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Abstract 
The white bean represents the most important nutrition legume in many 
countries in the world, including Kosovo. It has high protein, dietary fibers 
and mineral content and it is mainly used in the form of cooked food. This 
paper has the objective to review the parameters of rheological properties, 
qualitative properties and nutrition values of the bread produced by adding 
various percentages of the flour obtained from white bean. The results from 
rheological analysis of the dough indicate that with the increase of bean flour 
content the water absorption and the dough development time are increased; 
however there is a considerable tendency to reduce the extensibility, the re-
sistance and dough energy. In addition, the increase of the white bean 
amount influences the decrease of the qualitative properties of bread. With 
the increase of the white bean flour content, one observes a considerable in-
crease in nutrition values, especially that of proteins, cellulose and minerals. 
Whereas the positive Pearson correlation between qualitative properties and 
nutrition in the bread thus obtained exists only in the level p < 0.01, however 
not also for p < 0.05. 
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1. Introduction 

The bread represents one of the main and most important foods in the world; 
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however in certain developed countries one observes the decreasing consump-
tion due to the changes in nutrition habits. Therefore, the baking industry is in 
the continuous process of seeking diversity and alternative innovations, which 
would in turn satisfy the nutrition needs of the people who are conscious re-
garding their health [1]. The use of other types of flour in the baking technology 
for the production of bread with high nutrition value is in increasing trend in 
the last years. Therefore, the partial substitution of the wheat flour with flour 
obtained from the vegetables in the production of baking products and the posi-
tive effects are reported by many researchers [2] [3] [4]. 

There are more research papers on the use of flour obtained from vegetables 
in the production of bread, despite this there are only a few studies concerning 
the use of white bean flour. The latter is a valuable legume in Kosovo due to its 
high nutritious values; however it is mostly consumed in a form of cooked food. 
This legume is rich in complex carbohydrates, proteins, vitamins, minerals and 
it is poor fat content [5]. Carbohydrates form the main part of bean with average 
55% - 65% of the dry matter, with polysaccharides as the main ingredient [6] 
and considerable content of dietary fibers. The protein of beans is rich with ly-
sine and poor in terms of amino acid content that contain sulfur, whereas the 
proteins from cereals lack lysine and have sufficient content of sulfur ami-
no-acids. Therefore, the combination of wheat flour with bean flour in high per-
centage will ensure a more favorable equilibrium between essential amino-acids 
by helping to overcome the malnutrition problem [7]. 

The beans represent an important source of minerals such as iron, phospho-
rus, magnesium, manganese and vitamins A, C, E, K and PP, vitamin B and folic 
acid, as well as solvable and insolvable dietary fibers which exhibit health bene-
fits [8]. In addition, the dark varieties contain polyphenols [9]. 

The purpose of this paper is to research the effect of increasing the white bean 
flour in the various levels in the rheology properties of the dough, the qualitative 
properties of produced bread, the nutritious values of the bread produced and 
possible correlation between qualitative properties of the bread and nutritious 
value of the bread. 

2. Materials and Methods 
2.1. Materials 

For production of bread one used the flour of type 500 Finessa produced by 
company M & Sillosi, Xerxe-Rahovec, this type of flour is ideal for production of 
bread in the following content: 12.4% humidity, ash 0.532, acidity 1.9%, protein 
10.5% and moist gluten 25.9%. 

2.2. Preparation of Bean Flour 

In this study one used the locally produced bean known as white beans of Koso-
vo with the following contents: humidity 10.92%, protein 23.85%, fat 2.0%, min-
erals 3.2%, cellulose 4.6%, carbohydrates 5.2%. The beans before use are hy-
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drated in a dish with water kept in room temperature for 8 hours, then after it is 
milled and screened in lab mill—YM1 wet wheat grinding machine—Yuceba, 
Izmir, Turkey in order to obtain flour. 

For rheological analysis and the bread production one created a mixture with 
bean flour as indicated in Table 1. 

2.3. Bread Making 

In bread production one used water according to the absorbing attributes in fa-
rinograph, salt in the amount of 1.5% and yeast—brand Digo 1.5%. The mixture 
of bread is done using the spiral mixer with two speeds, model S M, Yucebas, 
Izmir, Turkey for approximately 8 minutes. The fermentation is performed in 
fermenters of type ALS-Zita, Belgrade, Serbia in temperature of 30˚C, for a du-
ration of 90 minutes, whereas the baking is performed in lab oven ALS-Zita, 
Belgrade, Serbia in temperature of 220˚C and for a duration of approximately 25 
minutes. 

2.4. Methods of Analysis 

Physical and chemical analysis such as the content of humidity is performed in 
accordance with ISO 712:2009, the content of ash is performed in accordance 
with ISO 2171:2007, the protein content with Kjeldahl method whereby for the 
cereals we assume (Nx 5.7) and for the beans (NX6.25) in accordance with ISO 
20483:2006, the moist gluten content is in compliance with ISO 21415-1:2006, 
the fat content in accordance with ISO 6492:1999, the dietary fiber content such 
is cellulose in accordance with ISO 6865:2000. Total carbohydrate content of the 
sample was determined as total carbohydrate by difference, that is by subtracting 
the measured protein, fat, ash and moisture from 100. The determination of 
rheology attributes of the dough with Brabender equipment is performed using 
farinograph in accordance with ISO 5530-1:2003, as well as with extensograph 
which is performed in accordance with ISO 5530-2:2012. Qualitative properties 
of the bread such are bread volume, specific volume of bread and the weight of 
bread are all determined based on ICC method [10]. 

2.5. Statistical Analysis 

Data analysis was performed using SPSS 16 (SPSS Inc., Chicago, IL). Results 
were presented as mean values ± standard deviation (SD) of three replications. 
Pearson’s correlation was used to determine the relationship between the para-
meters of qualitative properties of bread and nutritive value of bread. 

3. Results and Discussion 
3.1. Rheology Properties of the Dough Produced Using Bean Flour 

From Table 2 we can observe the rheology properties with farinograph, which 
indicate that the water absorption ability of the dough does not differ signifi-
cantly with the increase of the percentage of bean flour, a higher percentage is  
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Table 1. The bean flour content in the mixtures for rheological properties and bread 
production. 

Mixtures Flour T-500 (%) Bean flour (%) 

M0 100 - 

M1 95 5 

M2 90 10 

M3 88 12 

M4 85 15 

M5 82 18 

M6 80 20 

M7 75 25 

 
Table 2. The rheological properties of dough produced using bean flour. 

Mixtures 

Farinograph Extensograph 

Water 
absorption (%) 

Dough development 
time (min) 

Dough Stability  
(min) 

Degree of  
softening (FU) 

Extensibility 
(mm) 

Resistance 
(E.U) 

Energy 
(cm2) 

Relation  
R/E 

M0 56.3 ± 2.04 1.6 ± 0.15 0.7 ± 0.08 85 ± 1.5 141 ± 2.02 306 ± 3.8 71 ± 1.82 2.2 ± 0.02 

M1 56.4 ± 1.26 1.55 ± 0.22 0.25 ± 0.02 97 ± 1.0 144 ± 2.80 266 ± 1.2 64 ± 1.08 1.8 ± 0.10 

M2 56.1 ± 1.22 1.45 ± 0.05 0.6 ± 0.10 112 ± 1.4 122 ± 3.42 272 ± 4.6 52 ± 2.4 2.2 ± 0.04 

M3 56.1 ± 3.04 3.8 ± 0.02 0.75 ± 0.18 60 ± 0.27 122 ± 2.81 276 ± 3.2 52 ± 1.2 2.3 ± 0.01 

M4 57.2 ± 2.64 3.5 ± 0.14 1.4 ± 0.08 40 ± 0.84 119 ± 1.50 271 ± 4.1 49 ± 3.03 2.3 ± 0.03 

M5 57.0 ± 1.75 4.0 ± 0.10 1.4 ± 0.08 0 ± 0.00 114 ± 2.82 241 ± 2.5 42 ± 1.4 2.1 ± 0.09 

M6 57.6 ± 2.58 4.0 ± 0.26 0.9 ± 0.03 0 ± 0.00 115 ± 1.54 302 ± 2.9 54 ± 1.5 2.6 ± 0.12 

M7 57.1 ± 2.06 4.4 ± 0.17 0.8 ± 0.02 0 ± 0.00 101 ± 1.64 305 ± 1.0 48 ± 1.4 3.0 ± 0.21 

Values are means ± standard deviations (n = 3). 

 
observed with the increase of 20% of bean flour or with the mixture of M6 with 
57.6% ± 2.58%, which differs slightly with the dough prepared without the bean 
flour that has absorption ability of 56.3% ± 2.04%. The dough development time 
is increased gradually with the increase of the bean flour; therefore, it is higher 
with the mixture M7 with 4.5 ± 0.17 minutes. Similar effects with the dough de-
velopment time are observed by [11], who have used the lentil flour and flour of 
white bean with 10%, 20% and 30%. The increase in dough development time 
could be explained by interactions between the non-wheat proteins and gluten 
leading to a delay in the hydration and development of gluten in the presence of 
these ingredients [12]. Stability of dough is variable with a tendency to increase 
observed with mixtures M4 and M5, with 1.4 ± 0.08 minutes, then with the 
mixtures M6 and M7 there is a reduction of the stability of dough, these results 
are also indicated by the study of [13], who have used 15%, 25% and 35% of the 
flour from the various beans in the production of tortillas, whereby the stability 
of the dough in general is decreased with the increase of the percentage of the 
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beans flour. The degree of softness of dough is decreased from 85 ± 1.5 FU for 
M0 up to 0 ± 0.00 FU for the mixtures M5, M6, M7. 

From the rheology properties observed with extensograph, we can see that the 
extensibility of dough is decreased gradually with the increase of the bean flour, 
that is from 141 ± 2.02 mm for M0 in 101 ± 1.64 mm for the mixture M7, the 
results are similar in the study of [14] who have used the flour of beans and 
sorghum from 5%, 10% and 15% in the production of flat bread. The dough re-
sistance up to mixture M5 is decreased then we observe an increase of the resis-
tance of dough for M6 and M7 that reaches up to the resistance of the pure flour 
M0. The energy of dough is gradually decreased with the increase of the percen-
tage of bean flour, that is from 71 ± 1.82 cm2 for M0, up to 48 ± 1.4 cm2 for the 
mixture M7. The ratio R/E with the increase of the bean flour indicates a slight 
tendency of increase which is mostly observed at the mixture M7, even though 
this ratio is within optimum limits of 1.5 - 2.5 for the production of bread. 

3.2. Qualitative Properties of the Bread that Contains Bean Flour 

From Figure 1 we can see that weight of the bread increases with the increase of 
the bean flour, that is from 495 g for M0, or for bread without bean flour, up to 
510.3 g for bread M7, that is with 25% of bean flour. The volume of the bread is 
decreased from 2176 cm3 for M0 down to 1764 cm3 for the mixture with highest 
percentage of bean flour M7. Also, the specific volume decreases with the in-
crease of the percentage of bean flour from 10.5 cm3/g for M0 down to 8.3 cm3/g 
for the mixture M7. The results are similar with the study of [15] who have used 
flour from red bean in the ratio 5, 15 and 25% and they have obtained the bread 
with lower volume and specific volume with the increase of percentage of red 
bean flour. 

3.3. The Nutrition Values of the Bread that Contains Bean Flour 

In Table 3 there are the nutrition values of the bread produced using bean flour. 
We can observe that the humidity of the produced bread is increased with the 
increase of the bean flour and it reached 39.2% ± 1.1% for the mixture M7. The 
content of proteins is increased considerably with the increase of the amount of 
bean flour, that is from 8.7 ± 0.05 g/100g for M0, up to 13.6 ± 0.13 g/100g for the 
mixture M7. The fat content is also considerable increased up to 4.7 ± 0.09 
g/100g for the mixture M7. When we talk about carbohydrates, we can clearly 
observe that their content in the bread produced with bean flour is significantly 
decreased from 56.2 ± 1.45 g/100g for M0 to only 34.4 ± 1.36 g/100g. The cellu-
lose which represents the dietary fibers, content in the bread produced is consi-
derably increased that is from 1.9 ± 0.08 g/100g for M0 up to 5.4 ± 0.27 g/100g in 
the mixture M7 and [16] in their research they indicated that the best food 
products in the increase of total fiber consumption, of cellulose and resistant 
starch are the cooked peas and beans. In addition, the content of minerals in the 
bread produced increases with increasing amount of bean flour up to 2.8 ± 0.13 
g/100g per M7. 
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Figure 1. The qualitative properties of bread obtain from bean flour. 

 
Table 3. Nutrition values of brad produced using bran flour. 

Mixtures Moisture (%) 
Protein 
(g/100g) 

Fats  
(g/100g) 

Carbohydrate 
(g/100g) 

Cellulose 
(g/100g) 

Ash  
(g/100g) 

M0 29.2 ± 1.22 8.7 ± 0.05 1.3 ± 0.02 56.2 ± 1.45 1.9 ± 0.08 1.2 ± 0.04 

M1 29.3 ± 2.08 8.9 ± 0.10 2.5 ± 0.04 54.3 ± 1.37 3.1 ± 0.03 1.9 ± 0.08 

M2 31.8 ± 1.12 9.1 ± 0.12 2.7 ± 0.08 50.8 ± 0.59 3.5 ± 0.1 2.1 ± 0.1 

M3 32.1 ± 0.82 9.7 ± 0.18 3.3 ± 0.12 49.2 ± 0.88 3.7 ± 0.02 2.0 ± 0.1 

M4 35.7 ± 2.41 10.3 ± 0.09 3.5 ± 0.22 44.2 ± 0.94 4.1 ± 0.18 2.2 ± 0.16 

M5 36.9 ± 1.30 12.5 ± 0.11 4.2 ± 0.31 39.5 ± 0.53 4.6 ± 0.22 2.3 ± 0.2 

M6 37.7 ± 1.23 12.8 ± 0.06 4.4 ± 0.14 37.3 ± 0.51 5.2 ± 0.09 2.6 ± 0.07 

M7 39.2 ± 1.17 13.6 ± 0.13 4.7 ± 0.09 34.4 ± 1.36 5.4 ± 0.27 2.8 ± 0.13 

Values are means ± standard deviations (n = 3). 

 
In Table 4 there is a possible Pearson correlation between the qualitative 

properties of the bread and nutrition values of the bread. We can observe that 
for the level p < 0.01 weight of the bread there is a significant positive correlation 
of 0.947 with protein and high negative correlation of −0.935 with the carbohy-
drates; the volume of the bread has a high positive correlation of 0.942 with the 
carbohydrates and high negative of −0.956 with the lipids; in addition, the spe-
cific volume of the bread has a significant positive correlation of 0.925 with the 
carbohydrates and high negative correlation for the lipids of −0.979. Whereas a 
possible positive correlation for the level p < 0.05 does not exist, there is a signif-
icant negative correlation of −0.724 between the volume of the bread and the 
humidity. 

4. Conclusion 

The effect of adding bean flour significantly influences the decrease of rheology  
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Table 4. Pearson’s correlation between qualitative properties and nutrition values of the 
bread. 

 Moisture Proteins Fat Carbohydrate Cellulose Minerals 

Bread weight 0.563 0.947** 0.859** −0.935** 0.884** 0.857** 

Volume of bread −0.724* −0.878** −0.956** 0.942** −0.937** −0.870** 

Specific volume of bread −0.587 −0.849** −0.979** 0.925** −-0.964** −0.926** 

*: Correlation is significant at the 0.05 level (2-tailed). **: Correlation is significant at the 0.01 level 
(2-tailed). 

 
properties of the dough, especially with regards to extensibility, resistance and 
dough energy; however it is more prominent with the mixtures M6 and M7. 
With the increase of the percentage of the bean flour at the produced breads, 
there is a gradual decrease of volume and specific volume of the bread which in-
fluences the organoleptic attributes of the bread. At the breads that are pro-
duced, we observe a significant increase in the content of protein, fat, cellulose 
and minerals as well as significant decrease of carbohydrates, which indicates the 
increase in nutrition values of the bean flour. The possible correlation between 
qualitative properties of bread with the nutrition values of the bread exists only 
in the level p < 0.01 and it is higher for the volume of the bread and protein 
content, whereas for the level p < 0.05 it does not exist. 
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