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 To investigate the use of chestnut shell powder, an agricultural industry by-product, as a value-

added ingredient for enhancing the nutritional profile of brioche bread, this study examined 

different factors such as rheological, chemical, volumetric, color properties. The study tested three 

levels of chestnut shell powder: 5%, 8%, and 10%. A positive correlation between the addition of 

chestnut shell powder and farinographic characteristics was found. Specifically, the samples 

containing chestnut shell powder showed higher levels of water absorption (increased by 5-10%), 

dough expansion time, dough resistance, and farinograph quality number (FQN) compared to the 

control sample without chestnut shell powder. The extensograph test showed an increase in most of 

the extensograph characteristics, except for the dough stretchability factor, in the samples 

containing chestnut shell powder compared to the control sample. In terms of colorimetric 

properties, the treatment with 10% chestnut shell powder had the lowest lightness score (41.8), 

while the control sample had the highest score (52.5). The values of redness and yellowness factors 

were also reported to be the lowest in the control (3.2, 13.9) and the highest in the E3 sample (5.7, 

25.2). The chemical test results showed that treatment E3 had the highest values of moisture, ash, 

fiber, fat, and protein, while the control treatment had the lowest values. Overall, this study 

suggests that adding chestnut shell powder to brioche bread can enhance its quality and nutritional 

properties. 

Introduction 

Cereals have been an important part of human diet 

since ancient times, and they were among the first 

agricultural products cultivated by humans. These 

crops are rich in carbohydrates, fiber, vitamins, and 

minerals, making them a valuable source of nutrition 

for people all over the world (Guerrieri and Cavaletto, 

2018; Román et al., 2019). Out of all cereals, wheat is 

particularly noteworthy due to its exceptional 

nutritional and technological properties (Simonato et 

al., 2021). It is widely consumed in many parts of the 

world, and bread, which is made from wheat flour, is 

one of the most popular and oldest foods known to 
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humanity. Bread is a staple food in many cultures and 

has been a symbol of sustenance and nourishment for 

centuries (Cappelli et al., 2020). In Iraq, bread holds a 

special place in the local cuisine and culture, and it is 

an essential part of daily meals. People in Iraq 

consume bread made from different types of grain 

flour, and they value bread that has high nutritional 

value and therapeutic properties. This is because 

bread is not only a source of energy but can also 

provide essential nutrients that promote good health 

and well-being (Nissan and Pasqualone, 2019; 

Muhialdin et al., 2022). In recent times, there has 

been increasing awareness about the importance of 

consuming nutrient-rich foods and sensory and 

nutritional attributes of nut trees (Chatrabnous et al., 

2018; Pakrah et al., 2021), and bread makers have 

responded by creating new types of bread with added 

nutritional benefits. For example, some breads may 

contain whole grains, seeds, or nuts, which can 

provide additional fiber, healthy fats, and vitamins. 

These types of bread are becoming more popular 

among health-conscious consumers who want to 

incorporate more nutritious foods into their diets 

(Meyerding et al., 2018). 

The high per capita consumption of bread in Iraq, 

which stands at about 300 kilograms, is a significant 

figure that highlights the importance of bread as a 

staple food in the country (Rasheed and Saeed, 2020; 

Rasheed and Salih, 2020). This consumption rate is 

much higher compared to the average per capita 

consumption of bread in the countries of the European 

Union, which is less than half of this amount 

(Brancoli et al., 2020; Lockyer and Spiro, 2020). This 

implies that bread plays a crucial role in the daily diet 

of the Iraqi people and is a necessary product that 

demands attention. Given the significance of bread in 

the diet of the Iraqi people, it is essential to focus on 

producing bread of good quality. This is crucial to 

ensure that the nutritional needs of the population are 

met, and people can consume bread without any 

health concerns (Kc et al., 2018). Hence, there is a 

need to pay special attention to the formulation, 

production, and distribution of bread in Iraq. 

Formulating the right type of bread that caters to the 

needs of the population is the first step in producing 

quality bread. The production process also needs to be 

standardized and quality-controlled to ensure that the 

bread produced meets the desired standards. 

Furthermore, efficient distribution channels need to be 

put in place to ensure that bread reaches all parts of 

the country and is readily available to the population. 

Due to the low relative price of bread, there has 

been an increase in per capita consumption of bread in 

the country, which highlights the importance of 

examining the production situation. Additionally, 

there is a growing awareness of the importance of 

fiber in the daily diet, prompting researchers to 

explore ways to add this substance to widely 

consumed foods like bread (Saa et al., 2018; Ni et al., 

2020; Ranaivo et al., 2022). Fiber is a crucial dietary 

component that confers numerous health benefits. It is 

a type of carbohydrate that the human body cannot 

digest, but rather passes through the digestive system 

largely unaltered. While fiber is often associated with 

its role in promoting digestion and relieving 

constipation, its effects extend beyond these 

processes. Fiber exhibits several benefits, including 

the ability to regulate blood sugar levels, reduce 

cholesterol levels, and improve satiety, which can 

facilitate weight management. Additionally, research 

has established that fiber promotes bowel regularity 

by adding bulk to stool and strengthening the 

intestinal muscles (Pu et al., 2020). For example 

dragon fruit with 0.7-0.9% water-soluble fiber, has 

several health benefits including its ability to aid in 

weight loss, improve digestion strengthen the immune 

system (Hossain et al., 2021).   

One potential material for enriching bread is the 

chestnut kernel shell, which accounts for 10-12% of 

the chestnut's weight in the brown shell, while the 

remainder is the kernel (Hu et al., 2021; Guiné et al., 

2022). This shell is a rich source of both soluble and 

insoluble fiber compounds, making its fiber content 

comparable to that of red beet, white cabbage, and oat 
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bran. Furthermore, the chestnut shell contains high 

levels of phenolic compounds that have antioxidant 

properties, making it a valuable source of antioxidant 

dietary fiber (Aglietti et al., 2022). These compounds 

are concentrated in the outer shell of the chestnut, 

which is often discarded during processing. However, 

recent research has focused on developing methods to 

extract these phenolic compounds from the chestnut 

shell for use as a dietary supplement (Hu et al., 2021; 

Pinto et al., 2023). 

The consumption of fiber is known to have 

numerous health benefits for humans. The lack of 

fiber in diets has been linked to several health 

problems, including constipation, cardiovascular 

diseases, and various types of cancers. Due to these 

potential health benefits, there has been an increasing 

interest in incorporating fiber compounds into foods.  

Bread is one of the most widely consumed foods 

globally and is a staple food in many cultures. 

However, there is a dearth of studies exploring novel 

ingredients to enhance its nutritional value. This study 

aims to originally contribute by investigating the 

effects of incorporating chestnut shell powder on 

brioche dough and bread characteristics. Chestnut 

shell is an underutilized agricultural byproduct that 

contains beneficial fiber and antioxidants. In this 

context, researchers have explored the use of chestnut 

shell as a source of fiber in bread. The present 

research aims to investigate the effects of adding 

chestnut shell powder at varying levels of 5%, 8%, 

and 10% on the rheological, chemical, and physical 

properties of brioche dough and bread. Specifically, 

this study has the following research purposes: 

-To examine the impact of chestnut shell powder 

addition on the farinograph characteristics of brioche 

dough, including water absorption, dough expansion 

time, dough resistance, dough stability, and 

farinograph quality number. 

-To evaluate the effects of chestnut shell incorporation 

on the extensograph properties of brioche dough such 

as energy, tensile strength, elongation, and tensile 

strength to elongation ratio. 

-To determine the influence of chestnut shell powder 

on the chemical composition of brioche bread in terms 

of moisture, ash, fiber, fat, and protein content. 

-To assess changes in volume, color, and texture of 

the final brioche product with the addition of chestnut 

shell powder. 

-To ultimately identify the optimal level of chestnut 

shell powder addition that improves the rheological, 

chemical, and physical attributes of brioche dough 

and bread. 

The findings of this research could provide 

valuable insights into the potential use of chestnut 

shell as a source of fiber in bread-making and 

contribute to the development of healthier food 

products. 

Material and Methods 

The first treatment, known as the control 

treatment, was identified with code C. The other three 

treatments were distinguished by the amount of 

chestnut shell present in them, and were denoted by 

codes E1, E2, and E3, respectively. Treatment E1 

contained 5% chestnut shell, while treatment E2 

contained 8%, and treatment E3 contained 10%. 

Moisture, ash, fiber, fat, and protein were analyzed 

using chemical tests on samples of wheat flour, 

chestnut shell powder, and brioche bread. 

Dough rheological tests are essential to understand 

the properties and behavior of dough during the 

mixing and stretching processes (Rasper and Walker, 

2000). The tests provide critical insights into the 

quality of the dough, such as its resistance to 

deformation, elasticity, and stability. Two of the most 

commonly used dough rheological tests are the 

farinography and extensograph tests (Brabender, 

Duisburg, Germany) (Yusefkhan et al., 2019). The 

farinography test measures the resistance of dough to 

mixing by a series of paddles that exert a constant 

force on the dough. The device records the time taken 

for the dough to reach a specific consistency, as well 

as other important parameters, such as water 

absorption and mixing tolerance. The extensograph 
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test, on the other hand, measures the ability of the 

dough to stretch without breaking. In this test, a 

sample of dough is stretched until it breaks, and the 

device records the force and extension at which the 

dough breaks. This test provides valuable information 

about the strength and elasticity of the dough and its 

ability to hold shape during baking. 

The ingredients, including 100 grams of wheat 

flour, 3 grams of yeast, 2 gram of sugar, 3 grams of 

salt, 1.5 gram of oil, 0.5 grams of improver, and 

varying amounts of chestnut shell powder (5, 8, and 

10 grams), were weighed and mixed together. Water 

was added according to the farinograph water 

absorption curve. After mixing the dry ingredients 

with water for 12-15 minutes to form a moldable 

mass, the dough was left to rest for 25-30 minutes. 

The dough was then divided into 250-gram pieces, left 

to rest for 10 minutes, and fermented for a second 

time. The dough was rolled by machine and placed in 

an oven tray before undergoing a final rest in a 

greenhouse chamber at a temperature of 37-40°C and 

relative humidity of 72-75% for 35-50 minutes. The 

bread was then baked in the oven at a temperature of 

225°C for 25 minutes. Finally, the bread was cooled 

at 28°C for 1 hour before being tested (El-Kherbawy 

and Dewidar, 2019). 

To prepare the chestnut kernels for use in this 

study, it is recommended to first roast them to loosen 

the hard shell. Following this, the chestnuts should be 

heated at 180°C for 12 to 15 minutes to remove the 

thin brown skin, which is the desired substance in the 

present research. To ensure complete separation of the 

skin, the chestnut kernels should be ground using a 

laboratory grinder. The resulting chestnut powder 

should then be passed through a sieve of 1.8-2.3 mm 

to achieve a particle size comparable to that of wheat 

flour used in bread production. 

The Minolta CS-100A colorimeter was used to 

measure lightness (L
*
), redness/greenness (a

*
), and 

yellowness/blueness (b
*
) in brioche bread samples. 

These three factors are known as color indicators. The 

difference in color between the samples and the 

control was calculated based on the value of ΔE = 

(ΔL
2
 + Δa

2
 + Δb

2
)

0.5
 (Moretton et al., 2023). 

The experiment utilized the rapeseed displacement 

technique to conduct a volumetric test (Yi and Kerr, 

2009). The procedure involved placing a weighed 

piece of bread into a container of known volume (Vt). 

The remaining space in the container was filled with 

rapeseeds, and after removing the bread, the volume 

of the rapeseeds was recorded as Vs. The volume of 

the bread was then calculated by subtracting Vs from 

Vt. Using the rapeseed displacement method allowed 

for an accurate measurement of the volume of the 

bread without the need for complex or expensive 

equipment. 

The experiments were conducted using a 

completely random design with three replications. The 

resulting data was then analyzed and the average 

values were compared using Duncan's multi-range test 

at a significance level of 5%. 

Results 

Two types of materials were analyzed for their 

nutritional content: wheat flour and powdered 

chestnut shell. Wheat flour was found to contain 

0.07% moisture, 1.20% ash, 10.87% protein, 0.64% 

fat, and 13.97% fiber. Powdered chestnut shell, on the 

other hand, had a much higher moisture content of 

23.81%, ash content of 27.39%, protein content of 

6.14%, fat content of 2.14%, and fiber content of 

4.28%. Table 1 presents a comparison of the average 

results of the farinograph test, while Table 2 shows a 

comparison of the average outcomes of the 

extensograph test. Table 3 illustrates a comparison of 

the average chemical properties and volumetric test 

results in the samples of brioche bread containing 

chestnut shell and the control group. Fig. 1 exhibits a 

comparison of the average results of the colorimetric 

test. 
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Table 1. Comparison between the mean farinograph properties in the brioche dough samples with and without chestnut shell. 

Treat

ment 

Farinograph quality 

number (FQN) 

Degree of dough softening 

after 15 min (B.U) * 

Degree of dough softening 

after 30 min (B.U) * 

Dough stability 

time (min) 

Dough 

expansion time 

(min) 

Water 

absorption 

(%) 

C 55.1
b
 62.4

a
 124.8

a
 9.1

ab
 3.6

c
 60.3

c
 

E1 60.3
a
 41.6

b
 109.2

b
 9.3

a
 4.7

b
 63.0

b
 

E2 60.3
a
 31.2

b
 104.0

c
 9.6

a
 4.9

b
 63.4

b
 

E3 61.3
a
 31.2

b
 104.0

d
 9.8

a
 5.7

b
 66.0

a
 

* B.U: Brabender unit 

Note: If the averages in a particular column share at least one letter, according to Duncan's test they do not differ significantly at a 5% probability 

level. 
 

Table 2. The mean extensograph values for the control and brioche dough samples containing chestnut shell. 

Treatment Energy (cm
2
) Tensile Strength (B.U) Elongation (mm) Ratio of Tensile Strength to Elongation 

Time 60 90 120 60 90 120 60 90 120 60 90 120 

C 83.2
c
 84.2

d
 62.4

d
 332.8

c
 488.8

c
 582.4

c
 176.8

a
 142.4

a
 124.8

a
 1.96

c
 3.5

c
 4.8

c
 

E1 94.6
b
 93.6

c
 70.7

c
 384.8

b
 696.8

b
 665.6

b
 166.4

b
 119.6

b
 109.2

b
 2.4

b
 6.0

b
 6.3

b
 

E2 101.9
a
 101.9

b
 81.1

b
 384.8

b
 748.8

a
 712.4

a
 145.6

c
 104

bc
 98.8

c
 2.7

b
 7.4

a
 7.5

a
 

E3 102.9
a
 114.4

a
 97.7

a
 395.2

a
 769.6

a
 759.2

a
 138.3

d
 95.6

c
 88.4

d
 2.9

a
 8.3

a
 8.9

a
 

Note: If the averages in a particular column share at least one letter, according to Duncan's test they do differ significantly at a 5% probability level. 

 

Table 3. The comparison of the volumetric and average chemical test findings in samples of control and chestnut-containing brioche bread. 

Treatment Moisture content (%) Ash (%) Fat (%) Protein (%) Volume (ml) 

C 0.2
a
 1.0

c
 11.8

c
 0.7

c
 32.5

c
 

E1 0.4
a
 1.2

b
 12.1

b
 1.3

b
 33.5

b
 

E2 0.6
a
 3.1

a
 12.1

b
 1.6

b
 39.2

a
 

E3 0.8
a
 3.3

a
 12.7

a
 2.1

a
 39.2

a
 

Note: If the averages in a particular column share at least one letter, according to Duncan's test they do not differ significantly at a 5% probability 
level. 

 

 
Fig. 1. The average color index test results (L*, a*, and b*) for control and chestnut-filled brioche bread samples. 

 

Discussion 

In order to compare the levels of water absorption 

across different treatments, this study analyzed the 

farinograph mean results in Table 1. Treatment E3 

and E2 both showed the highest levels of water 

absorption, whereas treatment E1 and the control 

group showed the lowest levels. The study also 
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discovered a notable difference in water absorption 

between the control group and all treatments 

containing chestnut kernel shell. The high 

concentration of sugar and fiber in the structure of the 

chestnut shell powders was attributed as the cause of 

the increase in water absorption. The ability of these 

substances to outcompete gluten for water absorption 

during dough formation leads to an increase in water 

absorption. 

The experiment timed how long the dough took to 

expand and discovered that treatment E3 had the 

longest expansion time. Between E3 and the other 

treatments, there was a noticeable variation in the 

expansion time. There was no discernible difference 

between treatment E1 and treatment E2, despite the 

slightly shorter expansion time of treatment E2. The 

expansion time was quickest with the control 

treatment. The outcomes of this investigation are in 

agreement with those of a prior study by Hanan et al. 

(2021). Researchers found that adding fiber-rich 

chemicals to wheat flour used to make bread 

lengthened the dough's expansion time. 

The highest dough stability time was observed in 

the E3 treatment, which means that this treatment 

resulted in the dough staying stable for a longer period 

of time compared to the other treatments. The E2 

treatment was the next best treatment in terms of 

dough stability time, followed by E1 treatment. 

However, there was no significant difference observed 

between E1 and E2 treatments. The control treatment 

had the lowest dough stability time among all the 

treatments. In terms of the effect of chestnut shell on 

dough stability, no significant difference was 

observed between all the treatments containing 

chestnut shell and the control treatment. This suggests 

that the addition of chestnut shell did not have a 

significant effect on the dough stability time. Dough 

loosening after 15 and 30 minutes was also observed 

as an important factor in this study. The control 

treatment and the E1 treatment had the highest 

amount of dough loosening after 15 and 30 minutes, 

indicating that the dough was not as stable as in the 

other treatments. On the other hand, the E2 and E3 

treatments had the lowest amount of dough loosening 

after 15 and 30 minutes, suggesting that these 

treatments resulted in more stable dough. A 

significant difference was observed between all the 

mentioned treatments and the control in terms of this 

attribute, which means that the treatments had a 

significant impact on the dough loosening after 15 and 

30 minutes (p<0.05). 

The baking or farinograph quality number (FQN) 

value of flour is one of the most crucial elements 

assessed in farinograph. The E3 treatment had the 

highest FQN value, followed by E2 and E1, which 

had no significant differences from one another but a 

significant difference from the control, and the control 

treatment had the lowest value (p< 0.05). The FQN 

number increased as compared to the control sample. 

In accordance with the comparison of the average 

energy factors of the samples in Table 2, treatment E3 

had the highest levels of energy in each of the three 

fermentation times of 60, 90, and 120, and the control 

treatment had the lowest levels of this attribute in each 

of the three time periods. Additionally, a noteworthy 

distinction was seen between the control and all three 

treatments including chestnut shell powder during the 

whole fermentation process (p<0.05). Table 2's 

comparison of the average tensile strength factors for 

the samples reveals that, throughout the course of the 

three time periods, there were substantial differences 

between all treatments using chestnut shell powder 

and the control treatment (p<0.05). Contrarily, the 

control treatment had the lowest level of resistance to 

dough stretching throughout all three fermentation 

times of 60, 90, and 120 minutes, while treatment E3 

had the highest level. According to the comparison of 

the average dough stretchability factors of the samples 

in Table 2, it was found that the control treatment had 

a significant advantage over other treatments in all 

three fermentation time periods of 60, 90, and 120 

minutes, with the maximum value of dough 

stretchability being related to the control treatment 

(P<0.05). The acquired results are perfectly consistent 
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with each other since the dough's stretchability and 

resistance to stretching have an inverse connection. 

The addition of chestnut shell powder increased the 

ratio of tensile strength to elongation, as shown by the 

average comparative results in Table 2. 

According to the average comparison results from 

Table 3, the control and E1 treatments had the 

maximum amount of volume, while E2 and E3 

treatments had the lowest amounts of volume 

(p<0.05). The diluted gluten protein and the weakened 

gluten network in the produced breads may be to 

blame for this (Hoehnel et al., 2019; Barros et al., 

2022). When the chestnut kernel's shell was added, a 

portion of the trace amounts of gluten in its weight 

dropped, which resulted in a reduction in the volume 

of the created breads when compared to the control. 

Fig. 1 illustrates the comparative results of the 

colorimetric test performed on the control and 

chestnut shell powder-containing brioche bread 

samples. The colorimetric analysis aimed to evaluate 

the changes in the crust color of brioche bread with 

the addition of chestnut shell powder by measuring 

three color indicators - lightness (L
*
), redness (a

*
), and 

yellowness (b
*
). The lightness value, which represents 

the brightness of the crust, showed a declining trend 

with increasing chestnut shell powder from 0% in the 

control to 10% in treatment E3. The control sample 

had the highest lightness score, indicating the 

brightest crust, while treatment E3 with 10% chestnut 

shell powder had the lowest lightness value of L
*
 

signifying a darker crust. The redness value, depicted 

by factor a
*
, increased progressively from the control 

sample to treatment E3. The higher positive a
*
 value 

in samples containing chestnut shell powder 

demonstrates enhancement in the red hue. This 

reddish color can be attributed to the presence of 

phenolic compounds and melanoidins formed during 

Maillard browning reactions. Similarly, the 

yellowness (b
*
) increased with higher chestnut shell 

powder from control to E3. The higher b* value 

relates to a more yellowish color caused by 

carotenoids and polyphenols imparting a rich yellow 

tone. In summary, the colorimetry analysis clearly 

demonstrated that increasing chestnut shell powder 

quantity reduced the crust lightness while intensifying 

the redness and yellowness of brioche bread. This 

indicates that chestnut shell powder enriches the color 

of brioche bread crust by making it darker, redder, and 

more golden yellow. These findings were in line with 

those of a study done by Goranova et al. (2019), who 

found that increasing the amount of factor a
*
 and b

*
 

while decreasing the amount of factor L
*
 was possible 

by incorporating oat beta-glucan into the recipe for 

sponge cake. 

In conclusion, the use of chestnut shell powder, an 

agricultural by-product, as a novel value-added 

ingredient is a sustainable approach to enhance the 

nutritional quality of baked goods like brioche bread. 

The step-wise increase in chestnut shell powder 

incorporation from 5% to 10% enabled the systematic 

assessment of its impact on the rheological and 

physico-chemical attributes of brioche dough and 

bread. The advanced dough testing techniques, 

farinograph and extensograph, provided in-depth 

insights into the changes in the gluten network and 

dough behavior upon addition of a fiber source like 

chestnut shell powder. The detailed chemical analyses 

quantified the precise improvements in nutritional 

composition, especially dietary fiber, achieved by 

incorporating chestnut shell powder in brioche bread. 

The experimental approaches and methodology 

utilized in this study can serve as a model system to 

evaluate the inclusion of novel fiber sources from 

agricultural wastes into mainstream food products for 

enhancing their nutritional profile in a sustainable 

manner. 

Conclusions 

The study investigated the effect of adding 

chestnut kernel shell powder to wheat flour dough on 

its physical properties and quality. The results showed 

that treatments containing chestnut shell powder had 

higher levels of water absorption, longer dough 

stability times, and increased farinograph quality 
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numbers compared to the control group. The dough 

resistance to stretching was also found to increase, 

while the dough stretchability decreased with the 

addition of chestnut shell powder. However, the 

volume of the produced bread was reduced with the 

addition of chestnut shell powder. The colorimetric 

test showed that the bread produced with chestnut 

shell powder had higher levels of redness and 

yellowness compared to the control group. 

Additionally, the sample containing 10% chestnut 

shell powder (E3) was determined to be the best 

treatment in terms of the aforementioned features. 
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