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Abstract. The research belongs to the field of the technology bread
production. Wheat bread is the most widespread food product that included in
the rations of a large part of people. However, it has an unbalanced chemical
composition in terms of dietary fiber, vitamins and minerals. To improve its
nutritional and biological value, such bread is enriched by plant raw materials,
in particular hemp seeds. The application of hemp in bread baking negatively
affects on the rheological properties of the dough and the quality of the
finished product. Therefore, it is important to explore ways to reduce the
impact of this raw material on the final product in order to obtain good-quality
wheat-hemp bread. The object of the study was wheat bread with the addition
of products of hemp seed processing. The industrial hemp seeds of Hlesiia
variety were processed into shelled hemp kernels, whole grain hemp flour and
grade hemp flour. The quality assessment of the obtained flour indicate that it
differs significantly from wheat one. In particular, the obtained samples were
characterized by higher acidity, ash content, distribution of nonuniform
particle size and larger particle size. The color of the experimental samples of
hemp flour ranged from light yellow for the grade flour to light cream with
light green spots of crushed shells for the whole grain flour. The smell was
characteristic of hemp flour, with slight notes of walnut aroma. It has been
determined that the rational dosage for producing quality wheat-hemp bread
with the addition of whole grain flour is 10%, grade flour — 15% and 10% for
shelled seeds. Wheat bread was produced using various types of hemp raw
materials, applying both sponge and one-stage methods. The sponge method
demonstrated the most favorable results. Bread weight increased by 8-22 g, a
slight increase in acidity was observed but moisture content and porosity did
not have a significant difference compared to the control. In contrast, loaf
volume showed a significant improvement, ranging from 20 to 160 cm?,
depending on the type of hemp product and the applied production technology.

Keywords: hemp seeds, flour, bread, sponge method, one-stage method,
quality.

Introduction. Formulation of the problem

Bread made from cereal grains remains the main
food product for humans [1]. Depending on the type of
bread, this product provides requirements of our body
about 35% of carbohydrate, 18-25% of protein and 3—
4% of fat [2]. Wheat bread accounts for the main part of
all bakery products, reaching 45-50% of total
production. Despite its high organoleptic properties, this
product has a significant number of disadvantages: it has
relatively high in calories (approximately 240 kcal) and
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low levels of beneficial dietary fiber, vitamins and
minerals. The basis of raw gluten in wheat flour is the
protein glutenin, which has allergenic properties and can
cause the development of an autoimmune disease —
celiac and lead to the worsening of chronic diseases [3].
In view of this, the production of bread with partial
replacement of wheat flour by plant raw materials has
recently become widespread in order to increase its
nutritional, biological and physiological value. For these
purposes, grains and seeds of cereal and pseudo-cereal
crops, waste from the processing of fruits and vegetables
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and even such non-traditional raw materials as teff,
spelt, amaranth, certain types of nuts and others are used
[4, 5].

The application of industrial hemp seeds and
products of their processing (flour, oil, crushed kernels,
cake, etc.), which contain up to 35% oil, 25% protein,
30% carbohydrates and dietary fiber, vitamins and
minerals, is quite promising for these purposes [6-8]. A
unique feature of hemp oil is its high content of omega-
6 and omega-3 unsaturated fatty acids in a ratio of 3:1,
which is optimal for the human body [9]. The
disadvantage of using hemp in bread making is its
significant impact on the rheological properties of
dough and the quality of bread [10]. In order to eliminate
the negative effect of such raw materials on the product,
various additives (lactic acid bacteria, sourdough,
enzymes, thickeners, etc.) or special elements of the
technology production are used [11, 12].

Current research on the use of hemp in bread-
making technology shows significant differences in the
types and recommended doses of this raw material, that
range from 1 to 30%. Due to the significant impact of
these additives on the quality of finished products,
research in this area should be continue. An important
part of such research is to determine the impact of wheat
bread production technology with the addition of hemp
raw materials on improving its quality.

Complex studies that combining the selection of
rational dosages of different types of hemp raw
materials in wheat bread recipes and research on the
impact of production technology with the aim of
improving the quality indicators of the finished product
have not been conducted by scientists before, that
confirms the actuality of this work.

Analysis of recent research and publications

Industrial hemp (Cannabis sativa subsp. sativa) is
a plant that has been cultivated for many years in many
countries, as it is a valuable raw material for technical
processing and has a unique combination of nutritional
and medicinal properties [13]. All parts of the plant are
suitable for processing, from the roots to the flowers and
seeds. Hemp seeds are a powerful source of plant fats,
high-value proteins, dietary fiber, vitamins and
minerals. The leaves and flowers are used for medical
purposes and the roots are an effective tool for the
recultivation of contaminated lands [14-16].

One of the most valuable parts of industrial hemp
for the food industry is its seeds, that besides containing
a lot of hypoallergenic proteins, omega-3 and omega-6
unsaturated fatty acids and dietary fiber, but also have
antioxidant, antihypertensive, antimicrobial,
anticholesterol and antitumor effects [17, 18]. This
makes it one of the most perspective additives for
improving the nutritional, biological and physiological
value of wheat bread.

The use of partially de-oiled hemp flour (HF) in
the production of wheat bread worsened the consistency
of the dough [10]. The elasticity, flexibility and
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cohesion of bread samples improved with the addition
of up to 5% HF and then degraded. With an increase in
the dose of HF, the color of the bread became darker, its
firmness increased and its stickiness and chewability
decreased. The authors stated that the addition of up to
10% HF had a positive effect on the following
indicators: bread volume, porosity, cohesion, color,
smell and taste. The investigations concerning the use of
other hemp raw materials and the finding of ways to
minimize its negative effect on the quality of bread were
not carried out.

In [19], the authors investigated the effect of using
hemp seeds, hemp flour from cake and hemp flour with
a protein content of 46% and 54% for baking wheat
bread. The authors stated that even adding 1% hemp raw
materials causes significant changes in bread quality: its
firmness increases, the elasticity of the crumb decreases
and the color darkens. The research did not include the
development of methods to improve the organoleptic
properties of bread with the addition of hemp raw
materials.

A positive effect on the quality of wheat bread
when using HF in its recipe has been established and it
has been determined that for industrial production, the
percentage of such flour used should not exceed 30%
[20]. Investigations into the use of other hemp raw
materials in bread baking technology have not been
conducted.

In [21], the authors stated that adding up to 20%
cake of hemp seed instead of wheat flour to the recipe
for biscuit semi-finished products not only preserves but
also improves product quality and enriches it by
valuable proteins, dietary fiber and other useful
substances. The researchers did not investigated
methods for improving the quality of such products.

HF made from hemp seeds of varieties Dacia
Secuieni and Zenit were added to wheat bread in
proportions of 5%, 10%, 15% and 20% to improve its
nutritional properties [22]. It was found that the protein
content in the new products increased from 8.76 to
11.48%, lipids from 0.59 to 5.41%, minerals from 1.33
to 1.62% and fiber from 1.17 to 5.84%. Elasticity and
porosity decreased from 95.51 to 80% and from 78.65
to 72.24%, respectively. Analysis of the texture profile
showed that the best results were obtained for samples
with a 5% additive. Research on the use of other hemp
seed products, determining their impact on the quality
of finished bread and finding ways to improve the
quality of such products has not been conducted.

Samples of wheat bread made using different types
of hemp raw materials showed that the use of 15% HF,
4% dehulled hemp seeds and 8% hemp oil is the optimal
dosage for use in bread baking technology [23]. The
authors did not search for effective ways to improve the
quality of bread with these additives.

In summary, there are a significant number of
publications on the use of hemp in bread-making
technology. However, recommendations on the optimal
type and dosage of hemp raw materials differ
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significantly. The impact of these additives on the
quality of bread and the search for effective ways to
reduce their negative effects remain a problem.
Therefore, research on this topic is important and has
scientific and practical value, as it allows not only to
increase the range of bread for health and preventive
purposes, but also to improve its organoleptic properties
for widespread consumption.

The purpose of the research is to establish the
rational dosage of hemp raw materials for the
production of wheat bread and to determine the impact
of the production technology on its quality. To achieve
this purpose, the following objectives were formulated:

— to obtain products from the processing of hemp
seeds and study their properties;

— to determine the effect of the use of different
types of hemp raw materials and their dosage on the
organoleptic properties of bread;

— to study the effect of different production
technologies on the quality indicators of wheat-hemp
bread.

Materials and methods.

The studies used hemp seeds of the Hlesiia variety
breeding by the Institute of Bast Crops of the National
Academy of Agrarian Sciences of Ukraine, grade wheat
flour according to SSTU 46.004-99 Wheat flour.
Technical Conditions (TM Zernari, Ukraine), pressed
baker’s yeast (TM Kryvorizki Yeast, Ukraine) in
accordance with DSTU 4812:2007 «Pressed Baker’s
Yeast. Technical conditions»), table salt (DP Artemsil,
Ukraine) according to DSTU 3583:2015 «Table salt.
General technical requirements»), sugar (Sarkara-
Group LLC, Ukraine), according to DSTU 4623:2023
«Sugar. Technical conditions» and drinking water
according to DSTU 7525:2014 Drinking water.
Requirements and methods of quality control.

The recipe for the control sample of wheat bread
included: grade wheat flour, pressed baker’s yeast,
sugar, table salt and water [24]. In the experimental
variants, part of the wheat flour was replaced by hemp
raw materials: dehulled hemp kernels (HK), whole grain
hemp flour (WGHF) and grade hemp flour (GHF).

Recipe per 100 g of flour for one-stage method
with using WGHF: grade wheat flour — 90 g, WGHF —
10 g, pressed baker’s yeast — 3 g, sugar — 2.5 g, table salt
—1.5 g, water — 60 ml.

Recipe per 100 g of flour for one-stage method
with using HK: grade wheat flour — 90 g, HK - 10 g,
pressed baker’s yeast — 3 g, sugar —2.5 g, table salt— 1.5
g, water — 55 ml.

Recipe per 100 g of flour for one-stage method
with using GHF: grade wheat flour — 85 g, GHF — 15 g,
pressed baker’s yeast — 3 ¢, sugar — 2.5 g, table salt— 1.5
g, water — 55 ml.

Recipe for 100 g of flour for sponge technology
(traditional sponge with 45% moisture content was
prepared) using WGHF: grade wheat flour — 90 g (50%
of the total amount of flour in the sponge), WGHF — 10
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g, pressed baker’s yeast — 1.5 g, sugar — 2.0 g, table salt
—1.5 g, water — 60 ml.

Recipe for 100 g of flour for sponge technology
(traditional sponge with 45% moisture content was
prepared) using HK: grade wheat flour — 90 g (50% of
the total amount of flour in the sponge), HK — 10 g,
pressed baker’s yeast — 1.5 g, sugar — 2.0 g, table salt —
1.5 g, water — 55 ml.

Recipe for 100 g of flour for sponge technology
using GHF: grade wheat flour — 85 g (50% of the total
amount of flour in the sponge), GHF — 15 g, pressed
baker’s yeast — 2.0 g, sugar — 2.5 g, table salt — 1.5 g,
water — 55 ml.

To determine the rational dosage of different types
of hemp raw materials, the dough was prepared using
the one-stage method. To determine the effect of the
production technology on the quality of wheat-hemp
bread, experimental variants were produced using the
sponge and one-stage methods. In all studies, wheat
bread produced using the one-stage method was used as
a control.

The technology for making bread using the sponge
method and one-stage method was carried out in
accordance with the methodology [24].

One-stage method. The fermentation time for
dough with using one-stage method of wheat bread
production was 90-100 minutes until the required
acidity was reached. When using HK, a mixture of
wheat flour and hemp seeds was prepared before
kneading. Kneading was carried out on a KVL4100S
dough mixer (China) for 15+1 min. The dough pieces
were formed manually. The proofing time was 35-45
min at a temperature of (35+£2) °C in an XLT 133-
UNOX (Italy) cabinet. The weight of the dough pieces
was 220 = 10 g. The readiness of the dough pieces
during proofing was determined by their volume and
shape. The dough pieces were then p to the oven, where
they were baked at a temperature of 180-200 °C in an
Unox XFT133 oven (Italy) for 30—35 minutes.

Sponge method. When using the sponge method,
the first step was to prepare the sponge. About half of
the total amount of flour, up to 2/3 of the water and all
of the yeast were used. When using HK, it was added at
the first stage, mixing it beforehand with half of the
flour. After kneading the sponge, it was kept at a
temperature of 28-32 °C for 180-190 minutes. After
that, all other ingredients were added according to the
recipe and the dough was kneaded. Kneading was
carried out on a KVL4100S dough mixer (China) for
1541 min. The fermentation time of the dough was 40—
50 min. The dough pieces were formed manually. The
dough was proofed for 30—40 minutes at a temperature
of 35+ 2 °C in an XLT 133-UNOX (ltaly) cabinet. The
weight of the dough pieces was 220 + 10 g. The
readiness of the dough pieces during proofing was
determined by their volume and shape. The dough
pieces were then placed in an oven, where they were
baked at a temperature of 180-200 °C in an Unox
XFT133 oven (Italy) for 30-35 minutes.
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The organoleptic quality indicators of flour were
determined according to the methodology [24]. The
acidity of flour was determined using the “flour—water
slurry” method in the presence of phenolphthalein
indicator [25]. The granulometric composition was
determined by sieving through sieves with hole sizes of
160 um and 250 um. Ash content was determined by the
ashing (burning) method in a SNOL 8.2/1100 muffle
oven (Lithuania) using magnesium acetate as an
accelerator [26]. The organoleptic and physicochemical
quality indicators of the finished bread (moisture
content, acidity, volume, weight, specific volume) were
determined according to [26] 4 hours after baking. The
moisture content of bread was determined by the
standard method of drying the sample in a SESH-3M
drying oven (UkrAnalytika LLC, Ukraine) at a
temperature of 130 °C [26]. Porosity was studied using
the Zhuravleva device (NVF Standard-M LLC,
Ukraine) [24].

Statistical data processing. All results obtained
were processed using Excel from the Microsoft Office
2007 software package. The experiment was conducted
in three repetitions. The data are presented as mean
values + standard deviation.

Results of the research and their discussion

Obtaining products of hemp seed processing and
studying their properties. Hemp seeds should be well-
prepared before using them in baking. In our research,
hemp seeds of Hlesiia variety (Fig. 1) were cleaned of
admixtures and processed into products: dehulled HK,
WGHF and GHF.

Dehulled hemp kernels were obtained by passing
the cleaned seeds through a GDF-1M laboratory hulling
machine.

Whole grain hemp flour was obtained by grinding
whole cleaned seeds by a water-cooled laboratory mill
SM-3C (China) and subsequent sieving through sieves
with a hole diameter of 160 and 250 pum.

Grade hemp flour was obtained by grinding
dehulled hemp kernels on a water-cooled laboratory mill

SM-3C (China) and subsequent sieving on sieves with a
holes of 160 and 250 pm.

Fig. 1. Hemp seeds of Hlesiia variety

The results of the study of the quality of flour
obtained from hemp seeds are presented in Table 1.

The results in Table 1 indicate that flour obtained
from hemp seeds has significantly lower moisture
content (9.5+0.1% and 8.3+0.1%) compared to wheat
flour (14.8+0.1%), that should be taken into account
when calculating the amount of water needed for
kneading dough. The acidity of hemp seed flour samples
exceeded the control by 1.1-1.8 degrees. This is a
positive factor, as it will increase the resistance of bread
with its addition to the action of biological agents, as
noted by some authors in their studies [22]. However,
an increase in total acidity due to this additive will have
a negative effect on the taste of the finished product, that
is also necessary to take into account when developing
a bread recipe. In terms of ash content, the highest
content was obtained in sample WGHF (4.7+0.1%).
This is explained by the technology of its production,
that included grinding the whole hemp seeds into flour
and the inclusion of a large amount of peripheral layers
rich in ash elements in its composition. The presence of
a large amount of crushed shells in the composition of
this flour is also confirmed by the results of sieve
analysis.

Table 1 - Quality indicators of flour from hemp seeds (n=3, p<0.05)

N Name of indicators High-grade wheat | Whole grain hemp Grade hemp flour
0. flour (control) flour
i 1 0,
1 m:ﬁs fraction of moisture, %, not more 14.840 1 95401 8.310 1
2 | Acidity, degrees 3.0+0.2 4.840.2 4.1+0.2
3 Mass fraction of metal admixtures, mg 1.0£0.1 1.0£0.1 1.040 1
per 1 kg of flour, not more than
4 Ash content in calculation to dry matter, 0.720 1 47201 2340.1
%, not more than
Mass fraction of product passing
> through a 160 um sieve, not less than, % 82.00.1 64.0+0.1 75.00.1
Mass fraction of the product retained on
6 2250 1im sieve, not more than, % 1.5+0.1 4.6+0.1 2.840.1
7 | Infestation of grain by pests Not detected
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In the WGHF sample, the smallest passage through
the 160 um sieve (64.0+£0.1%) and the largest remaining
residue on the 250 pum sieve (4.6+0.1%) were obtained.
Due to the separated shells, GHF provided a passage
through a 160 pum sieve at a level of 75.0+0.1% and a
residue on a 250 pm sieve of 2.8+0.1. The lower passage
and higher residue in GHF compared to the control variant
is explained by the high oil content, which promotes the
sticking of crushed particles and worsens these indicators.
According to other indicators, all three flour samples
corresponded to the established standards for bread baking.

According to the organoleptic assessment
(appearance and color), the experimental hemp flour
samples ranged from light yellow in GHF to light cream
with light green spots of crushed shells in WGHF. The
smell of both test samples was characteristic of hemp flour,
with light notes of walnut aroma, not musty or moldy.

The effect of using different types of hemp raw
materials and their dosage on the organoleptic
properties of wheat bread. To obtain wheat-hemp
bread, it was made with partial replacement of wheat
flour by products of processing Hlesiia hemp seeds:
WGHF (variant 1), GHF (variant 2) and HK (variant 3).
For each variant, composites were developed — hemp
product : wheat flour, %. The dosage of hemp products
was chosen based on the results of a literature review [10,
20, 23]. Variants with WGHF: 5:95; 10:90; 20:80; 30:70.
Variants with GHF: 5:95; 10:90; 15:85. Variants with
HK: 5:95; 10:90; 15:85. The control for all three variants
was wheat bread without the addition of hemp, made
using a one-stage method.

Organoleptic assessment of bread quality (variant
1) indicated that the application of WGHF in the recipe
changed the color of the finished product (Fig. 2) from
light yellow (control) to dark brown (characteristic of
rye) with green spots, at maximum concentrations of the
additive (20-30%). The porosity of the bread worsened
with an increase in the amount of WGHF and changed
from fine in the control sample to coarse and non-
uniform at high levels of application.

The smell also changed. Thus, when using 5%
WGHF, a slight herbal smell was noticeable, at 10% it

s - -
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became more intense, with slight tones of walnut in the
aroma. The addition of 20-30% WGHF gave the bread
a very intense herbal smell.

A dosage of 5-10% WGHF did not significantly
change the taste of bread. A concentration of 20-30%
made the taste overpowering, the crumb of the bread
became hard and coarse, its elasticity worsened and as a
result chewing, a slight crunch of hemp shells was felt.
That is, the results of the organoleptic evaluation
indicate that the rational dosage of WGHF in the wheat
bread recipe is 5-10%.

In variant 2, the difference in color between the
control and experimental bread samples was
insignificant and the GHF dosage did not have the same
significance as in variant 1. Fig. 3 demonstrates that the
color of the sliced bread has slight greenish tints, the
intensity of which grows with increasing GHF
concentration (Fig. 3).

The porosity of the crumb in all experimental
samples was uniform and did not depend on the GHF
dose. In terms of this indicator, the experimental
variants exceeded the control, that can be explained by
the high content of oil, that acted as an emulsifier and
thus improved the quality of the bread.

The aroma of the experimental bread samples with
GHF intensified with increasing concentration, and
even the maximum doses had no negative effect on this
indicator. The aroma of the experimental bread samples
was pleasant, with pronounced notes of walnut, the
intensity of aroma intensified with increasing GHF
concentration.

The addition of GHF had a positive effect on the
taste. It was pleasant, characteristic of wheat bread and
improved with increasing concentration, becoming
more saturated and fully. Increasing the GHF dosage
also improved the elasticity of the crumb, that is also
explained by the positive effect of the high oil content
in this flour. Thus, when using GHF for baking bread,
its rational dosage is within the range of 10-15%. In
variant 3, when dehulled hemp kernels were added, the
color of the sliced bread in the experimental bread
samples had a slightly noticeable greenish tint (Fig. 4).

Fig. 2. Samples of wheat bread with the addition of whole gréin hemp flour: from left to right —
control, 5%, 10%, 20% and 30% flour
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Fig. 3. Samples of wheat bread with the addition of
grade hemp flour: from left to right: control,
5%, 10% and 15% flour

The taste of bread was practically the same as the
control sample at 5% and improved when the
concentration was increased to 10-15%. The same was
observed for the aroma. It should be noted that the use
of HK did not have the same effect on the appearance of
walnut notes in the aroma of bread as the addition of
WGHF and GHF. It was pleasant, characteristic of
wheat bread. The HK concentration of 15% contributed
to a decrease in bread volume. The reason for this is a
general decrease in the amount of raw gluten due to the
partial replacement of wheat flour by hemp raw
materials. Wheat gluten plays a main role in the
formation of the bread structure and therefore a decrease
in its amount causes a degradation of the rheological
properties of the dough, in particular its elasticity and
significantly reduces the volume, as indicated by other
researchers [10, 27]. That is, in variant 3, the rational
dosage of HK was a concentration of 10%.

Investigation of the influence of production
technology on the quality of wheat-hemp bread. Hemp
raw material, that is characterized by a balanced
chemical composition, is one of the most perspective for
enrichment of wheat bread by valuable nutrients [11, 17,
18]. However, its use in baking technology can
negatively affect the rheological properties of dough and
the quality of bread [10]. There are series of publications
in which authors propose in order to improve the quality
of bread of lactic acid bacteria, enzymes, sourdough, the
sponge method and etc. [28, 29].

3

Fig. 4. Samples of wheat bread with addition of
dehulled HK: from left to right — control,
5%, 10%, and 15% seeds

We studied the effect of the sponge and one-stage
methods production on the quality of wheat bread with
the addition of hemp raw materials. In the experimental
variants, hemp raw materials were used in their rational
concentrations (WGHF — 10%, GHF — 15%, HK — 10%)).
The control was wheat bread without the addition of
hemp raw materials made by one-stage method.

The general appearance of wheat flour composites
with hemp raw materials is presented on Fig. 5.

The results of baking wheat bread with the addition
of hemp raw materials and made using by sponge and
one-stage methods are presented on Fig. 6

The results of the organoleptic evaluation of bread
indicate that the type of hemp raw material and
technology of its production have an impact on the
quality. In particular, the sponge method provided an
increase in the volume of baked bread, especially in the
variant with WGHF. This is explained by several
factors: the increased content of dietary fiber in the raw
material [18] and the activation of endogenous enzymes
(amylase, protease, xylanase, etc.) in the dough when
using the sponge method [30]. As a result, partial
hydrolysis of biopolymers (starch, proteins, and

polysaccharides) promotes their better integration into
the structure of the finished product [31]. These factors
also have a slight effect on the color of the crumb and
the porosity of the bread. The results of the quality
assessment of wheat bread enriched by hemp raw
materials and produced by different technologies are
presented in Table 2.

Fig. 5. Flour samples: a — high-grade wheat flour (control); b — wheat flour composite with 15%
GHF; ¢ — wheat flour composite with 10% WGHF
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sponge method production

Fig. 6. Samples of baked wheat bread with added hemp raw materials. From left to right: control, with
10% WGHF added, with 15% GHF added, with 10% HK added

Table 2 — Physicochemical quality indicators of wheat-hemp bread produced
by different method (n = 3, p < 0.05)

Indicators Control One-stage method Sponge method
WGHF GHF HK WGHF GHF HK

Bread weight, g | 180.0+1.0 | 181.0+1.0 | 179.0+1.0 | 181.0+1.0 | 202.041.0 | 188.0+1.0 ff(?
Moisture, % 424401 | 417+0.1 | 39.1+0.1 | 42.6:0.1 | 41.2:0.1 | 41401 | 44.4+0.1
Acidity,
foarecs 18:0.1 | 22+0.1 | 20£0.1 | 1.8:0.1 | 24+0.1 | 26+0.1 | 2.4%0.1
Porosity, % 76.041.0 | 71.0+1.0 | 77.001.0 | 7L0£1.0 | 73.0:1.0 | 70.0£1.0 | 69.0-1.0
E&eaad volume, | £0.0:1.0 | 560.0+1.0 | 540.01.0 | 415.0£1.0 | 680.01.0 | 595.041.0 | 500.0+1.0
Specific
volume  of | 29402 | 31402 | 3.0£02 | 23202 | 34402 | 32402 | 2.6+02
bread, cm®/g

Analyzing Table 2, we can summarize that the use
of the one-stage method of bread production did not
affect the weight of bread with the addition of hemp raw
materials. The difference between the control and
experimental variants was only 1 g, which is within the
experimental error. The use of the sponge method
contributed to an increase in this indicator from 8 g for
bread samples with the addition of GHF to 22 g in the
variant with WGHF. This is explained by an increase in
the water-holding capacity of the dough as a result of
prolonged fermentation and partial biodegradation of
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raw materials using the sponge method [31]. The higher
values of this indicator in the WGHF variant are
explained by the increased content of dietary fiber in this
raw material, which is characterized by a high ability to
bind and retain water [32].

The moisture content in the experimental variants
(Table 2) did not differ significantly from the control. It
was slightly higher when using HK, which can be
explained by the strong bond of water inside the hemp
kernel. The influence of the raw materials used and the
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production technology on this indicator was not
established.

The acidity of the baked bread depended on both
the type of hemp raw material and the technology used
in its production. Table 2 demonstrates that the highest
acidity values were obtained when using WGHF and
GHF in the bread recipe, especially in the sponge
method. The increase compared to the control was 0.6—
0.8%, depending on the type of raw material. With the
one-stage method in the HK variant, the acidity was at
the level of the control sample, which is explained by
the low availability of acids in whole hemp seeds and
the impossibility of their transfer into solution during
the short period of dough fermentation.

The porosity of baked bread with the addition of
hemp raw materials and produced using different
technologies (Table 2) shows that the type of additive and
bread production technology did not have a significant
effect on this indicator, that remains within the optimal
range of 70-76%.

A significant positive effect on the volume of
bread made with the addition of hemp raw materials was
established, especially using the sponge method (Table
2). The application of GHF and WGHF, even using the
one-stage method, contributed to an increase in volume
by 20 cm® and 40 cm?3, respectively, compared to the
control. The sponge method provided an even greater
increase in this indicator: by 75 cm? in the GHF variant,
by 85 cm?® in the HK variant and by 160 cm? in the
WGHEF variant, compared to the control. As a result, the
specific volume of bread using the one-stage method
increased in samples with WGHF and GHF by 3.4-7%
and in the sample with HK it decreased by 20.7%. In
contrast, using the sponge method, the specific volume
increased by 10.3-17.2% in samples with WGHF and
GHF and decreased by only 10.3% in the sample with
HK. This indicates the positive effect of long-term
fermentation on improving the quality indicators of
bread made with hemp raw materials.

Conclusion

The seeds of the Hlesiia industrial hemp variety
were processed to obtain dehulled hemp kernels, whole
grain hemp flour and grade hemp flour.

Studies of the quality of the obtained hemp raw
materials indicate that they have 1.1-1.8% higher
acidity, 1.6-4.0% higher ash content, non-uniformity
granulometric composition of the flour and larger
particle size, compared to wheat one. That will be
negatively affect on the quality of bread made with it.
Organoleptic evaluation of the flour samples obtained
indicates that the experimental samples had a light
yellow color in GHF and a light cream color with light
green spots of crushed shells in WGHF. The smell of
both samples was characteristic of hemp flour, with
slight notes of walnut aroma.

The rational dosage of hemp raw materials was
determined: whole grain flour (variant 1), grade flour (
variant 2) and dehulled kernels (variant 3). It was
established that the optimal dosage for obtaining quality
wheat-hemp bread is 10% for the first variant, 15% for
the second and 10% for the third.

Trial laboratory baking of wheat bread with the
addition of various types of hemp raw materials in their
rational concentrations was carried out using the sponge
and one-stage methods of production. It was found that
the use of hemp raw materials increases the weight of
bread by 8-22 g, increases its acidity (by a maximum of
0.8 degree), has practically no effect on moisture
content and porosity, compared to the control and
increases the volume of bread. Its growth, depending on
the type of additive and the applied of production
technology, ranges from 20 to 160 cm3. Summarizing
the obtained results, it can be concluded that when
production wheat bread with the addition of hemp raw
materials, the sponge method of production provides
better results in terms of the quality of the finished
product.
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2Bianin TexHoJorii X1i6a Ta 6ioTpanchopMarlii 3epHOBUX TIPOIYKTIB
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Byl €. CBepcTioka, 4 A, M. KuiB, Ykpaina, 02002
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LiHHOCTI, Takui xyi0 30arayyloTb pPOCIMHHOIO CHPOBHHOIO, 30KpeMa HACiHHSAM KOHOIENb. BUKOpPHCTaHHS KOHOMEIb Yy
XJIIOOTICYeHH]1 HEraTHBHO BIUIMBA€E HA PEOJIOT1YHI BIaCTUBOCTI TicTa Ta SKICTh TOTOBOTO MPOAYKTY. TOMY, aKTyaJIbHUM € MOLITYK
LUISXIB YCYHEHHA Aii I1i€i CHPOBHHM Ha MPOAYKIIIO Ui OTPUMAHHS SKICHOTO MIIEHHYHO-KOHOIUIIHOTO Xjiba. OO6’ekToM
JIOCTIDKEHHs OyB MIIEHNYHUHA X110 13 JOAaBaHHAM MPOIYKTIiB NMepepoOKU HACiHHA KOHomenb. HaciHHS TeXHIYHMX KOHONEIb
copty I'mecis mepepoOisiiim Ha oOpyIIeHEe SIPO KOHOIENb, OOPOIIHO KOHOIUITHE IIbHO3EPHOBE Ta OOPOIIHO KOHOIUITHE
coprose. OIiHKa SKOCTI OTPIMaHOTO OOPOIIHA CBIUUTH PO HOTO 3HAYHI Bi]MIHHOCTI BiJ IMIIEHUYHOT0. 30KpeMa, OTPHMaHi
3pa3KH XapaKTePH3yBAIUCS BHILOIO KHUCIOTHICTIO, 30JIbHICTIO, HEPIBHOMIDHHM TIPaHYJIOMETPHYHHM CKJIAJOM Ta OLIBIINM
po3mipom yactodok. Koitip mocnigHux 3pa3kiB KOHOIUITHOTO OOPOIIHA 3MiHIOBABCS BiJI CBITIIO-)KOBTOTO Y COPTOBOTO JIO CBITJIO-
KPEMOBOT'O 13 CBITJIO-3€JICHUMH BKPAIUICHHAMH HOAPiIOHEHHX OOOJOHOK — Ul IIJIBHO3EPHOBOTO. 3amax OyB BIaCTHBUI
KOHOIUITHOMY OOpOIIIHY, i3 JISTKUMH HOTKaMH apoMarTy ropixa BOJOCHKOro. Bu3HaueHo, 10 ONTUMAaIbHUM JIO3yBaHHAM, SIKE
3abe3mnedye OTpUMAaHHA SKICHOTO MIIEHUYHO-KOHOIUITHOTO XJIi0a i3 J0AaBaHHAM LidbHO3epHOBOTO OopourHa € 10%, 6oporrHa
coproBoro — 15% Ta 10% — mmst oOpyuieHoro HaciHHA. [lmeHWYHMI X116 BUTOTOBIAIM 3 BHKOPHCTAHHAM pI3HHX BHAIB
KOHOIUITHOI CHPOBHHHM, 3aCTOCOBYIOUH SIK ONApHy, Tak i Oe30mapHy TEXHOJOTiI0 BUroToBIeHHs. Halikpami pesympTaTh
OTpHUMaJHX 3a omapHoi TexHooril. Maca xii6a 30utsmmacst Ha 822 T, a ymikaHHs 3MeHnIocs. Crioctepiranocsi He3sHauHe
30UTBIIEHHS KUCTIOTHOCTI, @ BMICT BOJIOTH Ta IIOPHCTICTh 3AINIIIIIICS Maibke He3aMiHHUMH. HatoMmicTs 00’eM OyxaHIs 3HAYHO
MOKpaIuBesl, 3MiHIOI0YNCh Big 20 mo 160 cM?, 3amexHO Bif BHAY KOHOIULTHOI CHPOBHHH Ta 3aCTOCOBAHOI TEXHOJOTIi
BUPOOHUIITBA.
Ki1ro4oBi ci10Ba: HaciHHA KOHOMENb, OOPOIIHO, X110, OTapHa TEXHOJOT1s, 6e30TapHa TEXHOJIOTIS, SKICTb.
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