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Abstract - The rise in the price of wheat flour has caused an increase in manufacturing costs. 

Partial wheat flour substitution in bread formulations with local ingredients like rice flour 

and glutinous rice flour is one of the methods to cope with wheat shortage, reduce wheat 

dependency and wheat price increment problems. The objectives of this study are to 

investigate the physicochemical, rheological properties of dough and consumer acceptance 

by using different bread formulations. The relationship between the physicochemical 

properties of breads, rheological properties of bread and consumer acceptances were studied. 

The bread was from different flour formulations which were F1 (wheat flour), F2 (20% 

wheat flour substitution with rice flour) and F3 (20% wheat flour substitution with glutinous 

rice flour). Physicochemical properties involving pH and TTA were done on both dough and 

bread while colour and baking loss measurement was done on bread only. Proximate analysis 

was done by using the bread. In addition, rheological properties were also tested by using 

dough. The breads for all formulations did not show significant difference in the parameter 

tested such as the dough pH (p=0.952) and bread pH (p=0.859) respectively (p>0.05). For 

sensory evaluation, consumer acceptance towards all three bread samples were similar for 

the attributes including colour, aroma, taste, texture and overall acceptance (p>0.05). The 

physicochemical, rheological properties and consumer acceptances were similar within 

these breads. Therefore, this research can further study by substituting higher portions of 

wheat flour with locally produced flours such as rice flour and glutinous rice flour. 

 Article History 

 Received : 16 July 2025 

 Revised : 8 September 2025 

 Accepted : 17 October 2025 

 Published : 29 December 2025 

  

 Keywords 

 Wheat flour substitution 

 Glutinous rice flour 

 Rice flour 

Bread 

  

  

  

1. Introduction 

The main ingredients required for bread making are yeast, flour, salt, and water. The price of bread in Malaysia has risen 

recently. This is because the prices of materials for bread-making, such as flour, sugar, and eggs, have been increasing 

[1]. Factors such as geopolitical tensions between Russia and Ukraine, rising input costs, and inclement weather all 

contribute to higher wheat prices. Global warming, driven by climate change, reduces crop productivity, leading to global 

hunger, higher food costs, and making food unaffordable for people in poverty [2]. The global food insecurity problem 

was worsened by the COVID-19 pandemic [3].  The Ukrainian-Russian war is causing further disruption to the supply 

chain, leading to supply shortages and significant price increases, which were already exacerbated by the COVID-19 

outbreak [4]. Following the COVID-19 outbreak, the Russia-Ukraine conflict, and climate change, obtaining cheap and 

healthy food is becoming harder globally [5]. This further worsens food insecurity in low-food-productivity countries like 

Malaysia, which depends heavily on imported food and raw materials. Therefore, local ingredients such as glutinous rice 

flour and rice flour were used to partially replace wheat flour in the bread formulation to reduce the cost of bread making 

and lessen dependency on imported raw materials. In this study, a new bread quality is developed by partially replacing 

the flour with glutinous flour and rice flour to reduce our country's reliance on imported wheat flour. It was carried out to 

investigate the physicochemical and rheological properties of dough and consumer acceptance by using different bread 

formulations. The relationships among the physicochemical properties of breads, the rheological properties of bread, and 

consumer acceptance were studied. 

2. Materials and Methods  

2.1 Bread Preparation 

In the bread-making process, the ingredients used were wheat flour, rice flour, glutinous flour, yeast, water, and salt, all 

purchased from the local market. 3 bread formulations were used for sample preparation (Table 1), and each was prepared 

in triplicate. The first formula, bread made only with wheat flour (F1), served as the control for this experiment. The 

second and third formulations of bread were partially replaced with 20 %w/w of wheat flour by using rice flour (F2) and 

glutinous rice flour (F3). For each formulation, the bread was prepared by mixing all the dried ingredients by hand until 

homogeneous, then adding water. The dough was kneaded and left to rise at room temperature for 1 hour. Then the dough 

was deaired, shaped into 50 g portions, and incubated at room temperature for another 1 hour. The dough was baked at 

200°C for 20 minutes. Once baking was complete, the bread was left to cool, then packed and sealed in polypropylene 

plastic bags and kept frozen until use. 
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Table 1. Ingredients used for bread sample preparation 

Ingredient 
Weight (g) 

F1 F2 F3 

Wheat flour 500.0 400.0 400.0 

Rice flour - 100.0 - 

Glutinous rice flour - - 100.0 

Water 325.0 325.0 325.0 

Yeast 15.0 15.0 15.0 

Salt 7.5 7.5 7.5 

2.2 Physicochemical Analysis 

For the physicochemical analyses, the pH of the dough and breads was measured with a pH meter, and 0.1 M sodium 

hydroxide was used to determine total titratable acidity (TTA). For colour measurement, a colourimeter was used to 

measure the bread crust colour in terms of L*, a*, b*, C* and h*.  All the readings were analysed three times to determine 

the average values. 

2.3 Rheological Analysis  

For rheological properties, elasticity, extensibility, resistance to deformation, and viscosity of the dough were tested using 

a MCR 102 rheometer. The amplitude test was run, followed by a frequency sweep, to determine the shear strain. The 

shear strain obtained from the amplitude sweep was used in the frequency sweep by increasing the frequency from 0.1 to 

10 Hz. 

2.4 Sensory Evaluation 

In the sensory evaluation, panellists were recruited from the staff and students of Universiti Malaysia Pahang Al-Sultan 

Abdullah. To prevent any bias in the presentation order, random three-digit codes were assigned to each bread sample 

[6]. Clear instructions were given to the panellists verbally before they entered the booth area and in writing in the 

provided questionnaire. For the questionnaire, a nine-point scale ranging from 1 (‘dislike extremely’) to 9 (‘like 

extremely’) was provided for the evaluation of bread samples [7].  

3. Results and Discussion 

3.1 Physicochemical Analysis 

The pH values of dough and bread across the three flour formulations were not significantly different (p>0.05). A slightly 

acidic condition, with a pH range of 4.5 to 6, was favoured by yeast for optimal performance [8].  F2 had the lowest value, 

4.66 ± 0.51 for dough and 5.18 ± 0.31 for bread (Table 2). This agrees with a previous study showing that the bread 

dough's gas-forming capability is boosted by incorporating rice flour, which promotes fermentation and the production 

of sugar [9]. The pH value of dough is lower than that of bread because the formation of acid during dough fermentation 

results in a drop in pH value. The low pH values obtained indicate that the dough and bread samples across all formulations 

were slightly acidic. The TTA measurements of dough and bread were similar across formulations (p>0.05). F2, with the 

lowest pH value, obtained the highest TTA value of 10.80 ± 5.15 for dough and 6.67 ± 2.02 for bread. The TTA value is 

inversely proportional to the pH value [10]. Opposite to that of pH, the TTA of bread was lower than the TTA of dough 

for all three flour formulations. This is due to the loss of acetic acid during baking, which results in a slight increase in 

pH and a decrease in TTA [11]. 

Table 2. pH measurement and total titratable acid for all formulations of bread and dough samples 

Formulation 
pH Total Titratable Acid 

Dough Bread Dough Bread 

F1 4.78 ± 0.45 5.28 ± 0.26 7.57 ± 3.21 6.07 ± 2.21 

F2 4.67 ± 0.51 5.18 ±0.31 10.80 ± 5.15 6.67 ± 2.02 

F3 4.73 ± 0.49 5.27 ± 0.12 9.83 ± 6.71 5.70 ± 2.69 

 

Table 3 presents the colour measurements for all bread formulations. The colour differences among the 3 types of 

bread prepared from different formulations were not significant, and their colours were almost the same (p>0.05). The L* 

with a p-value of 0.066 showed the most tendency to become significant. The L* value, which indicates lightness, was 

the highest for F3 (64.63 ± 6.82), followed by F1 (58.99 ± 9.02) and F2 (55.31 ± 8.23). This means that F3 is the whitest 

bread. According to Ronie et al. [12], low Maillard reaction levels result in gluten-free bread crusts that are lighter than 

those of pure wheat bread. Similar observations were obtained for F3. Wheat flour has higher free amino acid and protein 

content, which enhances the rate of the Maillard reaction and produces a darker crust colour [13]. All the a* values for 

the 3 bread types are positive, indicating redness. No significant difference was detected for the a* value of breads with 

a p-value of p=0.305 (p>0.05). F1 had the highest a* value of 10.51 ± 3.66, F2 had the second highest value of 9.94 ± 

4.38, while F3 had the lowest value of 7.86 ± 4.47. The b* value relates to the blue or yellow colour of bread, with positive 
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values indicating yellow, while negative values indicate blue. Chroma was represented by the C* value, a measure of 

colour strength that corresponds to colour saturation [14]. For h*, which indicates hue is related to the origin of colours 

like primary and secondary colours, but not mixed colours like tertiary colours. The bread samples in this experiment 

were commonly brown in colour. Brown can be formed by mixing the primary colours red, yellow, and blue. In general, 

all 3 types of formulation give rise to bread with the lowest redness (a*) value, low yellowness (b*), low chroma (C*), 

higher lightness (L*), and higher hue (h*).   

Table 3. Colour measurement for all formulations of breads 

Colour space F1 F2 F3 

L* 58.99 ± 9.02 55.31 ± 8.23 64.63 ± 6.82 

a* 10.51 ± 3.66 9.94 ± 4.38 7.86 ± 4.47 

b* 21.57 ± 3.32 21.37 ± 3.10 22.19 ± 2.76 

C* 24.25 ± 3.20 23.77 ± 4.20 23.79 ± 3.78 

h* 64.15 ± 9.09 65.84 ± 8.17 71.69 ± 9.37 

3.2 Rheological Analysis 

The rheological characteristics of the dough were closely linked to the viscoelastic behaviour of the gluten network, which 

ultimately influences the dough's and product's attributes. Variations of storage modulus (G′) and loss modulus (G′′) as a 

function of frequency for the dough samples (Figure 1). The value of G’ and G’’ for three of the formulations expands 

with an increase in the frequency. The loss modulus, G’’, for F2 and F3 was higher than that of F1. This increase might 

be attributed to differences in the interaction between starch and gluten in different flour combinations, where F1 was 

made from pure wheat flour. In contrast, F2 and F3 were made from partially substituted wheat flour with 25% glutinous 

rice flour and rice flour. The starch granules in the dough act as fillers, reinforcing the gluten and forming strong bonds 

[15].  The storage modules, G’ of the dough for three of the formulations, are always greater than the loss modulus G’’. 

This indicates that the dough exhibited elastic solid behaviour [18]. The value of G’ and G’’ of F3 were all greater than 

the corresponding G’ and G’’ values for dough of F2, then followed by dough of F1, which showed that F3 dough was 

the hardest dough, then followed by F2 and F3 [16]. Harder dough indicated a compact bread texture, leading to a less 

desirable taste compared with the other 2 formulations [17]. 

 

Figure 1. Frequency sweep for three formulations of dough 

3.3 Sensory Evaluation 

The differences in the flour composition of wheat flour, rice flour, and glutinous rice flour used might contribute to 

differences in colour, aroma, taste, texture, and overall acceptance of the bread. According to the ANOVA result, there 

was no significant difference among the colours for the 3 types of bread (p=0.368, p>0.05). In terms of colour, F1 obtained 

the highest score of 6.79 ± 1.56, F2 obtained the second highest score of 6.47 ± 1.98, while F3 obtained the lowest score 

of 6.30 ± 2.04. According to Anastopoulo [18], when bread comes out of the oven, it should be in a rich, deep golden-

brown colour. This is mainly due to the browning process during baking, which is important for both nutritional and 

sensory aspects, including colour formation and flavour synthesis [19]. The panels prefer the colour of F1 bread because 

it is closest to the well-baked golden-brown colour of bread crust. On the other hand, F3 bread’s colour is the least 

preferred, maybe due to its pale crust colour. 

In this study, both the taste and aroma of the bread were found to be similar despite differences in their formulations 

(p>0.05). During eating or drinking, the taste and aroma interact [20]. Both aroma and taste showed similar trends, with 

F1 achieving the highest score and F2 the lowest. Based on the research by Tamanna and Mahmood [21], the flavours 
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and aromas formed during cooking can be attributed to the Maillard reaction. The Maillard process produces flavour 

precursors, which are necessary intermediates for the development of the distinctive aroma or fragrance molecules found 

in bread. The ratio of raw materials, the time the dough proofs, and the type of leavening agent used all affect the bread's 

baking flavour [22]. The differences in the amounts of various flours among the 3 bread formulations might affect the 

baked bread’s taste. The overall perception of a mixture of flavours can be enhanced by altering the concentrations of 

protein, starch, and fat [23]. For the aroma of the bread samples, some panellists described the F2 bread as having a strong 

yeasty smell, while others said it had a slightly sourdough-like aroma. The low scores for F2 bread’s aroma and taste may 

be due to its stronger sour taste compared to F1 and F3 bread. Most of the panels might be more familiar with Asian-style 

buns, which are commonly soft, springy, and sweet, leading them to prefer the taste of F2 bread least [24]. 

Table 4 presents the sensory attributes for the 3 bread formulations tested. For the texture attribute, there was no 

significant difference among the 3 bread types (p=0.944; p>0.05). Similar to the aroma and taste, F1 ranked first for 

texture, while F2 ranked last. Many panellists suggested that F2 bread was the hardest, while F1 was the softest bread 

among the 3 different breads. This is in alignment with Durai (2021) [25], by which softer and lighter breads are more 

favoured by Malaysians. Flour type is one of the factors impacting bread texture [26]. Different types of flour yield 

different amounts of protein [27]. The texture and bread volume can be influenced by the amount of protein present [28]. 

Rice flour and glutinous rice flour are gluten-free flours. The absence of gluten makes it difficult for dough to form 

networks during breadmaking, reducing volume, yielding a rigid texture, and degrading the end product's sensory qualities 

[29]. Similar observations were obtained when wheat bread was compared to gluten-free bread, showing outstanding 

texture characteristics [12]. F1 bread, which was made from wheat flour that contains more protein when compared to F2 

and F3 bread, involved partial wheat flour substitution with rice flour or glutinous rice flour. The gluten network 

development in F2 and F3 bread may be affected, increasing the bread’s hardness by reducing the dough’s ability to retain 

gas and decreasing the specific volume. Overall, F1 was ranked first (5.89 ± 1.87), F3 was ranked second (5.70 ± 2.14), 

and F2 was ranked last (5.44 ± 2.07). The p-value of 0.485 (p>0.05) indicates that there was no significant difference in 

overall acceptance among the 3 types of bread. F1 bread was the most preferred bread among the other formulations in 

terms of its colour, aroma, taste, texture, and overall acceptance, as it obtained the highest score in all of these sensory 

attributes. However, all the sensory attributes were similar for the various flour formulations (p>0.05). In short, the panels 

showed similar liking for the bread with or without partial wheat flour substitution. 

Table 4. Sensory attributes for the 3 bread formulations tested 

Attributes F1 F2 F3 

Colour 6.79 ± 1.56 6.47 ± 1.98 6.30 ± 2.04 

Aroma 6.37 ± 1.82 5.82 ± 1.97 6.02 ± 2.02 

Taste 5.77 ± 2.06 5.33 ± 2.22 5.53 ± 2.40 

Texture 4.98 ± 2.18 4.84 ± 2.27 4.94 ± 2.42 

Overall Acceptance 5.89 ± 1.87 5.44 ± 2.07 5.70 ± 2.14 

4. Conclusions 

Physicochemical, rheological, and sensory analyses were carried out on different formulations. There is no difference in 

the mean physicochemical properties across all formulations (p˃0.05). For the rheological properties of bread, the dough 

from all formulations showed a similar trend, where G’ of the dough for three of the formulations is always greater than 

loss modulus G’’. This indicates that the dough exhibited elastic solid behaviour. The value of G’ and G’’ of F3 were all 

greater than the corresponding G’ and G’’ values for the dough of F2, followed by the dough of F1, which showed that 

the F3 dough was the hardest, followed by F2 and F3. All sensory attributes, including colour, aroma, taste, texture, and 

overall acceptance, for the breads made from the three different formulations were similar (p>0.05). In terms of sensory 

evaluation, this indicates that the panels had similar liking towards the bread with (100% wheat flour) or without partial 

wheat flour substitution (20% wheat flour substitution with rice or glutinous rice flour). Hence, both bread formulations 

with partial substitution of wheat flour with rice flour and glutinous rice flour are well accepted by general consumers. 
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