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Abstract: Buckwheat flour is considered an important nutritious
source of protein (high lysine content), polyphenols compounds with high
antioxidant activity, dietary fibres, vitamins, minerals. Buckwheat flour in
combination with other flours and used in bakery provide multiple health
benefits (constipation, reducing cholesterol, obesity, reducing hypertension,
cancer prevention, maintaining the optimal level of glycemic index). In the
present paper, the effects of replacement of wheat white flour with whole
buckwheat flour (0 to 12.5 %) on the sensory and physico-chemical
properties of bread samples were investigated. The buckwheat flour had
influenced positively the quality of white bread, the proportion of 10 %
buckwheat flour showing better properties.
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INTRODUCTION

The worldwide growing need for food, for gluten-allergic people, has led to research for
obtaining gluten-free food products. Bakery products provide over 50 % of the food
sources for humanity, and therefore, there has been a growing global interest in
developing and diversifying gluten-free bakery products for the benefit of patients with
celiac disease.

Gluten-free bakery products primarily rely on the use of pseudocereal flours such as:
quinoa, amaranth, buckwheat, sorghum, barley, oats, chia and rice, which enhance the
nutritional content [1 — 13].

Nowadays, buckwheat is not enough used as a food resource [14 — 17]. Buckwheat flour
is one of the most suitable flours for making gluten-free bakery products because it is
natural and hypoallergenic. Buckwheat (Fagopyrum esculentum) is a pseudocereal in
the genus Fagopyrum, family Polygonaceae [2, 12, 18, 19]. It is an annual herbaceous
plant, originally from Tibet, and later spread to Russia, Korea, Japan, Europe, and other
regions [20 — 22].

Compared to other raw materials (wheat, rice, rye etc.) used in the bakery, pastry and
confectionery industry, buckwheat is a valuable ingredient from a nutritional point of
view, as it contains proteins (12 %), lipids (3 %), carbohydrates (70 %), fibers (10 %),
minerals (2.5 %), vitamins and polyphenol compounds [18]. Proteins are mostly made
up of albumin and globulin, poorer in prolamin, gluten. Among the essential amino
acids, lysine, arginine, histidine, cysteine are present [18, 20, 21, 23 — 25]. Nonfibrous
carbohydrates are mainly represented by starch, followed by sucrose and dextrin.
Dietary fiber is mainly composed of cellulose and lignin. Buckwheat contains
polyphenol compounds with high antioxidant activity, especially rutin and quercetin
[11,26].

Buckwheat flour is one of the ingredients enjoying increasing popularity because it
provides multiple health benefits, such as relieving constipation, reducing cholesterol,
combating obesity, lowering hypertension, preventing cancer, and maintaining optimal
glycemic index levels [9, 27 — 39].

The aim of this paper was to study the influence of different amounts of buckwheat
flour on sensory and physico-chemical properties of bread with low gluten content.

MATERIALS AND METHODS
Raw materials

Wheat flour 650 type (Pambac S.A., Bacau, Romania), buckwheat flour (BWF) (S.C.
Solaris Plant SRL, Bucuresti, Romania), salt (Salrom S.A., Bucuresti, Romania), fresh
yeast (Rompak SRL, Pascani, Romania) and sun-flower oil (Bunge Romania SRL,
Buzau, Romania) were purchased from local market.

Low-extraction flour for baking was chosen because it is the most used in the baking
industry, it is lower in fiber and in addition, due to the content of gluten proteins of
better quality compared to intermediate or whole flours, it behaves technologically
better against high extraction flours.
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In Table 1 are presented the average nutritional values of the white wheat flour type
650, buckwheat flour, according to the manufacturers’ data.

Table 1. Average nutritional values g/ 100 g

Composition White wheat flour type 650 Buckwheat flour

Energy, [kcal 'kJ'] 347 335
Fats, [g/100 g] 0.9 3.1

Proteins, [g/100 g] 11.5 12.6

Carbohydrates, [g/100 g] 73 70.6
Fibers, [g/100 g] 0.6 10
Sugars, [g/100 g] 1 2.6
Salt, [g/100 g] 0 0

Bread - making process

White wheat flour was replaced with whole buckwheat flour (BWF) in different
proportions (0 to 12.5 %) in order to obtain different blends of flour (Table 2).

Table 2. Proportion of whole buckwheat flour
Sampl Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
ples (B-BWF0) | (B-BWF2.5) | (B-BWF5) | (B-BWF7.5) | (B-BWF10) | (B-BWF12.5)
Buckwheat
flour 0.0
proportion, | (control) 2.5 5.0 7.5 10.0 12.5
[%]

The control bread (without BWF) and bread with different proportions of BWF were
obtained according to the production recipe presented in Table 3, by direct method

using a bread machine (Moulinex B11-A, China), program 8.

Table 3. Bread with BWF formulation

Raw materials Quantity
Wheat flour 650 type [g] 640
Buckwheat flour [%] 0-12.5
Water [mL] 400
Salt [g] 10
Fresh yeast [g] 25
Sun-flower oil [mL] 20
Technological regime

Kneading time 18 min
Fermentation and baking time 75 min

Bread analysis

After baking, the bread samples were left for 3 h at room temperature for cooling, and
then the sensory and physico-chemical properties were analyzed.
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Bread sensory analysis

The sensory analysis of the bread samples was carried out by assessing the quality of
the bread based on scoring. In the present study, a Romanian scoring scheme was used
to assess the quality of bread of 20 points, according to SR 91:2007 [34].

The sensory evaluation was carried out by a team of 21 trained tasters. The external
appearance of the bread, the color and structure of the crust, the elasticity and porosity
of the crumb, taste, smell and aroma were assessed.

Bread physico-chemical analysis

Moisture (%), acidity (degrees of acidity), porosity (%), crumb elasticity (%), ash
content (%), crumb Redox-rH (mV) and electrical conductivity of crumb (mS-cm™)
were also determined according to Table 4.

Table 4. Physico-chemical analysis of bread

Physico-chemical Materials Methods
analysis
Porosity, [%] - cylindrical metal with the height of 6 cm
and diameter of 3 cm
- SHIMADZU Digital Balance for weighing STAS 91/1983
the crumb cylinder
Elasticity, [%] - cylindrical perforator with diameter of
3cm
- device for determining the elasticity of STAS 91/1983
the

bread crumb

Acidity, degrees of acidity | Schilling automatic burette 10 mL
ISOLAB with division by 0.05 mL STAS 91/1983 [34]

Moisture, [%] -oven 631 Nahita SR 91:90

Ash content, [%] -oven L1003 CALORIS SR 91:90

Oxidation-reduction
potential of crumb, [mV]  Multi-parameter HI5521, Hanna
Electrical conductivity of | Instruments

crumb, [mS-cm™!]

[34, 36]

RESULTS AND DISCUSSION

In the present paper the sensorial and physico-chemical properties were investigated.
From the sectional images of the breads enriched with BWF presented in Figure 1 it can
be observed the change in the surface characteristics of bread with different proportions
of buckwheat flour. The color intensity of bread samples increased with the substitution
level of wheat white flour with buckwheat flour and the internal structure of crumb
presented irregular pores.

The height of the bread samples with buckwheat flour is lower than the control sample,
as a result of the decrease in gluten content, which would have favored their increase in
volume. The results of the sensorial and physico-chemical properties for bread samples
are graphically illustrated using histograms. The sensorial properties of breads were
affected by wheat flour substitution and reflect the effects of buckwheat flour on bread
characteristics (Figure 2).
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The highest score was obtained in the case of bread with 10 % buckwheat flour
(B-BWF10), respectively 15.9 points. The fact that the control bread received the lowest
score shows that the buckwheat flour bread was accepted and appreciated by the tasters.
The intensity of color in the case of bread samples with buckwheat flour did not bother
consumers, as they are used to the commercial availability of whole meal bread.

d) e y/J
Figure 1. Section images of bread with various BWF substitution levels
a) Bread control (B-BWF0), b) Bread with 2.5 % BWF (B-BWF2.5), c) Bread with
5 % BWF (B-BWF5), d) Bread with 7.5 % BWF (B-BF?7.5),; e) Bread with 10 % BWF
(B-BWF10); f) Bread with 12.5 % BWF (B-BWF12.5)

m Buckwheat flour substitution, % mBread scores

7.5 10

12.5
Figure 2. Bread scores for sensorial analysis
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The influences of the BWF substitution on the physico-chemical properties of bread
samples are presented in Figures 3 - 8. The acidity of the bread obtained only from
white wheat flour (control) is the lowest (2 degrees of acidity); the bread obtained from
flour with the substitution level of wheat white flour presents higher acidity values.
Acidity values increase with increasing of buckwheat flour content, but with
insignificant differences (p > 0.05). In the case of B-BWF12.5 sample, the acidity
reached 2.30 degrees of acidity.

The moisture content of bread samples with buckwheat flour increased compared to the
control sample, being between 42.00 % (B-BWF0) and 45.60 (B-BWF12.5). The
increase in bread moisture is due to the increase in the hydration capacity of the white
wheat flour-buckwheat flour mixtures due to the fiber input from the added buckwheat
flour.

m Buckwheat flour substitution, % m Moisture, %

60

40

20

7.5

10

12.5

Figure 3. Moisture of bread crumb at different level of wheat flour substitution

White wheat flour has a low mineral content, so with the substitution with buckwheat
flour, the ash content has increased from 1.76 % (control sample) to 2.46 % (bread with
12.5 % buckwheat flour).

m Buckwheat flour substitution, % m Ash content, %

7.5 10

12.5

Figure 4. Ash content of bread crumb at different level of wheat flour substitution
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The elasticity of the bread crumb is its property of returning to its original shape after
the cessation of the pressing force. It depends on the quality and quantity of gluten and
the freshness of the product. The experimental data obtained are presented in Figure 5.
The values obtained for the crumb elasticity are between 98.8 % for the control sample
and 93.4 % for the B-BWF12.5 sample, i.e., they decrease with increasing buckwheat
flour content. Differences are significant (p < 0.05).

The elasticity and porosity of bread crumb had decreased with substitution level of
wheat white flour with buckwheat flour.

m Buckwheat flour substitution, % m Elasticity. %

7.5
e 12.5

Figure 5. Elasticity of bread crumb at different level of wheat flour substitution

The breads obtained are characterized by medium values in the case of porosity
(Figure 6). Thus, the control bread had a porosity of 68.40 %, and lower values were
obtained for the breads with buckwheat flour. In the case of sample B-BWFI2.5, the
porosity was 57.40 %. Correlating the data obtained for porosity with the images shown
in Figure 1 for the bread samples in section, it can be seen that the pores are generally
small and their distribution is uniform, with a few exceptions of larger pores located
near the bread crust.

m Buckwheat flour substitution, % m Porosity, %

12.5

Figure 6. Porosity of bread crumb at different level of wheat flour substitution
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The value of the redox potential allows the assessment of the orientation of the
reactions, either towards oxidation or towards reduction [37 — 38]. Figure 7 shows the
measured values of Redox-7H of the bread samples with BWF. The increasing of white
flour substitution leads to decreasing of redox-rH, due to increasing of polyphenols
compounds content with high antioxidant activity from 144 mV (control sample) to 111
mV (bread with 12.5 % buckwheat flour).

m Buckwheat flour substitution, %  ® Redox-rH, mV

150

100

50

7.5
10 12.5

Figure 7. Redox-rH of bread crumb at different level of wheat flour substitution

In Figure 8 are presented the measured values of electrical conductivity.

m Buckwheat flour substitution, % mElectrical conductivity, mS/cm

1500
1000

500

7.5

e 12.5
Figure 8. Electrical conductivity of bread crumb at different level of wheat flour
substitution

There is a dependence between humidity and electrical conductivity, so an increase in
the humidity value will show that the electrical conductivity value will also increase. As
the substitution of white flour increases, the electrical conductivity of the breadcrumbs
increases from 826 mS-cm™ (control sample) to 1089 mS-cm™! (bread with 12.5 %
buckwheat flour).
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CONCLUSIONS

Bread moisture increased compared to the control sample for all bread samples with
buckwheat flour, the differences being significant (p < 0.05). Acidity increased with
increasing in buckwheat flour content with non-significant differences (p > 0.05). The
breads obtained had medium porosity, with significant differences (p < 0.05) depending
on the BWF content. Crumb elasticity decreased with significant values (p < 0.05)
compared to the control sample, with increasing of BWF content. Breads with BWF
scored higher than the control sample, which means they were accepted by the tasters.
The buckwheat flour content had influenced positively the quality of white bread. The
bread sample with 10 % of BWF showed better sensory properties. The crumb and crust
color became darker with the level of wheat flour substitution. The internal structure of
crumb became coarser, with irregular pores. Bread with buckwheat flour will contribute
to the health of the population through the benefits of fibers, high quality proteins and
antioxidant activity.
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