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Abstract

This study was conducted to explore the possibility of substitution of wheat flour with 10%, 20%, 
30%, 35% and 40% buckwheat (Fagopyrum esculentum) flour and to formulate bread with improved 
nutritional value along with acceptable nutritional and sensory attributes, and to compare with locally 
available breads. The results showed that the ash (0.80-1.21%), protein (10.11-16.23%), fat 
(4.88-5.85%), fiber (0.07-0.19%), energy (301-322 kcal/100g) and mineral contents were increased 
with the increasing content of buckwheat flour in the bread preparation. Physical characteristics were 
decreased with the increasing content of buckwheat flour. On sensory evaluation, bread formulated 
with 30% buckwheat flour was found acceptable. In comparison with locally available breads, 30% 
buckwheat flour substituted bread was found significantly higher in ash, protein, fiber and energy 
content. Based on these results, it can be concluded that bread prepared with 30% substitution of 
wheat flour with buckwheat flour is nutritionally superior over locally available breads.
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Introduction

Buckwheat (Fagopyrum esculentum) is a pseudocereal, 
widely being used for production of gluten free bakery 
products (Wronkowska and Soral-Smietana, 2008) and as 
a potential functional foods. It is an excellent source of 
protein, fiber, vitamins (B1, B2, B6, and E) and minerals 
(Wijngaard and Arendt, 2006). Buckwheat proteins have 
well balanced amino acids composition that increased its 
biological value. Buckwheat protein is rich in lysine that 
is limiting amino acids in many plant proteins. It also 
contains many health promoting components like rutin, 
quercetin, isovitexin, isoorientin, vitexin, orientin, 
phenols etc. (Fabjan et al. 2003; Dietrych-Szostak and 
Oleszek, 1999) that makes it an ideal choice of natural 
sources of antioxidant (Sun and Ho, 2005)butylated 
hydroxytoluene (BHT. Buckwheat has many health 
benefits like reduction of plasma cholesterol level, 
improvement of hypertension conditions, 
anti-inflammatory, neuro-protection, anticancer and 
antidiabetic effects (Quettier-Deleu et al., 2000). These 
nutritional and health benefits make buckwheat a greater 
choice for the formulation of different bakeries, crepes, 

pasta-noodles, cookies, cakes, breads, breakfast cereal 
formulations etc. (Gokcen and Nermin, 2012; Lin et al., 
2009; Bonafaccia and Kreft, 1994).

It is almost accepted that diet-based therapy is one of the 
most effective and sustainable way to combat with various 
diseases. However, development of effective food-based 
strategy depends on various factors like target communities, 
knowledge of nutrient sources and choice of suitable vehicle 
to incorporate functional ingredients. Wheat based baked 
products are now getting more importance as an appropriate 
vehicle for the incorporation of functional ingredients 
(Martins et al., 2017). These are not only popular in 
Bangladesh but also throughout the world to all ages of 
people because of its low price, palatability, ease of 
consumption and availability. Among the wheat based baked 
products, bread is a staple food in many countries around the 
world. In Bangladesh, the popularity of bread consumption is 
also increasing in both urban and sub-urban areas due to 
changing food habits, hectic life, increasing working people 
outside home and urban area (Begum et al., 2014). It is 
consumed extensively in most homes, restaurants and hotels 

all over the country. Urban lifestyle is clearly a more market 
dependent for food with very limited capacity for home 
preparation. As a consequence the diet can be even more heavily 
biased towards pre-prepared and pre-cooked ready to eat food. 

Considering the aforementioned nutritional and health 
benefits of buckwheat, and popularity and market size of 
bread, the present study was intended to explore the 
possibility of fortification of wheat flour with buckwheat 
flour (Fagopyrum esculentum) to formulate bread with 
improved nutritional value along with acceptable sensory 
properties.

Materials and methods

The study was accomplished in the laboratory of Quality 
Control Research Section of Institute of Food Science & 
Technology, Bangladesh Council of Scientific & Industrial 
Research (BCSIR), Dr. Qudrat-i-Khuda Road, Dhanmondi, 
Dhaka, Bangladesh.

Sample and raw material collection

Raw materials (buckwheat flour, wheat flour, sugar, salt, dry 
yeast, egg) that were used for the preparation of buckwheat 
bread were collected from local market. Nine samples of 
wheat bread were collected from local market of Dhanmondi 
and Mirpur area for this study. All  chemicals and materials 
were also purchased from local market. 

Design of experiment

Experimental design was done to formulate high percentage 
of buckwheat fortified bread without affecting bread texture 

significantly. Wheat flour was replaced with buckwheat flour 
as follows:

T0 = 100% wheat flour (WF)
T1 = 90% wheat flour (WF) + 10% buckwheat flour (BWF)
T2 = 80% wheat flour (WF) + 20% buckwheat flour (BWF)
T3 = 70% wheat flour (WF) + 30% buckwheat flour (BWF) 
T4 = 65% wheat flour (WF) + 35% buckwheat flour (BWF) 
T5 = 60% wheat flour (WF) + 40% buckwheat flour (BWF) 
Wheat flour without buckwheat flour was kept as control T0 
(100% WF). The formulation of bread preparation is outlined 
in the Table I.

Preparation of buckwheat fortified breads

The whole process of bread preparation is outlined in the 
Figure 1. Firstly, sugar (15g) and salt (1g) were dissolved in 
water (30ml). Then flours (wheat flour, buckwheat flour as 
mentioned in the design of experiment) and yeast (1.25g) 
were added, and mixed well. Egg (1 piece) and oil (5 ml) 
were added to the mixture and mixed well to make dough. 
Dough was kept for 2 hrs at 40o±2oC. Dough was given shape 
of loaf. Then, dough was kept for final puffing at 40o±2oC for 
60 min. Finally baking was done by placing the puffed dough 
in baking oven at 170o±5oC for 25±2 min followed by cooling  
at room temp and kept at 4oC for further analysis.

Proximate analysis of wheat flour, buckwheat flour, 
buckwheat fortified breads and locally available breads

The nutrition content (i.e., moisture, ash, protein, fat, fiber) of 
the newly developed buckwheat bread and locally available 
wheat breads were estimated according to the standard 

analytical methods (AOAC, 2005). The carbohydrate content 
and energy value was determined following the methods of 
Farzana and Mohajan (2015) and Eneche (1999). 

Mineral analysis of wheat flour, buckwheat flour and 
buckwheat fortified breads

Flame photometric method was used for the determination of 
sodium and potassium content (Jahan et al., 2011; Mutalik et 
al., 2011). Flame Atomic Absorption Spectrometric method 
was used for the determination of iron, copper, manganese 

and zinc (AOAC, 2005; Kirk and Sawyer, 1991).

Sensory analysis 

Sensory analysis of the developed buckwheat fortified bread 
was done using nine-point hedonic-scale scorecard (9 = like 
extremely, 8 = like very much, 7 = like moderately, 6 = like 
slightly, 5 = neither like or dislike, 4 = dislike slightly, 3 = 
dislike moderately, 2 = dislike very much, 1 = dislike 
extremely) (Lim, 2011).  A sensory panel consists of 10 
trained members, selected from the staff members of IFST,  

BCSIR, participated in the evaluation of sensory attributes 
such as color and appearance, texture, flavor, evenness of 
bake, taste and overall acceptability. 

Statistical analysis 

Data analysis was done using SPSS (Statistical Package for 
the Social Sciences) software, version 15.0, SPSS Inc. 
Chicago, Illinois, USA. Values were expressed as percentage 
and mean ± SD. The significance/non-significance of the 
mean difference was determined using one way ANOVA and 
Duncan test. Means were separated using t - test.

Results and discussion

Proximate compositions of wheat flour and buckwheat flour 
(on dry basis)

A comparative study of nutritional analysis of wheat flour 
and buckwheat flour has been shown in the Table II (on dry 
basis). In the study, in case of wheat flour, the moisture, 
protein, fat, ash, crude fiber and carbohydrate content was 
found to be 12.73%, 12.24%, 2.46%, 0.52%, 0.07% and 

71.98% respectively. While in buckwheat flour, the 
moisture, protein, fat, ash, crude fiber and carbohydrate 
content were found to be 5.47%, 16.66%, 3.42%, 1.68%, 
0.58% and 72.19%. The protein, crude fiber, ash and fat 
content were significantly higher and moisture content is 
also significantly lower as compared to the wheat flour 
(Table II), supported by other studies (Selimovic et al., 
2014; Bhavsar et al., 2013)

In case of mineral contents, buckwheat flour has 
significantly higher sodium (20.59 mg/100g),  potassium 
(360.89mg/100g), copper (1.12mg/100g), zinc (5.19mg/ 
100g), iron (4.95mg/ 100g)  and manganese (1.23mg/ 
100g)  content than that of the wheat flour 
(sodium-14.78mg/100g, potassium-116.81mg/ 100g, 
copper-0.15mg/100g, zinc-1.61mg/100g, 
iron-2.36mg/100g, manganese-0. 67mg/100g) (Table II), 
supported by the study of Bhavsar et al.(2013).

Proximate composition and mineral analysis of buckwheat 
fortified breads (on dry basis)

Breads with different levels of buckwheat flour were 
prepared and subsequently their proximate and mineral 
analysis was carried out. These results were shown in the 
Table III (on dry basis). 

In the present study, the moisture (29.91 to 25.41%) and 
carbohydrate (54.23 to 51.11%) contents were decreased with 
the increasing level of buckwheat flour, while the ash (0.80 to 
1.21%), protein (10.11 to 16.23%), fat (4.88 to 5.85%), fiber 
(0.07 to 0.19 %) and energy (301 to 322 kcal/100g) contents 
were linearly increased with the increasing percentage of 
buckwheat flour in the bread preparation (Table III). These 
trends of increase are in agreement with the study of 
Selimovic et al. (2014)  The highest moisture content was 
found for control, T0 (29.91%) while least for treatment T5 
(25.41%). The moisture content for other treatments, T1, T2, 
T3 and T4 was found to be 28.95%, 27.86%, 26.50%, and 
26.01% respectively. Decreased water content of finished 
bread may be a consequence of depleted water absorption 
capacity of dough due to addition of buckwheat flour, 
supported by the study of Baljeet et al. (2010).

The highest ash content was found for treatment, T5 (1.21%) 
while least for control, T0 (0.80%). The ash content for other 
treatments, T1, T2, T3 and T4 was found 0.92%, 0.97%, 
1.06%, and 1.11% respectively. The highest protein content 
was found for treatment, T5 (16.23%) while least for control, 
T0 (10.11%). The protein content for other treatments, T1, T2, 
T3 and T4 was found 11.01%, 12.52%, 14.07%, and 15.04% 
respectively. The highest fat content was found for treatment, 
T5 (5.85%) while least for control, T0 (4.88%). The fat 

content for other treatments, T1, T2, T3 and T4 was found 
5.06%, 5.28%, 5.48%, and 5.62% respectively. The highest 
fibercontent was found for treatment, T5 (0.19%) while least 
for control, T0 (0.07%). The fiber content for other 
treatments, T1, T2, T3 and T4 was found 0.11%, 0.13%, 
0.16%, and 0.18% respectively. The highest carbohydrate 
content was found for control, T0 (54.23%) while least for 
treatment, T5 (51.11%). The carbohydrate content for other 
treatments, T1, T2, T3 and T4 was found 53.95%, 53.24%, 
52.73%, and 52.04% respectively. The highest energy content 
was found for treatment, T5 (322kcal/100g) while least for 
control, T0 (301kcal/100g). The energy content for other 
treatments, T1, T2, T3 and T4 was found 305kcal/100g, 
311kcal/100g, 317kcal/100g and 319kcal/100g respectively. 
The increase value of these parameters is due to incorporation 
of buckwheat flour as this flour contains higher amount of 
protein, fat, ash, fiber, carbohydrate and energy than wheat 
flour (Bhavsar et al., 2013).

The mineral contents (sodium ranged from 177.42 to 
238.91mg/100g, potassium ranged from 71.16 to 
99.31mg/100g, copper ranged from 0.03 to 0.22mg/100g, 
zinc ranged from 0.21 to 1.05mg/100g, iron ranged from 1.66 
to 2.29mg/100g and manganese ranged from 0.37 to 
0.50mg/100g) were increased with the increasing content of 
buckwheat flour (Table III). Similar increasing trends were 
also observed in other studies (Bojnanska et al., 2009; 
Wronkowska et al., 2008). 

The highest sodium (Na) content was found for treatment, 
T5 (238.91mg/100g) while least for control, T0 
(177.42mg/100g). The sodium content for other 
treatments, T1, T2, T3 and T4 was found 
190.52mg/100g, 202.35mg/100g, 222.35mg/100g and 
231.94mg/100g respectively. The highest potassium (K) 
content was found for treatment, T5 (99.31mg/100g) 
while least for control, T0 (71.16mg/100g). The sodium 

content for other treatments, T1, T2, T3 and T4 was 
found 76.26mg/100g, 84.01mg/100g, 90.05mg/100g and 
95.87mg/100g respectively. The highest copper (Cu) 
content was found for treatment, T5 (0.22mg/100g) 
while least for control, T0 (0.03mg/100g). The copper 
content for other treatments, T1, T2, T3 and T4 was 
found 0.06mg/100g, 0.08mg/100g, 0.12mg/100g and 
0.15mg/100g respectively. The highest zinc (Zn) content 
was found for treatment, T5 (1.05mg/100g) while least 
for control, T0 (0.21mg/100g). The zinc content for 
other treatments, T1, T2, T3 and T4 was found 
0.35mg/100g, 0.58mg/100g, 0.69mg/100g and 
0.88mg/100g respectively. The highest iron (Fe) content 
was found for treatment, T5 (2.29mg/100g) while least 
for control, T0 (1.66mg/100g). The iron content for 
other treatments, T1, T2, T3 and T4 was found 
1.79mg/100g, 1.96mg/100g, 2.10mg/100g and 
2.18mg/100g respectively. The highest manganese (Mn) 
content was found for treatment, T5 (0.50mg/100g) 
while least for control, T0 (0.37mg/100g). The sodium 
content for other treatments, T1, T2, T3 and T4 was 
found 0.40mg/100g, 0.42mg/100g, 0.45mg/100g and 
0.46mg/100g respectively. These increases in the 
minerals content of the breads sample may be due to 
higher minerals content of buckwheat flour as compared 
to wheat flour.

Physical properties of buckwheat flour fortified breads

In order to assess the effect of incorporation of buckwheat 
flour on the physical properties of bread, different parameters 
such as loaf volume, loaf weight and specific volume were 
investigated and presented in the Table IV.

In the study, loaf volume and loaf specific volume were 
decreased with the increase of buckwheat flour. Highest loaf 

volume was found for control, T0 (690 cc) whereas lowest in 
treatment T5 (414cc). The loaf volume for other treatments, 
T1, T2, T3 and T4 was found 614cc, 540cc, 476cc and 442cc 
respectively, supported by the study of (Wronkowska et al., 
2008). The loaf weight of the treatments, T0, T1, T2, T3, T4 
and T5 was found 142.35g, 141.97g, 153.20g, 147.44g, 
146.11g and 145.21g respectively. In case of loaf specific 

volume, control, T0 showed highest (4.85cc/g) and treatment 
T5 lowest specific loaf volume (2.85cc/g). The specific loaf 
volume for other treatments, T1, T2, T3 and T4 was found 
4.32cc/g, 3.52cc/g, 3.23cc/g and 3.02cc/g. These results in 
the present study are in line with the findings of other studies 
(Drobo tet al., 2014; Bhavsar et al., 2013). The decrease in 
volume of breads may be due to decrease in gluten content 
and hence, decrease in air trapping capacity of the network 
that ultimately retards the increase in volume of breads. 

Effect of different levels of buckwheat flour on sensorial 
qualities of bread

Sensory evaluation is an effective tools to judge whether the 
product will be acceptable or not among the consumers. In 
the present investigation, sensory qualities of breads 
prepared with the incorporation of different levels of 

buckwheat flour,10% (T1), 20% (T2), 30% (T3), 35% 
(T4) and 40% (T5),  showed that with regard to color 
and appearance, texture, flavor, evenness of bake, 
taste, and overall acceptance, 30% buckwheat 
fortified bread (T3) was found to be best among 
others. The effects of the incorporation of buckwheat 
flour (BWF) into sensory attributes of breads were 
shown in Table V.

The color and appearance is one of the most important 
sensory parameter that makes first impression in the 
consumers mind about the product. In the present study, the 
mean score for color and appearance was ranged from 8.0 to 
8.8 and highest score was found in control, T0 while least in 
treatment T5.  For other treatments, T1, T2, T3 and T4, it was 
found 8.67, 8.58, 8.44 and 8.25 respectively. The mean score 
for color and appearance was found decreasing as the 
increasing percentages of buckwheat flour due to the dark 
color of buckwheat flour (Gokcen and Nermin, 2012). 
Similar findings were also reported by Bhavsar et al. (2013).

The texture is also an important sensory attribute to judge 
whether the food is soft or hard. In case of bread, it is the feel 
of interior part after it has been sliced off. In the study, the 
textural properties of all the bread samples were found 
decreasing with the increasing amount of buckwheat flour 
and highest score for textural properties was found for 
control, T0 (8.83) while least for T5(7.82). Similar results 
were also reported by other studies (Bhavsar et al., 2013; 
Petra et al., 2012). The mean score for texture of other 
treatments T1, T2, T3 and T4 were found  to be 8.66, 8.45, 
8.36 and 8.09 respectively. 

The flavor of the bread samples varied significantly from 
7.84 to 8.20. Highest mean score for flavor was reported for 
T5 while least for control, T0. The mean scores for other 
treatments, T1, T2, T3 and T4 were found to be 7.95, 8.05, 
8.11 and 8.17 respectively. Similar findings were also 
reported by Bhattarai et al. (2012).

Another sensory attribute of bread is the symmetry and 
evenness which depends on the strength of gluten and 
homogeneous vapor production at the time of baking. Gluten 
forms a network that retains vapors during baking. Any 
decrease in gluten content also reduces network formation 
that ultimately decreases symmetry and evenness of bread. In 
the present study, the symmetry and evenness of all the bread 
samples were linearly decreased with the increase of 
buckwheat flour percentages due to lower gluten content in 
the breads. Highest score was observed for control, T0 (8.74) 
while least in T5 (7.70). The mean scores for evenness of 
other treatments T1, T2, T3 and T4 were found  to be 8.61, 
8.50, 8.21 and 7.97 respectively. This study is in agreement 
with Bhavsar et al. (2013).

Taste is also one of the most important parameters to assess 
the sensory quality of any foods because it determines the 
acceptability and market success of the foods concerned. In 

the present investigation taste of all the bread samples varied 
significantly from each other’s. The mean score for taste was 
found highest for treatment T3 (8.44) and lowest for 
treatment T5 (7.94). For other treatments, T0, T1, T2 and T4, 
the mean scores were found  to be 8.09, 8.25, 8.34 and 8.0 
respectively. In case of overall acceptability, control T0 
(8.33) and treatment, T3 (8.27) showed significantly higher 
mean score as compared to others, T1 (8.14), T2 (8.06), T4 
(7.95) and T5 (7.90). The overall acceptance for control and 
treatment T3 did not vary significantly. Based on all the 
sensory attributes, bread formulated with 30% (T3) 
buckwheat flour is acceptable in sensory quality (Fig. 2). 
Above this level of buckwheat flour fortification, bread 
received a lower sensory score.

 

Comparison of buckwheat fortified bread (T3) with locally 
available breads

The buckwheat flour fortified bread, T3 (30% buckwheat 
flour), was compared with locally available breads to assess 
its nutritional value over these bakery products and presented 
in the Table VI. 

Moisture

Moisture content is one of the most important factors that 
maintaining food quality because increase in moisture 
content assists microbial growth and eventually deteriorates 
quality. In the present study, the moisture content of the 
composite bread T3 and locally available breads was found 
26.50 to 34.12% (Table VI). Highest moisture content was 
for S3whereas lowest in buckwheat flour fortified bread 

T3.This may be explained as buckwheat flour contained 
greater amount of total dry solids. This study is in agreement 
with others (Baljeet et al., 2010). Hence, the developed bread 
is suitable as compared to similar breads.

Ash

The ash content of all the bread samples was found 0.78 to 
1.06% (Table VI).The ash content of buckwheat flour 
fortified bread (T3) was found highest among other samples 
and the difference is also significant. Highest ash content in 
the present study may be due to higher ash percentage in 
buckwheat flour than wheat flour (Baljeet et al., 2010). This 
study further strengthens the suitability of the developed 
bread as a source of micronutrient.

Protein 

In this study, the protein content of the breads analyzed from 
local market was significantly lower than the formulated 
buckwheat breads. The protein content of all the bread 
samples was ranged from 7.05 to 14.07% (Table VI). Highest 
protein content was found in the formulated buckwheat bread 
(T3) while least in sample S1. The increased protein content 
may be explained as buckwheat flour has higher protein as 
compared to wheat (Wronkowska and Soral, 2008). Higher 
protein content of buckwheat formulated bread will make it a 
greater choice to overcome the protein energy malnutrition 
problem of the country.

Fat

The fat content of all the bread samples was ranged from 3.01 
to 5.69% (Table VI). The lowest fat content was found in 
locally available bread, S5whereas highest in T6 (Table 
IV).The fat content of the buckwheat fortified bread (T3) is 
significantly higher than all the bread samples except sample 
S6 which has higher fat than buckwheat fortified bread (T3). 
The higher fat of T3 bread may be explained as buckwheat 
contains higher amount of fat than wheat, supported by the 
study of Alvarez-Jubete et al. (2009).

Fiber

Fiber is an important component of our regular diet. It has 
many health benefits like prevention of several diseases such 
as cardiovascular diseases, irritable colon, cancer, 
constipation, diabetes (Elleuch et al., 2011; Slavin, 2005). In 
the present study, buckwheat flour fortified bread, T3 showed 
highest fiber content (0.16%) as compared to locally 
available breads, S1 to S9. The difference in fiber content is 
also significant. The least content was found in samples S2, 
S3, and S9 (0.05%) (Table VI). The higher fiber content of 
buckwheat flour fortified bread, T3 will increase its 
acceptability among consumers as a fiber source. 

Carbohydrate

In this study, the carbohydrate content of the breads varied 
significantly. It ranged from 52.73to 59.31%. The lowest 

carbohydrate content was found in the buckwheat flour 
fortified bread, T3 (52.73%), whereas highest amount in 
locally available bread, S5 (59.31%) (Table VI).The lower 
carbohydrate content of the developed buckwheat bread 
(T3) makes it a good choice for health of adults and 
diabetes patients. 

Energy value

Food energy is the amount of chemical energy derives 
from food through oxidation.  An amount of 9 kcal/g and 
4 kcal/g energy is obtained through the oxidation of fat, 
protein and carbohydrate present in the diet respectively. 
In this study, the energy value of the breads was ranged 
from 277 to 316.52 kcal/100 g.The highest content was 
found for buckwheat flour fortified bread (T3) whereas 
least in the locally available Bread, S3 (Table VI).The 
difference in energy content may be due to higher protein 
and fat content of the presently developed bread.This 
newly developed buckwheat flour fortified bread may be 
a good choice for energy deficient people.

Conclusion

From the above studies, it can be stated that incorporation 
of buckwheat flour in the bread formulation has 
significant effects on the nutritional, physical and sensory 
attributes of bread. Based on the biochemical, physical 
and sensory results, it can be concluded that bread 
prepared with 30% substitution of wheat flour with 
buckwheat flour is acceptable in quality and it is 
nutritionally superior over locally available breads. The 
findings of the present study will help in development and 
utilization of functional foods that will not only improve 
the nutritional status of the population but also help those 
suffering from degenerative diseases. 

Acknowledgments

The  authors  are grateful to the  Bangladesh  Council  of  
Scientific  and  Industrial  Research  for  the  financial support 
through the Research  and  Development work.

Declarations of interest 

No conflict of interest.

References

Alvarez-Jubete L, Arendt EK and Gallagher E (2009), 
Nutritive value and chemical composition of 

pseudocereals as gluten-free ingredients, Int J Food 
Sci Nutr. 60:240–257. DOI: 10.1016/j. 
tifs.2009.10.014.

AOAC (2005), Official methods of analysis of association of 
official analytical chemistry International, 18th Ed. 
(Association of Analytical Communities, 
Gaithersburg, Maryland, USA).

Baljeet SY, Ritika BY and Roshan LY (2010), Studies on 
functional properties and incorporation of 
buckwheatflour for biscuit making, Int Food Res J. 
17:1067-1076.

Begum R, Uddin MJ, Rahman MA and Islam MS (2014), 
Comparative study on the development of maize flour 
based composite bread, J Bangladesh Agricult Uni. 11: 
133-139. DOI: 10.3329/jbau.v11i1.18224

Bhattarai S, Ojha P and Rai KP (2012), Study of Functional 
Property of Bread Based on Buckwheat and Green Tea, 
J Food Sci Tech Nepal  7:70-75.DOI: 10.3126/ 
jfstn.v7i0.10610. 

Bhavsar GJ, Sawate AR, Kshirsagar RB and Chappalwar VM 
(2013), Studies on physico-chemical characteristics of 
buckwheat and its exploration in bread as functional 
food, Int J Eng Res Technol. 2: 3971-3980.

Bojnanska T, Chlebo P, Gazar R and Horna A (2009), 
Buckwheat-enriched bread production and its 
nutritional benefits, Eur J  Plant Sci Biotechnol. 
3: 49-55.

Bonafaccia G and Kreft I (1994), Technological and 
qualitative characteristics of food products made with 
buckwheat, Fagopyrum 14: 35–42.

Dietrych-Szostak D and Oleszek W (1999), Effect of 
processing on the flavonoid content in buckwheat 
(Fagopyrum esculentum Möench) grain, J Agricult 
Food Chem. 47: 4384–4387. DOI: 10.1021/jf990121m

Drobot V, Semenova A, Smirnova J and Myhonik L (2014), 
Effect of buckwheat processing products on dough and 
bread quality made from whole-wheat flour, Int J Food 
Stud. 3: 1-12. DOI: 10.7455/ijfs/3.1.2014.a1

Elleuch M, Bedigian D, Roiseux O, Besbes S, Blecker  C and 
Attia H (2011), Dietary fiber and fiber-rich by-products 
of food processing: characterization, technological 
functionality and commercial applications: A review, 
Food Chem. 124:411–421.DOI: 10.1016/ j.foodchem. 
2010.06.077

Eneche EH (1999), Biscuit-making potential of millet/pigeon 
pea flour blends, Plant Foods for Hum Nutr. 54: 21–27. 

Fabjan N, Rode J, Kosir JI, Wang Z, Zhang Z and Kreft I 
(2003), Tartary buckwheat (Fagopyrumtataricum 
Gaertn.) as a source of dietary rutin and quercitrin, J 
Agricult Food Chem. 51: 6542–6455. DOI: 
10.1021/jf034543e

Farzana T and Mohajan S (2015), Effect of incorporation of 
soy flour to wheat flour on nutritional & sensory 
quality of biscuits fortified with mushroom, Food Sci 
Nutr. 3: 363–369. DOI: 10.1002/fsn3.228

Gokcen YILDIZ and Nermin BILGICLI (2012), Effects of 
Whole Buckwheat Flour on Physical, Chemical, and 
Sensory Properties of Flat Bread, Lavaş, Czech J Food 
Sci. 30: 534–540. 

Jahan S, Gosh T, Begum M and Saha BK (2011), Nutritional 
profile of some tropical fruits in Bangladesh: specially 
anti-oxidant vitamins and minerals, Bangladesh J Med 
Sci. 10: 95–103. DOI: 10.3329/bjms.v10i2.7804

Kirk RS and Sawyer R (1991), Pearson’s composition and 
analysis of foods, 9th Ed. Addison Wesley Longman 
Ltd, England.

Lim J (2011), Hedonic scaling: a review of methods and 
theory, Food Qual Pref. 22: 733-747. DOI: 10.1016/ 
j.foodqual.2011.05.008

Martins ZE, Pinho O and Ferreira IMPLVO (2017), Food in‐ 
dustry by‐products used as functional ingredients of 
bakery products, Trends in Food Sci & Technol. 67: 
106–128. DOI: 10.1016/j.tifs.2017.07.003.

Mutalik VK, Baragi JG, Mekali SB, Gouda CV and 
Vardhaman NB (2011), Determination of estimation of 
potassium ion in dry fruits by Flame Photometry and 

their proximate analysis, J Chem Pharm Res. 3: 
1097-1102.

Petra D, Iva B and Stanislav K (2012), Textural properties of 
bread formulations based on buckwheat and rye flour, 
Acta Univ Agric Silvi. 60: 61-68. DOI: 10.11118/ 
actaun201260050061

Quettier-Deleu C, Gressier B, Vasseur J, Dine T, Brunet C, 
Luyckx M and Trotin F (2000), Phenolic compounds 
and antioxidant activities of buckwheat (Fagopyrum 
esculentum Möench) hulls and flour, J 
Ethnopharmacol.72: 35–42.

Selimovic A, Milicevic D, Jasic M, Selimovic A, Ackar D 
and Pesic T (2014), The effect of baking temperature 
and buckwheat flour addition on the selected properties 
of wheat bread,Croat J Food Sci Technol. 6: 43-50.

Slavin JL (2005), Dietary fiber and body weight, Nutrition 
21: 411–418. DOI: 10.1016/j.nut.2004.08.018

Sun T and Ho CT (2005), Antioxidant activities of buckwheat 
extracts, Food Chem. 90: 743–749. DOI: 10.1016/j. 
foodchem.2004.04.035

Wijngaard HH and Arendt EK (2006), Buckwheat, Cereal 
Chem. 83: 391–401. DOI:10.1094/CC-83-0391

Wronkowska M, Troszynska A, Soral-Smietana M and 
Wolejszo A (2008), Effects of buckwheat flour 
(Fagopyrum esculentum Möench) on the quality of 
gluten-free bread, Pol J Food Nutr Sci. 58: 211-216.

Wronkowska M and Soral-Smietana M (2008), Buckwheat 
flour– a valuable component of gluten-free 
formulation, Pol J Food Nutr Sci. 58: 59-63.

Received: 20 March 2019

Revised: 01 April 2019

Accepted: 06 May 2019

DOI: https://doi.org/10.3329/bjsir.v54i4.44569

1Institute of Food Science and Technology (IFST), BCSIR Dhaka, Bangladesh
2Department of Food Engineering and Tea Technology, Shahjalal University of Science and Technology, 
Sylhet-3114, Bangladesh



Buckwheat flour fortified bread 54(4) 2019348

Introduction

Buckwheat (Fagopyrum esculentum) is a pseudocereal, 
widely being used for production of gluten free bakery 
products (Wronkowska and Soral-Smietana, 2008) and as 
a potential functional foods. It is an excellent source of 
protein, fiber, vitamins (B1, B2, B6, and E) and minerals 
(Wijngaard and Arendt, 2006). Buckwheat proteins have 
well balanced amino acids composition that increased its 
biological value. Buckwheat protein is rich in lysine that 
is limiting amino acids in many plant proteins. It also 
contains many health promoting components like rutin, 
quercetin, isovitexin, isoorientin, vitexin, orientin, 
phenols etc. (Fabjan et al. 2003; Dietrych-Szostak and 
Oleszek, 1999) that makes it an ideal choice of natural 
sources of antioxidant (Sun and Ho, 2005)butylated 
hydroxytoluene (BHT. Buckwheat has many health 
benefits like reduction of plasma cholesterol level, 
improvement of hypertension conditions, 
anti-inflammatory, neuro-protection, anticancer and 
antidiabetic effects (Quettier-Deleu et al., 2000). These 
nutritional and health benefits make buckwheat a greater 
choice for the formulation of different bakeries, crepes, 

pasta-noodles, cookies, cakes, breads, breakfast cereal 
formulations etc. (Gokcen and Nermin, 2012; Lin et al., 
2009; Bonafaccia and Kreft, 1994).

It is almost accepted that diet-based therapy is one of the 
most effective and sustainable way to combat with various 
diseases. However, development of effective food-based 
strategy depends on various factors like target communities, 
knowledge of nutrient sources and choice of suitable vehicle 
to incorporate functional ingredients. Wheat based baked 
products are now getting more importance as an appropriate 
vehicle for the incorporation of functional ingredients 
(Martins et al., 2017). These are not only popular in 
Bangladesh but also throughout the world to all ages of 
people because of its low price, palatability, ease of 
consumption and availability. Among the wheat based baked 
products, bread is a staple food in many countries around the 
world. In Bangladesh, the popularity of bread consumption is 
also increasing in both urban and sub-urban areas due to 
changing food habits, hectic life, increasing working people 
outside home and urban area (Begum et al., 2014). It is 
consumed extensively in most homes, restaurants and hotels 

all over the country. Urban lifestyle is clearly a more market 
dependent for food with very limited capacity for home 
preparation. As a consequence the diet can be even more heavily 
biased towards pre-prepared and pre-cooked ready to eat food. 

Considering the aforementioned nutritional and health 
benefits of buckwheat, and popularity and market size of 
bread, the present study was intended to explore the 
possibility of fortification of wheat flour with buckwheat 
flour (Fagopyrum esculentum) to formulate bread with 
improved nutritional value along with acceptable sensory 
properties.

Materials and methods

The study was accomplished in the laboratory of Quality 
Control Research Section of Institute of Food Science & 
Technology, Bangladesh Council of Scientific & Industrial 
Research (BCSIR), Dr. Qudrat-i-Khuda Road, Dhanmondi, 
Dhaka, Bangladesh.

Sample and raw material collection

Raw materials (buckwheat flour, wheat flour, sugar, salt, dry 
yeast, egg) that were used for the preparation of buckwheat 
bread were collected from local market. Nine samples of 
wheat bread were collected from local market of Dhanmondi 
and Mirpur area for this study. All  chemicals and materials 
were also purchased from local market. 

Design of experiment

Experimental design was done to formulate high percentage 
of buckwheat fortified bread without affecting bread texture 

significantly. Wheat flour was replaced with buckwheat flour 
as follows:

T0 = 100% wheat flour (WF)
T1 = 90% wheat flour (WF) + 10% buckwheat flour (BWF)
T2 = 80% wheat flour (WF) + 20% buckwheat flour (BWF)
T3 = 70% wheat flour (WF) + 30% buckwheat flour (BWF) 
T4 = 65% wheat flour (WF) + 35% buckwheat flour (BWF) 
T5 = 60% wheat flour (WF) + 40% buckwheat flour (BWF) 
Wheat flour without buckwheat flour was kept as control T0 
(100% WF). The formulation of bread preparation is outlined 
in the Table I.

Preparation of buckwheat fortified breads

The whole process of bread preparation is outlined in the 
Figure 1. Firstly, sugar (15g) and salt (1g) were dissolved in 
water (30ml). Then flours (wheat flour, buckwheat flour as 
mentioned in the design of experiment) and yeast (1.25g) 
were added, and mixed well. Egg (1 piece) and oil (5 ml) 
were added to the mixture and mixed well to make dough. 
Dough was kept for 2 hrs at 40o±2oC. Dough was given shape 
of loaf. Then, dough was kept for final puffing at 40o±2oC for 
60 min. Finally baking was done by placing the puffed dough 
in baking oven at 170o±5oC for 25±2 min followed by cooling  
at room temp and kept at 4oC for further analysis.

Proximate analysis of wheat flour, buckwheat flour, 
buckwheat fortified breads and locally available breads

The nutrition content (i.e., moisture, ash, protein, fat, fiber) of 
the newly developed buckwheat bread and locally available 
wheat breads were estimated according to the standard 

analytical methods (AOAC, 2005). The carbohydrate content 
and energy value was determined following the methods of 
Farzana and Mohajan (2015) and Eneche (1999). 

Mineral analysis of wheat flour, buckwheat flour and 
buckwheat fortified breads

Flame photometric method was used for the determination of 
sodium and potassium content (Jahan et al., 2011; Mutalik et 
al., 2011). Flame Atomic Absorption Spectrometric method 
was used for the determination of iron, copper, manganese 

and zinc (AOAC, 2005; Kirk and Sawyer, 1991).

Sensory analysis 

Sensory analysis of the developed buckwheat fortified bread 
was done using nine-point hedonic-scale scorecard (9 = like 
extremely, 8 = like very much, 7 = like moderately, 6 = like 
slightly, 5 = neither like or dislike, 4 = dislike slightly, 3 = 
dislike moderately, 2 = dislike very much, 1 = dislike 
extremely) (Lim, 2011).  A sensory panel consists of 10 
trained members, selected from the staff members of IFST,  

BCSIR, participated in the evaluation of sensory attributes 
such as color and appearance, texture, flavor, evenness of 
bake, taste and overall acceptability. 

Statistical analysis 

Data analysis was done using SPSS (Statistical Package for 
the Social Sciences) software, version 15.0, SPSS Inc. 
Chicago, Illinois, USA. Values were expressed as percentage 
and mean ± SD. The significance/non-significance of the 
mean difference was determined using one way ANOVA and 
Duncan test. Means were separated using t - test.

Results and discussion

Proximate compositions of wheat flour and buckwheat flour 
(on dry basis)

A comparative study of nutritional analysis of wheat flour 
and buckwheat flour has been shown in the Table II (on dry 
basis). In the study, in case of wheat flour, the moisture, 
protein, fat, ash, crude fiber and carbohydrate content was 
found to be 12.73%, 12.24%, 2.46%, 0.52%, 0.07% and 

71.98% respectively. While in buckwheat flour, the 
moisture, protein, fat, ash, crude fiber and carbohydrate 
content were found to be 5.47%, 16.66%, 3.42%, 1.68%, 
0.58% and 72.19%. The protein, crude fiber, ash and fat 
content were significantly higher and moisture content is 
also significantly lower as compared to the wheat flour 
(Table II), supported by other studies (Selimovic et al., 
2014; Bhavsar et al., 2013)

In case of mineral contents, buckwheat flour has 
significantly higher sodium (20.59 mg/100g),  potassium 
(360.89mg/100g), copper (1.12mg/100g), zinc (5.19mg/ 
100g), iron (4.95mg/ 100g)  and manganese (1.23mg/ 
100g)  content than that of the wheat flour 
(sodium-14.78mg/100g, potassium-116.81mg/ 100g, 
copper-0.15mg/100g, zinc-1.61mg/100g, 
iron-2.36mg/100g, manganese-0. 67mg/100g) (Table II), 
supported by the study of Bhavsar et al.(2013).

Proximate composition and mineral analysis of buckwheat 
fortified breads (on dry basis)

Breads with different levels of buckwheat flour were 
prepared and subsequently their proximate and mineral 
analysis was carried out. These results were shown in the 
Table III (on dry basis). 

In the present study, the moisture (29.91 to 25.41%) and 
carbohydrate (54.23 to 51.11%) contents were decreased with 
the increasing level of buckwheat flour, while the ash (0.80 to 
1.21%), protein (10.11 to 16.23%), fat (4.88 to 5.85%), fiber 
(0.07 to 0.19 %) and energy (301 to 322 kcal/100g) contents 
were linearly increased with the increasing percentage of 
buckwheat flour in the bread preparation (Table III). These 
trends of increase are in agreement with the study of 
Selimovic et al. (2014)  The highest moisture content was 
found for control, T0 (29.91%) while least for treatment T5 
(25.41%). The moisture content for other treatments, T1, T2, 
T3 and T4 was found to be 28.95%, 27.86%, 26.50%, and 
26.01% respectively. Decreased water content of finished 
bread may be a consequence of depleted water absorption 
capacity of dough due to addition of buckwheat flour, 
supported by the study of Baljeet et al. (2010).

The highest ash content was found for treatment, T5 (1.21%) 
while least for control, T0 (0.80%). The ash content for other 
treatments, T1, T2, T3 and T4 was found 0.92%, 0.97%, 
1.06%, and 1.11% respectively. The highest protein content 
was found for treatment, T5 (16.23%) while least for control, 
T0 (10.11%). The protein content for other treatments, T1, T2, 
T3 and T4 was found 11.01%, 12.52%, 14.07%, and 15.04% 
respectively. The highest fat content was found for treatment, 
T5 (5.85%) while least for control, T0 (4.88%). The fat 

content for other treatments, T1, T2, T3 and T4 was found 
5.06%, 5.28%, 5.48%, and 5.62% respectively. The highest 
fibercontent was found for treatment, T5 (0.19%) while least 
for control, T0 (0.07%). The fiber content for other 
treatments, T1, T2, T3 and T4 was found 0.11%, 0.13%, 
0.16%, and 0.18% respectively. The highest carbohydrate 
content was found for control, T0 (54.23%) while least for 
treatment, T5 (51.11%). The carbohydrate content for other 
treatments, T1, T2, T3 and T4 was found 53.95%, 53.24%, 
52.73%, and 52.04% respectively. The highest energy content 
was found for treatment, T5 (322kcal/100g) while least for 
control, T0 (301kcal/100g). The energy content for other 
treatments, T1, T2, T3 and T4 was found 305kcal/100g, 
311kcal/100g, 317kcal/100g and 319kcal/100g respectively. 
The increase value of these parameters is due to incorporation 
of buckwheat flour as this flour contains higher amount of 
protein, fat, ash, fiber, carbohydrate and energy than wheat 
flour (Bhavsar et al., 2013).

The mineral contents (sodium ranged from 177.42 to 
238.91mg/100g, potassium ranged from 71.16 to 
99.31mg/100g, copper ranged from 0.03 to 0.22mg/100g, 
zinc ranged from 0.21 to 1.05mg/100g, iron ranged from 1.66 
to 2.29mg/100g and manganese ranged from 0.37 to 
0.50mg/100g) were increased with the increasing content of 
buckwheat flour (Table III). Similar increasing trends were 
also observed in other studies (Bojnanska et al., 2009; 
Wronkowska et al., 2008). 

The highest sodium (Na) content was found for treatment, 
T5 (238.91mg/100g) while least for control, T0 
(177.42mg/100g). The sodium content for other 
treatments, T1, T2, T3 and T4 was found 
190.52mg/100g, 202.35mg/100g, 222.35mg/100g and 
231.94mg/100g respectively. The highest potassium (K) 
content was found for treatment, T5 (99.31mg/100g) 
while least for control, T0 (71.16mg/100g). The sodium 

content for other treatments, T1, T2, T3 and T4 was 
found 76.26mg/100g, 84.01mg/100g, 90.05mg/100g and 
95.87mg/100g respectively. The highest copper (Cu) 
content was found for treatment, T5 (0.22mg/100g) 
while least for control, T0 (0.03mg/100g). The copper 
content for other treatments, T1, T2, T3 and T4 was 
found 0.06mg/100g, 0.08mg/100g, 0.12mg/100g and 
0.15mg/100g respectively. The highest zinc (Zn) content 
was found for treatment, T5 (1.05mg/100g) while least 
for control, T0 (0.21mg/100g). The zinc content for 
other treatments, T1, T2, T3 and T4 was found 
0.35mg/100g, 0.58mg/100g, 0.69mg/100g and 
0.88mg/100g respectively. The highest iron (Fe) content 
was found for treatment, T5 (2.29mg/100g) while least 
for control, T0 (1.66mg/100g). The iron content for 
other treatments, T1, T2, T3 and T4 was found 
1.79mg/100g, 1.96mg/100g, 2.10mg/100g and 
2.18mg/100g respectively. The highest manganese (Mn) 
content was found for treatment, T5 (0.50mg/100g) 
while least for control, T0 (0.37mg/100g). The sodium 
content for other treatments, T1, T2, T3 and T4 was 
found 0.40mg/100g, 0.42mg/100g, 0.45mg/100g and 
0.46mg/100g respectively. These increases in the 
minerals content of the breads sample may be due to 
higher minerals content of buckwheat flour as compared 
to wheat flour.

Physical properties of buckwheat flour fortified breads

In order to assess the effect of incorporation of buckwheat 
flour on the physical properties of bread, different parameters 
such as loaf volume, loaf weight and specific volume were 
investigated and presented in the Table IV.

In the study, loaf volume and loaf specific volume were 
decreased with the increase of buckwheat flour. Highest loaf 

volume was found for control, T0 (690 cc) whereas lowest in 
treatment T5 (414cc). The loaf volume for other treatments, 
T1, T2, T3 and T4 was found 614cc, 540cc, 476cc and 442cc 
respectively, supported by the study of (Wronkowska et al., 
2008). The loaf weight of the treatments, T0, T1, T2, T3, T4 
and T5 was found 142.35g, 141.97g, 153.20g, 147.44g, 
146.11g and 145.21g respectively. In case of loaf specific 

volume, control, T0 showed highest (4.85cc/g) and treatment 
T5 lowest specific loaf volume (2.85cc/g). The specific loaf 
volume for other treatments, T1, T2, T3 and T4 was found 
4.32cc/g, 3.52cc/g, 3.23cc/g and 3.02cc/g. These results in 
the present study are in line with the findings of other studies 
(Drobo tet al., 2014; Bhavsar et al., 2013). The decrease in 
volume of breads may be due to decrease in gluten content 
and hence, decrease in air trapping capacity of the network 
that ultimately retards the increase in volume of breads. 

Effect of different levels of buckwheat flour on sensorial 
qualities of bread

Sensory evaluation is an effective tools to judge whether the 
product will be acceptable or not among the consumers. In 
the present investigation, sensory qualities of breads 
prepared with the incorporation of different levels of 

buckwheat flour,10% (T1), 20% (T2), 30% (T3), 35% 
(T4) and 40% (T5),  showed that with regard to color 
and appearance, texture, flavor, evenness of bake, 
taste, and overall acceptance, 30% buckwheat 
fortified bread (T3) was found to be best among 
others. The effects of the incorporation of buckwheat 
flour (BWF) into sensory attributes of breads were 
shown in Table V.

The color and appearance is one of the most important 
sensory parameter that makes first impression in the 
consumers mind about the product. In the present study, the 
mean score for color and appearance was ranged from 8.0 to 
8.8 and highest score was found in control, T0 while least in 
treatment T5.  For other treatments, T1, T2, T3 and T4, it was 
found 8.67, 8.58, 8.44 and 8.25 respectively. The mean score 
for color and appearance was found decreasing as the 
increasing percentages of buckwheat flour due to the dark 
color of buckwheat flour (Gokcen and Nermin, 2012). 
Similar findings were also reported by Bhavsar et al. (2013).

The texture is also an important sensory attribute to judge 
whether the food is soft or hard. In case of bread, it is the feel 
of interior part after it has been sliced off. In the study, the 
textural properties of all the bread samples were found 
decreasing with the increasing amount of buckwheat flour 
and highest score for textural properties was found for 
control, T0 (8.83) while least for T5(7.82). Similar results 
were also reported by other studies (Bhavsar et al., 2013; 
Petra et al., 2012). The mean score for texture of other 
treatments T1, T2, T3 and T4 were found  to be 8.66, 8.45, 
8.36 and 8.09 respectively. 

The flavor of the bread samples varied significantly from 
7.84 to 8.20. Highest mean score for flavor was reported for 
T5 while least for control, T0. The mean scores for other 
treatments, T1, T2, T3 and T4 were found to be 7.95, 8.05, 
8.11 and 8.17 respectively. Similar findings were also 
reported by Bhattarai et al. (2012).

Another sensory attribute of bread is the symmetry and 
evenness which depends on the strength of gluten and 
homogeneous vapor production at the time of baking. Gluten 
forms a network that retains vapors during baking. Any 
decrease in gluten content also reduces network formation 
that ultimately decreases symmetry and evenness of bread. In 
the present study, the symmetry and evenness of all the bread 
samples were linearly decreased with the increase of 
buckwheat flour percentages due to lower gluten content in 
the breads. Highest score was observed for control, T0 (8.74) 
while least in T5 (7.70). The mean scores for evenness of 
other treatments T1, T2, T3 and T4 were found  to be 8.61, 
8.50, 8.21 and 7.97 respectively. This study is in agreement 
with Bhavsar et al. (2013).

Taste is also one of the most important parameters to assess 
the sensory quality of any foods because it determines the 
acceptability and market success of the foods concerned. In 

the present investigation taste of all the bread samples varied 
significantly from each other’s. The mean score for taste was 
found highest for treatment T3 (8.44) and lowest for 
treatment T5 (7.94). For other treatments, T0, T1, T2 and T4, 
the mean scores were found  to be 8.09, 8.25, 8.34 and 8.0 
respectively. In case of overall acceptability, control T0 
(8.33) and treatment, T3 (8.27) showed significantly higher 
mean score as compared to others, T1 (8.14), T2 (8.06), T4 
(7.95) and T5 (7.90). The overall acceptance for control and 
treatment T3 did not vary significantly. Based on all the 
sensory attributes, bread formulated with 30% (T3) 
buckwheat flour is acceptable in sensory quality (Fig. 2). 
Above this level of buckwheat flour fortification, bread 
received a lower sensory score.

 

Comparison of buckwheat fortified bread (T3) with locally 
available breads

The buckwheat flour fortified bread, T3 (30% buckwheat 
flour), was compared with locally available breads to assess 
its nutritional value over these bakery products and presented 
in the Table VI. 

Moisture

Moisture content is one of the most important factors that 
maintaining food quality because increase in moisture 
content assists microbial growth and eventually deteriorates 
quality. In the present study, the moisture content of the 
composite bread T3 and locally available breads was found 
26.50 to 34.12% (Table VI). Highest moisture content was 
for S3whereas lowest in buckwheat flour fortified bread 

T3.This may be explained as buckwheat flour contained 
greater amount of total dry solids. This study is in agreement 
with others (Baljeet et al., 2010). Hence, the developed bread 
is suitable as compared to similar breads.

Ash

The ash content of all the bread samples was found 0.78 to 
1.06% (Table VI).The ash content of buckwheat flour 
fortified bread (T3) was found highest among other samples 
and the difference is also significant. Highest ash content in 
the present study may be due to higher ash percentage in 
buckwheat flour than wheat flour (Baljeet et al., 2010). This 
study further strengthens the suitability of the developed 
bread as a source of micronutrient.

Protein 

In this study, the protein content of the breads analyzed from 
local market was significantly lower than the formulated 
buckwheat breads. The protein content of all the bread 
samples was ranged from 7.05 to 14.07% (Table VI). Highest 
protein content was found in the formulated buckwheat bread 
(T3) while least in sample S1. The increased protein content 
may be explained as buckwheat flour has higher protein as 
compared to wheat (Wronkowska and Soral, 2008). Higher 
protein content of buckwheat formulated bread will make it a 
greater choice to overcome the protein energy malnutrition 
problem of the country.

Fat

The fat content of all the bread samples was ranged from 3.01 
to 5.69% (Table VI). The lowest fat content was found in 
locally available bread, S5whereas highest in T6 (Table 
IV).The fat content of the buckwheat fortified bread (T3) is 
significantly higher than all the bread samples except sample 
S6 which has higher fat than buckwheat fortified bread (T3). 
The higher fat of T3 bread may be explained as buckwheat 
contains higher amount of fat than wheat, supported by the 
study of Alvarez-Jubete et al. (2009).

Fiber

Fiber is an important component of our regular diet. It has 
many health benefits like prevention of several diseases such 
as cardiovascular diseases, irritable colon, cancer, 
constipation, diabetes (Elleuch et al., 2011; Slavin, 2005). In 
the present study, buckwheat flour fortified bread, T3 showed 
highest fiber content (0.16%) as compared to locally 
available breads, S1 to S9. The difference in fiber content is 
also significant. The least content was found in samples S2, 
S3, and S9 (0.05%) (Table VI). The higher fiber content of 
buckwheat flour fortified bread, T3 will increase its 
acceptability among consumers as a fiber source. 

Carbohydrate

In this study, the carbohydrate content of the breads varied 
significantly. It ranged from 52.73to 59.31%. The lowest 

carbohydrate content was found in the buckwheat flour 
fortified bread, T3 (52.73%), whereas highest amount in 
locally available bread, S5 (59.31%) (Table VI).The lower 
carbohydrate content of the developed buckwheat bread 
(T3) makes it a good choice for health of adults and 
diabetes patients. 

Energy value

Food energy is the amount of chemical energy derives 
from food through oxidation.  An amount of 9 kcal/g and 
4 kcal/g energy is obtained through the oxidation of fat, 
protein and carbohydrate present in the diet respectively. 
In this study, the energy value of the breads was ranged 
from 277 to 316.52 kcal/100 g.The highest content was 
found for buckwheat flour fortified bread (T3) whereas 
least in the locally available Bread, S3 (Table VI).The 
difference in energy content may be due to higher protein 
and fat content of the presently developed bread.This 
newly developed buckwheat flour fortified bread may be 
a good choice for energy deficient people.

Conclusion

From the above studies, it can be stated that incorporation 
of buckwheat flour in the bread formulation has 
significant effects on the nutritional, physical and sensory 
attributes of bread. Based on the biochemical, physical 
and sensory results, it can be concluded that bread 
prepared with 30% substitution of wheat flour with 
buckwheat flour is acceptable in quality and it is 
nutritionally superior over locally available breads. The 
findings of the present study will help in development and 
utilization of functional foods that will not only improve 
the nutritional status of the population but also help those 
suffering from degenerative diseases. 
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Table I. Formulation of bread peparation fortified with buckwheat flours

Sample
name

Wheat
flour
(%)

Buckwheat
flour
(%)

Sugar
(%)

Salt
(%)

Yeast
(%)

Bread
improver

(%)

Milk
flavor
(%)

Egg
piece

Ingredients
Water
(ml)

Control (T0) 100 0 15 1 1.25 0.3 0.1 1 30

T1 90 10 15 1 1.25 0.3 0.1 1 30

T2 80 20 15 1 1.25 0.3 0.1 1 30

T3 70 30 15 1 1.25 0.3 0.1 1 30

T4 65 35 15 1 1.25 0.3 0.1 1 30

T5 60 40 15 1 1.25 0.3 0.1 1 30

Control (T0) =0% BWF; T1= 10% BWF; T2= 20% BWF; T3=30% BWF; T4=35% BWF, T5=40% BWF
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Introduction

Buckwheat (Fagopyrum esculentum) is a pseudocereal, 
widely being used for production of gluten free bakery 
products (Wronkowska and Soral-Smietana, 2008) and as 
a potential functional foods. It is an excellent source of 
protein, fiber, vitamins (B1, B2, B6, and E) and minerals 
(Wijngaard and Arendt, 2006). Buckwheat proteins have 
well balanced amino acids composition that increased its 
biological value. Buckwheat protein is rich in lysine that 
is limiting amino acids in many plant proteins. It also 
contains many health promoting components like rutin, 
quercetin, isovitexin, isoorientin, vitexin, orientin, 
phenols etc. (Fabjan et al. 2003; Dietrych-Szostak and 
Oleszek, 1999) that makes it an ideal choice of natural 
sources of antioxidant (Sun and Ho, 2005)butylated 
hydroxytoluene (BHT. Buckwheat has many health 
benefits like reduction of plasma cholesterol level, 
improvement of hypertension conditions, 
anti-inflammatory, neuro-protection, anticancer and 
antidiabetic effects (Quettier-Deleu et al., 2000). These 
nutritional and health benefits make buckwheat a greater 
choice for the formulation of different bakeries, crepes, 

pasta-noodles, cookies, cakes, breads, breakfast cereal 
formulations etc. (Gokcen and Nermin, 2012; Lin et al., 
2009; Bonafaccia and Kreft, 1994).

It is almost accepted that diet-based therapy is one of the 
most effective and sustainable way to combat with various 
diseases. However, development of effective food-based 
strategy depends on various factors like target communities, 
knowledge of nutrient sources and choice of suitable vehicle 
to incorporate functional ingredients. Wheat based baked 
products are now getting more importance as an appropriate 
vehicle for the incorporation of functional ingredients 
(Martins et al., 2017). These are not only popular in 
Bangladesh but also throughout the world to all ages of 
people because of its low price, palatability, ease of 
consumption and availability. Among the wheat based baked 
products, bread is a staple food in many countries around the 
world. In Bangladesh, the popularity of bread consumption is 
also increasing in both urban and sub-urban areas due to 
changing food habits, hectic life, increasing working people 
outside home and urban area (Begum et al., 2014). It is 
consumed extensively in most homes, restaurants and hotels 

all over the country. Urban lifestyle is clearly a more market 
dependent for food with very limited capacity for home 
preparation. As a consequence the diet can be even more heavily 
biased towards pre-prepared and pre-cooked ready to eat food. 

Considering the aforementioned nutritional and health 
benefits of buckwheat, and popularity and market size of 
bread, the present study was intended to explore the 
possibility of fortification of wheat flour with buckwheat 
flour (Fagopyrum esculentum) to formulate bread with 
improved nutritional value along with acceptable sensory 
properties.

Materials and methods

The study was accomplished in the laboratory of Quality 
Control Research Section of Institute of Food Science & 
Technology, Bangladesh Council of Scientific & Industrial 
Research (BCSIR), Dr. Qudrat-i-Khuda Road, Dhanmondi, 
Dhaka, Bangladesh.

Sample and raw material collection

Raw materials (buckwheat flour, wheat flour, sugar, salt, dry 
yeast, egg) that were used for the preparation of buckwheat 
bread were collected from local market. Nine samples of 
wheat bread were collected from local market of Dhanmondi 
and Mirpur area for this study. All  chemicals and materials 
were also purchased from local market. 

Design of experiment

Experimental design was done to formulate high percentage 
of buckwheat fortified bread without affecting bread texture 

significantly. Wheat flour was replaced with buckwheat flour 
as follows:

T0 = 100% wheat flour (WF)
T1 = 90% wheat flour (WF) + 10% buckwheat flour (BWF)
T2 = 80% wheat flour (WF) + 20% buckwheat flour (BWF)
T3 = 70% wheat flour (WF) + 30% buckwheat flour (BWF) 
T4 = 65% wheat flour (WF) + 35% buckwheat flour (BWF) 
T5 = 60% wheat flour (WF) + 40% buckwheat flour (BWF) 
Wheat flour without buckwheat flour was kept as control T0 
(100% WF). The formulation of bread preparation is outlined 
in the Table I.

Preparation of buckwheat fortified breads

The whole process of bread preparation is outlined in the 
Figure 1. Firstly, sugar (15g) and salt (1g) were dissolved in 
water (30ml). Then flours (wheat flour, buckwheat flour as 
mentioned in the design of experiment) and yeast (1.25g) 
were added, and mixed well. Egg (1 piece) and oil (5 ml) 
were added to the mixture and mixed well to make dough. 
Dough was kept for 2 hrs at 40o±2oC. Dough was given shape 
of loaf. Then, dough was kept for final puffing at 40o±2oC for 
60 min. Finally baking was done by placing the puffed dough 
in baking oven at 170o±5oC for 25±2 min followed by cooling  
at room temp and kept at 4oC for further analysis.

Proximate analysis of wheat flour, buckwheat flour, 
buckwheat fortified breads and locally available breads

The nutrition content (i.e., moisture, ash, protein, fat, fiber) of 
the newly developed buckwheat bread and locally available 
wheat breads were estimated according to the standard 

analytical methods (AOAC, 2005). The carbohydrate content 
and energy value was determined following the methods of 
Farzana and Mohajan (2015) and Eneche (1999). 

Mineral analysis of wheat flour, buckwheat flour and 
buckwheat fortified breads

Flame photometric method was used for the determination of 
sodium and potassium content (Jahan et al., 2011; Mutalik et 
al., 2011). Flame Atomic Absorption Spectrometric method 
was used for the determination of iron, copper, manganese 

and zinc (AOAC, 2005; Kirk and Sawyer, 1991).

Sensory analysis 

Sensory analysis of the developed buckwheat fortified bread 
was done using nine-point hedonic-scale scorecard (9 = like 
extremely, 8 = like very much, 7 = like moderately, 6 = like 
slightly, 5 = neither like or dislike, 4 = dislike slightly, 3 = 
dislike moderately, 2 = dislike very much, 1 = dislike 
extremely) (Lim, 2011).  A sensory panel consists of 10 
trained members, selected from the staff members of IFST,  

BCSIR, participated in the evaluation of sensory attributes 
such as color and appearance, texture, flavor, evenness of 
bake, taste and overall acceptability. 

Statistical analysis 

Data analysis was done using SPSS (Statistical Package for 
the Social Sciences) software, version 15.0, SPSS Inc. 
Chicago, Illinois, USA. Values were expressed as percentage 
and mean ± SD. The significance/non-significance of the 
mean difference was determined using one way ANOVA and 
Duncan test. Means were separated using t - test.

Results and discussion

Proximate compositions of wheat flour and buckwheat flour 
(on dry basis)

A comparative study of nutritional analysis of wheat flour 
and buckwheat flour has been shown in the Table II (on dry 
basis). In the study, in case of wheat flour, the moisture, 
protein, fat, ash, crude fiber and carbohydrate content was 
found to be 12.73%, 12.24%, 2.46%, 0.52%, 0.07% and 

71.98% respectively. While in buckwheat flour, the 
moisture, protein, fat, ash, crude fiber and carbohydrate 
content were found to be 5.47%, 16.66%, 3.42%, 1.68%, 
0.58% and 72.19%. The protein, crude fiber, ash and fat 
content were significantly higher and moisture content is 
also significantly lower as compared to the wheat flour 
(Table II), supported by other studies (Selimovic et al., 
2014; Bhavsar et al., 2013)

In case of mineral contents, buckwheat flour has 
significantly higher sodium (20.59 mg/100g),  potassium 
(360.89mg/100g), copper (1.12mg/100g), zinc (5.19mg/ 
100g), iron (4.95mg/ 100g)  and manganese (1.23mg/ 
100g)  content than that of the wheat flour 
(sodium-14.78mg/100g, potassium-116.81mg/ 100g, 
copper-0.15mg/100g, zinc-1.61mg/100g, 
iron-2.36mg/100g, manganese-0. 67mg/100g) (Table II), 
supported by the study of Bhavsar et al.(2013).

Proximate composition and mineral analysis of buckwheat 
fortified breads (on dry basis)

Breads with different levels of buckwheat flour were 
prepared and subsequently their proximate and mineral 
analysis was carried out. These results were shown in the 
Table III (on dry basis). 

In the present study, the moisture (29.91 to 25.41%) and 
carbohydrate (54.23 to 51.11%) contents were decreased with 
the increasing level of buckwheat flour, while the ash (0.80 to 
1.21%), protein (10.11 to 16.23%), fat (4.88 to 5.85%), fiber 
(0.07 to 0.19 %) and energy (301 to 322 kcal/100g) contents 
were linearly increased with the increasing percentage of 
buckwheat flour in the bread preparation (Table III). These 
trends of increase are in agreement with the study of 
Selimovic et al. (2014)  The highest moisture content was 
found for control, T0 (29.91%) while least for treatment T5 
(25.41%). The moisture content for other treatments, T1, T2, 
T3 and T4 was found to be 28.95%, 27.86%, 26.50%, and 
26.01% respectively. Decreased water content of finished 
bread may be a consequence of depleted water absorption 
capacity of dough due to addition of buckwheat flour, 
supported by the study of Baljeet et al. (2010).

The highest ash content was found for treatment, T5 (1.21%) 
while least for control, T0 (0.80%). The ash content for other 
treatments, T1, T2, T3 and T4 was found 0.92%, 0.97%, 
1.06%, and 1.11% respectively. The highest protein content 
was found for treatment, T5 (16.23%) while least for control, 
T0 (10.11%). The protein content for other treatments, T1, T2, 
T3 and T4 was found 11.01%, 12.52%, 14.07%, and 15.04% 
respectively. The highest fat content was found for treatment, 
T5 (5.85%) while least for control, T0 (4.88%). The fat 

content for other treatments, T1, T2, T3 and T4 was found 
5.06%, 5.28%, 5.48%, and 5.62% respectively. The highest 
fibercontent was found for treatment, T5 (0.19%) while least 
for control, T0 (0.07%). The fiber content for other 
treatments, T1, T2, T3 and T4 was found 0.11%, 0.13%, 
0.16%, and 0.18% respectively. The highest carbohydrate 
content was found for control, T0 (54.23%) while least for 
treatment, T5 (51.11%). The carbohydrate content for other 
treatments, T1, T2, T3 and T4 was found 53.95%, 53.24%, 
52.73%, and 52.04% respectively. The highest energy content 
was found for treatment, T5 (322kcal/100g) while least for 
control, T0 (301kcal/100g). The energy content for other 
treatments, T1, T2, T3 and T4 was found 305kcal/100g, 
311kcal/100g, 317kcal/100g and 319kcal/100g respectively. 
The increase value of these parameters is due to incorporation 
of buckwheat flour as this flour contains higher amount of 
protein, fat, ash, fiber, carbohydrate and energy than wheat 
flour (Bhavsar et al., 2013).

The mineral contents (sodium ranged from 177.42 to 
238.91mg/100g, potassium ranged from 71.16 to 
99.31mg/100g, copper ranged from 0.03 to 0.22mg/100g, 
zinc ranged from 0.21 to 1.05mg/100g, iron ranged from 1.66 
to 2.29mg/100g and manganese ranged from 0.37 to 
0.50mg/100g) were increased with the increasing content of 
buckwheat flour (Table III). Similar increasing trends were 
also observed in other studies (Bojnanska et al., 2009; 
Wronkowska et al., 2008). 

The highest sodium (Na) content was found for treatment, 
T5 (238.91mg/100g) while least for control, T0 
(177.42mg/100g). The sodium content for other 
treatments, T1, T2, T3 and T4 was found 
190.52mg/100g, 202.35mg/100g, 222.35mg/100g and 
231.94mg/100g respectively. The highest potassium (K) 
content was found for treatment, T5 (99.31mg/100g) 
while least for control, T0 (71.16mg/100g). The sodium 

content for other treatments, T1, T2, T3 and T4 was 
found 76.26mg/100g, 84.01mg/100g, 90.05mg/100g and 
95.87mg/100g respectively. The highest copper (Cu) 
content was found for treatment, T5 (0.22mg/100g) 
while least for control, T0 (0.03mg/100g). The copper 
content for other treatments, T1, T2, T3 and T4 was 
found 0.06mg/100g, 0.08mg/100g, 0.12mg/100g and 
0.15mg/100g respectively. The highest zinc (Zn) content 
was found for treatment, T5 (1.05mg/100g) while least 
for control, T0 (0.21mg/100g). The zinc content for 
other treatments, T1, T2, T3 and T4 was found 
0.35mg/100g, 0.58mg/100g, 0.69mg/100g and 
0.88mg/100g respectively. The highest iron (Fe) content 
was found for treatment, T5 (2.29mg/100g) while least 
for control, T0 (1.66mg/100g). The iron content for 
other treatments, T1, T2, T3 and T4 was found 
1.79mg/100g, 1.96mg/100g, 2.10mg/100g and 
2.18mg/100g respectively. The highest manganese (Mn) 
content was found for treatment, T5 (0.50mg/100g) 
while least for control, T0 (0.37mg/100g). The sodium 
content for other treatments, T1, T2, T3 and T4 was 
found 0.40mg/100g, 0.42mg/100g, 0.45mg/100g and 
0.46mg/100g respectively. These increases in the 
minerals content of the breads sample may be due to 
higher minerals content of buckwheat flour as compared 
to wheat flour.

Physical properties of buckwheat flour fortified breads

In order to assess the effect of incorporation of buckwheat 
flour on the physical properties of bread, different parameters 
such as loaf volume, loaf weight and specific volume were 
investigated and presented in the Table IV.

In the study, loaf volume and loaf specific volume were 
decreased with the increase of buckwheat flour. Highest loaf 

volume was found for control, T0 (690 cc) whereas lowest in 
treatment T5 (414cc). The loaf volume for other treatments, 
T1, T2, T3 and T4 was found 614cc, 540cc, 476cc and 442cc 
respectively, supported by the study of (Wronkowska et al., 
2008). The loaf weight of the treatments, T0, T1, T2, T3, T4 
and T5 was found 142.35g, 141.97g, 153.20g, 147.44g, 
146.11g and 145.21g respectively. In case of loaf specific 

volume, control, T0 showed highest (4.85cc/g) and treatment 
T5 lowest specific loaf volume (2.85cc/g). The specific loaf 
volume for other treatments, T1, T2, T3 and T4 was found 
4.32cc/g, 3.52cc/g, 3.23cc/g and 3.02cc/g. These results in 
the present study are in line with the findings of other studies 
(Drobo tet al., 2014; Bhavsar et al., 2013). The decrease in 
volume of breads may be due to decrease in gluten content 
and hence, decrease in air trapping capacity of the network 
that ultimately retards the increase in volume of breads. 

Effect of different levels of buckwheat flour on sensorial 
qualities of bread

Sensory evaluation is an effective tools to judge whether the 
product will be acceptable or not among the consumers. In 
the present investigation, sensory qualities of breads 
prepared with the incorporation of different levels of 

buckwheat flour,10% (T1), 20% (T2), 30% (T3), 35% 
(T4) and 40% (T5),  showed that with regard to color 
and appearance, texture, flavor, evenness of bake, 
taste, and overall acceptance, 30% buckwheat 
fortified bread (T3) was found to be best among 
others. The effects of the incorporation of buckwheat 
flour (BWF) into sensory attributes of breads were 
shown in Table V.

The color and appearance is one of the most important 
sensory parameter that makes first impression in the 
consumers mind about the product. In the present study, the 
mean score for color and appearance was ranged from 8.0 to 
8.8 and highest score was found in control, T0 while least in 
treatment T5.  For other treatments, T1, T2, T3 and T4, it was 
found 8.67, 8.58, 8.44 and 8.25 respectively. The mean score 
for color and appearance was found decreasing as the 
increasing percentages of buckwheat flour due to the dark 
color of buckwheat flour (Gokcen and Nermin, 2012). 
Similar findings were also reported by Bhavsar et al. (2013).

The texture is also an important sensory attribute to judge 
whether the food is soft or hard. In case of bread, it is the feel 
of interior part after it has been sliced off. In the study, the 
textural properties of all the bread samples were found 
decreasing with the increasing amount of buckwheat flour 
and highest score for textural properties was found for 
control, T0 (8.83) while least for T5(7.82). Similar results 
were also reported by other studies (Bhavsar et al., 2013; 
Petra et al., 2012). The mean score for texture of other 
treatments T1, T2, T3 and T4 were found  to be 8.66, 8.45, 
8.36 and 8.09 respectively. 

The flavor of the bread samples varied significantly from 
7.84 to 8.20. Highest mean score for flavor was reported for 
T5 while least for control, T0. The mean scores for other 
treatments, T1, T2, T3 and T4 were found to be 7.95, 8.05, 
8.11 and 8.17 respectively. Similar findings were also 
reported by Bhattarai et al. (2012).

Another sensory attribute of bread is the symmetry and 
evenness which depends on the strength of gluten and 
homogeneous vapor production at the time of baking. Gluten 
forms a network that retains vapors during baking. Any 
decrease in gluten content also reduces network formation 
that ultimately decreases symmetry and evenness of bread. In 
the present study, the symmetry and evenness of all the bread 
samples were linearly decreased with the increase of 
buckwheat flour percentages due to lower gluten content in 
the breads. Highest score was observed for control, T0 (8.74) 
while least in T5 (7.70). The mean scores for evenness of 
other treatments T1, T2, T3 and T4 were found  to be 8.61, 
8.50, 8.21 and 7.97 respectively. This study is in agreement 
with Bhavsar et al. (2013).

Taste is also one of the most important parameters to assess 
the sensory quality of any foods because it determines the 
acceptability and market success of the foods concerned. In 

the present investigation taste of all the bread samples varied 
significantly from each other’s. The mean score for taste was 
found highest for treatment T3 (8.44) and lowest for 
treatment T5 (7.94). For other treatments, T0, T1, T2 and T4, 
the mean scores were found  to be 8.09, 8.25, 8.34 and 8.0 
respectively. In case of overall acceptability, control T0 
(8.33) and treatment, T3 (8.27) showed significantly higher 
mean score as compared to others, T1 (8.14), T2 (8.06), T4 
(7.95) and T5 (7.90). The overall acceptance for control and 
treatment T3 did not vary significantly. Based on all the 
sensory attributes, bread formulated with 30% (T3) 
buckwheat flour is acceptable in sensory quality (Fig. 2). 
Above this level of buckwheat flour fortification, bread 
received a lower sensory score.

 

Comparison of buckwheat fortified bread (T3) with locally 
available breads

The buckwheat flour fortified bread, T3 (30% buckwheat 
flour), was compared with locally available breads to assess 
its nutritional value over these bakery products and presented 
in the Table VI. 

Moisture

Moisture content is one of the most important factors that 
maintaining food quality because increase in moisture 
content assists microbial growth and eventually deteriorates 
quality. In the present study, the moisture content of the 
composite bread T3 and locally available breads was found 
26.50 to 34.12% (Table VI). Highest moisture content was 
for S3whereas lowest in buckwheat flour fortified bread 

T3.This may be explained as buckwheat flour contained 
greater amount of total dry solids. This study is in agreement 
with others (Baljeet et al., 2010). Hence, the developed bread 
is suitable as compared to similar breads.

Ash

The ash content of all the bread samples was found 0.78 to 
1.06% (Table VI).The ash content of buckwheat flour 
fortified bread (T3) was found highest among other samples 
and the difference is also significant. Highest ash content in 
the present study may be due to higher ash percentage in 
buckwheat flour than wheat flour (Baljeet et al., 2010). This 
study further strengthens the suitability of the developed 
bread as a source of micronutrient.

Protein 

In this study, the protein content of the breads analyzed from 
local market was significantly lower than the formulated 
buckwheat breads. The protein content of all the bread 
samples was ranged from 7.05 to 14.07% (Table VI). Highest 
protein content was found in the formulated buckwheat bread 
(T3) while least in sample S1. The increased protein content 
may be explained as buckwheat flour has higher protein as 
compared to wheat (Wronkowska and Soral, 2008). Higher 
protein content of buckwheat formulated bread will make it a 
greater choice to overcome the protein energy malnutrition 
problem of the country.

Fat

The fat content of all the bread samples was ranged from 3.01 
to 5.69% (Table VI). The lowest fat content was found in 
locally available bread, S5whereas highest in T6 (Table 
IV).The fat content of the buckwheat fortified bread (T3) is 
significantly higher than all the bread samples except sample 
S6 which has higher fat than buckwheat fortified bread (T3). 
The higher fat of T3 bread may be explained as buckwheat 
contains higher amount of fat than wheat, supported by the 
study of Alvarez-Jubete et al. (2009).

Fiber

Fiber is an important component of our regular diet. It has 
many health benefits like prevention of several diseases such 
as cardiovascular diseases, irritable colon, cancer, 
constipation, diabetes (Elleuch et al., 2011; Slavin, 2005). In 
the present study, buckwheat flour fortified bread, T3 showed 
highest fiber content (0.16%) as compared to locally 
available breads, S1 to S9. The difference in fiber content is 
also significant. The least content was found in samples S2, 
S3, and S9 (0.05%) (Table VI). The higher fiber content of 
buckwheat flour fortified bread, T3 will increase its 
acceptability among consumers as a fiber source. 

Carbohydrate

In this study, the carbohydrate content of the breads varied 
significantly. It ranged from 52.73to 59.31%. The lowest 

carbohydrate content was found in the buckwheat flour 
fortified bread, T3 (52.73%), whereas highest amount in 
locally available bread, S5 (59.31%) (Table VI).The lower 
carbohydrate content of the developed buckwheat bread 
(T3) makes it a good choice for health of adults and 
diabetes patients. 

Energy value

Food energy is the amount of chemical energy derives 
from food through oxidation.  An amount of 9 kcal/g and 
4 kcal/g energy is obtained through the oxidation of fat, 
protein and carbohydrate present in the diet respectively. 
In this study, the energy value of the breads was ranged 
from 277 to 316.52 kcal/100 g.The highest content was 
found for buckwheat flour fortified bread (T3) whereas 
least in the locally available Bread, S3 (Table VI).The 
difference in energy content may be due to higher protein 
and fat content of the presently developed bread.This 
newly developed buckwheat flour fortified bread may be 
a good choice for energy deficient people.

Conclusion

From the above studies, it can be stated that incorporation 
of buckwheat flour in the bread formulation has 
significant effects on the nutritional, physical and sensory 
attributes of bread. Based on the biochemical, physical 
and sensory results, it can be concluded that bread 
prepared with 30% substitution of wheat flour with 
buckwheat flour is acceptable in quality and it is 
nutritionally superior over locally available breads. The 
findings of the present study will help in development and 
utilization of functional foods that will not only improve 
the nutritional status of the population but also help those 
suffering from degenerative diseases. 
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Wheat flour, buckwheat 
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and salt in 20 ml 
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Mixing for 10 min  

Addition of oil, egg 
and remaining water  

Dough formation  

Dough resting for 2 hrs, 40o±2oC 

Shaping the dough into loaf  

Final puffing for 60 min, 40o±2 oC

Baking at 170o ±5 oC for 25±2 min

Cooled at room temp  

Fig. 1. Flow chart for the preparation of Buckwheat fortified bread
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Introduction

Buckwheat (Fagopyrum esculentum) is a pseudocereal, 
widely being used for production of gluten free bakery 
products (Wronkowska and Soral-Smietana, 2008) and as 
a potential functional foods. It is an excellent source of 
protein, fiber, vitamins (B1, B2, B6, and E) and minerals 
(Wijngaard and Arendt, 2006). Buckwheat proteins have 
well balanced amino acids composition that increased its 
biological value. Buckwheat protein is rich in lysine that 
is limiting amino acids in many plant proteins. It also 
contains many health promoting components like rutin, 
quercetin, isovitexin, isoorientin, vitexin, orientin, 
phenols etc. (Fabjan et al. 2003; Dietrych-Szostak and 
Oleszek, 1999) that makes it an ideal choice of natural 
sources of antioxidant (Sun and Ho, 2005)butylated 
hydroxytoluene (BHT. Buckwheat has many health 
benefits like reduction of plasma cholesterol level, 
improvement of hypertension conditions, 
anti-inflammatory, neuro-protection, anticancer and 
antidiabetic effects (Quettier-Deleu et al., 2000). These 
nutritional and health benefits make buckwheat a greater 
choice for the formulation of different bakeries, crepes, 

pasta-noodles, cookies, cakes, breads, breakfast cereal 
formulations etc. (Gokcen and Nermin, 2012; Lin et al., 
2009; Bonafaccia and Kreft, 1994).

It is almost accepted that diet-based therapy is one of the 
most effective and sustainable way to combat with various 
diseases. However, development of effective food-based 
strategy depends on various factors like target communities, 
knowledge of nutrient sources and choice of suitable vehicle 
to incorporate functional ingredients. Wheat based baked 
products are now getting more importance as an appropriate 
vehicle for the incorporation of functional ingredients 
(Martins et al., 2017). These are not only popular in 
Bangladesh but also throughout the world to all ages of 
people because of its low price, palatability, ease of 
consumption and availability. Among the wheat based baked 
products, bread is a staple food in many countries around the 
world. In Bangladesh, the popularity of bread consumption is 
also increasing in both urban and sub-urban areas due to 
changing food habits, hectic life, increasing working people 
outside home and urban area (Begum et al., 2014). It is 
consumed extensively in most homes, restaurants and hotels 

all over the country. Urban lifestyle is clearly a more market 
dependent for food with very limited capacity for home 
preparation. As a consequence the diet can be even more heavily 
biased towards pre-prepared and pre-cooked ready to eat food. 

Considering the aforementioned nutritional and health 
benefits of buckwheat, and popularity and market size of 
bread, the present study was intended to explore the 
possibility of fortification of wheat flour with buckwheat 
flour (Fagopyrum esculentum) to formulate bread with 
improved nutritional value along with acceptable sensory 
properties.

Materials and methods

The study was accomplished in the laboratory of Quality 
Control Research Section of Institute of Food Science & 
Technology, Bangladesh Council of Scientific & Industrial 
Research (BCSIR), Dr. Qudrat-i-Khuda Road, Dhanmondi, 
Dhaka, Bangladesh.

Sample and raw material collection

Raw materials (buckwheat flour, wheat flour, sugar, salt, dry 
yeast, egg) that were used for the preparation of buckwheat 
bread were collected from local market. Nine samples of 
wheat bread were collected from local market of Dhanmondi 
and Mirpur area for this study. All  chemicals and materials 
were also purchased from local market. 

Design of experiment

Experimental design was done to formulate high percentage 
of buckwheat fortified bread without affecting bread texture 

significantly. Wheat flour was replaced with buckwheat flour 
as follows:

T0 = 100% wheat flour (WF)
T1 = 90% wheat flour (WF) + 10% buckwheat flour (BWF)
T2 = 80% wheat flour (WF) + 20% buckwheat flour (BWF)
T3 = 70% wheat flour (WF) + 30% buckwheat flour (BWF) 
T4 = 65% wheat flour (WF) + 35% buckwheat flour (BWF) 
T5 = 60% wheat flour (WF) + 40% buckwheat flour (BWF) 
Wheat flour without buckwheat flour was kept as control T0 
(100% WF). The formulation of bread preparation is outlined 
in the Table I.

Preparation of buckwheat fortified breads

The whole process of bread preparation is outlined in the 
Figure 1. Firstly, sugar (15g) and salt (1g) were dissolved in 
water (30ml). Then flours (wheat flour, buckwheat flour as 
mentioned in the design of experiment) and yeast (1.25g) 
were added, and mixed well. Egg (1 piece) and oil (5 ml) 
were added to the mixture and mixed well to make dough. 
Dough was kept for 2 hrs at 40o±2oC. Dough was given shape 
of loaf. Then, dough was kept for final puffing at 40o±2oC for 
60 min. Finally baking was done by placing the puffed dough 
in baking oven at 170o±5oC for 25±2 min followed by cooling  
at room temp and kept at 4oC for further analysis.

Proximate analysis of wheat flour, buckwheat flour, 
buckwheat fortified breads and locally available breads

The nutrition content (i.e., moisture, ash, protein, fat, fiber) of 
the newly developed buckwheat bread and locally available 
wheat breads were estimated according to the standard 

analytical methods (AOAC, 2005). The carbohydrate content 
and energy value was determined following the methods of 
Farzana and Mohajan (2015) and Eneche (1999). 

Mineral analysis of wheat flour, buckwheat flour and 
buckwheat fortified breads

Flame photometric method was used for the determination of 
sodium and potassium content (Jahan et al., 2011; Mutalik et 
al., 2011). Flame Atomic Absorption Spectrometric method 
was used for the determination of iron, copper, manganese 

and zinc (AOAC, 2005; Kirk and Sawyer, 1991).

Sensory analysis 

Sensory analysis of the developed buckwheat fortified bread 
was done using nine-point hedonic-scale scorecard (9 = like 
extremely, 8 = like very much, 7 = like moderately, 6 = like 
slightly, 5 = neither like or dislike, 4 = dislike slightly, 3 = 
dislike moderately, 2 = dislike very much, 1 = dislike 
extremely) (Lim, 2011).  A sensory panel consists of 10 
trained members, selected from the staff members of IFST,  

BCSIR, participated in the evaluation of sensory attributes 
such as color and appearance, texture, flavor, evenness of 
bake, taste and overall acceptability. 

Statistical analysis 

Data analysis was done using SPSS (Statistical Package for 
the Social Sciences) software, version 15.0, SPSS Inc. 
Chicago, Illinois, USA. Values were expressed as percentage 
and mean ± SD. The significance/non-significance of the 
mean difference was determined using one way ANOVA and 
Duncan test. Means were separated using t - test.

Results and discussion

Proximate compositions of wheat flour and buckwheat flour 
(on dry basis)

A comparative study of nutritional analysis of wheat flour 
and buckwheat flour has been shown in the Table II (on dry 
basis). In the study, in case of wheat flour, the moisture, 
protein, fat, ash, crude fiber and carbohydrate content was 
found to be 12.73%, 12.24%, 2.46%, 0.52%, 0.07% and 

71.98% respectively. While in buckwheat flour, the 
moisture, protein, fat, ash, crude fiber and carbohydrate 
content were found to be 5.47%, 16.66%, 3.42%, 1.68%, 
0.58% and 72.19%. The protein, crude fiber, ash and fat 
content were significantly higher and moisture content is 
also significantly lower as compared to the wheat flour 
(Table II), supported by other studies (Selimovic et al., 
2014; Bhavsar et al., 2013)

In case of mineral contents, buckwheat flour has 
significantly higher sodium (20.59 mg/100g),  potassium 
(360.89mg/100g), copper (1.12mg/100g), zinc (5.19mg/ 
100g), iron (4.95mg/ 100g)  and manganese (1.23mg/ 
100g)  content than that of the wheat flour 
(sodium-14.78mg/100g, potassium-116.81mg/ 100g, 
copper-0.15mg/100g, zinc-1.61mg/100g, 
iron-2.36mg/100g, manganese-0. 67mg/100g) (Table II), 
supported by the study of Bhavsar et al.(2013).

Proximate composition and mineral analysis of buckwheat 
fortified breads (on dry basis)

Breads with different levels of buckwheat flour were 
prepared and subsequently their proximate and mineral 
analysis was carried out. These results were shown in the 
Table III (on dry basis). 

In the present study, the moisture (29.91 to 25.41%) and 
carbohydrate (54.23 to 51.11%) contents were decreased with 
the increasing level of buckwheat flour, while the ash (0.80 to 
1.21%), protein (10.11 to 16.23%), fat (4.88 to 5.85%), fiber 
(0.07 to 0.19 %) and energy (301 to 322 kcal/100g) contents 
were linearly increased with the increasing percentage of 
buckwheat flour in the bread preparation (Table III). These 
trends of increase are in agreement with the study of 
Selimovic et al. (2014)  The highest moisture content was 
found for control, T0 (29.91%) while least for treatment T5 
(25.41%). The moisture content for other treatments, T1, T2, 
T3 and T4 was found to be 28.95%, 27.86%, 26.50%, and 
26.01% respectively. Decreased water content of finished 
bread may be a consequence of depleted water absorption 
capacity of dough due to addition of buckwheat flour, 
supported by the study of Baljeet et al. (2010).

The highest ash content was found for treatment, T5 (1.21%) 
while least for control, T0 (0.80%). The ash content for other 
treatments, T1, T2, T3 and T4 was found 0.92%, 0.97%, 
1.06%, and 1.11% respectively. The highest protein content 
was found for treatment, T5 (16.23%) while least for control, 
T0 (10.11%). The protein content for other treatments, T1, T2, 
T3 and T4 was found 11.01%, 12.52%, 14.07%, and 15.04% 
respectively. The highest fat content was found for treatment, 
T5 (5.85%) while least for control, T0 (4.88%). The fat 

content for other treatments, T1, T2, T3 and T4 was found 
5.06%, 5.28%, 5.48%, and 5.62% respectively. The highest 
fibercontent was found for treatment, T5 (0.19%) while least 
for control, T0 (0.07%). The fiber content for other 
treatments, T1, T2, T3 and T4 was found 0.11%, 0.13%, 
0.16%, and 0.18% respectively. The highest carbohydrate 
content was found for control, T0 (54.23%) while least for 
treatment, T5 (51.11%). The carbohydrate content for other 
treatments, T1, T2, T3 and T4 was found 53.95%, 53.24%, 
52.73%, and 52.04% respectively. The highest energy content 
was found for treatment, T5 (322kcal/100g) while least for 
control, T0 (301kcal/100g). The energy content for other 
treatments, T1, T2, T3 and T4 was found 305kcal/100g, 
311kcal/100g, 317kcal/100g and 319kcal/100g respectively. 
The increase value of these parameters is due to incorporation 
of buckwheat flour as this flour contains higher amount of 
protein, fat, ash, fiber, carbohydrate and energy than wheat 
flour (Bhavsar et al., 2013).

The mineral contents (sodium ranged from 177.42 to 
238.91mg/100g, potassium ranged from 71.16 to 
99.31mg/100g, copper ranged from 0.03 to 0.22mg/100g, 
zinc ranged from 0.21 to 1.05mg/100g, iron ranged from 1.66 
to 2.29mg/100g and manganese ranged from 0.37 to 
0.50mg/100g) were increased with the increasing content of 
buckwheat flour (Table III). Similar increasing trends were 
also observed in other studies (Bojnanska et al., 2009; 
Wronkowska et al., 2008). 

The highest sodium (Na) content was found for treatment, 
T5 (238.91mg/100g) while least for control, T0 
(177.42mg/100g). The sodium content for other 
treatments, T1, T2, T3 and T4 was found 
190.52mg/100g, 202.35mg/100g, 222.35mg/100g and 
231.94mg/100g respectively. The highest potassium (K) 
content was found for treatment, T5 (99.31mg/100g) 
while least for control, T0 (71.16mg/100g). The sodium 

content for other treatments, T1, T2, T3 and T4 was 
found 76.26mg/100g, 84.01mg/100g, 90.05mg/100g and 
95.87mg/100g respectively. The highest copper (Cu) 
content was found for treatment, T5 (0.22mg/100g) 
while least for control, T0 (0.03mg/100g). The copper 
content for other treatments, T1, T2, T3 and T4 was 
found 0.06mg/100g, 0.08mg/100g, 0.12mg/100g and 
0.15mg/100g respectively. The highest zinc (Zn) content 
was found for treatment, T5 (1.05mg/100g) while least 
for control, T0 (0.21mg/100g). The zinc content for 
other treatments, T1, T2, T3 and T4 was found 
0.35mg/100g, 0.58mg/100g, 0.69mg/100g and 
0.88mg/100g respectively. The highest iron (Fe) content 
was found for treatment, T5 (2.29mg/100g) while least 
for control, T0 (1.66mg/100g). The iron content for 
other treatments, T1, T2, T3 and T4 was found 
1.79mg/100g, 1.96mg/100g, 2.10mg/100g and 
2.18mg/100g respectively. The highest manganese (Mn) 
content was found for treatment, T5 (0.50mg/100g) 
while least for control, T0 (0.37mg/100g). The sodium 
content for other treatments, T1, T2, T3 and T4 was 
found 0.40mg/100g, 0.42mg/100g, 0.45mg/100g and 
0.46mg/100g respectively. These increases in the 
minerals content of the breads sample may be due to 
higher minerals content of buckwheat flour as compared 
to wheat flour.

Physical properties of buckwheat flour fortified breads

In order to assess the effect of incorporation of buckwheat 
flour on the physical properties of bread, different parameters 
such as loaf volume, loaf weight and specific volume were 
investigated and presented in the Table IV.

In the study, loaf volume and loaf specific volume were 
decreased with the increase of buckwheat flour. Highest loaf 

volume was found for control, T0 (690 cc) whereas lowest in 
treatment T5 (414cc). The loaf volume for other treatments, 
T1, T2, T3 and T4 was found 614cc, 540cc, 476cc and 442cc 
respectively, supported by the study of (Wronkowska et al., 
2008). The loaf weight of the treatments, T0, T1, T2, T3, T4 
and T5 was found 142.35g, 141.97g, 153.20g, 147.44g, 
146.11g and 145.21g respectively. In case of loaf specific 

volume, control, T0 showed highest (4.85cc/g) and treatment 
T5 lowest specific loaf volume (2.85cc/g). The specific loaf 
volume for other treatments, T1, T2, T3 and T4 was found 
4.32cc/g, 3.52cc/g, 3.23cc/g and 3.02cc/g. These results in 
the present study are in line with the findings of other studies 
(Drobo tet al., 2014; Bhavsar et al., 2013). The decrease in 
volume of breads may be due to decrease in gluten content 
and hence, decrease in air trapping capacity of the network 
that ultimately retards the increase in volume of breads. 

Effect of different levels of buckwheat flour on sensorial 
qualities of bread

Sensory evaluation is an effective tools to judge whether the 
product will be acceptable or not among the consumers. In 
the present investigation, sensory qualities of breads 
prepared with the incorporation of different levels of 

buckwheat flour,10% (T1), 20% (T2), 30% (T3), 35% 
(T4) and 40% (T5),  showed that with regard to color 
and appearance, texture, flavor, evenness of bake, 
taste, and overall acceptance, 30% buckwheat 
fortified bread (T3) was found to be best among 
others. The effects of the incorporation of buckwheat 
flour (BWF) into sensory attributes of breads were 
shown in Table V.

The color and appearance is one of the most important 
sensory parameter that makes first impression in the 
consumers mind about the product. In the present study, the 
mean score for color and appearance was ranged from 8.0 to 
8.8 and highest score was found in control, T0 while least in 
treatment T5.  For other treatments, T1, T2, T3 and T4, it was 
found 8.67, 8.58, 8.44 and 8.25 respectively. The mean score 
for color and appearance was found decreasing as the 
increasing percentages of buckwheat flour due to the dark 
color of buckwheat flour (Gokcen and Nermin, 2012). 
Similar findings were also reported by Bhavsar et al. (2013).

The texture is also an important sensory attribute to judge 
whether the food is soft or hard. In case of bread, it is the feel 
of interior part after it has been sliced off. In the study, the 
textural properties of all the bread samples were found 
decreasing with the increasing amount of buckwheat flour 
and highest score for textural properties was found for 
control, T0 (8.83) while least for T5(7.82). Similar results 
were also reported by other studies (Bhavsar et al., 2013; 
Petra et al., 2012). The mean score for texture of other 
treatments T1, T2, T3 and T4 were found  to be 8.66, 8.45, 
8.36 and 8.09 respectively. 

The flavor of the bread samples varied significantly from 
7.84 to 8.20. Highest mean score for flavor was reported for 
T5 while least for control, T0. The mean scores for other 
treatments, T1, T2, T3 and T4 were found to be 7.95, 8.05, 
8.11 and 8.17 respectively. Similar findings were also 
reported by Bhattarai et al. (2012).

Another sensory attribute of bread is the symmetry and 
evenness which depends on the strength of gluten and 
homogeneous vapor production at the time of baking. Gluten 
forms a network that retains vapors during baking. Any 
decrease in gluten content also reduces network formation 
that ultimately decreases symmetry and evenness of bread. In 
the present study, the symmetry and evenness of all the bread 
samples were linearly decreased with the increase of 
buckwheat flour percentages due to lower gluten content in 
the breads. Highest score was observed for control, T0 (8.74) 
while least in T5 (7.70). The mean scores for evenness of 
other treatments T1, T2, T3 and T4 were found  to be 8.61, 
8.50, 8.21 and 7.97 respectively. This study is in agreement 
with Bhavsar et al. (2013).

Taste is also one of the most important parameters to assess 
the sensory quality of any foods because it determines the 
acceptability and market success of the foods concerned. In 

the present investigation taste of all the bread samples varied 
significantly from each other’s. The mean score for taste was 
found highest for treatment T3 (8.44) and lowest for 
treatment T5 (7.94). For other treatments, T0, T1, T2 and T4, 
the mean scores were found  to be 8.09, 8.25, 8.34 and 8.0 
respectively. In case of overall acceptability, control T0 
(8.33) and treatment, T3 (8.27) showed significantly higher 
mean score as compared to others, T1 (8.14), T2 (8.06), T4 
(7.95) and T5 (7.90). The overall acceptance for control and 
treatment T3 did not vary significantly. Based on all the 
sensory attributes, bread formulated with 30% (T3) 
buckwheat flour is acceptable in sensory quality (Fig. 2). 
Above this level of buckwheat flour fortification, bread 
received a lower sensory score.

 

Comparison of buckwheat fortified bread (T3) with locally 
available breads

The buckwheat flour fortified bread, T3 (30% buckwheat 
flour), was compared with locally available breads to assess 
its nutritional value over these bakery products and presented 
in the Table VI. 

Moisture

Moisture content is one of the most important factors that 
maintaining food quality because increase in moisture 
content assists microbial growth and eventually deteriorates 
quality. In the present study, the moisture content of the 
composite bread T3 and locally available breads was found 
26.50 to 34.12% (Table VI). Highest moisture content was 
for S3whereas lowest in buckwheat flour fortified bread 

T3.This may be explained as buckwheat flour contained 
greater amount of total dry solids. This study is in agreement 
with others (Baljeet et al., 2010). Hence, the developed bread 
is suitable as compared to similar breads.

Ash

The ash content of all the bread samples was found 0.78 to 
1.06% (Table VI).The ash content of buckwheat flour 
fortified bread (T3) was found highest among other samples 
and the difference is also significant. Highest ash content in 
the present study may be due to higher ash percentage in 
buckwheat flour than wheat flour (Baljeet et al., 2010). This 
study further strengthens the suitability of the developed 
bread as a source of micronutrient.

Protein 

In this study, the protein content of the breads analyzed from 
local market was significantly lower than the formulated 
buckwheat breads. The protein content of all the bread 
samples was ranged from 7.05 to 14.07% (Table VI). Highest 
protein content was found in the formulated buckwheat bread 
(T3) while least in sample S1. The increased protein content 
may be explained as buckwheat flour has higher protein as 
compared to wheat (Wronkowska and Soral, 2008). Higher 
protein content of buckwheat formulated bread will make it a 
greater choice to overcome the protein energy malnutrition 
problem of the country.

Fat

The fat content of all the bread samples was ranged from 3.01 
to 5.69% (Table VI). The lowest fat content was found in 
locally available bread, S5whereas highest in T6 (Table 
IV).The fat content of the buckwheat fortified bread (T3) is 
significantly higher than all the bread samples except sample 
S6 which has higher fat than buckwheat fortified bread (T3). 
The higher fat of T3 bread may be explained as buckwheat 
contains higher amount of fat than wheat, supported by the 
study of Alvarez-Jubete et al. (2009).

Fiber

Fiber is an important component of our regular diet. It has 
many health benefits like prevention of several diseases such 
as cardiovascular diseases, irritable colon, cancer, 
constipation, diabetes (Elleuch et al., 2011; Slavin, 2005). In 
the present study, buckwheat flour fortified bread, T3 showed 
highest fiber content (0.16%) as compared to locally 
available breads, S1 to S9. The difference in fiber content is 
also significant. The least content was found in samples S2, 
S3, and S9 (0.05%) (Table VI). The higher fiber content of 
buckwheat flour fortified bread, T3 will increase its 
acceptability among consumers as a fiber source. 

Carbohydrate

In this study, the carbohydrate content of the breads varied 
significantly. It ranged from 52.73to 59.31%. The lowest 

carbohydrate content was found in the buckwheat flour 
fortified bread, T3 (52.73%), whereas highest amount in 
locally available bread, S5 (59.31%) (Table VI).The lower 
carbohydrate content of the developed buckwheat bread 
(T3) makes it a good choice for health of adults and 
diabetes patients. 

Energy value

Food energy is the amount of chemical energy derives 
from food through oxidation.  An amount of 9 kcal/g and 
4 kcal/g energy is obtained through the oxidation of fat, 
protein and carbohydrate present in the diet respectively. 
In this study, the energy value of the breads was ranged 
from 277 to 316.52 kcal/100 g.The highest content was 
found for buckwheat flour fortified bread (T3) whereas 
least in the locally available Bread, S3 (Table VI).The 
difference in energy content may be due to higher protein 
and fat content of the presently developed bread.This 
newly developed buckwheat flour fortified bread may be 
a good choice for energy deficient people.

Conclusion

From the above studies, it can be stated that incorporation 
of buckwheat flour in the bread formulation has 
significant effects on the nutritional, physical and sensory 
attributes of bread. Based on the biochemical, physical 
and sensory results, it can be concluded that bread 
prepared with 30% substitution of wheat flour with 
buckwheat flour is acceptable in quality and it is 
nutritionally superior over locally available breads. The 
findings of the present study will help in development and 
utilization of functional foods that will not only improve 
the nutritional status of the population but also help those 
suffering from degenerative diseases. 
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Introduction

Buckwheat (Fagopyrum esculentum) is a pseudocereal, 
widely being used for production of gluten free bakery 
products (Wronkowska and Soral-Smietana, 2008) and as 
a potential functional foods. It is an excellent source of 
protein, fiber, vitamins (B1, B2, B6, and E) and minerals 
(Wijngaard and Arendt, 2006). Buckwheat proteins have 
well balanced amino acids composition that increased its 
biological value. Buckwheat protein is rich in lysine that 
is limiting amino acids in many plant proteins. It also 
contains many health promoting components like rutin, 
quercetin, isovitexin, isoorientin, vitexin, orientin, 
phenols etc. (Fabjan et al. 2003; Dietrych-Szostak and 
Oleszek, 1999) that makes it an ideal choice of natural 
sources of antioxidant (Sun and Ho, 2005)butylated 
hydroxytoluene (BHT. Buckwheat has many health 
benefits like reduction of plasma cholesterol level, 
improvement of hypertension conditions, 
anti-inflammatory, neuro-protection, anticancer and 
antidiabetic effects (Quettier-Deleu et al., 2000). These 
nutritional and health benefits make buckwheat a greater 
choice for the formulation of different bakeries, crepes, 

pasta-noodles, cookies, cakes, breads, breakfast cereal 
formulations etc. (Gokcen and Nermin, 2012; Lin et al., 
2009; Bonafaccia and Kreft, 1994).

It is almost accepted that diet-based therapy is one of the 
most effective and sustainable way to combat with various 
diseases. However, development of effective food-based 
strategy depends on various factors like target communities, 
knowledge of nutrient sources and choice of suitable vehicle 
to incorporate functional ingredients. Wheat based baked 
products are now getting more importance as an appropriate 
vehicle for the incorporation of functional ingredients 
(Martins et al., 2017). These are not only popular in 
Bangladesh but also throughout the world to all ages of 
people because of its low price, palatability, ease of 
consumption and availability. Among the wheat based baked 
products, bread is a staple food in many countries around the 
world. In Bangladesh, the popularity of bread consumption is 
also increasing in both urban and sub-urban areas due to 
changing food habits, hectic life, increasing working people 
outside home and urban area (Begum et al., 2014). It is 
consumed extensively in most homes, restaurants and hotels 

all over the country. Urban lifestyle is clearly a more market 
dependent for food with very limited capacity for home 
preparation. As a consequence the diet can be even more heavily 
biased towards pre-prepared and pre-cooked ready to eat food. 

Considering the aforementioned nutritional and health 
benefits of buckwheat, and popularity and market size of 
bread, the present study was intended to explore the 
possibility of fortification of wheat flour with buckwheat 
flour (Fagopyrum esculentum) to formulate bread with 
improved nutritional value along with acceptable sensory 
properties.

Materials and methods

The study was accomplished in the laboratory of Quality 
Control Research Section of Institute of Food Science & 
Technology, Bangladesh Council of Scientific & Industrial 
Research (BCSIR), Dr. Qudrat-i-Khuda Road, Dhanmondi, 
Dhaka, Bangladesh.

Sample and raw material collection

Raw materials (buckwheat flour, wheat flour, sugar, salt, dry 
yeast, egg) that were used for the preparation of buckwheat 
bread were collected from local market. Nine samples of 
wheat bread were collected from local market of Dhanmondi 
and Mirpur area for this study. All  chemicals and materials 
were also purchased from local market. 

Design of experiment

Experimental design was done to formulate high percentage 
of buckwheat fortified bread without affecting bread texture 

significantly. Wheat flour was replaced with buckwheat flour 
as follows:

T0 = 100% wheat flour (WF)
T1 = 90% wheat flour (WF) + 10% buckwheat flour (BWF)
T2 = 80% wheat flour (WF) + 20% buckwheat flour (BWF)
T3 = 70% wheat flour (WF) + 30% buckwheat flour (BWF) 
T4 = 65% wheat flour (WF) + 35% buckwheat flour (BWF) 
T5 = 60% wheat flour (WF) + 40% buckwheat flour (BWF) 
Wheat flour without buckwheat flour was kept as control T0 
(100% WF). The formulation of bread preparation is outlined 
in the Table I.

Preparation of buckwheat fortified breads

The whole process of bread preparation is outlined in the 
Figure 1. Firstly, sugar (15g) and salt (1g) were dissolved in 
water (30ml). Then flours (wheat flour, buckwheat flour as 
mentioned in the design of experiment) and yeast (1.25g) 
were added, and mixed well. Egg (1 piece) and oil (5 ml) 
were added to the mixture and mixed well to make dough. 
Dough was kept for 2 hrs at 40o±2oC. Dough was given shape 
of loaf. Then, dough was kept for final puffing at 40o±2oC for 
60 min. Finally baking was done by placing the puffed dough 
in baking oven at 170o±5oC for 25±2 min followed by cooling  
at room temp and kept at 4oC for further analysis.

Proximate analysis of wheat flour, buckwheat flour, 
buckwheat fortified breads and locally available breads

The nutrition content (i.e., moisture, ash, protein, fat, fiber) of 
the newly developed buckwheat bread and locally available 
wheat breads were estimated according to the standard 

analytical methods (AOAC, 2005). The carbohydrate content 
and energy value was determined following the methods of 
Farzana and Mohajan (2015) and Eneche (1999). 

Mineral analysis of wheat flour, buckwheat flour and 
buckwheat fortified breads

Flame photometric method was used for the determination of 
sodium and potassium content (Jahan et al., 2011; Mutalik et 
al., 2011). Flame Atomic Absorption Spectrometric method 
was used for the determination of iron, copper, manganese 

and zinc (AOAC, 2005; Kirk and Sawyer, 1991).

Sensory analysis 

Sensory analysis of the developed buckwheat fortified bread 
was done using nine-point hedonic-scale scorecard (9 = like 
extremely, 8 = like very much, 7 = like moderately, 6 = like 
slightly, 5 = neither like or dislike, 4 = dislike slightly, 3 = 
dislike moderately, 2 = dislike very much, 1 = dislike 
extremely) (Lim, 2011).  A sensory panel consists of 10 
trained members, selected from the staff members of IFST,  

BCSIR, participated in the evaluation of sensory attributes 
such as color and appearance, texture, flavor, evenness of 
bake, taste and overall acceptability. 

Statistical analysis 

Data analysis was done using SPSS (Statistical Package for 
the Social Sciences) software, version 15.0, SPSS Inc. 
Chicago, Illinois, USA. Values were expressed as percentage 
and mean ± SD. The significance/non-significance of the 
mean difference was determined using one way ANOVA and 
Duncan test. Means were separated using t - test.

Results and discussion

Proximate compositions of wheat flour and buckwheat flour 
(on dry basis)

A comparative study of nutritional analysis of wheat flour 
and buckwheat flour has been shown in the Table II (on dry 
basis). In the study, in case of wheat flour, the moisture, 
protein, fat, ash, crude fiber and carbohydrate content was 
found to be 12.73%, 12.24%, 2.46%, 0.52%, 0.07% and 

71.98% respectively. While in buckwheat flour, the 
moisture, protein, fat, ash, crude fiber and carbohydrate 
content were found to be 5.47%, 16.66%, 3.42%, 1.68%, 
0.58% and 72.19%. The protein, crude fiber, ash and fat 
content were significantly higher and moisture content is 
also significantly lower as compared to the wheat flour 
(Table II), supported by other studies (Selimovic et al., 
2014; Bhavsar et al., 2013)

In case of mineral contents, buckwheat flour has 
significantly higher sodium (20.59 mg/100g),  potassium 
(360.89mg/100g), copper (1.12mg/100g), zinc (5.19mg/ 
100g), iron (4.95mg/ 100g)  and manganese (1.23mg/ 
100g)  content than that of the wheat flour 
(sodium-14.78mg/100g, potassium-116.81mg/ 100g, 
copper-0.15mg/100g, zinc-1.61mg/100g, 
iron-2.36mg/100g, manganese-0. 67mg/100g) (Table II), 
supported by the study of Bhavsar et al.(2013).

Proximate composition and mineral analysis of buckwheat 
fortified breads (on dry basis)

Breads with different levels of buckwheat flour were 
prepared and subsequently their proximate and mineral 
analysis was carried out. These results were shown in the 
Table III (on dry basis). 

In the present study, the moisture (29.91 to 25.41%) and 
carbohydrate (54.23 to 51.11%) contents were decreased with 
the increasing level of buckwheat flour, while the ash (0.80 to 
1.21%), protein (10.11 to 16.23%), fat (4.88 to 5.85%), fiber 
(0.07 to 0.19 %) and energy (301 to 322 kcal/100g) contents 
were linearly increased with the increasing percentage of 
buckwheat flour in the bread preparation (Table III). These 
trends of increase are in agreement with the study of 
Selimovic et al. (2014)  The highest moisture content was 
found for control, T0 (29.91%) while least for treatment T5 
(25.41%). The moisture content for other treatments, T1, T2, 
T3 and T4 was found to be 28.95%, 27.86%, 26.50%, and 
26.01% respectively. Decreased water content of finished 
bread may be a consequence of depleted water absorption 
capacity of dough due to addition of buckwheat flour, 
supported by the study of Baljeet et al. (2010).

The highest ash content was found for treatment, T5 (1.21%) 
while least for control, T0 (0.80%). The ash content for other 
treatments, T1, T2, T3 and T4 was found 0.92%, 0.97%, 
1.06%, and 1.11% respectively. The highest protein content 
was found for treatment, T5 (16.23%) while least for control, 
T0 (10.11%). The protein content for other treatments, T1, T2, 
T3 and T4 was found 11.01%, 12.52%, 14.07%, and 15.04% 
respectively. The highest fat content was found for treatment, 
T5 (5.85%) while least for control, T0 (4.88%). The fat 

content for other treatments, T1, T2, T3 and T4 was found 
5.06%, 5.28%, 5.48%, and 5.62% respectively. The highest 
fibercontent was found for treatment, T5 (0.19%) while least 
for control, T0 (0.07%). The fiber content for other 
treatments, T1, T2, T3 and T4 was found 0.11%, 0.13%, 
0.16%, and 0.18% respectively. The highest carbohydrate 
content was found for control, T0 (54.23%) while least for 
treatment, T5 (51.11%). The carbohydrate content for other 
treatments, T1, T2, T3 and T4 was found 53.95%, 53.24%, 
52.73%, and 52.04% respectively. The highest energy content 
was found for treatment, T5 (322kcal/100g) while least for 
control, T0 (301kcal/100g). The energy content for other 
treatments, T1, T2, T3 and T4 was found 305kcal/100g, 
311kcal/100g, 317kcal/100g and 319kcal/100g respectively. 
The increase value of these parameters is due to incorporation 
of buckwheat flour as this flour contains higher amount of 
protein, fat, ash, fiber, carbohydrate and energy than wheat 
flour (Bhavsar et al., 2013).

The mineral contents (sodium ranged from 177.42 to 
238.91mg/100g, potassium ranged from 71.16 to 
99.31mg/100g, copper ranged from 0.03 to 0.22mg/100g, 
zinc ranged from 0.21 to 1.05mg/100g, iron ranged from 1.66 
to 2.29mg/100g and manganese ranged from 0.37 to 
0.50mg/100g) were increased with the increasing content of 
buckwheat flour (Table III). Similar increasing trends were 
also observed in other studies (Bojnanska et al., 2009; 
Wronkowska et al., 2008). 

The highest sodium (Na) content was found for treatment, 
T5 (238.91mg/100g) while least for control, T0 
(177.42mg/100g). The sodium content for other 
treatments, T1, T2, T3 and T4 was found 
190.52mg/100g, 202.35mg/100g, 222.35mg/100g and 
231.94mg/100g respectively. The highest potassium (K) 
content was found for treatment, T5 (99.31mg/100g) 
while least for control, T0 (71.16mg/100g). The sodium 

content for other treatments, T1, T2, T3 and T4 was 
found 76.26mg/100g, 84.01mg/100g, 90.05mg/100g and 
95.87mg/100g respectively. The highest copper (Cu) 
content was found for treatment, T5 (0.22mg/100g) 
while least for control, T0 (0.03mg/100g). The copper 
content for other treatments, T1, T2, T3 and T4 was 
found 0.06mg/100g, 0.08mg/100g, 0.12mg/100g and 
0.15mg/100g respectively. The highest zinc (Zn) content 
was found for treatment, T5 (1.05mg/100g) while least 
for control, T0 (0.21mg/100g). The zinc content for 
other treatments, T1, T2, T3 and T4 was found 
0.35mg/100g, 0.58mg/100g, 0.69mg/100g and 
0.88mg/100g respectively. The highest iron (Fe) content 
was found for treatment, T5 (2.29mg/100g) while least 
for control, T0 (1.66mg/100g). The iron content for 
other treatments, T1, T2, T3 and T4 was found 
1.79mg/100g, 1.96mg/100g, 2.10mg/100g and 
2.18mg/100g respectively. The highest manganese (Mn) 
content was found for treatment, T5 (0.50mg/100g) 
while least for control, T0 (0.37mg/100g). The sodium 
content for other treatments, T1, T2, T3 and T4 was 
found 0.40mg/100g, 0.42mg/100g, 0.45mg/100g and 
0.46mg/100g respectively. These increases in the 
minerals content of the breads sample may be due to 
higher minerals content of buckwheat flour as compared 
to wheat flour.

Physical properties of buckwheat flour fortified breads

In order to assess the effect of incorporation of buckwheat 
flour on the physical properties of bread, different parameters 
such as loaf volume, loaf weight and specific volume were 
investigated and presented in the Table IV.

In the study, loaf volume and loaf specific volume were 
decreased with the increase of buckwheat flour. Highest loaf 

volume was found for control, T0 (690 cc) whereas lowest in 
treatment T5 (414cc). The loaf volume for other treatments, 
T1, T2, T3 and T4 was found 614cc, 540cc, 476cc and 442cc 
respectively, supported by the study of (Wronkowska et al., 
2008). The loaf weight of the treatments, T0, T1, T2, T3, T4 
and T5 was found 142.35g, 141.97g, 153.20g, 147.44g, 
146.11g and 145.21g respectively. In case of loaf specific 

volume, control, T0 showed highest (4.85cc/g) and treatment 
T5 lowest specific loaf volume (2.85cc/g). The specific loaf 
volume for other treatments, T1, T2, T3 and T4 was found 
4.32cc/g, 3.52cc/g, 3.23cc/g and 3.02cc/g. These results in 
the present study are in line with the findings of other studies 
(Drobo tet al., 2014; Bhavsar et al., 2013). The decrease in 
volume of breads may be due to decrease in gluten content 
and hence, decrease in air trapping capacity of the network 
that ultimately retards the increase in volume of breads. 

Effect of different levels of buckwheat flour on sensorial 
qualities of bread

Sensory evaluation is an effective tools to judge whether the 
product will be acceptable or not among the consumers. In 
the present investigation, sensory qualities of breads 
prepared with the incorporation of different levels of 

buckwheat flour,10% (T1), 20% (T2), 30% (T3), 35% 
(T4) and 40% (T5),  showed that with regard to color 
and appearance, texture, flavor, evenness of bake, 
taste, and overall acceptance, 30% buckwheat 
fortified bread (T3) was found to be best among 
others. The effects of the incorporation of buckwheat 
flour (BWF) into sensory attributes of breads were 
shown in Table V.

The color and appearance is one of the most important 
sensory parameter that makes first impression in the 
consumers mind about the product. In the present study, the 
mean score for color and appearance was ranged from 8.0 to 
8.8 and highest score was found in control, T0 while least in 
treatment T5.  For other treatments, T1, T2, T3 and T4, it was 
found 8.67, 8.58, 8.44 and 8.25 respectively. The mean score 
for color and appearance was found decreasing as the 
increasing percentages of buckwheat flour due to the dark 
color of buckwheat flour (Gokcen and Nermin, 2012). 
Similar findings were also reported by Bhavsar et al. (2013).

The texture is also an important sensory attribute to judge 
whether the food is soft or hard. In case of bread, it is the feel 
of interior part after it has been sliced off. In the study, the 
textural properties of all the bread samples were found 
decreasing with the increasing amount of buckwheat flour 
and highest score for textural properties was found for 
control, T0 (8.83) while least for T5(7.82). Similar results 
were also reported by other studies (Bhavsar et al., 2013; 
Petra et al., 2012). The mean score for texture of other 
treatments T1, T2, T3 and T4 were found  to be 8.66, 8.45, 
8.36 and 8.09 respectively. 

The flavor of the bread samples varied significantly from 
7.84 to 8.20. Highest mean score for flavor was reported for 
T5 while least for control, T0. The mean scores for other 
treatments, T1, T2, T3 and T4 were found to be 7.95, 8.05, 
8.11 and 8.17 respectively. Similar findings were also 
reported by Bhattarai et al. (2012).

Another sensory attribute of bread is the symmetry and 
evenness which depends on the strength of gluten and 
homogeneous vapor production at the time of baking. Gluten 
forms a network that retains vapors during baking. Any 
decrease in gluten content also reduces network formation 
that ultimately decreases symmetry and evenness of bread. In 
the present study, the symmetry and evenness of all the bread 
samples were linearly decreased with the increase of 
buckwheat flour percentages due to lower gluten content in 
the breads. Highest score was observed for control, T0 (8.74) 
while least in T5 (7.70). The mean scores for evenness of 
other treatments T1, T2, T3 and T4 were found  to be 8.61, 
8.50, 8.21 and 7.97 respectively. This study is in agreement 
with Bhavsar et al. (2013).

Taste is also one of the most important parameters to assess 
the sensory quality of any foods because it determines the 
acceptability and market success of the foods concerned. In 

the present investigation taste of all the bread samples varied 
significantly from each other’s. The mean score for taste was 
found highest for treatment T3 (8.44) and lowest for 
treatment T5 (7.94). For other treatments, T0, T1, T2 and T4, 
the mean scores were found  to be 8.09, 8.25, 8.34 and 8.0 
respectively. In case of overall acceptability, control T0 
(8.33) and treatment, T3 (8.27) showed significantly higher 
mean score as compared to others, T1 (8.14), T2 (8.06), T4 
(7.95) and T5 (7.90). The overall acceptance for control and 
treatment T3 did not vary significantly. Based on all the 
sensory attributes, bread formulated with 30% (T3) 
buckwheat flour is acceptable in sensory quality (Fig. 2). 
Above this level of buckwheat flour fortification, bread 
received a lower sensory score.

 

Comparison of buckwheat fortified bread (T3) with locally 
available breads

The buckwheat flour fortified bread, T3 (30% buckwheat 
flour), was compared with locally available breads to assess 
its nutritional value over these bakery products and presented 
in the Table VI. 

Moisture

Moisture content is one of the most important factors that 
maintaining food quality because increase in moisture 
content assists microbial growth and eventually deteriorates 
quality. In the present study, the moisture content of the 
composite bread T3 and locally available breads was found 
26.50 to 34.12% (Table VI). Highest moisture content was 
for S3whereas lowest in buckwheat flour fortified bread 

T3.This may be explained as buckwheat flour contained 
greater amount of total dry solids. This study is in agreement 
with others (Baljeet et al., 2010). Hence, the developed bread 
is suitable as compared to similar breads.

Ash

The ash content of all the bread samples was found 0.78 to 
1.06% (Table VI).The ash content of buckwheat flour 
fortified bread (T3) was found highest among other samples 
and the difference is also significant. Highest ash content in 
the present study may be due to higher ash percentage in 
buckwheat flour than wheat flour (Baljeet et al., 2010). This 
study further strengthens the suitability of the developed 
bread as a source of micronutrient.

Protein 

In this study, the protein content of the breads analyzed from 
local market was significantly lower than the formulated 
buckwheat breads. The protein content of all the bread 
samples was ranged from 7.05 to 14.07% (Table VI). Highest 
protein content was found in the formulated buckwheat bread 
(T3) while least in sample S1. The increased protein content 
may be explained as buckwheat flour has higher protein as 
compared to wheat (Wronkowska and Soral, 2008). Higher 
protein content of buckwheat formulated bread will make it a 
greater choice to overcome the protein energy malnutrition 
problem of the country.

Fat

The fat content of all the bread samples was ranged from 3.01 
to 5.69% (Table VI). The lowest fat content was found in 
locally available bread, S5whereas highest in T6 (Table 
IV).The fat content of the buckwheat fortified bread (T3) is 
significantly higher than all the bread samples except sample 
S6 which has higher fat than buckwheat fortified bread (T3). 
The higher fat of T3 bread may be explained as buckwheat 
contains higher amount of fat than wheat, supported by the 
study of Alvarez-Jubete et al. (2009).

Fiber

Fiber is an important component of our regular diet. It has 
many health benefits like prevention of several diseases such 
as cardiovascular diseases, irritable colon, cancer, 
constipation, diabetes (Elleuch et al., 2011; Slavin, 2005). In 
the present study, buckwheat flour fortified bread, T3 showed 
highest fiber content (0.16%) as compared to locally 
available breads, S1 to S9. The difference in fiber content is 
also significant. The least content was found in samples S2, 
S3, and S9 (0.05%) (Table VI). The higher fiber content of 
buckwheat flour fortified bread, T3 will increase its 
acceptability among consumers as a fiber source. 

Carbohydrate

In this study, the carbohydrate content of the breads varied 
significantly. It ranged from 52.73to 59.31%. The lowest 

carbohydrate content was found in the buckwheat flour 
fortified bread, T3 (52.73%), whereas highest amount in 
locally available bread, S5 (59.31%) (Table VI).The lower 
carbohydrate content of the developed buckwheat bread 
(T3) makes it a good choice for health of adults and 
diabetes patients. 

Energy value

Food energy is the amount of chemical energy derives 
from food through oxidation.  An amount of 9 kcal/g and 
4 kcal/g energy is obtained through the oxidation of fat, 
protein and carbohydrate present in the diet respectively. 
In this study, the energy value of the breads was ranged 
from 277 to 316.52 kcal/100 g.The highest content was 
found for buckwheat flour fortified bread (T3) whereas 
least in the locally available Bread, S3 (Table VI).The 
difference in energy content may be due to higher protein 
and fat content of the presently developed bread.This 
newly developed buckwheat flour fortified bread may be 
a good choice for energy deficient people.

Conclusion

From the above studies, it can be stated that incorporation 
of buckwheat flour in the bread formulation has 
significant effects on the nutritional, physical and sensory 
attributes of bread. Based on the biochemical, physical 
and sensory results, it can be concluded that bread 
prepared with 30% substitution of wheat flour with 
buckwheat flour is acceptable in quality and it is 
nutritionally superior over locally available breads. The 
findings of the present study will help in development and 
utilization of functional foods that will not only improve 
the nutritional status of the population but also help those 
suffering from degenerative diseases. 

Acknowledgments

The  authors  are grateful to the  Bangladesh  Council  of  
Scientific  and  Industrial  Research  for  the  financial support 
through the Research  and  Development work.

Declarations of interest 

No conflict of interest.

References

Alvarez-Jubete L, Arendt EK and Gallagher E (2009), 
Nutritive value and chemical composition of 

pseudocereals as gluten-free ingredients, Int J Food 
Sci Nutr. 60:240–257. DOI: 10.1016/j. 
tifs.2009.10.014.

AOAC (2005), Official methods of analysis of association of 
official analytical chemistry International, 18th Ed. 
(Association of Analytical Communities, 
Gaithersburg, Maryland, USA).

Baljeet SY, Ritika BY and Roshan LY (2010), Studies on 
functional properties and incorporation of 
buckwheatflour for biscuit making, Int Food Res J. 
17:1067-1076.

Begum R, Uddin MJ, Rahman MA and Islam MS (2014), 
Comparative study on the development of maize flour 
based composite bread, J Bangladesh Agricult Uni. 11: 
133-139. DOI: 10.3329/jbau.v11i1.18224

Bhattarai S, Ojha P and Rai KP (2012), Study of Functional 
Property of Bread Based on Buckwheat and Green Tea, 
J Food Sci Tech Nepal  7:70-75.DOI: 10.3126/ 
jfstn.v7i0.10610. 

Bhavsar GJ, Sawate AR, Kshirsagar RB and Chappalwar VM 
(2013), Studies on physico-chemical characteristics of 
buckwheat and its exploration in bread as functional 
food, Int J Eng Res Technol. 2: 3971-3980.

Bojnanska T, Chlebo P, Gazar R and Horna A (2009), 
Buckwheat-enriched bread production and its 
nutritional benefits, Eur J  Plant Sci Biotechnol. 
3: 49-55.

Bonafaccia G and Kreft I (1994), Technological and 
qualitative characteristics of food products made with 
buckwheat, Fagopyrum 14: 35–42.

Dietrych-Szostak D and Oleszek W (1999), Effect of 
processing on the flavonoid content in buckwheat 
(Fagopyrum esculentum Möench) grain, J Agricult 
Food Chem. 47: 4384–4387. DOI: 10.1021/jf990121m

Drobot V, Semenova A, Smirnova J and Myhonik L (2014), 
Effect of buckwheat processing products on dough and 
bread quality made from whole-wheat flour, Int J Food 
Stud. 3: 1-12. DOI: 10.7455/ijfs/3.1.2014.a1

Elleuch M, Bedigian D, Roiseux O, Besbes S, Blecker  C and 
Attia H (2011), Dietary fiber and fiber-rich by-products 
of food processing: characterization, technological 
functionality and commercial applications: A review, 
Food Chem. 124:411–421.DOI: 10.1016/ j.foodchem. 
2010.06.077

Eneche EH (1999), Biscuit-making potential of millet/pigeon 
pea flour blends, Plant Foods for Hum Nutr. 54: 21–27. 

Fabjan N, Rode J, Kosir JI, Wang Z, Zhang Z and Kreft I 
(2003), Tartary buckwheat (Fagopyrumtataricum 
Gaertn.) as a source of dietary rutin and quercitrin, J 
Agricult Food Chem. 51: 6542–6455. DOI: 
10.1021/jf034543e

Farzana T and Mohajan S (2015), Effect of incorporation of 
soy flour to wheat flour on nutritional & sensory 
quality of biscuits fortified with mushroom, Food Sci 
Nutr. 3: 363–369. DOI: 10.1002/fsn3.228

Gokcen YILDIZ and Nermin BILGICLI (2012), Effects of 
Whole Buckwheat Flour on Physical, Chemical, and 
Sensory Properties of Flat Bread, Lavaş, Czech J Food 
Sci. 30: 534–540. 

Jahan S, Gosh T, Begum M and Saha BK (2011), Nutritional 
profile of some tropical fruits in Bangladesh: specially 
anti-oxidant vitamins and minerals, Bangladesh J Med 
Sci. 10: 95–103. DOI: 10.3329/bjms.v10i2.7804

Kirk RS and Sawyer R (1991), Pearson’s composition and 
analysis of foods, 9th Ed. Addison Wesley Longman 
Ltd, England.

Lim J (2011), Hedonic scaling: a review of methods and 
theory, Food Qual Pref. 22: 733-747. DOI: 10.1016/ 
j.foodqual.2011.05.008

Martins ZE, Pinho O and Ferreira IMPLVO (2017), Food in‐ 
dustry by‐products used as functional ingredients of 
bakery products, Trends in Food Sci & Technol. 67: 
106–128. DOI: 10.1016/j.tifs.2017.07.003.

Mutalik VK, Baragi JG, Mekali SB, Gouda CV and 
Vardhaman NB (2011), Determination of estimation of 
potassium ion in dry fruits by Flame Photometry and 

their proximate analysis, J Chem Pharm Res. 3: 
1097-1102.

Petra D, Iva B and Stanislav K (2012), Textural properties of 
bread formulations based on buckwheat and rye flour, 
Acta Univ Agric Silvi. 60: 61-68. DOI: 10.11118/ 
actaun201260050061

Quettier-Deleu C, Gressier B, Vasseur J, Dine T, Brunet C, 
Luyckx M and Trotin F (2000), Phenolic compounds 
and antioxidant activities of buckwheat (Fagopyrum 
esculentum Möench) hulls and flour, J 
Ethnopharmacol.72: 35–42.

Selimovic A, Milicevic D, Jasic M, Selimovic A, Ackar D 
and Pesic T (2014), The effect of baking temperature 
and buckwheat flour addition on the selected properties 
of wheat bread,Croat J Food Sci Technol. 6: 43-50.

Slavin JL (2005), Dietary fiber and body weight, Nutrition 
21: 411–418. DOI: 10.1016/j.nut.2004.08.018

Sun T and Ho CT (2005), Antioxidant activities of buckwheat 
extracts, Food Chem. 90: 743–749. DOI: 10.1016/j. 
foodchem.2004.04.035

Wijngaard HH and Arendt EK (2006), Buckwheat, Cereal 
Chem. 83: 391–401. DOI:10.1094/CC-83-0391

Wronkowska M, Troszynska A, Soral-Smietana M and 
Wolejszo A (2008), Effects of buckwheat flour 
(Fagopyrum esculentum Möench) on the quality of 
gluten-free bread, Pol J Food Nutr Sci. 58: 211-216.

Wronkowska M and Soral-Smietana M (2008), Buckwheat 
flour– a valuable component of gluten-free 
formulation, Pol J Food Nutr Sci. 58: 59-63.

Table III. Proximate and mineral content of buckwheat flour (BWF) fortified breads (on dry basis)

Sample
name

Moisture
(%)

Ash
(%)

Protein
(%)

Fat
(%)

Fiber
(%)

Carbohydrate
(%)

Energy
(Kcal/100g)

Na
(mg/100g)

K
(mg/100g)

Cu
(mg/100g) 

Zn
(mg/100g)

Fe
(mg/100g)

Mn
(mg/100g)

T0 29.91±0.02a 0.80±0.01f 10.11±0.03f 4.88±0.04f 0.07±0.01a 54.23±0.11a 301±1.0f 177.42±0.04f 71.16±0.03f 0.03±0.01d 0.21±0.02f 1.66±0.03f 0.37±0.02e

T1 28.95±0.03b 0.92±0.02e 11.01±0.04e 5.06±0.01e 0.11±0.02c 53.95±0.12b 305±1.0e 190.52 ±0.09e 76.26±0.05e 0.06 ±0.01cd 0.35 ±0.03e 1.79 ±0.06e 0.40 ±0.01de

T2 27.86±0.01c 0.97±0.04d 12.52±0.01d 5.28±0.02d 0.13±0.01bc 53.24 ±0.09c 311±1.0d 202.35± 0.05d 84.01±0.06d 0.08 ±0.01c 0.58± 0.01d 1.96 ±0.03d 0.42 ±0.02cd

T3 26.50±0.04d 1.06±0.03c 14.07±0.02c 5.48±0.05c 0.16±0.03ab 52.73±0.17d 317± 1.0c 222.35± 0.08c 90.05±0.05c 0.12 ±0.02b 0.69± 0.02c 2.10± 0.01c 0.45 ±0.03bc

T4 26.01±0.01e 1.11±0.02b 15.04±0.03b 5.62±0.04b 0.18±0.02a 52.04± 0.12e 319 ±1.0b 231.94± 0.15b 95.87±0.09b 0.15 ±0.03b 0.88± 0.01b 2.18 ±0.07b 0.46 ±0.02b

T5 25.41±0.02f 1.21±0.01a 16.23±0.05a 5.85±0.03a 0.19±0.01a 51.11 ±0.12f 322±1.0a 238.91 ±0.04a 99.31±0.10a 0.22 ±0.02a 1.05 ±0.04a 2.29 ±0.04a 0.50 ±0.01a

Control (T0) =0% BWF; T1= 10% BWF; T2= 20% BWF; T3=30% BWF; T4=35% BWF, T5=40% BWF
Values are means of triplicates ± standard deviation. Values with the same superscript in a column are not significantly different (p >0.05).



Buckwheat flour fortified bread 54(4) 2019352

Introduction

Buckwheat (Fagopyrum esculentum) is a pseudocereal, 
widely being used for production of gluten free bakery 
products (Wronkowska and Soral-Smietana, 2008) and as 
a potential functional foods. It is an excellent source of 
protein, fiber, vitamins (B1, B2, B6, and E) and minerals 
(Wijngaard and Arendt, 2006). Buckwheat proteins have 
well balanced amino acids composition that increased its 
biological value. Buckwheat protein is rich in lysine that 
is limiting amino acids in many plant proteins. It also 
contains many health promoting components like rutin, 
quercetin, isovitexin, isoorientin, vitexin, orientin, 
phenols etc. (Fabjan et al. 2003; Dietrych-Szostak and 
Oleszek, 1999) that makes it an ideal choice of natural 
sources of antioxidant (Sun and Ho, 2005)butylated 
hydroxytoluene (BHT. Buckwheat has many health 
benefits like reduction of plasma cholesterol level, 
improvement of hypertension conditions, 
anti-inflammatory, neuro-protection, anticancer and 
antidiabetic effects (Quettier-Deleu et al., 2000). These 
nutritional and health benefits make buckwheat a greater 
choice for the formulation of different bakeries, crepes, 

pasta-noodles, cookies, cakes, breads, breakfast cereal 
formulations etc. (Gokcen and Nermin, 2012; Lin et al., 
2009; Bonafaccia and Kreft, 1994).

It is almost accepted that diet-based therapy is one of the 
most effective and sustainable way to combat with various 
diseases. However, development of effective food-based 
strategy depends on various factors like target communities, 
knowledge of nutrient sources and choice of suitable vehicle 
to incorporate functional ingredients. Wheat based baked 
products are now getting more importance as an appropriate 
vehicle for the incorporation of functional ingredients 
(Martins et al., 2017). These are not only popular in 
Bangladesh but also throughout the world to all ages of 
people because of its low price, palatability, ease of 
consumption and availability. Among the wheat based baked 
products, bread is a staple food in many countries around the 
world. In Bangladesh, the popularity of bread consumption is 
also increasing in both urban and sub-urban areas due to 
changing food habits, hectic life, increasing working people 
outside home and urban area (Begum et al., 2014). It is 
consumed extensively in most homes, restaurants and hotels 

all over the country. Urban lifestyle is clearly a more market 
dependent for food with very limited capacity for home 
preparation. As a consequence the diet can be even more heavily 
biased towards pre-prepared and pre-cooked ready to eat food. 

Considering the aforementioned nutritional and health 
benefits of buckwheat, and popularity and market size of 
bread, the present study was intended to explore the 
possibility of fortification of wheat flour with buckwheat 
flour (Fagopyrum esculentum) to formulate bread with 
improved nutritional value along with acceptable sensory 
properties.

Materials and methods

The study was accomplished in the laboratory of Quality 
Control Research Section of Institute of Food Science & 
Technology, Bangladesh Council of Scientific & Industrial 
Research (BCSIR), Dr. Qudrat-i-Khuda Road, Dhanmondi, 
Dhaka, Bangladesh.

Sample and raw material collection

Raw materials (buckwheat flour, wheat flour, sugar, salt, dry 
yeast, egg) that were used for the preparation of buckwheat 
bread were collected from local market. Nine samples of 
wheat bread were collected from local market of Dhanmondi 
and Mirpur area for this study. All  chemicals and materials 
were also purchased from local market. 

Design of experiment

Experimental design was done to formulate high percentage 
of buckwheat fortified bread without affecting bread texture 

significantly. Wheat flour was replaced with buckwheat flour 
as follows:

T0 = 100% wheat flour (WF)
T1 = 90% wheat flour (WF) + 10% buckwheat flour (BWF)
T2 = 80% wheat flour (WF) + 20% buckwheat flour (BWF)
T3 = 70% wheat flour (WF) + 30% buckwheat flour (BWF) 
T4 = 65% wheat flour (WF) + 35% buckwheat flour (BWF) 
T5 = 60% wheat flour (WF) + 40% buckwheat flour (BWF) 
Wheat flour without buckwheat flour was kept as control T0 
(100% WF). The formulation of bread preparation is outlined 
in the Table I.

Preparation of buckwheat fortified breads

The whole process of bread preparation is outlined in the 
Figure 1. Firstly, sugar (15g) and salt (1g) were dissolved in 
water (30ml). Then flours (wheat flour, buckwheat flour as 
mentioned in the design of experiment) and yeast (1.25g) 
were added, and mixed well. Egg (1 piece) and oil (5 ml) 
were added to the mixture and mixed well to make dough. 
Dough was kept for 2 hrs at 40o±2oC. Dough was given shape 
of loaf. Then, dough was kept for final puffing at 40o±2oC for 
60 min. Finally baking was done by placing the puffed dough 
in baking oven at 170o±5oC for 25±2 min followed by cooling  
at room temp and kept at 4oC for further analysis.

Proximate analysis of wheat flour, buckwheat flour, 
buckwheat fortified breads and locally available breads

The nutrition content (i.e., moisture, ash, protein, fat, fiber) of 
the newly developed buckwheat bread and locally available 
wheat breads were estimated according to the standard 

analytical methods (AOAC, 2005). The carbohydrate content 
and energy value was determined following the methods of 
Farzana and Mohajan (2015) and Eneche (1999). 

Mineral analysis of wheat flour, buckwheat flour and 
buckwheat fortified breads

Flame photometric method was used for the determination of 
sodium and potassium content (Jahan et al., 2011; Mutalik et 
al., 2011). Flame Atomic Absorption Spectrometric method 
was used for the determination of iron, copper, manganese 

and zinc (AOAC, 2005; Kirk and Sawyer, 1991).

Sensory analysis 

Sensory analysis of the developed buckwheat fortified bread 
was done using nine-point hedonic-scale scorecard (9 = like 
extremely, 8 = like very much, 7 = like moderately, 6 = like 
slightly, 5 = neither like or dislike, 4 = dislike slightly, 3 = 
dislike moderately, 2 = dislike very much, 1 = dislike 
extremely) (Lim, 2011).  A sensory panel consists of 10 
trained members, selected from the staff members of IFST,  

BCSIR, participated in the evaluation of sensory attributes 
such as color and appearance, texture, flavor, evenness of 
bake, taste and overall acceptability. 

Statistical analysis 

Data analysis was done using SPSS (Statistical Package for 
the Social Sciences) software, version 15.0, SPSS Inc. 
Chicago, Illinois, USA. Values were expressed as percentage 
and mean ± SD. The significance/non-significance of the 
mean difference was determined using one way ANOVA and 
Duncan test. Means were separated using t - test.

Results and discussion

Proximate compositions of wheat flour and buckwheat flour 
(on dry basis)

A comparative study of nutritional analysis of wheat flour 
and buckwheat flour has been shown in the Table II (on dry 
basis). In the study, in case of wheat flour, the moisture, 
protein, fat, ash, crude fiber and carbohydrate content was 
found to be 12.73%, 12.24%, 2.46%, 0.52%, 0.07% and 

71.98% respectively. While in buckwheat flour, the 
moisture, protein, fat, ash, crude fiber and carbohydrate 
content were found to be 5.47%, 16.66%, 3.42%, 1.68%, 
0.58% and 72.19%. The protein, crude fiber, ash and fat 
content were significantly higher and moisture content is 
also significantly lower as compared to the wheat flour 
(Table II), supported by other studies (Selimovic et al., 
2014; Bhavsar et al., 2013)

In case of mineral contents, buckwheat flour has 
significantly higher sodium (20.59 mg/100g),  potassium 
(360.89mg/100g), copper (1.12mg/100g), zinc (5.19mg/ 
100g), iron (4.95mg/ 100g)  and manganese (1.23mg/ 
100g)  content than that of the wheat flour 
(sodium-14.78mg/100g, potassium-116.81mg/ 100g, 
copper-0.15mg/100g, zinc-1.61mg/100g, 
iron-2.36mg/100g, manganese-0. 67mg/100g) (Table II), 
supported by the study of Bhavsar et al.(2013).

Proximate composition and mineral analysis of buckwheat 
fortified breads (on dry basis)

Breads with different levels of buckwheat flour were 
prepared and subsequently their proximate and mineral 
analysis was carried out. These results were shown in the 
Table III (on dry basis). 

In the present study, the moisture (29.91 to 25.41%) and 
carbohydrate (54.23 to 51.11%) contents were decreased with 
the increasing level of buckwheat flour, while the ash (0.80 to 
1.21%), protein (10.11 to 16.23%), fat (4.88 to 5.85%), fiber 
(0.07 to 0.19 %) and energy (301 to 322 kcal/100g) contents 
were linearly increased with the increasing percentage of 
buckwheat flour in the bread preparation (Table III). These 
trends of increase are in agreement with the study of 
Selimovic et al. (2014)  The highest moisture content was 
found for control, T0 (29.91%) while least for treatment T5 
(25.41%). The moisture content for other treatments, T1, T2, 
T3 and T4 was found to be 28.95%, 27.86%, 26.50%, and 
26.01% respectively. Decreased water content of finished 
bread may be a consequence of depleted water absorption 
capacity of dough due to addition of buckwheat flour, 
supported by the study of Baljeet et al. (2010).

The highest ash content was found for treatment, T5 (1.21%) 
while least for control, T0 (0.80%). The ash content for other 
treatments, T1, T2, T3 and T4 was found 0.92%, 0.97%, 
1.06%, and 1.11% respectively. The highest protein content 
was found for treatment, T5 (16.23%) while least for control, 
T0 (10.11%). The protein content for other treatments, T1, T2, 
T3 and T4 was found 11.01%, 12.52%, 14.07%, and 15.04% 
respectively. The highest fat content was found for treatment, 
T5 (5.85%) while least for control, T0 (4.88%). The fat 

content for other treatments, T1, T2, T3 and T4 was found 
5.06%, 5.28%, 5.48%, and 5.62% respectively. The highest 
fibercontent was found for treatment, T5 (0.19%) while least 
for control, T0 (0.07%). The fiber content for other 
treatments, T1, T2, T3 and T4 was found 0.11%, 0.13%, 
0.16%, and 0.18% respectively. The highest carbohydrate 
content was found for control, T0 (54.23%) while least for 
treatment, T5 (51.11%). The carbohydrate content for other 
treatments, T1, T2, T3 and T4 was found 53.95%, 53.24%, 
52.73%, and 52.04% respectively. The highest energy content 
was found for treatment, T5 (322kcal/100g) while least for 
control, T0 (301kcal/100g). The energy content for other 
treatments, T1, T2, T3 and T4 was found 305kcal/100g, 
311kcal/100g, 317kcal/100g and 319kcal/100g respectively. 
The increase value of these parameters is due to incorporation 
of buckwheat flour as this flour contains higher amount of 
protein, fat, ash, fiber, carbohydrate and energy than wheat 
flour (Bhavsar et al., 2013).

The mineral contents (sodium ranged from 177.42 to 
238.91mg/100g, potassium ranged from 71.16 to 
99.31mg/100g, copper ranged from 0.03 to 0.22mg/100g, 
zinc ranged from 0.21 to 1.05mg/100g, iron ranged from 1.66 
to 2.29mg/100g and manganese ranged from 0.37 to 
0.50mg/100g) were increased with the increasing content of 
buckwheat flour (Table III). Similar increasing trends were 
also observed in other studies (Bojnanska et al., 2009; 
Wronkowska et al., 2008). 

The highest sodium (Na) content was found for treatment, 
T5 (238.91mg/100g) while least for control, T0 
(177.42mg/100g). The sodium content for other 
treatments, T1, T2, T3 and T4 was found 
190.52mg/100g, 202.35mg/100g, 222.35mg/100g and 
231.94mg/100g respectively. The highest potassium (K) 
content was found for treatment, T5 (99.31mg/100g) 
while least for control, T0 (71.16mg/100g). The sodium 

content for other treatments, T1, T2, T3 and T4 was 
found 76.26mg/100g, 84.01mg/100g, 90.05mg/100g and 
95.87mg/100g respectively. The highest copper (Cu) 
content was found for treatment, T5 (0.22mg/100g) 
while least for control, T0 (0.03mg/100g). The copper 
content for other treatments, T1, T2, T3 and T4 was 
found 0.06mg/100g, 0.08mg/100g, 0.12mg/100g and 
0.15mg/100g respectively. The highest zinc (Zn) content 
was found for treatment, T5 (1.05mg/100g) while least 
for control, T0 (0.21mg/100g). The zinc content for 
other treatments, T1, T2, T3 and T4 was found 
0.35mg/100g, 0.58mg/100g, 0.69mg/100g and 
0.88mg/100g respectively. The highest iron (Fe) content 
was found for treatment, T5 (2.29mg/100g) while least 
for control, T0 (1.66mg/100g). The iron content for 
other treatments, T1, T2, T3 and T4 was found 
1.79mg/100g, 1.96mg/100g, 2.10mg/100g and 
2.18mg/100g respectively. The highest manganese (Mn) 
content was found for treatment, T5 (0.50mg/100g) 
while least for control, T0 (0.37mg/100g). The sodium 
content for other treatments, T1, T2, T3 and T4 was 
found 0.40mg/100g, 0.42mg/100g, 0.45mg/100g and 
0.46mg/100g respectively. These increases in the 
minerals content of the breads sample may be due to 
higher minerals content of buckwheat flour as compared 
to wheat flour.

Physical properties of buckwheat flour fortified breads

In order to assess the effect of incorporation of buckwheat 
flour on the physical properties of bread, different parameters 
such as loaf volume, loaf weight and specific volume were 
investigated and presented in the Table IV.

In the study, loaf volume and loaf specific volume were 
decreased with the increase of buckwheat flour. Highest loaf 

volume was found for control, T0 (690 cc) whereas lowest in 
treatment T5 (414cc). The loaf volume for other treatments, 
T1, T2, T3 and T4 was found 614cc, 540cc, 476cc and 442cc 
respectively, supported by the study of (Wronkowska et al., 
2008). The loaf weight of the treatments, T0, T1, T2, T3, T4 
and T5 was found 142.35g, 141.97g, 153.20g, 147.44g, 
146.11g and 145.21g respectively. In case of loaf specific 

volume, control, T0 showed highest (4.85cc/g) and treatment 
T5 lowest specific loaf volume (2.85cc/g). The specific loaf 
volume for other treatments, T1, T2, T3 and T4 was found 
4.32cc/g, 3.52cc/g, 3.23cc/g and 3.02cc/g. These results in 
the present study are in line with the findings of other studies 
(Drobo tet al., 2014; Bhavsar et al., 2013). The decrease in 
volume of breads may be due to decrease in gluten content 
and hence, decrease in air trapping capacity of the network 
that ultimately retards the increase in volume of breads. 

Effect of different levels of buckwheat flour on sensorial 
qualities of bread

Sensory evaluation is an effective tools to judge whether the 
product will be acceptable or not among the consumers. In 
the present investigation, sensory qualities of breads 
prepared with the incorporation of different levels of 

buckwheat flour,10% (T1), 20% (T2), 30% (T3), 35% 
(T4) and 40% (T5),  showed that with regard to color 
and appearance, texture, flavor, evenness of bake, 
taste, and overall acceptance, 30% buckwheat 
fortified bread (T3) was found to be best among 
others. The effects of the incorporation of buckwheat 
flour (BWF) into sensory attributes of breads were 
shown in Table V.

The color and appearance is one of the most important 
sensory parameter that makes first impression in the 
consumers mind about the product. In the present study, the 
mean score for color and appearance was ranged from 8.0 to 
8.8 and highest score was found in control, T0 while least in 
treatment T5.  For other treatments, T1, T2, T3 and T4, it was 
found 8.67, 8.58, 8.44 and 8.25 respectively. The mean score 
for color and appearance was found decreasing as the 
increasing percentages of buckwheat flour due to the dark 
color of buckwheat flour (Gokcen and Nermin, 2012). 
Similar findings were also reported by Bhavsar et al. (2013).

The texture is also an important sensory attribute to judge 
whether the food is soft or hard. In case of bread, it is the feel 
of interior part after it has been sliced off. In the study, the 
textural properties of all the bread samples were found 
decreasing with the increasing amount of buckwheat flour 
and highest score for textural properties was found for 
control, T0 (8.83) while least for T5(7.82). Similar results 
were also reported by other studies (Bhavsar et al., 2013; 
Petra et al., 2012). The mean score for texture of other 
treatments T1, T2, T3 and T4 were found  to be 8.66, 8.45, 
8.36 and 8.09 respectively. 

The flavor of the bread samples varied significantly from 
7.84 to 8.20. Highest mean score for flavor was reported for 
T5 while least for control, T0. The mean scores for other 
treatments, T1, T2, T3 and T4 were found to be 7.95, 8.05, 
8.11 and 8.17 respectively. Similar findings were also 
reported by Bhattarai et al. (2012).

Another sensory attribute of bread is the symmetry and 
evenness which depends on the strength of gluten and 
homogeneous vapor production at the time of baking. Gluten 
forms a network that retains vapors during baking. Any 
decrease in gluten content also reduces network formation 
that ultimately decreases symmetry and evenness of bread. In 
the present study, the symmetry and evenness of all the bread 
samples were linearly decreased with the increase of 
buckwheat flour percentages due to lower gluten content in 
the breads. Highest score was observed for control, T0 (8.74) 
while least in T5 (7.70). The mean scores for evenness of 
other treatments T1, T2, T3 and T4 were found  to be 8.61, 
8.50, 8.21 and 7.97 respectively. This study is in agreement 
with Bhavsar et al. (2013).

Taste is also one of the most important parameters to assess 
the sensory quality of any foods because it determines the 
acceptability and market success of the foods concerned. In 

the present investigation taste of all the bread samples varied 
significantly from each other’s. The mean score for taste was 
found highest for treatment T3 (8.44) and lowest for 
treatment T5 (7.94). For other treatments, T0, T1, T2 and T4, 
the mean scores were found  to be 8.09, 8.25, 8.34 and 8.0 
respectively. In case of overall acceptability, control T0 
(8.33) and treatment, T3 (8.27) showed significantly higher 
mean score as compared to others, T1 (8.14), T2 (8.06), T4 
(7.95) and T5 (7.90). The overall acceptance for control and 
treatment T3 did not vary significantly. Based on all the 
sensory attributes, bread formulated with 30% (T3) 
buckwheat flour is acceptable in sensory quality (Fig. 2). 
Above this level of buckwheat flour fortification, bread 
received a lower sensory score.

 

Comparison of buckwheat fortified bread (T3) with locally 
available breads

The buckwheat flour fortified bread, T3 (30% buckwheat 
flour), was compared with locally available breads to assess 
its nutritional value over these bakery products and presented 
in the Table VI. 

Moisture

Moisture content is one of the most important factors that 
maintaining food quality because increase in moisture 
content assists microbial growth and eventually deteriorates 
quality. In the present study, the moisture content of the 
composite bread T3 and locally available breads was found 
26.50 to 34.12% (Table VI). Highest moisture content was 
for S3whereas lowest in buckwheat flour fortified bread 

T3.This may be explained as buckwheat flour contained 
greater amount of total dry solids. This study is in agreement 
with others (Baljeet et al., 2010). Hence, the developed bread 
is suitable as compared to similar breads.

Ash

The ash content of all the bread samples was found 0.78 to 
1.06% (Table VI).The ash content of buckwheat flour 
fortified bread (T3) was found highest among other samples 
and the difference is also significant. Highest ash content in 
the present study may be due to higher ash percentage in 
buckwheat flour than wheat flour (Baljeet et al., 2010). This 
study further strengthens the suitability of the developed 
bread as a source of micronutrient.

Protein 

In this study, the protein content of the breads analyzed from 
local market was significantly lower than the formulated 
buckwheat breads. The protein content of all the bread 
samples was ranged from 7.05 to 14.07% (Table VI). Highest 
protein content was found in the formulated buckwheat bread 
(T3) while least in sample S1. The increased protein content 
may be explained as buckwheat flour has higher protein as 
compared to wheat (Wronkowska and Soral, 2008). Higher 
protein content of buckwheat formulated bread will make it a 
greater choice to overcome the protein energy malnutrition 
problem of the country.

Fat

The fat content of all the bread samples was ranged from 3.01 
to 5.69% (Table VI). The lowest fat content was found in 
locally available bread, S5whereas highest in T6 (Table 
IV).The fat content of the buckwheat fortified bread (T3) is 
significantly higher than all the bread samples except sample 
S6 which has higher fat than buckwheat fortified bread (T3). 
The higher fat of T3 bread may be explained as buckwheat 
contains higher amount of fat than wheat, supported by the 
study of Alvarez-Jubete et al. (2009).

Fiber

Fiber is an important component of our regular diet. It has 
many health benefits like prevention of several diseases such 
as cardiovascular diseases, irritable colon, cancer, 
constipation, diabetes (Elleuch et al., 2011; Slavin, 2005). In 
the present study, buckwheat flour fortified bread, T3 showed 
highest fiber content (0.16%) as compared to locally 
available breads, S1 to S9. The difference in fiber content is 
also significant. The least content was found in samples S2, 
S3, and S9 (0.05%) (Table VI). The higher fiber content of 
buckwheat flour fortified bread, T3 will increase its 
acceptability among consumers as a fiber source. 

Carbohydrate

In this study, the carbohydrate content of the breads varied 
significantly. It ranged from 52.73to 59.31%. The lowest 

carbohydrate content was found in the buckwheat flour 
fortified bread, T3 (52.73%), whereas highest amount in 
locally available bread, S5 (59.31%) (Table VI).The lower 
carbohydrate content of the developed buckwheat bread 
(T3) makes it a good choice for health of adults and 
diabetes patients. 

Energy value

Food energy is the amount of chemical energy derives 
from food through oxidation.  An amount of 9 kcal/g and 
4 kcal/g energy is obtained through the oxidation of fat, 
protein and carbohydrate present in the diet respectively. 
In this study, the energy value of the breads was ranged 
from 277 to 316.52 kcal/100 g.The highest content was 
found for buckwheat flour fortified bread (T3) whereas 
least in the locally available Bread, S3 (Table VI).The 
difference in energy content may be due to higher protein 
and fat content of the presently developed bread.This 
newly developed buckwheat flour fortified bread may be 
a good choice for energy deficient people.

Conclusion

From the above studies, it can be stated that incorporation 
of buckwheat flour in the bread formulation has 
significant effects on the nutritional, physical and sensory 
attributes of bread. Based on the biochemical, physical 
and sensory results, it can be concluded that bread 
prepared with 30% substitution of wheat flour with 
buckwheat flour is acceptable in quality and it is 
nutritionally superior over locally available breads. The 
findings of the present study will help in development and 
utilization of functional foods that will not only improve 
the nutritional status of the population but also help those 
suffering from degenerative diseases. 
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Table IV. Physical characteristics of buckwheat flour (BWF) fortified breads 

Sample name Loaf volume Loaf weight Specific loaf volume
  (cc)  (g) (cc/g)

T0 690±2a 142.35±0.5d 4.85 ±0.2a

T1 614±1b 141.97±1.5d 4.32 ±0.1b

T2 540 ±3c 153.20 ±1.0a 3.52 ±0.09c

T3 476±1d 147.44±0.7b 3.23±0.1d

T4 442±3e 146.11±0.9bc 3.02±0.1e

T5 414±2f 145.21±0.4c 2.85 ±0.5e

Control (T0) =0% BWF; T1= 10% BWF; T2= 20% BWF; T3=30% BWF; T4=35% BWF, T5=40% BWF
Values are means of triplicates ± standard deviation. Values with the same superscript in a column are not significantly different (p >0.05).

Table V.  Sensory attributes of developed breads prepared with different levels of buckwheat flour (BWF) 

T0 8.80±0.04a 8.83±0.05a 7.84±0.04e 8.74±0.03a 8.09±0.05d 8.33 ±0.05a

T1 8.67±0.02b 8.66±0.08b 7.95±0.04d 8.61±0.03b 8.25±0.04c 8.14±0.04b

T2 8.58±0.03c 8.45±0.05c 8.05±0.03c 8.50±0.08c 8.34±0.05b 8.06 ±0.05b

T3 8.44±0.03d 8.36±0.05c 8.11±0.04b 8.21±0.03d 8.44±0.03a 8.27 ±0.06a

T4 8.25±0.05e 8.09±0.08d 8.17±0.02a 7.97±0.03e 8.0±0.04e 7.95 ±0.04c

T5 8.01 ±0.03f 7.82±0.03e 8.20±0.01a 7.70±0.02f 7.94±0.03f 7.90 ±0.07c

Color and
appearance

Sample
name

FlavorTexture Evenness of
bake

Taste Overall
acceptance

Control (T0) =0% BWF; T1= 10% BWF; T2= 20% BWF; T3=30% BWF; T4=35% BWF, T5=40% BWF
Values are expressed as means ± standard deviation. Values with the same superscript in a column are not significantly different (p >0.05).
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Introduction

Buckwheat (Fagopyrum esculentum) is a pseudocereal, 
widely being used for production of gluten free bakery 
products (Wronkowska and Soral-Smietana, 2008) and as 
a potential functional foods. It is an excellent source of 
protein, fiber, vitamins (B1, B2, B6, and E) and minerals 
(Wijngaard and Arendt, 2006). Buckwheat proteins have 
well balanced amino acids composition that increased its 
biological value. Buckwheat protein is rich in lysine that 
is limiting amino acids in many plant proteins. It also 
contains many health promoting components like rutin, 
quercetin, isovitexin, isoorientin, vitexin, orientin, 
phenols etc. (Fabjan et al. 2003; Dietrych-Szostak and 
Oleszek, 1999) that makes it an ideal choice of natural 
sources of antioxidant (Sun and Ho, 2005)butylated 
hydroxytoluene (BHT. Buckwheat has many health 
benefits like reduction of plasma cholesterol level, 
improvement of hypertension conditions, 
anti-inflammatory, neuro-protection, anticancer and 
antidiabetic effects (Quettier-Deleu et al., 2000). These 
nutritional and health benefits make buckwheat a greater 
choice for the formulation of different bakeries, crepes, 

pasta-noodles, cookies, cakes, breads, breakfast cereal 
formulations etc. (Gokcen and Nermin, 2012; Lin et al., 
2009; Bonafaccia and Kreft, 1994).

It is almost accepted that diet-based therapy is one of the 
most effective and sustainable way to combat with various 
diseases. However, development of effective food-based 
strategy depends on various factors like target communities, 
knowledge of nutrient sources and choice of suitable vehicle 
to incorporate functional ingredients. Wheat based baked 
products are now getting more importance as an appropriate 
vehicle for the incorporation of functional ingredients 
(Martins et al., 2017). These are not only popular in 
Bangladesh but also throughout the world to all ages of 
people because of its low price, palatability, ease of 
consumption and availability. Among the wheat based baked 
products, bread is a staple food in many countries around the 
world. In Bangladesh, the popularity of bread consumption is 
also increasing in both urban and sub-urban areas due to 
changing food habits, hectic life, increasing working people 
outside home and urban area (Begum et al., 2014). It is 
consumed extensively in most homes, restaurants and hotels 

all over the country. Urban lifestyle is clearly a more market 
dependent for food with very limited capacity for home 
preparation. As a consequence the diet can be even more heavily 
biased towards pre-prepared and pre-cooked ready to eat food. 

Considering the aforementioned nutritional and health 
benefits of buckwheat, and popularity and market size of 
bread, the present study was intended to explore the 
possibility of fortification of wheat flour with buckwheat 
flour (Fagopyrum esculentum) to formulate bread with 
improved nutritional value along with acceptable sensory 
properties.

Materials and methods

The study was accomplished in the laboratory of Quality 
Control Research Section of Institute of Food Science & 
Technology, Bangladesh Council of Scientific & Industrial 
Research (BCSIR), Dr. Qudrat-i-Khuda Road, Dhanmondi, 
Dhaka, Bangladesh.

Sample and raw material collection

Raw materials (buckwheat flour, wheat flour, sugar, salt, dry 
yeast, egg) that were used for the preparation of buckwheat 
bread were collected from local market. Nine samples of 
wheat bread were collected from local market of Dhanmondi 
and Mirpur area for this study. All  chemicals and materials 
were also purchased from local market. 

Design of experiment

Experimental design was done to formulate high percentage 
of buckwheat fortified bread without affecting bread texture 

significantly. Wheat flour was replaced with buckwheat flour 
as follows:

T0 = 100% wheat flour (WF)
T1 = 90% wheat flour (WF) + 10% buckwheat flour (BWF)
T2 = 80% wheat flour (WF) + 20% buckwheat flour (BWF)
T3 = 70% wheat flour (WF) + 30% buckwheat flour (BWF) 
T4 = 65% wheat flour (WF) + 35% buckwheat flour (BWF) 
T5 = 60% wheat flour (WF) + 40% buckwheat flour (BWF) 
Wheat flour without buckwheat flour was kept as control T0 
(100% WF). The formulation of bread preparation is outlined 
in the Table I.

Preparation of buckwheat fortified breads

The whole process of bread preparation is outlined in the 
Figure 1. Firstly, sugar (15g) and salt (1g) were dissolved in 
water (30ml). Then flours (wheat flour, buckwheat flour as 
mentioned in the design of experiment) and yeast (1.25g) 
were added, and mixed well. Egg (1 piece) and oil (5 ml) 
were added to the mixture and mixed well to make dough. 
Dough was kept for 2 hrs at 40o±2oC. Dough was given shape 
of loaf. Then, dough was kept for final puffing at 40o±2oC for 
60 min. Finally baking was done by placing the puffed dough 
in baking oven at 170o±5oC for 25±2 min followed by cooling  
at room temp and kept at 4oC for further analysis.

Proximate analysis of wheat flour, buckwheat flour, 
buckwheat fortified breads and locally available breads

The nutrition content (i.e., moisture, ash, protein, fat, fiber) of 
the newly developed buckwheat bread and locally available 
wheat breads were estimated according to the standard 

analytical methods (AOAC, 2005). The carbohydrate content 
and energy value was determined following the methods of 
Farzana and Mohajan (2015) and Eneche (1999). 

Mineral analysis of wheat flour, buckwheat flour and 
buckwheat fortified breads

Flame photometric method was used for the determination of 
sodium and potassium content (Jahan et al., 2011; Mutalik et 
al., 2011). Flame Atomic Absorption Spectrometric method 
was used for the determination of iron, copper, manganese 

and zinc (AOAC, 2005; Kirk and Sawyer, 1991).

Sensory analysis 

Sensory analysis of the developed buckwheat fortified bread 
was done using nine-point hedonic-scale scorecard (9 = like 
extremely, 8 = like very much, 7 = like moderately, 6 = like 
slightly, 5 = neither like or dislike, 4 = dislike slightly, 3 = 
dislike moderately, 2 = dislike very much, 1 = dislike 
extremely) (Lim, 2011).  A sensory panel consists of 10 
trained members, selected from the staff members of IFST,  

BCSIR, participated in the evaluation of sensory attributes 
such as color and appearance, texture, flavor, evenness of 
bake, taste and overall acceptability. 

Statistical analysis 

Data analysis was done using SPSS (Statistical Package for 
the Social Sciences) software, version 15.0, SPSS Inc. 
Chicago, Illinois, USA. Values were expressed as percentage 
and mean ± SD. The significance/non-significance of the 
mean difference was determined using one way ANOVA and 
Duncan test. Means were separated using t - test.

Results and discussion

Proximate compositions of wheat flour and buckwheat flour 
(on dry basis)

A comparative study of nutritional analysis of wheat flour 
and buckwheat flour has been shown in the Table II (on dry 
basis). In the study, in case of wheat flour, the moisture, 
protein, fat, ash, crude fiber and carbohydrate content was 
found to be 12.73%, 12.24%, 2.46%, 0.52%, 0.07% and 

71.98% respectively. While in buckwheat flour, the 
moisture, protein, fat, ash, crude fiber and carbohydrate 
content were found to be 5.47%, 16.66%, 3.42%, 1.68%, 
0.58% and 72.19%. The protein, crude fiber, ash and fat 
content were significantly higher and moisture content is 
also significantly lower as compared to the wheat flour 
(Table II), supported by other studies (Selimovic et al., 
2014; Bhavsar et al., 2013)

In case of mineral contents, buckwheat flour has 
significantly higher sodium (20.59 mg/100g),  potassium 
(360.89mg/100g), copper (1.12mg/100g), zinc (5.19mg/ 
100g), iron (4.95mg/ 100g)  and manganese (1.23mg/ 
100g)  content than that of the wheat flour 
(sodium-14.78mg/100g, potassium-116.81mg/ 100g, 
copper-0.15mg/100g, zinc-1.61mg/100g, 
iron-2.36mg/100g, manganese-0. 67mg/100g) (Table II), 
supported by the study of Bhavsar et al.(2013).

Proximate composition and mineral analysis of buckwheat 
fortified breads (on dry basis)

Breads with different levels of buckwheat flour were 
prepared and subsequently their proximate and mineral 
analysis was carried out. These results were shown in the 
Table III (on dry basis). 

In the present study, the moisture (29.91 to 25.41%) and 
carbohydrate (54.23 to 51.11%) contents were decreased with 
the increasing level of buckwheat flour, while the ash (0.80 to 
1.21%), protein (10.11 to 16.23%), fat (4.88 to 5.85%), fiber 
(0.07 to 0.19 %) and energy (301 to 322 kcal/100g) contents 
were linearly increased with the increasing percentage of 
buckwheat flour in the bread preparation (Table III). These 
trends of increase are in agreement with the study of 
Selimovic et al. (2014)  The highest moisture content was 
found for control, T0 (29.91%) while least for treatment T5 
(25.41%). The moisture content for other treatments, T1, T2, 
T3 and T4 was found to be 28.95%, 27.86%, 26.50%, and 
26.01% respectively. Decreased water content of finished 
bread may be a consequence of depleted water absorption 
capacity of dough due to addition of buckwheat flour, 
supported by the study of Baljeet et al. (2010).

The highest ash content was found for treatment, T5 (1.21%) 
while least for control, T0 (0.80%). The ash content for other 
treatments, T1, T2, T3 and T4 was found 0.92%, 0.97%, 
1.06%, and 1.11% respectively. The highest protein content 
was found for treatment, T5 (16.23%) while least for control, 
T0 (10.11%). The protein content for other treatments, T1, T2, 
T3 and T4 was found 11.01%, 12.52%, 14.07%, and 15.04% 
respectively. The highest fat content was found for treatment, 
T5 (5.85%) while least for control, T0 (4.88%). The fat 

content for other treatments, T1, T2, T3 and T4 was found 
5.06%, 5.28%, 5.48%, and 5.62% respectively. The highest 
fibercontent was found for treatment, T5 (0.19%) while least 
for control, T0 (0.07%). The fiber content for other 
treatments, T1, T2, T3 and T4 was found 0.11%, 0.13%, 
0.16%, and 0.18% respectively. The highest carbohydrate 
content was found for control, T0 (54.23%) while least for 
treatment, T5 (51.11%). The carbohydrate content for other 
treatments, T1, T2, T3 and T4 was found 53.95%, 53.24%, 
52.73%, and 52.04% respectively. The highest energy content 
was found for treatment, T5 (322kcal/100g) while least for 
control, T0 (301kcal/100g). The energy content for other 
treatments, T1, T2, T3 and T4 was found 305kcal/100g, 
311kcal/100g, 317kcal/100g and 319kcal/100g respectively. 
The increase value of these parameters is due to incorporation 
of buckwheat flour as this flour contains higher amount of 
protein, fat, ash, fiber, carbohydrate and energy than wheat 
flour (Bhavsar et al., 2013).

The mineral contents (sodium ranged from 177.42 to 
238.91mg/100g, potassium ranged from 71.16 to 
99.31mg/100g, copper ranged from 0.03 to 0.22mg/100g, 
zinc ranged from 0.21 to 1.05mg/100g, iron ranged from 1.66 
to 2.29mg/100g and manganese ranged from 0.37 to 
0.50mg/100g) were increased with the increasing content of 
buckwheat flour (Table III). Similar increasing trends were 
also observed in other studies (Bojnanska et al., 2009; 
Wronkowska et al., 2008). 

The highest sodium (Na) content was found for treatment, 
T5 (238.91mg/100g) while least for control, T0 
(177.42mg/100g). The sodium content for other 
treatments, T1, T2, T3 and T4 was found 
190.52mg/100g, 202.35mg/100g, 222.35mg/100g and 
231.94mg/100g respectively. The highest potassium (K) 
content was found for treatment, T5 (99.31mg/100g) 
while least for control, T0 (71.16mg/100g). The sodium 

content for other treatments, T1, T2, T3 and T4 was 
found 76.26mg/100g, 84.01mg/100g, 90.05mg/100g and 
95.87mg/100g respectively. The highest copper (Cu) 
content was found for treatment, T5 (0.22mg/100g) 
while least for control, T0 (0.03mg/100g). The copper 
content for other treatments, T1, T2, T3 and T4 was 
found 0.06mg/100g, 0.08mg/100g, 0.12mg/100g and 
0.15mg/100g respectively. The highest zinc (Zn) content 
was found for treatment, T5 (1.05mg/100g) while least 
for control, T0 (0.21mg/100g). The zinc content for 
other treatments, T1, T2, T3 and T4 was found 
0.35mg/100g, 0.58mg/100g, 0.69mg/100g and 
0.88mg/100g respectively. The highest iron (Fe) content 
was found for treatment, T5 (2.29mg/100g) while least 
for control, T0 (1.66mg/100g). The iron content for 
other treatments, T1, T2, T3 and T4 was found 
1.79mg/100g, 1.96mg/100g, 2.10mg/100g and 
2.18mg/100g respectively. The highest manganese (Mn) 
content was found for treatment, T5 (0.50mg/100g) 
while least for control, T0 (0.37mg/100g). The sodium 
content for other treatments, T1, T2, T3 and T4 was 
found 0.40mg/100g, 0.42mg/100g, 0.45mg/100g and 
0.46mg/100g respectively. These increases in the 
minerals content of the breads sample may be due to 
higher minerals content of buckwheat flour as compared 
to wheat flour.

Physical properties of buckwheat flour fortified breads

In order to assess the effect of incorporation of buckwheat 
flour on the physical properties of bread, different parameters 
such as loaf volume, loaf weight and specific volume were 
investigated and presented in the Table IV.

In the study, loaf volume and loaf specific volume were 
decreased with the increase of buckwheat flour. Highest loaf 

volume was found for control, T0 (690 cc) whereas lowest in 
treatment T5 (414cc). The loaf volume for other treatments, 
T1, T2, T3 and T4 was found 614cc, 540cc, 476cc and 442cc 
respectively, supported by the study of (Wronkowska et al., 
2008). The loaf weight of the treatments, T0, T1, T2, T3, T4 
and T5 was found 142.35g, 141.97g, 153.20g, 147.44g, 
146.11g and 145.21g respectively. In case of loaf specific 

volume, control, T0 showed highest (4.85cc/g) and treatment 
T5 lowest specific loaf volume (2.85cc/g). The specific loaf 
volume for other treatments, T1, T2, T3 and T4 was found 
4.32cc/g, 3.52cc/g, 3.23cc/g and 3.02cc/g. These results in 
the present study are in line with the findings of other studies 
(Drobo tet al., 2014; Bhavsar et al., 2013). The decrease in 
volume of breads may be due to decrease in gluten content 
and hence, decrease in air trapping capacity of the network 
that ultimately retards the increase in volume of breads. 

Effect of different levels of buckwheat flour on sensorial 
qualities of bread

Sensory evaluation is an effective tools to judge whether the 
product will be acceptable or not among the consumers. In 
the present investigation, sensory qualities of breads 
prepared with the incorporation of different levels of 

buckwheat flour,10% (T1), 20% (T2), 30% (T3), 35% 
(T4) and 40% (T5),  showed that with regard to color 
and appearance, texture, flavor, evenness of bake, 
taste, and overall acceptance, 30% buckwheat 
fortified bread (T3) was found to be best among 
others. The effects of the incorporation of buckwheat 
flour (BWF) into sensory attributes of breads were 
shown in Table V.

The color and appearance is one of the most important 
sensory parameter that makes first impression in the 
consumers mind about the product. In the present study, the 
mean score for color and appearance was ranged from 8.0 to 
8.8 and highest score was found in control, T0 while least in 
treatment T5.  For other treatments, T1, T2, T3 and T4, it was 
found 8.67, 8.58, 8.44 and 8.25 respectively. The mean score 
for color and appearance was found decreasing as the 
increasing percentages of buckwheat flour due to the dark 
color of buckwheat flour (Gokcen and Nermin, 2012). 
Similar findings were also reported by Bhavsar et al. (2013).

The texture is also an important sensory attribute to judge 
whether the food is soft or hard. In case of bread, it is the feel 
of interior part after it has been sliced off. In the study, the 
textural properties of all the bread samples were found 
decreasing with the increasing amount of buckwheat flour 
and highest score for textural properties was found for 
control, T0 (8.83) while least for T5(7.82). Similar results 
were also reported by other studies (Bhavsar et al., 2013; 
Petra et al., 2012). The mean score for texture of other 
treatments T1, T2, T3 and T4 were found  to be 8.66, 8.45, 
8.36 and 8.09 respectively. 

The flavor of the bread samples varied significantly from 
7.84 to 8.20. Highest mean score for flavor was reported for 
T5 while least for control, T0. The mean scores for other 
treatments, T1, T2, T3 and T4 were found to be 7.95, 8.05, 
8.11 and 8.17 respectively. Similar findings were also 
reported by Bhattarai et al. (2012).

Another sensory attribute of bread is the symmetry and 
evenness which depends on the strength of gluten and 
homogeneous vapor production at the time of baking. Gluten 
forms a network that retains vapors during baking. Any 
decrease in gluten content also reduces network formation 
that ultimately decreases symmetry and evenness of bread. In 
the present study, the symmetry and evenness of all the bread 
samples were linearly decreased with the increase of 
buckwheat flour percentages due to lower gluten content in 
the breads. Highest score was observed for control, T0 (8.74) 
while least in T5 (7.70). The mean scores for evenness of 
other treatments T1, T2, T3 and T4 were found  to be 8.61, 
8.50, 8.21 and 7.97 respectively. This study is in agreement 
with Bhavsar et al. (2013).

Taste is also one of the most important parameters to assess 
the sensory quality of any foods because it determines the 
acceptability and market success of the foods concerned. In 

the present investigation taste of all the bread samples varied 
significantly from each other’s. The mean score for taste was 
found highest for treatment T3 (8.44) and lowest for 
treatment T5 (7.94). For other treatments, T0, T1, T2 and T4, 
the mean scores were found  to be 8.09, 8.25, 8.34 and 8.0 
respectively. In case of overall acceptability, control T0 
(8.33) and treatment, T3 (8.27) showed significantly higher 
mean score as compared to others, T1 (8.14), T2 (8.06), T4 
(7.95) and T5 (7.90). The overall acceptance for control and 
treatment T3 did not vary significantly. Based on all the 
sensory attributes, bread formulated with 30% (T3) 
buckwheat flour is acceptable in sensory quality (Fig. 2). 
Above this level of buckwheat flour fortification, bread 
received a lower sensory score.

 

Comparison of buckwheat fortified bread (T3) with locally 
available breads

The buckwheat flour fortified bread, T3 (30% buckwheat 
flour), was compared with locally available breads to assess 
its nutritional value over these bakery products and presented 
in the Table VI. 

Moisture

Moisture content is one of the most important factors that 
maintaining food quality because increase in moisture 
content assists microbial growth and eventually deteriorates 
quality. In the present study, the moisture content of the 
composite bread T3 and locally available breads was found 
26.50 to 34.12% (Table VI). Highest moisture content was 
for S3whereas lowest in buckwheat flour fortified bread 

T3.This may be explained as buckwheat flour contained 
greater amount of total dry solids. This study is in agreement 
with others (Baljeet et al., 2010). Hence, the developed bread 
is suitable as compared to similar breads.

Ash

The ash content of all the bread samples was found 0.78 to 
1.06% (Table VI).The ash content of buckwheat flour 
fortified bread (T3) was found highest among other samples 
and the difference is also significant. Highest ash content in 
the present study may be due to higher ash percentage in 
buckwheat flour than wheat flour (Baljeet et al., 2010). This 
study further strengthens the suitability of the developed 
bread as a source of micronutrient.

Protein 

In this study, the protein content of the breads analyzed from 
local market was significantly lower than the formulated 
buckwheat breads. The protein content of all the bread 
samples was ranged from 7.05 to 14.07% (Table VI). Highest 
protein content was found in the formulated buckwheat bread 
(T3) while least in sample S1. The increased protein content 
may be explained as buckwheat flour has higher protein as 
compared to wheat (Wronkowska and Soral, 2008). Higher 
protein content of buckwheat formulated bread will make it a 
greater choice to overcome the protein energy malnutrition 
problem of the country.

Fat

The fat content of all the bread samples was ranged from 3.01 
to 5.69% (Table VI). The lowest fat content was found in 
locally available bread, S5whereas highest in T6 (Table 
IV).The fat content of the buckwheat fortified bread (T3) is 
significantly higher than all the bread samples except sample 
S6 which has higher fat than buckwheat fortified bread (T3). 
The higher fat of T3 bread may be explained as buckwheat 
contains higher amount of fat than wheat, supported by the 
study of Alvarez-Jubete et al. (2009).

Fiber

Fiber is an important component of our regular diet. It has 
many health benefits like prevention of several diseases such 
as cardiovascular diseases, irritable colon, cancer, 
constipation, diabetes (Elleuch et al., 2011; Slavin, 2005). In 
the present study, buckwheat flour fortified bread, T3 showed 
highest fiber content (0.16%) as compared to locally 
available breads, S1 to S9. The difference in fiber content is 
also significant. The least content was found in samples S2, 
S3, and S9 (0.05%) (Table VI). The higher fiber content of 
buckwheat flour fortified bread, T3 will increase its 
acceptability among consumers as a fiber source. 

Carbohydrate

In this study, the carbohydrate content of the breads varied 
significantly. It ranged from 52.73to 59.31%. The lowest 

carbohydrate content was found in the buckwheat flour 
fortified bread, T3 (52.73%), whereas highest amount in 
locally available bread, S5 (59.31%) (Table VI).The lower 
carbohydrate content of the developed buckwheat bread 
(T3) makes it a good choice for health of adults and 
diabetes patients. 

Energy value

Food energy is the amount of chemical energy derives 
from food through oxidation.  An amount of 9 kcal/g and 
4 kcal/g energy is obtained through the oxidation of fat, 
protein and carbohydrate present in the diet respectively. 
In this study, the energy value of the breads was ranged 
from 277 to 316.52 kcal/100 g.The highest content was 
found for buckwheat flour fortified bread (T3) whereas 
least in the locally available Bread, S3 (Table VI).The 
difference in energy content may be due to higher protein 
and fat content of the presently developed bread.This 
newly developed buckwheat flour fortified bread may be 
a good choice for energy deficient people.

Conclusion

From the above studies, it can be stated that incorporation 
of buckwheat flour in the bread formulation has 
significant effects on the nutritional, physical and sensory 
attributes of bread. Based on the biochemical, physical 
and sensory results, it can be concluded that bread 
prepared with 30% substitution of wheat flour with 
buckwheat flour is acceptable in quality and it is 
nutritionally superior over locally available breads. The 
findings of the present study will help in development and 
utilization of functional foods that will not only improve 
the nutritional status of the population but also help those 
suffering from degenerative diseases. 
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Introduction

Buckwheat (Fagopyrum esculentum) is a pseudocereal, 
widely being used for production of gluten free bakery 
products (Wronkowska and Soral-Smietana, 2008) and as 
a potential functional foods. It is an excellent source of 
protein, fiber, vitamins (B1, B2, B6, and E) and minerals 
(Wijngaard and Arendt, 2006). Buckwheat proteins have 
well balanced amino acids composition that increased its 
biological value. Buckwheat protein is rich in lysine that 
is limiting amino acids in many plant proteins. It also 
contains many health promoting components like rutin, 
quercetin, isovitexin, isoorientin, vitexin, orientin, 
phenols etc. (Fabjan et al. 2003; Dietrych-Szostak and 
Oleszek, 1999) that makes it an ideal choice of natural 
sources of antioxidant (Sun and Ho, 2005)butylated 
hydroxytoluene (BHT. Buckwheat has many health 
benefits like reduction of plasma cholesterol level, 
improvement of hypertension conditions, 
anti-inflammatory, neuro-protection, anticancer and 
antidiabetic effects (Quettier-Deleu et al., 2000). These 
nutritional and health benefits make buckwheat a greater 
choice for the formulation of different bakeries, crepes, 

pasta-noodles, cookies, cakes, breads, breakfast cereal 
formulations etc. (Gokcen and Nermin, 2012; Lin et al., 
2009; Bonafaccia and Kreft, 1994).

It is almost accepted that diet-based therapy is one of the 
most effective and sustainable way to combat with various 
diseases. However, development of effective food-based 
strategy depends on various factors like target communities, 
knowledge of nutrient sources and choice of suitable vehicle 
to incorporate functional ingredients. Wheat based baked 
products are now getting more importance as an appropriate 
vehicle for the incorporation of functional ingredients 
(Martins et al., 2017). These are not only popular in 
Bangladesh but also throughout the world to all ages of 
people because of its low price, palatability, ease of 
consumption and availability. Among the wheat based baked 
products, bread is a staple food in many countries around the 
world. In Bangladesh, the popularity of bread consumption is 
also increasing in both urban and sub-urban areas due to 
changing food habits, hectic life, increasing working people 
outside home and urban area (Begum et al., 2014). It is 
consumed extensively in most homes, restaurants and hotels 

all over the country. Urban lifestyle is clearly a more market 
dependent for food with very limited capacity for home 
preparation. As a consequence the diet can be even more heavily 
biased towards pre-prepared and pre-cooked ready to eat food. 

Considering the aforementioned nutritional and health 
benefits of buckwheat, and popularity and market size of 
bread, the present study was intended to explore the 
possibility of fortification of wheat flour with buckwheat 
flour (Fagopyrum esculentum) to formulate bread with 
improved nutritional value along with acceptable sensory 
properties.

Materials and methods

The study was accomplished in the laboratory of Quality 
Control Research Section of Institute of Food Science & 
Technology, Bangladesh Council of Scientific & Industrial 
Research (BCSIR), Dr. Qudrat-i-Khuda Road, Dhanmondi, 
Dhaka, Bangladesh.

Sample and raw material collection

Raw materials (buckwheat flour, wheat flour, sugar, salt, dry 
yeast, egg) that were used for the preparation of buckwheat 
bread were collected from local market. Nine samples of 
wheat bread were collected from local market of Dhanmondi 
and Mirpur area for this study. All  chemicals and materials 
were also purchased from local market. 

Design of experiment

Experimental design was done to formulate high percentage 
of buckwheat fortified bread without affecting bread texture 

significantly. Wheat flour was replaced with buckwheat flour 
as follows:

T0 = 100% wheat flour (WF)
T1 = 90% wheat flour (WF) + 10% buckwheat flour (BWF)
T2 = 80% wheat flour (WF) + 20% buckwheat flour (BWF)
T3 = 70% wheat flour (WF) + 30% buckwheat flour (BWF) 
T4 = 65% wheat flour (WF) + 35% buckwheat flour (BWF) 
T5 = 60% wheat flour (WF) + 40% buckwheat flour (BWF) 
Wheat flour without buckwheat flour was kept as control T0 
(100% WF). The formulation of bread preparation is outlined 
in the Table I.

Preparation of buckwheat fortified breads

The whole process of bread preparation is outlined in the 
Figure 1. Firstly, sugar (15g) and salt (1g) were dissolved in 
water (30ml). Then flours (wheat flour, buckwheat flour as 
mentioned in the design of experiment) and yeast (1.25g) 
were added, and mixed well. Egg (1 piece) and oil (5 ml) 
were added to the mixture and mixed well to make dough. 
Dough was kept for 2 hrs at 40o±2oC. Dough was given shape 
of loaf. Then, dough was kept for final puffing at 40o±2oC for 
60 min. Finally baking was done by placing the puffed dough 
in baking oven at 170o±5oC for 25±2 min followed by cooling  
at room temp and kept at 4oC for further analysis.

Proximate analysis of wheat flour, buckwheat flour, 
buckwheat fortified breads and locally available breads

The nutrition content (i.e., moisture, ash, protein, fat, fiber) of 
the newly developed buckwheat bread and locally available 
wheat breads were estimated according to the standard 

analytical methods (AOAC, 2005). The carbohydrate content 
and energy value was determined following the methods of 
Farzana and Mohajan (2015) and Eneche (1999). 

Mineral analysis of wheat flour, buckwheat flour and 
buckwheat fortified breads

Flame photometric method was used for the determination of 
sodium and potassium content (Jahan et al., 2011; Mutalik et 
al., 2011). Flame Atomic Absorption Spectrometric method 
was used for the determination of iron, copper, manganese 

and zinc (AOAC, 2005; Kirk and Sawyer, 1991).

Sensory analysis 

Sensory analysis of the developed buckwheat fortified bread 
was done using nine-point hedonic-scale scorecard (9 = like 
extremely, 8 = like very much, 7 = like moderately, 6 = like 
slightly, 5 = neither like or dislike, 4 = dislike slightly, 3 = 
dislike moderately, 2 = dislike very much, 1 = dislike 
extremely) (Lim, 2011).  A sensory panel consists of 10 
trained members, selected from the staff members of IFST,  

BCSIR, participated in the evaluation of sensory attributes 
such as color and appearance, texture, flavor, evenness of 
bake, taste and overall acceptability. 

Statistical analysis 

Data analysis was done using SPSS (Statistical Package for 
the Social Sciences) software, version 15.0, SPSS Inc. 
Chicago, Illinois, USA. Values were expressed as percentage 
and mean ± SD. The significance/non-significance of the 
mean difference was determined using one way ANOVA and 
Duncan test. Means were separated using t - test.

Results and discussion

Proximate compositions of wheat flour and buckwheat flour 
(on dry basis)

A comparative study of nutritional analysis of wheat flour 
and buckwheat flour has been shown in the Table II (on dry 
basis). In the study, in case of wheat flour, the moisture, 
protein, fat, ash, crude fiber and carbohydrate content was 
found to be 12.73%, 12.24%, 2.46%, 0.52%, 0.07% and 

71.98% respectively. While in buckwheat flour, the 
moisture, protein, fat, ash, crude fiber and carbohydrate 
content were found to be 5.47%, 16.66%, 3.42%, 1.68%, 
0.58% and 72.19%. The protein, crude fiber, ash and fat 
content were significantly higher and moisture content is 
also significantly lower as compared to the wheat flour 
(Table II), supported by other studies (Selimovic et al., 
2014; Bhavsar et al., 2013)

In case of mineral contents, buckwheat flour has 
significantly higher sodium (20.59 mg/100g),  potassium 
(360.89mg/100g), copper (1.12mg/100g), zinc (5.19mg/ 
100g), iron (4.95mg/ 100g)  and manganese (1.23mg/ 
100g)  content than that of the wheat flour 
(sodium-14.78mg/100g, potassium-116.81mg/ 100g, 
copper-0.15mg/100g, zinc-1.61mg/100g, 
iron-2.36mg/100g, manganese-0. 67mg/100g) (Table II), 
supported by the study of Bhavsar et al.(2013).

Proximate composition and mineral analysis of buckwheat 
fortified breads (on dry basis)

Breads with different levels of buckwheat flour were 
prepared and subsequently their proximate and mineral 
analysis was carried out. These results were shown in the 
Table III (on dry basis). 

In the present study, the moisture (29.91 to 25.41%) and 
carbohydrate (54.23 to 51.11%) contents were decreased with 
the increasing level of buckwheat flour, while the ash (0.80 to 
1.21%), protein (10.11 to 16.23%), fat (4.88 to 5.85%), fiber 
(0.07 to 0.19 %) and energy (301 to 322 kcal/100g) contents 
were linearly increased with the increasing percentage of 
buckwheat flour in the bread preparation (Table III). These 
trends of increase are in agreement with the study of 
Selimovic et al. (2014)  The highest moisture content was 
found for control, T0 (29.91%) while least for treatment T5 
(25.41%). The moisture content for other treatments, T1, T2, 
T3 and T4 was found to be 28.95%, 27.86%, 26.50%, and 
26.01% respectively. Decreased water content of finished 
bread may be a consequence of depleted water absorption 
capacity of dough due to addition of buckwheat flour, 
supported by the study of Baljeet et al. (2010).

The highest ash content was found for treatment, T5 (1.21%) 
while least for control, T0 (0.80%). The ash content for other 
treatments, T1, T2, T3 and T4 was found 0.92%, 0.97%, 
1.06%, and 1.11% respectively. The highest protein content 
was found for treatment, T5 (16.23%) while least for control, 
T0 (10.11%). The protein content for other treatments, T1, T2, 
T3 and T4 was found 11.01%, 12.52%, 14.07%, and 15.04% 
respectively. The highest fat content was found for treatment, 
T5 (5.85%) while least for control, T0 (4.88%). The fat 

content for other treatments, T1, T2, T3 and T4 was found 
5.06%, 5.28%, 5.48%, and 5.62% respectively. The highest 
fibercontent was found for treatment, T5 (0.19%) while least 
for control, T0 (0.07%). The fiber content for other 
treatments, T1, T2, T3 and T4 was found 0.11%, 0.13%, 
0.16%, and 0.18% respectively. The highest carbohydrate 
content was found for control, T0 (54.23%) while least for 
treatment, T5 (51.11%). The carbohydrate content for other 
treatments, T1, T2, T3 and T4 was found 53.95%, 53.24%, 
52.73%, and 52.04% respectively. The highest energy content 
was found for treatment, T5 (322kcal/100g) while least for 
control, T0 (301kcal/100g). The energy content for other 
treatments, T1, T2, T3 and T4 was found 305kcal/100g, 
311kcal/100g, 317kcal/100g and 319kcal/100g respectively. 
The increase value of these parameters is due to incorporation 
of buckwheat flour as this flour contains higher amount of 
protein, fat, ash, fiber, carbohydrate and energy than wheat 
flour (Bhavsar et al., 2013).

The mineral contents (sodium ranged from 177.42 to 
238.91mg/100g, potassium ranged from 71.16 to 
99.31mg/100g, copper ranged from 0.03 to 0.22mg/100g, 
zinc ranged from 0.21 to 1.05mg/100g, iron ranged from 1.66 
to 2.29mg/100g and manganese ranged from 0.37 to 
0.50mg/100g) were increased with the increasing content of 
buckwheat flour (Table III). Similar increasing trends were 
also observed in other studies (Bojnanska et al., 2009; 
Wronkowska et al., 2008). 

The highest sodium (Na) content was found for treatment, 
T5 (238.91mg/100g) while least for control, T0 
(177.42mg/100g). The sodium content for other 
treatments, T1, T2, T3 and T4 was found 
190.52mg/100g, 202.35mg/100g, 222.35mg/100g and 
231.94mg/100g respectively. The highest potassium (K) 
content was found for treatment, T5 (99.31mg/100g) 
while least for control, T0 (71.16mg/100g). The sodium 

content for other treatments, T1, T2, T3 and T4 was 
found 76.26mg/100g, 84.01mg/100g, 90.05mg/100g and 
95.87mg/100g respectively. The highest copper (Cu) 
content was found for treatment, T5 (0.22mg/100g) 
while least for control, T0 (0.03mg/100g). The copper 
content for other treatments, T1, T2, T3 and T4 was 
found 0.06mg/100g, 0.08mg/100g, 0.12mg/100g and 
0.15mg/100g respectively. The highest zinc (Zn) content 
was found for treatment, T5 (1.05mg/100g) while least 
for control, T0 (0.21mg/100g). The zinc content for 
other treatments, T1, T2, T3 and T4 was found 
0.35mg/100g, 0.58mg/100g, 0.69mg/100g and 
0.88mg/100g respectively. The highest iron (Fe) content 
was found for treatment, T5 (2.29mg/100g) while least 
for control, T0 (1.66mg/100g). The iron content for 
other treatments, T1, T2, T3 and T4 was found 
1.79mg/100g, 1.96mg/100g, 2.10mg/100g and 
2.18mg/100g respectively. The highest manganese (Mn) 
content was found for treatment, T5 (0.50mg/100g) 
while least for control, T0 (0.37mg/100g). The sodium 
content for other treatments, T1, T2, T3 and T4 was 
found 0.40mg/100g, 0.42mg/100g, 0.45mg/100g and 
0.46mg/100g respectively. These increases in the 
minerals content of the breads sample may be due to 
higher minerals content of buckwheat flour as compared 
to wheat flour.

Physical properties of buckwheat flour fortified breads

In order to assess the effect of incorporation of buckwheat 
flour on the physical properties of bread, different parameters 
such as loaf volume, loaf weight and specific volume were 
investigated and presented in the Table IV.

In the study, loaf volume and loaf specific volume were 
decreased with the increase of buckwheat flour. Highest loaf 

volume was found for control, T0 (690 cc) whereas lowest in 
treatment T5 (414cc). The loaf volume for other treatments, 
T1, T2, T3 and T4 was found 614cc, 540cc, 476cc and 442cc 
respectively, supported by the study of (Wronkowska et al., 
2008). The loaf weight of the treatments, T0, T1, T2, T3, T4 
and T5 was found 142.35g, 141.97g, 153.20g, 147.44g, 
146.11g and 145.21g respectively. In case of loaf specific 

volume, control, T0 showed highest (4.85cc/g) and treatment 
T5 lowest specific loaf volume (2.85cc/g). The specific loaf 
volume for other treatments, T1, T2, T3 and T4 was found 
4.32cc/g, 3.52cc/g, 3.23cc/g and 3.02cc/g. These results in 
the present study are in line with the findings of other studies 
(Drobo tet al., 2014; Bhavsar et al., 2013). The decrease in 
volume of breads may be due to decrease in gluten content 
and hence, decrease in air trapping capacity of the network 
that ultimately retards the increase in volume of breads. 

Effect of different levels of buckwheat flour on sensorial 
qualities of bread

Sensory evaluation is an effective tools to judge whether the 
product will be acceptable or not among the consumers. In 
the present investigation, sensory qualities of breads 
prepared with the incorporation of different levels of 

buckwheat flour,10% (T1), 20% (T2), 30% (T3), 35% 
(T4) and 40% (T5),  showed that with regard to color 
and appearance, texture, flavor, evenness of bake, 
taste, and overall acceptance, 30% buckwheat 
fortified bread (T3) was found to be best among 
others. The effects of the incorporation of buckwheat 
flour (BWF) into sensory attributes of breads were 
shown in Table V.

The color and appearance is one of the most important 
sensory parameter that makes first impression in the 
consumers mind about the product. In the present study, the 
mean score for color and appearance was ranged from 8.0 to 
8.8 and highest score was found in control, T0 while least in 
treatment T5.  For other treatments, T1, T2, T3 and T4, it was 
found 8.67, 8.58, 8.44 and 8.25 respectively. The mean score 
for color and appearance was found decreasing as the 
increasing percentages of buckwheat flour due to the dark 
color of buckwheat flour (Gokcen and Nermin, 2012). 
Similar findings were also reported by Bhavsar et al. (2013).

The texture is also an important sensory attribute to judge 
whether the food is soft or hard. In case of bread, it is the feel 
of interior part after it has been sliced off. In the study, the 
textural properties of all the bread samples were found 
decreasing with the increasing amount of buckwheat flour 
and highest score for textural properties was found for 
control, T0 (8.83) while least for T5(7.82). Similar results 
were also reported by other studies (Bhavsar et al., 2013; 
Petra et al., 2012). The mean score for texture of other 
treatments T1, T2, T3 and T4 were found  to be 8.66, 8.45, 
8.36 and 8.09 respectively. 

The flavor of the bread samples varied significantly from 
7.84 to 8.20. Highest mean score for flavor was reported for 
T5 while least for control, T0. The mean scores for other 
treatments, T1, T2, T3 and T4 were found to be 7.95, 8.05, 
8.11 and 8.17 respectively. Similar findings were also 
reported by Bhattarai et al. (2012).

Another sensory attribute of bread is the symmetry and 
evenness which depends on the strength of gluten and 
homogeneous vapor production at the time of baking. Gluten 
forms a network that retains vapors during baking. Any 
decrease in gluten content also reduces network formation 
that ultimately decreases symmetry and evenness of bread. In 
the present study, the symmetry and evenness of all the bread 
samples were linearly decreased with the increase of 
buckwheat flour percentages due to lower gluten content in 
the breads. Highest score was observed for control, T0 (8.74) 
while least in T5 (7.70). The mean scores for evenness of 
other treatments T1, T2, T3 and T4 were found  to be 8.61, 
8.50, 8.21 and 7.97 respectively. This study is in agreement 
with Bhavsar et al. (2013).

Taste is also one of the most important parameters to assess 
the sensory quality of any foods because it determines the 
acceptability and market success of the foods concerned. In 

the present investigation taste of all the bread samples varied 
significantly from each other’s. The mean score for taste was 
found highest for treatment T3 (8.44) and lowest for 
treatment T5 (7.94). For other treatments, T0, T1, T2 and T4, 
the mean scores were found  to be 8.09, 8.25, 8.34 and 8.0 
respectively. In case of overall acceptability, control T0 
(8.33) and treatment, T3 (8.27) showed significantly higher 
mean score as compared to others, T1 (8.14), T2 (8.06), T4 
(7.95) and T5 (7.90). The overall acceptance for control and 
treatment T3 did not vary significantly. Based on all the 
sensory attributes, bread formulated with 30% (T3) 
buckwheat flour is acceptable in sensory quality (Fig. 2). 
Above this level of buckwheat flour fortification, bread 
received a lower sensory score.

 

Comparison of buckwheat fortified bread (T3) with locally 
available breads

The buckwheat flour fortified bread, T3 (30% buckwheat 
flour), was compared with locally available breads to assess 
its nutritional value over these bakery products and presented 
in the Table VI. 

Moisture

Moisture content is one of the most important factors that 
maintaining food quality because increase in moisture 
content assists microbial growth and eventually deteriorates 
quality. In the present study, the moisture content of the 
composite bread T3 and locally available breads was found 
26.50 to 34.12% (Table VI). Highest moisture content was 
for S3whereas lowest in buckwheat flour fortified bread 

T3.This may be explained as buckwheat flour contained 
greater amount of total dry solids. This study is in agreement 
with others (Baljeet et al., 2010). Hence, the developed bread 
is suitable as compared to similar breads.

Ash

The ash content of all the bread samples was found 0.78 to 
1.06% (Table VI).The ash content of buckwheat flour 
fortified bread (T3) was found highest among other samples 
and the difference is also significant. Highest ash content in 
the present study may be due to higher ash percentage in 
buckwheat flour than wheat flour (Baljeet et al., 2010). This 
study further strengthens the suitability of the developed 
bread as a source of micronutrient.

Protein 

In this study, the protein content of the breads analyzed from 
local market was significantly lower than the formulated 
buckwheat breads. The protein content of all the bread 
samples was ranged from 7.05 to 14.07% (Table VI). Highest 
protein content was found in the formulated buckwheat bread 
(T3) while least in sample S1. The increased protein content 
may be explained as buckwheat flour has higher protein as 
compared to wheat (Wronkowska and Soral, 2008). Higher 
protein content of buckwheat formulated bread will make it a 
greater choice to overcome the protein energy malnutrition 
problem of the country.

Fat

The fat content of all the bread samples was ranged from 3.01 
to 5.69% (Table VI). The lowest fat content was found in 
locally available bread, S5whereas highest in T6 (Table 
IV).The fat content of the buckwheat fortified bread (T3) is 
significantly higher than all the bread samples except sample 
S6 which has higher fat than buckwheat fortified bread (T3). 
The higher fat of T3 bread may be explained as buckwheat 
contains higher amount of fat than wheat, supported by the 
study of Alvarez-Jubete et al. (2009).

Fiber

Fiber is an important component of our regular diet. It has 
many health benefits like prevention of several diseases such 
as cardiovascular diseases, irritable colon, cancer, 
constipation, diabetes (Elleuch et al., 2011; Slavin, 2005). In 
the present study, buckwheat flour fortified bread, T3 showed 
highest fiber content (0.16%) as compared to locally 
available breads, S1 to S9. The difference in fiber content is 
also significant. The least content was found in samples S2, 
S3, and S9 (0.05%) (Table VI). The higher fiber content of 
buckwheat flour fortified bread, T3 will increase its 
acceptability among consumers as a fiber source. 

Carbohydrate

In this study, the carbohydrate content of the breads varied 
significantly. It ranged from 52.73to 59.31%. The lowest 

carbohydrate content was found in the buckwheat flour 
fortified bread, T3 (52.73%), whereas highest amount in 
locally available bread, S5 (59.31%) (Table VI).The lower 
carbohydrate content of the developed buckwheat bread 
(T3) makes it a good choice for health of adults and 
diabetes patients. 

Energy value

Food energy is the amount of chemical energy derives 
from food through oxidation.  An amount of 9 kcal/g and 
4 kcal/g energy is obtained through the oxidation of fat, 
protein and carbohydrate present in the diet respectively. 
In this study, the energy value of the breads was ranged 
from 277 to 316.52 kcal/100 g.The highest content was 
found for buckwheat flour fortified bread (T3) whereas 
least in the locally available Bread, S3 (Table VI).The 
difference in energy content may be due to higher protein 
and fat content of the presently developed bread.This 
newly developed buckwheat flour fortified bread may be 
a good choice for energy deficient people.

Conclusion

From the above studies, it can be stated that incorporation 
of buckwheat flour in the bread formulation has 
significant effects on the nutritional, physical and sensory 
attributes of bread. Based on the biochemical, physical 
and sensory results, it can be concluded that bread 
prepared with 30% substitution of wheat flour with 
buckwheat flour is acceptable in quality and it is 
nutritionally superior over locally available breads. The 
findings of the present study will help in development and 
utilization of functional foods that will not only improve 
the nutritional status of the population but also help those 
suffering from degenerative diseases. 
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Table VI. Comparison of nutritional composition of developed buckwheat bread (T3) and locally available breads

S1 30.12 ±0.21d 0.97 ±0.01de 7.05 ±0.05g  3.57 ±0.10f 0.07 ±0.02bc 58.22±0.39b 293.21±0.46f

S2 30.76 ±0.16c 0.94 ±0.02f 10.08 ±0.1b 4.89 ±0.12c 0.05 ±0.01c 53.28±0.40f 297.45±0.24d

S3 34.12±0.12a 0.99 ±0.01cd 7.92 ±0.06f 3.55 ±0.08f 0.05 ±0.01c 53.37±0.26ef 277.10±0.31i

S4 30.76 ±0.21c 0.95 ±0.01ef 9.35 ±0.13d 3.79 ±0.12e 0.09 ±0.01b 55.07±0.48d 291.75±0.34g

S5 28.78 ±0.22e 0.98 ±0.02d 7.85±0.13f 3.01 ±0.14g 0.07 ±0.01bc 59.31±0.52a 295.73±0.30e

S6 28.98 ±0.14e 0.93 ±0.02f 7.21 ±0.10g 5.69 ±0.11a 0.07 ±0.02bc 57.05±0.29c 308.26±0.32c

S7 33.01 ±0.16b 1.02 ±0.01b 8.86 ±0.10e 3.05 ±0.12g 0.06 ±0.01bc 54.0±0.40e 278.89±0.12h

S8 27.45 ±0.18f 1.01 ±0.01bc 9.66 ±0.14c 4.56 ±0.14D 0.06 ±0.01bc 57.26±0.47c 308.72±0.10b

S9 30.93 ±0.12c 0.78 ±0.02g 9.36 ±0.11d 3.68 ±0.10ef 0.05 ±0.01c 55.20±0.36d 291.36±0.1g

T3  26.50 ±0.11g 1.06 ±0.01a 14.07±0.05a 5.48 ±0.11b 0.16 ±0.02a 52.73±0.30f 316.52±0.01a

Values are means of triplicates ± standard deviation. Values with the same superscript in a column are not significantly different (p >0.05)

Sample
name

Moisture
(%)

Ash
(%)

Protein
(%)

Fat
(%)

Crude
Fiber (%)

Carbohydrate
(%)

Energy
(Kcal/100g)
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Introduction

Buckwheat (Fagopyrum esculentum) is a pseudocereal, 
widely being used for production of gluten free bakery 
products (Wronkowska and Soral-Smietana, 2008) and as 
a potential functional foods. It is an excellent source of 
protein, fiber, vitamins (B1, B2, B6, and E) and minerals 
(Wijngaard and Arendt, 2006). Buckwheat proteins have 
well balanced amino acids composition that increased its 
biological value. Buckwheat protein is rich in lysine that 
is limiting amino acids in many plant proteins. It also 
contains many health promoting components like rutin, 
quercetin, isovitexin, isoorientin, vitexin, orientin, 
phenols etc. (Fabjan et al. 2003; Dietrych-Szostak and 
Oleszek, 1999) that makes it an ideal choice of natural 
sources of antioxidant (Sun and Ho, 2005)butylated 
hydroxytoluene (BHT. Buckwheat has many health 
benefits like reduction of plasma cholesterol level, 
improvement of hypertension conditions, 
anti-inflammatory, neuro-protection, anticancer and 
antidiabetic effects (Quettier-Deleu et al., 2000). These 
nutritional and health benefits make buckwheat a greater 
choice for the formulation of different bakeries, crepes, 

pasta-noodles, cookies, cakes, breads, breakfast cereal 
formulations etc. (Gokcen and Nermin, 2012; Lin et al., 
2009; Bonafaccia and Kreft, 1994).

It is almost accepted that diet-based therapy is one of the 
most effective and sustainable way to combat with various 
diseases. However, development of effective food-based 
strategy depends on various factors like target communities, 
knowledge of nutrient sources and choice of suitable vehicle 
to incorporate functional ingredients. Wheat based baked 
products are now getting more importance as an appropriate 
vehicle for the incorporation of functional ingredients 
(Martins et al., 2017). These are not only popular in 
Bangladesh but also throughout the world to all ages of 
people because of its low price, palatability, ease of 
consumption and availability. Among the wheat based baked 
products, bread is a staple food in many countries around the 
world. In Bangladesh, the popularity of bread consumption is 
also increasing in both urban and sub-urban areas due to 
changing food habits, hectic life, increasing working people 
outside home and urban area (Begum et al., 2014). It is 
consumed extensively in most homes, restaurants and hotels 

all over the country. Urban lifestyle is clearly a more market 
dependent for food with very limited capacity for home 
preparation. As a consequence the diet can be even more heavily 
biased towards pre-prepared and pre-cooked ready to eat food. 

Considering the aforementioned nutritional and health 
benefits of buckwheat, and popularity and market size of 
bread, the present study was intended to explore the 
possibility of fortification of wheat flour with buckwheat 
flour (Fagopyrum esculentum) to formulate bread with 
improved nutritional value along with acceptable sensory 
properties.

Materials and methods

The study was accomplished in the laboratory of Quality 
Control Research Section of Institute of Food Science & 
Technology, Bangladesh Council of Scientific & Industrial 
Research (BCSIR), Dr. Qudrat-i-Khuda Road, Dhanmondi, 
Dhaka, Bangladesh.

Sample and raw material collection

Raw materials (buckwheat flour, wheat flour, sugar, salt, dry 
yeast, egg) that were used for the preparation of buckwheat 
bread were collected from local market. Nine samples of 
wheat bread were collected from local market of Dhanmondi 
and Mirpur area for this study. All  chemicals and materials 
were also purchased from local market. 

Design of experiment

Experimental design was done to formulate high percentage 
of buckwheat fortified bread without affecting bread texture 

significantly. Wheat flour was replaced with buckwheat flour 
as follows:

T0 = 100% wheat flour (WF)
T1 = 90% wheat flour (WF) + 10% buckwheat flour (BWF)
T2 = 80% wheat flour (WF) + 20% buckwheat flour (BWF)
T3 = 70% wheat flour (WF) + 30% buckwheat flour (BWF) 
T4 = 65% wheat flour (WF) + 35% buckwheat flour (BWF) 
T5 = 60% wheat flour (WF) + 40% buckwheat flour (BWF) 
Wheat flour without buckwheat flour was kept as control T0 
(100% WF). The formulation of bread preparation is outlined 
in the Table I.

Preparation of buckwheat fortified breads

The whole process of bread preparation is outlined in the 
Figure 1. Firstly, sugar (15g) and salt (1g) were dissolved in 
water (30ml). Then flours (wheat flour, buckwheat flour as 
mentioned in the design of experiment) and yeast (1.25g) 
were added, and mixed well. Egg (1 piece) and oil (5 ml) 
were added to the mixture and mixed well to make dough. 
Dough was kept for 2 hrs at 40o±2oC. Dough was given shape 
of loaf. Then, dough was kept for final puffing at 40o±2oC for 
60 min. Finally baking was done by placing the puffed dough 
in baking oven at 170o±5oC for 25±2 min followed by cooling  
at room temp and kept at 4oC for further analysis.

Proximate analysis of wheat flour, buckwheat flour, 
buckwheat fortified breads and locally available breads

The nutrition content (i.e., moisture, ash, protein, fat, fiber) of 
the newly developed buckwheat bread and locally available 
wheat breads were estimated according to the standard 

analytical methods (AOAC, 2005). The carbohydrate content 
and energy value was determined following the methods of 
Farzana and Mohajan (2015) and Eneche (1999). 

Mineral analysis of wheat flour, buckwheat flour and 
buckwheat fortified breads

Flame photometric method was used for the determination of 
sodium and potassium content (Jahan et al., 2011; Mutalik et 
al., 2011). Flame Atomic Absorption Spectrometric method 
was used for the determination of iron, copper, manganese 

and zinc (AOAC, 2005; Kirk and Sawyer, 1991).

Sensory analysis 

Sensory analysis of the developed buckwheat fortified bread 
was done using nine-point hedonic-scale scorecard (9 = like 
extremely, 8 = like very much, 7 = like moderately, 6 = like 
slightly, 5 = neither like or dislike, 4 = dislike slightly, 3 = 
dislike moderately, 2 = dislike very much, 1 = dislike 
extremely) (Lim, 2011).  A sensory panel consists of 10 
trained members, selected from the staff members of IFST,  

BCSIR, participated in the evaluation of sensory attributes 
such as color and appearance, texture, flavor, evenness of 
bake, taste and overall acceptability. 

Statistical analysis 

Data analysis was done using SPSS (Statistical Package for 
the Social Sciences) software, version 15.0, SPSS Inc. 
Chicago, Illinois, USA. Values were expressed as percentage 
and mean ± SD. The significance/non-significance of the 
mean difference was determined using one way ANOVA and 
Duncan test. Means were separated using t - test.

Results and discussion

Proximate compositions of wheat flour and buckwheat flour 
(on dry basis)

A comparative study of nutritional analysis of wheat flour 
and buckwheat flour has been shown in the Table II (on dry 
basis). In the study, in case of wheat flour, the moisture, 
protein, fat, ash, crude fiber and carbohydrate content was 
found to be 12.73%, 12.24%, 2.46%, 0.52%, 0.07% and 

71.98% respectively. While in buckwheat flour, the 
moisture, protein, fat, ash, crude fiber and carbohydrate 
content were found to be 5.47%, 16.66%, 3.42%, 1.68%, 
0.58% and 72.19%. The protein, crude fiber, ash and fat 
content were significantly higher and moisture content is 
also significantly lower as compared to the wheat flour 
(Table II), supported by other studies (Selimovic et al., 
2014; Bhavsar et al., 2013)

In case of mineral contents, buckwheat flour has 
significantly higher sodium (20.59 mg/100g),  potassium 
(360.89mg/100g), copper (1.12mg/100g), zinc (5.19mg/ 
100g), iron (4.95mg/ 100g)  and manganese (1.23mg/ 
100g)  content than that of the wheat flour 
(sodium-14.78mg/100g, potassium-116.81mg/ 100g, 
copper-0.15mg/100g, zinc-1.61mg/100g, 
iron-2.36mg/100g, manganese-0. 67mg/100g) (Table II), 
supported by the study of Bhavsar et al.(2013).

Proximate composition and mineral analysis of buckwheat 
fortified breads (on dry basis)

Breads with different levels of buckwheat flour were 
prepared and subsequently their proximate and mineral 
analysis was carried out. These results were shown in the 
Table III (on dry basis). 

In the present study, the moisture (29.91 to 25.41%) and 
carbohydrate (54.23 to 51.11%) contents were decreased with 
the increasing level of buckwheat flour, while the ash (0.80 to 
1.21%), protein (10.11 to 16.23%), fat (4.88 to 5.85%), fiber 
(0.07 to 0.19 %) and energy (301 to 322 kcal/100g) contents 
were linearly increased with the increasing percentage of 
buckwheat flour in the bread preparation (Table III). These 
trends of increase are in agreement with the study of 
Selimovic et al. (2014)  The highest moisture content was 
found for control, T0 (29.91%) while least for treatment T5 
(25.41%). The moisture content for other treatments, T1, T2, 
T3 and T4 was found to be 28.95%, 27.86%, 26.50%, and 
26.01% respectively. Decreased water content of finished 
bread may be a consequence of depleted water absorption 
capacity of dough due to addition of buckwheat flour, 
supported by the study of Baljeet et al. (2010).

The highest ash content was found for treatment, T5 (1.21%) 
while least for control, T0 (0.80%). The ash content for other 
treatments, T1, T2, T3 and T4 was found 0.92%, 0.97%, 
1.06%, and 1.11% respectively. The highest protein content 
was found for treatment, T5 (16.23%) while least for control, 
T0 (10.11%). The protein content for other treatments, T1, T2, 
T3 and T4 was found 11.01%, 12.52%, 14.07%, and 15.04% 
respectively. The highest fat content was found for treatment, 
T5 (5.85%) while least for control, T0 (4.88%). The fat 

content for other treatments, T1, T2, T3 and T4 was found 
5.06%, 5.28%, 5.48%, and 5.62% respectively. The highest 
fibercontent was found for treatment, T5 (0.19%) while least 
for control, T0 (0.07%). The fiber content for other 
treatments, T1, T2, T3 and T4 was found 0.11%, 0.13%, 
0.16%, and 0.18% respectively. The highest carbohydrate 
content was found for control, T0 (54.23%) while least for 
treatment, T5 (51.11%). The carbohydrate content for other 
treatments, T1, T2, T3 and T4 was found 53.95%, 53.24%, 
52.73%, and 52.04% respectively. The highest energy content 
was found for treatment, T5 (322kcal/100g) while least for 
control, T0 (301kcal/100g). The energy content for other 
treatments, T1, T2, T3 and T4 was found 305kcal/100g, 
311kcal/100g, 317kcal/100g and 319kcal/100g respectively. 
The increase value of these parameters is due to incorporation 
of buckwheat flour as this flour contains higher amount of 
protein, fat, ash, fiber, carbohydrate and energy than wheat 
flour (Bhavsar et al., 2013).

The mineral contents (sodium ranged from 177.42 to 
238.91mg/100g, potassium ranged from 71.16 to 
99.31mg/100g, copper ranged from 0.03 to 0.22mg/100g, 
zinc ranged from 0.21 to 1.05mg/100g, iron ranged from 1.66 
to 2.29mg/100g and manganese ranged from 0.37 to 
0.50mg/100g) were increased with the increasing content of 
buckwheat flour (Table III). Similar increasing trends were 
also observed in other studies (Bojnanska et al., 2009; 
Wronkowska et al., 2008). 

The highest sodium (Na) content was found for treatment, 
T5 (238.91mg/100g) while least for control, T0 
(177.42mg/100g). The sodium content for other 
treatments, T1, T2, T3 and T4 was found 
190.52mg/100g, 202.35mg/100g, 222.35mg/100g and 
231.94mg/100g respectively. The highest potassium (K) 
content was found for treatment, T5 (99.31mg/100g) 
while least for control, T0 (71.16mg/100g). The sodium 

content for other treatments, T1, T2, T3 and T4 was 
found 76.26mg/100g, 84.01mg/100g, 90.05mg/100g and 
95.87mg/100g respectively. The highest copper (Cu) 
content was found for treatment, T5 (0.22mg/100g) 
while least for control, T0 (0.03mg/100g). The copper 
content for other treatments, T1, T2, T3 and T4 was 
found 0.06mg/100g, 0.08mg/100g, 0.12mg/100g and 
0.15mg/100g respectively. The highest zinc (Zn) content 
was found for treatment, T5 (1.05mg/100g) while least 
for control, T0 (0.21mg/100g). The zinc content for 
other treatments, T1, T2, T3 and T4 was found 
0.35mg/100g, 0.58mg/100g, 0.69mg/100g and 
0.88mg/100g respectively. The highest iron (Fe) content 
was found for treatment, T5 (2.29mg/100g) while least 
for control, T0 (1.66mg/100g). The iron content for 
other treatments, T1, T2, T3 and T4 was found 
1.79mg/100g, 1.96mg/100g, 2.10mg/100g and 
2.18mg/100g respectively. The highest manganese (Mn) 
content was found for treatment, T5 (0.50mg/100g) 
while least for control, T0 (0.37mg/100g). The sodium 
content for other treatments, T1, T2, T3 and T4 was 
found 0.40mg/100g, 0.42mg/100g, 0.45mg/100g and 
0.46mg/100g respectively. These increases in the 
minerals content of the breads sample may be due to 
higher minerals content of buckwheat flour as compared 
to wheat flour.

Physical properties of buckwheat flour fortified breads

In order to assess the effect of incorporation of buckwheat 
flour on the physical properties of bread, different parameters 
such as loaf volume, loaf weight and specific volume were 
investigated and presented in the Table IV.

In the study, loaf volume and loaf specific volume were 
decreased with the increase of buckwheat flour. Highest loaf 

volume was found for control, T0 (690 cc) whereas lowest in 
treatment T5 (414cc). The loaf volume for other treatments, 
T1, T2, T3 and T4 was found 614cc, 540cc, 476cc and 442cc 
respectively, supported by the study of (Wronkowska et al., 
2008). The loaf weight of the treatments, T0, T1, T2, T3, T4 
and T5 was found 142.35g, 141.97g, 153.20g, 147.44g, 
146.11g and 145.21g respectively. In case of loaf specific 

volume, control, T0 showed highest (4.85cc/g) and treatment 
T5 lowest specific loaf volume (2.85cc/g). The specific loaf 
volume for other treatments, T1, T2, T3 and T4 was found 
4.32cc/g, 3.52cc/g, 3.23cc/g and 3.02cc/g. These results in 
the present study are in line with the findings of other studies 
(Drobo tet al., 2014; Bhavsar et al., 2013). The decrease in 
volume of breads may be due to decrease in gluten content 
and hence, decrease in air trapping capacity of the network 
that ultimately retards the increase in volume of breads. 

Effect of different levels of buckwheat flour on sensorial 
qualities of bread

Sensory evaluation is an effective tools to judge whether the 
product will be acceptable or not among the consumers. In 
the present investigation, sensory qualities of breads 
prepared with the incorporation of different levels of 

buckwheat flour,10% (T1), 20% (T2), 30% (T3), 35% 
(T4) and 40% (T5),  showed that with regard to color 
and appearance, texture, flavor, evenness of bake, 
taste, and overall acceptance, 30% buckwheat 
fortified bread (T3) was found to be best among 
others. The effects of the incorporation of buckwheat 
flour (BWF) into sensory attributes of breads were 
shown in Table V.

The color and appearance is one of the most important 
sensory parameter that makes first impression in the 
consumers mind about the product. In the present study, the 
mean score for color and appearance was ranged from 8.0 to 
8.8 and highest score was found in control, T0 while least in 
treatment T5.  For other treatments, T1, T2, T3 and T4, it was 
found 8.67, 8.58, 8.44 and 8.25 respectively. The mean score 
for color and appearance was found decreasing as the 
increasing percentages of buckwheat flour due to the dark 
color of buckwheat flour (Gokcen and Nermin, 2012). 
Similar findings were also reported by Bhavsar et al. (2013).

The texture is also an important sensory attribute to judge 
whether the food is soft or hard. In case of bread, it is the feel 
of interior part after it has been sliced off. In the study, the 
textural properties of all the bread samples were found 
decreasing with the increasing amount of buckwheat flour 
and highest score for textural properties was found for 
control, T0 (8.83) while least for T5(7.82). Similar results 
were also reported by other studies (Bhavsar et al., 2013; 
Petra et al., 2012). The mean score for texture of other 
treatments T1, T2, T3 and T4 were found  to be 8.66, 8.45, 
8.36 and 8.09 respectively. 

The flavor of the bread samples varied significantly from 
7.84 to 8.20. Highest mean score for flavor was reported for 
T5 while least for control, T0. The mean scores for other 
treatments, T1, T2, T3 and T4 were found to be 7.95, 8.05, 
8.11 and 8.17 respectively. Similar findings were also 
reported by Bhattarai et al. (2012).

Another sensory attribute of bread is the symmetry and 
evenness which depends on the strength of gluten and 
homogeneous vapor production at the time of baking. Gluten 
forms a network that retains vapors during baking. Any 
decrease in gluten content also reduces network formation 
that ultimately decreases symmetry and evenness of bread. In 
the present study, the symmetry and evenness of all the bread 
samples were linearly decreased with the increase of 
buckwheat flour percentages due to lower gluten content in 
the breads. Highest score was observed for control, T0 (8.74) 
while least in T5 (7.70). The mean scores for evenness of 
other treatments T1, T2, T3 and T4 were found  to be 8.61, 
8.50, 8.21 and 7.97 respectively. This study is in agreement 
with Bhavsar et al. (2013).

Taste is also one of the most important parameters to assess 
the sensory quality of any foods because it determines the 
acceptability and market success of the foods concerned. In 

the present investigation taste of all the bread samples varied 
significantly from each other’s. The mean score for taste was 
found highest for treatment T3 (8.44) and lowest for 
treatment T5 (7.94). For other treatments, T0, T1, T2 and T4, 
the mean scores were found  to be 8.09, 8.25, 8.34 and 8.0 
respectively. In case of overall acceptability, control T0 
(8.33) and treatment, T3 (8.27) showed significantly higher 
mean score as compared to others, T1 (8.14), T2 (8.06), T4 
(7.95) and T5 (7.90). The overall acceptance for control and 
treatment T3 did not vary significantly. Based on all the 
sensory attributes, bread formulated with 30% (T3) 
buckwheat flour is acceptable in sensory quality (Fig. 2). 
Above this level of buckwheat flour fortification, bread 
received a lower sensory score.

 

Comparison of buckwheat fortified bread (T3) with locally 
available breads

The buckwheat flour fortified bread, T3 (30% buckwheat 
flour), was compared with locally available breads to assess 
its nutritional value over these bakery products and presented 
in the Table VI. 

Moisture

Moisture content is one of the most important factors that 
maintaining food quality because increase in moisture 
content assists microbial growth and eventually deteriorates 
quality. In the present study, the moisture content of the 
composite bread T3 and locally available breads was found 
26.50 to 34.12% (Table VI). Highest moisture content was 
for S3whereas lowest in buckwheat flour fortified bread 

T3.This may be explained as buckwheat flour contained 
greater amount of total dry solids. This study is in agreement 
with others (Baljeet et al., 2010). Hence, the developed bread 
is suitable as compared to similar breads.

Ash

The ash content of all the bread samples was found 0.78 to 
1.06% (Table VI).The ash content of buckwheat flour 
fortified bread (T3) was found highest among other samples 
and the difference is also significant. Highest ash content in 
the present study may be due to higher ash percentage in 
buckwheat flour than wheat flour (Baljeet et al., 2010). This 
study further strengthens the suitability of the developed 
bread as a source of micronutrient.

Protein 

In this study, the protein content of the breads analyzed from 
local market was significantly lower than the formulated 
buckwheat breads. The protein content of all the bread 
samples was ranged from 7.05 to 14.07% (Table VI). Highest 
protein content was found in the formulated buckwheat bread 
(T3) while least in sample S1. The increased protein content 
may be explained as buckwheat flour has higher protein as 
compared to wheat (Wronkowska and Soral, 2008). Higher 
protein content of buckwheat formulated bread will make it a 
greater choice to overcome the protein energy malnutrition 
problem of the country.

Fat

The fat content of all the bread samples was ranged from 3.01 
to 5.69% (Table VI). The lowest fat content was found in 
locally available bread, S5whereas highest in T6 (Table 
IV).The fat content of the buckwheat fortified bread (T3) is 
significantly higher than all the bread samples except sample 
S6 which has higher fat than buckwheat fortified bread (T3). 
The higher fat of T3 bread may be explained as buckwheat 
contains higher amount of fat than wheat, supported by the 
study of Alvarez-Jubete et al. (2009).

Fiber

Fiber is an important component of our regular diet. It has 
many health benefits like prevention of several diseases such 
as cardiovascular diseases, irritable colon, cancer, 
constipation, diabetes (Elleuch et al., 2011; Slavin, 2005). In 
the present study, buckwheat flour fortified bread, T3 showed 
highest fiber content (0.16%) as compared to locally 
available breads, S1 to S9. The difference in fiber content is 
also significant. The least content was found in samples S2, 
S3, and S9 (0.05%) (Table VI). The higher fiber content of 
buckwheat flour fortified bread, T3 will increase its 
acceptability among consumers as a fiber source. 

Carbohydrate

In this study, the carbohydrate content of the breads varied 
significantly. It ranged from 52.73to 59.31%. The lowest 

carbohydrate content was found in the buckwheat flour 
fortified bread, T3 (52.73%), whereas highest amount in 
locally available bread, S5 (59.31%) (Table VI).The lower 
carbohydrate content of the developed buckwheat bread 
(T3) makes it a good choice for health of adults and 
diabetes patients. 

Energy value

Food energy is the amount of chemical energy derives 
from food through oxidation.  An amount of 9 kcal/g and 
4 kcal/g energy is obtained through the oxidation of fat, 
protein and carbohydrate present in the diet respectively. 
In this study, the energy value of the breads was ranged 
from 277 to 316.52 kcal/100 g.The highest content was 
found for buckwheat flour fortified bread (T3) whereas 
least in the locally available Bread, S3 (Table VI).The 
difference in energy content may be due to higher protein 
and fat content of the presently developed bread.This 
newly developed buckwheat flour fortified bread may be 
a good choice for energy deficient people.

Conclusion

From the above studies, it can be stated that incorporation 
of buckwheat flour in the bread formulation has 
significant effects on the nutritional, physical and sensory 
attributes of bread. Based on the biochemical, physical 
and sensory results, it can be concluded that bread 
prepared with 30% substitution of wheat flour with 
buckwheat flour is acceptable in quality and it is 
nutritionally superior over locally available breads. The 
findings of the present study will help in development and 
utilization of functional foods that will not only improve 
the nutritional status of the population but also help those 
suffering from degenerative diseases. 
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Introduction

Buckwheat (Fagopyrum esculentum) is a pseudocereal, 
widely being used for production of gluten free bakery 
products (Wronkowska and Soral-Smietana, 2008) and as 
a potential functional foods. It is an excellent source of 
protein, fiber, vitamins (B1, B2, B6, and E) and minerals 
(Wijngaard and Arendt, 2006). Buckwheat proteins have 
well balanced amino acids composition that increased its 
biological value. Buckwheat protein is rich in lysine that 
is limiting amino acids in many plant proteins. It also 
contains many health promoting components like rutin, 
quercetin, isovitexin, isoorientin, vitexin, orientin, 
phenols etc. (Fabjan et al. 2003; Dietrych-Szostak and 
Oleszek, 1999) that makes it an ideal choice of natural 
sources of antioxidant (Sun and Ho, 2005)butylated 
hydroxytoluene (BHT. Buckwheat has many health 
benefits like reduction of plasma cholesterol level, 
improvement of hypertension conditions, 
anti-inflammatory, neuro-protection, anticancer and 
antidiabetic effects (Quettier-Deleu et al., 2000). These 
nutritional and health benefits make buckwheat a greater 
choice for the formulation of different bakeries, crepes, 

pasta-noodles, cookies, cakes, breads, breakfast cereal 
formulations etc. (Gokcen and Nermin, 2012; Lin et al., 
2009; Bonafaccia and Kreft, 1994).

It is almost accepted that diet-based therapy is one of the 
most effective and sustainable way to combat with various 
diseases. However, development of effective food-based 
strategy depends on various factors like target communities, 
knowledge of nutrient sources and choice of suitable vehicle 
to incorporate functional ingredients. Wheat based baked 
products are now getting more importance as an appropriate 
vehicle for the incorporation of functional ingredients 
(Martins et al., 2017). These are not only popular in 
Bangladesh but also throughout the world to all ages of 
people because of its low price, palatability, ease of 
consumption and availability. Among the wheat based baked 
products, bread is a staple food in many countries around the 
world. In Bangladesh, the popularity of bread consumption is 
also increasing in both urban and sub-urban areas due to 
changing food habits, hectic life, increasing working people 
outside home and urban area (Begum et al., 2014). It is 
consumed extensively in most homes, restaurants and hotels 

all over the country. Urban lifestyle is clearly a more market 
dependent for food with very limited capacity for home 
preparation. As a consequence the diet can be even more heavily 
biased towards pre-prepared and pre-cooked ready to eat food. 

Considering the aforementioned nutritional and health 
benefits of buckwheat, and popularity and market size of 
bread, the present study was intended to explore the 
possibility of fortification of wheat flour with buckwheat 
flour (Fagopyrum esculentum) to formulate bread with 
improved nutritional value along with acceptable sensory 
properties.

Materials and methods

The study was accomplished in the laboratory of Quality 
Control Research Section of Institute of Food Science & 
Technology, Bangladesh Council of Scientific & Industrial 
Research (BCSIR), Dr. Qudrat-i-Khuda Road, Dhanmondi, 
Dhaka, Bangladesh.

Sample and raw material collection

Raw materials (buckwheat flour, wheat flour, sugar, salt, dry 
yeast, egg) that were used for the preparation of buckwheat 
bread were collected from local market. Nine samples of 
wheat bread were collected from local market of Dhanmondi 
and Mirpur area for this study. All  chemicals and materials 
were also purchased from local market. 

Design of experiment

Experimental design was done to formulate high percentage 
of buckwheat fortified bread without affecting bread texture 

significantly. Wheat flour was replaced with buckwheat flour 
as follows:

T0 = 100% wheat flour (WF)
T1 = 90% wheat flour (WF) + 10% buckwheat flour (BWF)
T2 = 80% wheat flour (WF) + 20% buckwheat flour (BWF)
T3 = 70% wheat flour (WF) + 30% buckwheat flour (BWF) 
T4 = 65% wheat flour (WF) + 35% buckwheat flour (BWF) 
T5 = 60% wheat flour (WF) + 40% buckwheat flour (BWF) 
Wheat flour without buckwheat flour was kept as control T0 
(100% WF). The formulation of bread preparation is outlined 
in the Table I.

Preparation of buckwheat fortified breads

The whole process of bread preparation is outlined in the 
Figure 1. Firstly, sugar (15g) and salt (1g) were dissolved in 
water (30ml). Then flours (wheat flour, buckwheat flour as 
mentioned in the design of experiment) and yeast (1.25g) 
were added, and mixed well. Egg (1 piece) and oil (5 ml) 
were added to the mixture and mixed well to make dough. 
Dough was kept for 2 hrs at 40o±2oC. Dough was given shape 
of loaf. Then, dough was kept for final puffing at 40o±2oC for 
60 min. Finally baking was done by placing the puffed dough 
in baking oven at 170o±5oC for 25±2 min followed by cooling  
at room temp and kept at 4oC for further analysis.

Proximate analysis of wheat flour, buckwheat flour, 
buckwheat fortified breads and locally available breads

The nutrition content (i.e., moisture, ash, protein, fat, fiber) of 
the newly developed buckwheat bread and locally available 
wheat breads were estimated according to the standard 

analytical methods (AOAC, 2005). The carbohydrate content 
and energy value was determined following the methods of 
Farzana and Mohajan (2015) and Eneche (1999). 

Mineral analysis of wheat flour, buckwheat flour and 
buckwheat fortified breads

Flame photometric method was used for the determination of 
sodium and potassium content (Jahan et al., 2011; Mutalik et 
al., 2011). Flame Atomic Absorption Spectrometric method 
was used for the determination of iron, copper, manganese 

and zinc (AOAC, 2005; Kirk and Sawyer, 1991).

Sensory analysis 

Sensory analysis of the developed buckwheat fortified bread 
was done using nine-point hedonic-scale scorecard (9 = like 
extremely, 8 = like very much, 7 = like moderately, 6 = like 
slightly, 5 = neither like or dislike, 4 = dislike slightly, 3 = 
dislike moderately, 2 = dislike very much, 1 = dislike 
extremely) (Lim, 2011).  A sensory panel consists of 10 
trained members, selected from the staff members of IFST,  

BCSIR, participated in the evaluation of sensory attributes 
such as color and appearance, texture, flavor, evenness of 
bake, taste and overall acceptability. 

Statistical analysis 

Data analysis was done using SPSS (Statistical Package for 
the Social Sciences) software, version 15.0, SPSS Inc. 
Chicago, Illinois, USA. Values were expressed as percentage 
and mean ± SD. The significance/non-significance of the 
mean difference was determined using one way ANOVA and 
Duncan test. Means were separated using t - test.

Results and discussion

Proximate compositions of wheat flour and buckwheat flour 
(on dry basis)

A comparative study of nutritional analysis of wheat flour 
and buckwheat flour has been shown in the Table II (on dry 
basis). In the study, in case of wheat flour, the moisture, 
protein, fat, ash, crude fiber and carbohydrate content was 
found to be 12.73%, 12.24%, 2.46%, 0.52%, 0.07% and 

71.98% respectively. While in buckwheat flour, the 
moisture, protein, fat, ash, crude fiber and carbohydrate 
content were found to be 5.47%, 16.66%, 3.42%, 1.68%, 
0.58% and 72.19%. The protein, crude fiber, ash and fat 
content were significantly higher and moisture content is 
also significantly lower as compared to the wheat flour 
(Table II), supported by other studies (Selimovic et al., 
2014; Bhavsar et al., 2013)

In case of mineral contents, buckwheat flour has 
significantly higher sodium (20.59 mg/100g),  potassium 
(360.89mg/100g), copper (1.12mg/100g), zinc (5.19mg/ 
100g), iron (4.95mg/ 100g)  and manganese (1.23mg/ 
100g)  content than that of the wheat flour 
(sodium-14.78mg/100g, potassium-116.81mg/ 100g, 
copper-0.15mg/100g, zinc-1.61mg/100g, 
iron-2.36mg/100g, manganese-0. 67mg/100g) (Table II), 
supported by the study of Bhavsar et al.(2013).

Proximate composition and mineral analysis of buckwheat 
fortified breads (on dry basis)

Breads with different levels of buckwheat flour were 
prepared and subsequently their proximate and mineral 
analysis was carried out. These results were shown in the 
Table III (on dry basis). 

In the present study, the moisture (29.91 to 25.41%) and 
carbohydrate (54.23 to 51.11%) contents were decreased with 
the increasing level of buckwheat flour, while the ash (0.80 to 
1.21%), protein (10.11 to 16.23%), fat (4.88 to 5.85%), fiber 
(0.07 to 0.19 %) and energy (301 to 322 kcal/100g) contents 
were linearly increased with the increasing percentage of 
buckwheat flour in the bread preparation (Table III). These 
trends of increase are in agreement with the study of 
Selimovic et al. (2014)  The highest moisture content was 
found for control, T0 (29.91%) while least for treatment T5 
(25.41%). The moisture content for other treatments, T1, T2, 
T3 and T4 was found to be 28.95%, 27.86%, 26.50%, and 
26.01% respectively. Decreased water content of finished 
bread may be a consequence of depleted water absorption 
capacity of dough due to addition of buckwheat flour, 
supported by the study of Baljeet et al. (2010).

The highest ash content was found for treatment, T5 (1.21%) 
while least for control, T0 (0.80%). The ash content for other 
treatments, T1, T2, T3 and T4 was found 0.92%, 0.97%, 
1.06%, and 1.11% respectively. The highest protein content 
was found for treatment, T5 (16.23%) while least for control, 
T0 (10.11%). The protein content for other treatments, T1, T2, 
T3 and T4 was found 11.01%, 12.52%, 14.07%, and 15.04% 
respectively. The highest fat content was found for treatment, 
T5 (5.85%) while least for control, T0 (4.88%). The fat 

content for other treatments, T1, T2, T3 and T4 was found 
5.06%, 5.28%, 5.48%, and 5.62% respectively. The highest 
fibercontent was found for treatment, T5 (0.19%) while least 
for control, T0 (0.07%). The fiber content for other 
treatments, T1, T2, T3 and T4 was found 0.11%, 0.13%, 
0.16%, and 0.18% respectively. The highest carbohydrate 
content was found for control, T0 (54.23%) while least for 
treatment, T5 (51.11%). The carbohydrate content for other 
treatments, T1, T2, T3 and T4 was found 53.95%, 53.24%, 
52.73%, and 52.04% respectively. The highest energy content 
was found for treatment, T5 (322kcal/100g) while least for 
control, T0 (301kcal/100g). The energy content for other 
treatments, T1, T2, T3 and T4 was found 305kcal/100g, 
311kcal/100g, 317kcal/100g and 319kcal/100g respectively. 
The increase value of these parameters is due to incorporation 
of buckwheat flour as this flour contains higher amount of 
protein, fat, ash, fiber, carbohydrate and energy than wheat 
flour (Bhavsar et al., 2013).

The mineral contents (sodium ranged from 177.42 to 
238.91mg/100g, potassium ranged from 71.16 to 
99.31mg/100g, copper ranged from 0.03 to 0.22mg/100g, 
zinc ranged from 0.21 to 1.05mg/100g, iron ranged from 1.66 
to 2.29mg/100g and manganese ranged from 0.37 to 
0.50mg/100g) were increased with the increasing content of 
buckwheat flour (Table III). Similar increasing trends were 
also observed in other studies (Bojnanska et al., 2009; 
Wronkowska et al., 2008). 

The highest sodium (Na) content was found for treatment, 
T5 (238.91mg/100g) while least for control, T0 
(177.42mg/100g). The sodium content for other 
treatments, T1, T2, T3 and T4 was found 
190.52mg/100g, 202.35mg/100g, 222.35mg/100g and 
231.94mg/100g respectively. The highest potassium (K) 
content was found for treatment, T5 (99.31mg/100g) 
while least for control, T0 (71.16mg/100g). The sodium 

content for other treatments, T1, T2, T3 and T4 was 
found 76.26mg/100g, 84.01mg/100g, 90.05mg/100g and 
95.87mg/100g respectively. The highest copper (Cu) 
content was found for treatment, T5 (0.22mg/100g) 
while least for control, T0 (0.03mg/100g). The copper 
content for other treatments, T1, T2, T3 and T4 was 
found 0.06mg/100g, 0.08mg/100g, 0.12mg/100g and 
0.15mg/100g respectively. The highest zinc (Zn) content 
was found for treatment, T5 (1.05mg/100g) while least 
for control, T0 (0.21mg/100g). The zinc content for 
other treatments, T1, T2, T3 and T4 was found 
0.35mg/100g, 0.58mg/100g, 0.69mg/100g and 
0.88mg/100g respectively. The highest iron (Fe) content 
was found for treatment, T5 (2.29mg/100g) while least 
for control, T0 (1.66mg/100g). The iron content for 
other treatments, T1, T2, T3 and T4 was found 
1.79mg/100g, 1.96mg/100g, 2.10mg/100g and 
2.18mg/100g respectively. The highest manganese (Mn) 
content was found for treatment, T5 (0.50mg/100g) 
while least for control, T0 (0.37mg/100g). The sodium 
content for other treatments, T1, T2, T3 and T4 was 
found 0.40mg/100g, 0.42mg/100g, 0.45mg/100g and 
0.46mg/100g respectively. These increases in the 
minerals content of the breads sample may be due to 
higher minerals content of buckwheat flour as compared 
to wheat flour.

Physical properties of buckwheat flour fortified breads

In order to assess the effect of incorporation of buckwheat 
flour on the physical properties of bread, different parameters 
such as loaf volume, loaf weight and specific volume were 
investigated and presented in the Table IV.

In the study, loaf volume and loaf specific volume were 
decreased with the increase of buckwheat flour. Highest loaf 

volume was found for control, T0 (690 cc) whereas lowest in 
treatment T5 (414cc). The loaf volume for other treatments, 
T1, T2, T3 and T4 was found 614cc, 540cc, 476cc and 442cc 
respectively, supported by the study of (Wronkowska et al., 
2008). The loaf weight of the treatments, T0, T1, T2, T3, T4 
and T5 was found 142.35g, 141.97g, 153.20g, 147.44g, 
146.11g and 145.21g respectively. In case of loaf specific 

volume, control, T0 showed highest (4.85cc/g) and treatment 
T5 lowest specific loaf volume (2.85cc/g). The specific loaf 
volume for other treatments, T1, T2, T3 and T4 was found 
4.32cc/g, 3.52cc/g, 3.23cc/g and 3.02cc/g. These results in 
the present study are in line with the findings of other studies 
(Drobo tet al., 2014; Bhavsar et al., 2013). The decrease in 
volume of breads may be due to decrease in gluten content 
and hence, decrease in air trapping capacity of the network 
that ultimately retards the increase in volume of breads. 

Effect of different levels of buckwheat flour on sensorial 
qualities of bread

Sensory evaluation is an effective tools to judge whether the 
product will be acceptable or not among the consumers. In 
the present investigation, sensory qualities of breads 
prepared with the incorporation of different levels of 

buckwheat flour,10% (T1), 20% (T2), 30% (T3), 35% 
(T4) and 40% (T5),  showed that with regard to color 
and appearance, texture, flavor, evenness of bake, 
taste, and overall acceptance, 30% buckwheat 
fortified bread (T3) was found to be best among 
others. The effects of the incorporation of buckwheat 
flour (BWF) into sensory attributes of breads were 
shown in Table V.

The color and appearance is one of the most important 
sensory parameter that makes first impression in the 
consumers mind about the product. In the present study, the 
mean score for color and appearance was ranged from 8.0 to 
8.8 and highest score was found in control, T0 while least in 
treatment T5.  For other treatments, T1, T2, T3 and T4, it was 
found 8.67, 8.58, 8.44 and 8.25 respectively. The mean score 
for color and appearance was found decreasing as the 
increasing percentages of buckwheat flour due to the dark 
color of buckwheat flour (Gokcen and Nermin, 2012). 
Similar findings were also reported by Bhavsar et al. (2013).

The texture is also an important sensory attribute to judge 
whether the food is soft or hard. In case of bread, it is the feel 
of interior part after it has been sliced off. In the study, the 
textural properties of all the bread samples were found 
decreasing with the increasing amount of buckwheat flour 
and highest score for textural properties was found for 
control, T0 (8.83) while least for T5(7.82). Similar results 
were also reported by other studies (Bhavsar et al., 2013; 
Petra et al., 2012). The mean score for texture of other 
treatments T1, T2, T3 and T4 were found  to be 8.66, 8.45, 
8.36 and 8.09 respectively. 

The flavor of the bread samples varied significantly from 
7.84 to 8.20. Highest mean score for flavor was reported for 
T5 while least for control, T0. The mean scores for other 
treatments, T1, T2, T3 and T4 were found to be 7.95, 8.05, 
8.11 and 8.17 respectively. Similar findings were also 
reported by Bhattarai et al. (2012).

Another sensory attribute of bread is the symmetry and 
evenness which depends on the strength of gluten and 
homogeneous vapor production at the time of baking. Gluten 
forms a network that retains vapors during baking. Any 
decrease in gluten content also reduces network formation 
that ultimately decreases symmetry and evenness of bread. In 
the present study, the symmetry and evenness of all the bread 
samples were linearly decreased with the increase of 
buckwheat flour percentages due to lower gluten content in 
the breads. Highest score was observed for control, T0 (8.74) 
while least in T5 (7.70). The mean scores for evenness of 
other treatments T1, T2, T3 and T4 were found  to be 8.61, 
8.50, 8.21 and 7.97 respectively. This study is in agreement 
with Bhavsar et al. (2013).

Taste is also one of the most important parameters to assess 
the sensory quality of any foods because it determines the 
acceptability and market success of the foods concerned. In 

the present investigation taste of all the bread samples varied 
significantly from each other’s. The mean score for taste was 
found highest for treatment T3 (8.44) and lowest for 
treatment T5 (7.94). For other treatments, T0, T1, T2 and T4, 
the mean scores were found  to be 8.09, 8.25, 8.34 and 8.0 
respectively. In case of overall acceptability, control T0 
(8.33) and treatment, T3 (8.27) showed significantly higher 
mean score as compared to others, T1 (8.14), T2 (8.06), T4 
(7.95) and T5 (7.90). The overall acceptance for control and 
treatment T3 did not vary significantly. Based on all the 
sensory attributes, bread formulated with 30% (T3) 
buckwheat flour is acceptable in sensory quality (Fig. 2). 
Above this level of buckwheat flour fortification, bread 
received a lower sensory score.

 

Comparison of buckwheat fortified bread (T3) with locally 
available breads

The buckwheat flour fortified bread, T3 (30% buckwheat 
flour), was compared with locally available breads to assess 
its nutritional value over these bakery products and presented 
in the Table VI. 

Moisture

Moisture content is one of the most important factors that 
maintaining food quality because increase in moisture 
content assists microbial growth and eventually deteriorates 
quality. In the present study, the moisture content of the 
composite bread T3 and locally available breads was found 
26.50 to 34.12% (Table VI). Highest moisture content was 
for S3whereas lowest in buckwheat flour fortified bread 

T3.This may be explained as buckwheat flour contained 
greater amount of total dry solids. This study is in agreement 
with others (Baljeet et al., 2010). Hence, the developed bread 
is suitable as compared to similar breads.

Ash

The ash content of all the bread samples was found 0.78 to 
1.06% (Table VI).The ash content of buckwheat flour 
fortified bread (T3) was found highest among other samples 
and the difference is also significant. Highest ash content in 
the present study may be due to higher ash percentage in 
buckwheat flour than wheat flour (Baljeet et al., 2010). This 
study further strengthens the suitability of the developed 
bread as a source of micronutrient.

Protein 

In this study, the protein content of the breads analyzed from 
local market was significantly lower than the formulated 
buckwheat breads. The protein content of all the bread 
samples was ranged from 7.05 to 14.07% (Table VI). Highest 
protein content was found in the formulated buckwheat bread 
(T3) while least in sample S1. The increased protein content 
may be explained as buckwheat flour has higher protein as 
compared to wheat (Wronkowska and Soral, 2008). Higher 
protein content of buckwheat formulated bread will make it a 
greater choice to overcome the protein energy malnutrition 
problem of the country.

Fat

The fat content of all the bread samples was ranged from 3.01 
to 5.69% (Table VI). The lowest fat content was found in 
locally available bread, S5whereas highest in T6 (Table 
IV).The fat content of the buckwheat fortified bread (T3) is 
significantly higher than all the bread samples except sample 
S6 which has higher fat than buckwheat fortified bread (T3). 
The higher fat of T3 bread may be explained as buckwheat 
contains higher amount of fat than wheat, supported by the 
study of Alvarez-Jubete et al. (2009).

Fiber

Fiber is an important component of our regular diet. It has 
many health benefits like prevention of several diseases such 
as cardiovascular diseases, irritable colon, cancer, 
constipation, diabetes (Elleuch et al., 2011; Slavin, 2005). In 
the present study, buckwheat flour fortified bread, T3 showed 
highest fiber content (0.16%) as compared to locally 
available breads, S1 to S9. The difference in fiber content is 
also significant. The least content was found in samples S2, 
S3, and S9 (0.05%) (Table VI). The higher fiber content of 
buckwheat flour fortified bread, T3 will increase its 
acceptability among consumers as a fiber source. 

Carbohydrate

In this study, the carbohydrate content of the breads varied 
significantly. It ranged from 52.73to 59.31%. The lowest 

carbohydrate content was found in the buckwheat flour 
fortified bread, T3 (52.73%), whereas highest amount in 
locally available bread, S5 (59.31%) (Table VI).The lower 
carbohydrate content of the developed buckwheat bread 
(T3) makes it a good choice for health of adults and 
diabetes patients. 

Energy value

Food energy is the amount of chemical energy derives 
from food through oxidation.  An amount of 9 kcal/g and 
4 kcal/g energy is obtained through the oxidation of fat, 
protein and carbohydrate present in the diet respectively. 
In this study, the energy value of the breads was ranged 
from 277 to 316.52 kcal/100 g.The highest content was 
found for buckwheat flour fortified bread (T3) whereas 
least in the locally available Bread, S3 (Table VI).The 
difference in energy content may be due to higher protein 
and fat content of the presently developed bread.This 
newly developed buckwheat flour fortified bread may be 
a good choice for energy deficient people.

Conclusion

From the above studies, it can be stated that incorporation 
of buckwheat flour in the bread formulation has 
significant effects on the nutritional, physical and sensory 
attributes of bread. Based on the biochemical, physical 
and sensory results, it can be concluded that bread 
prepared with 30% substitution of wheat flour with 
buckwheat flour is acceptable in quality and it is 
nutritionally superior over locally available breads. The 
findings of the present study will help in development and 
utilization of functional foods that will not only improve 
the nutritional status of the population but also help those 
suffering from degenerative diseases. 
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