whey proteins. 

The reason for the improvement in the 

aroma and color of the Tafton bread 

samples as a result of the addition of whey 

could be due to the lactose present in DWP 

and the development of the Maillard 

reaction. In accordance with the results of 

this study, Haratian et al. [37] showed that 

with increasing the percentage of whey 

powder, the sensory score increased 

compared to the control sample. Also, 

Jooyandeh and Minhas [40], in their study 

of the properties of loaf bread enriched with 

fermented whey protein concentrate 

(FWPC) and whey protein concentrate 

(WP), stated that by replacing 50% of the 

water used in dough preparation with WP 

or 25% of the water with FWPC, loaf bread 

with a soft and flexible texture and 

appropriate baking quality can be produced. 

 
Table 6. Main effects of demineralized whey powder (DWP) on sensory 

properties 

DWP (%) Taste Aroma Color Texture 

0 7.84a 6.91b 7.83b 7.59b 

4 8.12a 7.25a 8.07a 8.04a 

8 7.96a 7.47a 7.93ab 7.95a 

Means followed by different letters within a column are significantly different 

at P< 0.05 according to Duncan's multiple range test 

 

3-2-2- Effect of TG  

Transglutaminase is the only commercial 

enzyme used to form covalent bonds 

between food proteins [41]. To date, 

extensive studies have investigated the 

possibility of using TG enzymes to improve 

the properties of various food products such 
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as meat products [42], fish products [43], 

baked goods [16], edible films [44, 45], and 

dairy products [46-50]. 

The results of this study showed that the 

transglutaminase (TG) enzyme variable had 

a significant effect on the texture 

characteristics of bread samples (P<0.001), 

but had no effect on the color, aroma, and 

flavor characteristics (P>0.05). Also, 

according to Table (5), the interaction 

effect of demineralized whey powder 

(DWP) × transglutaminase (TG) enzyme on 

all sensory characteristics of bread samples 

was not significant (P>0.05). The effect of 

different amounts of enzyme on the taste, 

aroma, and color scores of bread samples is 

shown in Table (7). According to this 

Table, increasing enzyme levels in bread 

samples caused a significant difference 

(P<0.05) in the texture score compared to 

the control sample, which was similar to the 

results of Abbaszadeh et al. [20] and 

Azarbad et al. [26]. Also, in similar results, 

Collar et al. [51] determined a significant 

improvement in bread texture as a result of 

TG enzymatic treatment; however, these 

researchers also reported improvements in 

other sensory characteristics of the product, 

especially aroma, contrary to the results of 

the present study. 
  

Table 7. Main effects of transglutaminase (TG) enzyme on sensory properties 

 TG (%) Taste Aroma Color Texture 

0 7.99a 7.25a 7.88a 7.82b 

0.15 7.93a 7.23a 7.98a 7.99a  

0.30 8.00a 7.14a 7.97a 7.83b 

Means followed by different letters within a column are significantly different at P< 

0.05 according to Duncan's multiple range test. 

 

According to Table 7, by adding 0.15% 

enzyme, the texture quality of the samples 

increased compared to the control sample, 

but by increasing the enzyme level to 

0.30%, the texture score decreased and the 

sample texture became firmer. The reason 

for this phenomenon can be attributed to the 

creation of more intense and stronger 

crosslinks between proteins [23]. Also, the 

trend of changes in the results of the 

investigation of the physicochemical and 

sensory properties of cake enriched with 

fish protein powder and transglutaminase 

enzyme by Babakhani et al. [21] was 

consistent with the trend of the results of 

this study. They stated that with an increase 

in the transglutaminase enzyme at a level of 

0.5%, the overall acceptance increased; but 

an increase greater than this amount caused 

a decrease in the sensory score in the 

treatments. 

3-2-3- Effect of storage time  

The results of data analysis showed that 

with the passage of storage time, all sensory 

scores of bread samples decreased. The 

initial values of the average color, aroma, 

taste and texture scores of 8.35, 7.43, 8.50 

and 8.26 of the samples were recorded on 

the first day, which decreased to 7.54, 6.98, 

7.45 and 7.47 after 3 days of storage. The 

decrease in sensory properties of bread and 

other foods during storage has also been 

reported by other researchers [6, 16, 50]. 
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4- Conclusion 
This study examined the effects of 

microbial transglutaminase (TG) 

combined with demineralized whey 

powder (DWP) on Tafton bread color and 

sensory quality. TG was used to improve 

texture by cross-linking dough proteins 

(whey and gluten), enhancing dough 

elasticity, gas retention, and chewiness. 

DWP supplied soluble proteins, salts, and 

lactose, promoting Maillard reactions and 

improving crust color and aroma. 

Colorimetry results showed that 

increasing DWP—and storage time—

reduced brightness (L*) while increasing 

redness (a*) and yellowness (b*). 

Increasing TG raised L* and b* but 

lowered a*. Sensory panelists reported 

that higher DWP levels improved aroma, 

texture, and color. 

Increasing TG to 0.15% enhanced only 

texture and did not affect other sensory 

attributes. Overall, the combination of 4–

8% DWP with 0.15% TG produced Tafton 

bread with improved nutritional and 

sensory qualities. 
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 دهیچک اطلاعات مقاله                        

 مقاله :   یخ هایتار

 24/7/1404افت: یخ دریتار

 26/8/1404رش: یخ پذیتار

  افزایش   دلیل  به  اخیر،  سال  چند  در.  دارد  خانوارها  مصرفی   سبد  در  سهم مهمی  اساسی  غذای  عنوان  به   نان

  مواد  تأمین  امکان  عدم  و  منابع   محدودیت .  است  داشته  توجهی  قابل  افزایش   نان  مصرف  غذایی،  مواد  هزینه 

است  غذایی  ترین ساده  از  استفاده  با  درآمدکم  اقشار  ویژه  به  مردم  ایتغذیه  نیازهای  که  کافی سبب شده 

مانند  غنی شده  هاینان  تولید  ها،روش  این  از  یکی.  شود  تأمین  هاروش ترکیباتی    و   املاح  ها،پروتئین  با 

آن    حتی نوع دمینرال پنیرآب  پودر از درهرحال استفاده. باشدمی پنیرها نظیر آبیا مواد حاوی آن هاویتامین

(DWP)  به همین دلیل در این تحقیق از   شود.  نان  بافت  گسستگی  و  کیفیت  کاهش  به  منجر  است  ممکن  

  استفاده گردید تا از این طریق بتوان   پروتئینی  اتصالات  افزایش  جهت(  TG)  گلوتامینازترانس  آنزیمی  تیمار

  3  در TG آنزیم و درصد 8 و 4 ،0 سطح 3 در DWP افزودن اثر تحقیق، این در. بخشید  بهبود را نان کیفیت

نتایج  نان تافتون  رنگ   و  حسی  خصوصیات  بر  درصد  3/0  و  15/0  ،0  سطح   با   که  داد  نشان  بررسی شد. 

  قرمزی  و  کاهش  (*L)  روشنایی  میزان  نگهداری،  زمان  مدت  گذشت  و  دمینرال   پنیرآب  پودر  درصد  افزایش

(a*) زردی و(b*)   یافت  افزایش(001/0>P .)،آنزیم  افزایش  با  همچنین TG،  روشنایی میزان  (L*)زردی و 

(b*)   قرمزی   شدت  و  افزایش   (a*)یافت    کاهش(001/0>P  .)دیدگاه  از  حسی،  هایویژگی  نتایج  اساس  بر 

  15/0تا    TG  آنزیم  رنگ و افزایش  بافت و  عطر،  بهبود  درصد باعث  4تا مقدار    پنیرآب  پودر  افزایش  ارزیابان،

شد و بنابراین به عنوان بهترین فرمولاسیون جهت تولید نان تافتون    نان  هایبافت نمونه  بهبود  درصد باعث
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