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Annotation. The article analyzes the results of research in the field of nutrition
physiology. The expediency of adding flax processing products to bakery products and
determining the optimal ratio of wheat and flax flour in the production technology of bread
enriched with omega-3 fatty acids has been scientifically substantiated. The recipe for wheat
bread with the addition of flax seeds was developed, the physicochemical parameters
(moisture, acidity, porosity) of the dough and the finished product were comprehensively
investigated at the entire technological stage of production. Organoleptic properties of wheat-
flax bread and indicators of biological value of flax and wheat flour were determined.
Vitamins E and C, which exhibit antioxidant properties in the body, were also present in much
larger quantities in flax flour compared to wheat flour. This indicates that flax seeds are an
excellent source of enrichment of the body in antioxidant vitamins.

Keywords: flax, bread, omega-3 fatty acids, vitamins, technological process of bread
production.

BUKOPHCTAaHHA NPOAYKTiB Nepepo6KHU JIbOHY Y Xap4OBiil MPOMUCIOBOCTI

AHoTanida. B ocTaHHI poKY, 3aBASAKM €BOJIIOLII HAYKOBUX AOCJi/KEeHb, JIJITHE HACiHHA
CTA€ BaXKJIUBUM QYHKI[iIOHAJbHUM Xap4yoOBUM iHrpeAieHTOM. HaciHHA JiboHY A06pe BijoMe
CBOIM BMICTOM XiMiYHHUX cHnojyk 3i crnenqudiyHow 6i0/I0TiYHOI aKTHUBHICTIO Ta
byHKIIiOHa/IbHUMU BJIAaCTUBOCTSIMU: NoJiiHeHacudeHi »kupHi kuciaotu ([THXKK) cimeiictBa
oMera-3, pPO3UYMHHI Xap4yoBi BOJIOKHA, JirHaHW, OiJKM Ta ByrJeBojAu. I[IpoAyKTu Horo
nepepo6KU MOXKHA BiIHECTU [0 MPOAYKTIB, IKi 30araTAaTh i MOKpaUaTh KUPHOKUCIOTHUMN
CKJIaJi NIPOAYKTIiB BUTOTOBJIEHUX HA OCHOBI MIIEHUYHOT0 OGOPOIIHA.

Y craTTi npoaHasi3oBaHO pe3yJbTaTH JOC]ifKeHb B ranysi ¢isiosiorii xapuyBaHHS.
HaykoBO O0OrpyHTOBaHO [OLIMIbHICTb J0JaBaHHSI MPOAYKTIB MepepoOKHU JIbOHY V
xJ1iboneKapcbKy NMPOAYKIIil0 Ta BU3HAYEHHS ONTUMa/IbHOTO CNiBBiJHOLIEHHS MIIEHUYHOTO i
JUITHOTO 6OpoIlIHA Yy TeXHOoJIorii BUPOOHHUIITBA XJsiba 306araueHoro omera-3 >XUPHUMH
KU CJI0TaMH.

ExcriepuMeHTaJbHUMH [AOCHI)KEHHSIMHA OyJI0 BHU3HA4YeHO i MOpPIiBHAHO 6ioJIoTiyHY
LiHHICTb JUISTHOTO Ta MIIEHUYHOro 6opoilHa. Po3po6/ieHO pelenTypy NiIeHUYHOTo xJjiba i3
Jl0laBaHHAM HaCiHHS JIbOHY, KOMILJIEKCHO JOCaifkeHo (i3MKO-XiMi4HI NapaMeTpu
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(BosiOTiCTB, KHCJOTHICTH, MOPHUCTICTB) TicTa 1 TOTOBOr0 TMNPOAYKTY Ha BCbOMY
TEXHOJIOTIYHOMY BiApi3Ky BUpPOOHUITBA. BH3HauyeHO OpraHoJIENTHUYHI BJIACTUBOCTI
MIIeHUYHO-JISTHOTO XJiba Ta MOKa3sHUKHU 6i0JIOTiYHOI I[iHHOCTI JIJISHOTO i IIIEeHHYHOrOo
6opouHa. BiTamiHy, ski NposB/ASAITL aHTUOKCUAAHTHI BJacTUBOCTI B opranismi - E i C,
TaKO0 OyJIM y 3HAYHO Oi/IbIIUX KiJIbKOCTSX y JIJISTHOMY OOPOIIHI, IOPiBHIOIOYH 3 NUIEHUYHHUM.
lle BKka3ye Ha Te, 110 HACiHHSA JIbOHY € UYyJJOBUM /J>KepesjioM 30arayeHHsl OpraHiamy y
AHTUOKCUJAHTHUX BiTaMiHax. OTpuMaHi JaHi LOAO BMICTy BiTaMiHIB y JUISHOMY i
NUIeHWYHOMY OOpOLIHi [alTh OJHO3HA4YHYy BIiJNOBiAb NpPO 3HA4YHY IMepeBary JIJISHOrO
60polIHa, K JpKepesia BiTaMiHiB, 0c06/1MBO ToKodeposy Ta 6isbiiocTi BiTaMiHiB rpynu B Ta
MiHepaJIbHUMU pedyoBUHaMU, ik Kanbuiid, Marui, @ocdop, Migb, LIMHK, ki perya00Th psj,
byHKIIN B opraHisaMmi, a TAaKOX € IJIACTUYHUM MaTepiasioMm.

TakuM 4YMHOM 4YacTKOBe Jl0/laBaHHS JIITHOTO 60pOLIHA [0 NUIEHUYHOr0 Oy/ie COpUATH
NOKpalleHHI0O KUPHOKUCJOTHOI  ¢pakiuili MNimeHWYHOro xJiba, MNiABULUUTbL  HOTro
aMiHOKMCJIOTHUH cKop. lle Jae o6rpyHTOBAaHO BBaXKATH Ha JIOLIJIbHICTD i MepCNeKTHUBHICTD
36arayeHHs NUIEHUYHOTO 60POLIHA JIJISHUM Y XJ1i60NeKapCbKOMY BUPOOHUIITBI.

Kiro4oBi c1oBa: JiboH, XJ1i0, oMera-3 »KUpPHi KUCJI0TH, BiTaMiHH, TEXHOJIOTIYHUHN NTpolLiec
BUPOOHHUIITBA XJ1i0a.

Introduction

Changes in the diet are taking place in many industrialized countries, because the way of
life and nutrition, which involves the consumption of a large number of products with a high
degree of "purification", has led to an increase in the so-called diseases of civilization (obesity,
atherosclerosis, diabetes, and others). [7, 8, 9]. Interest in products containing substances that
have a beneficial effect on the human body due to their dietary properties and ability to
prevent some diseases is growing significantly [ 2, 3, 5]. The problem of wider use of various
grain crops in the food industry for human consumption has been the subject of intensive
research for many years in various scientific and industrial institutions.

The results of many studies in the field of nutrition physiology have made it possible to
link the occurrence of civilization diseases with the consumption of products low in
biologically active substances, indigestible ingredients and a deficiency of dietary fiber, etc.
[12, 13]. In the light of modern knowledge, flax seeds and its processing products (oil and
flour) as ingredients of the daily diet can be an important factor in enriching the body with
polyunsaturated fatty acids (omega-3 family), amino acids, vitamins and minerals. Recent
studies recommend consuming 30-70 g of flax seed products to lower serum cholesterol
levels in individuals suffering from lipid metabolism disorders [16, 17].

Many studies, both by Ukrainian and foreign scientists, were aimed at studying the
enrichment of bakery products with seeds or flax seed oil to improve their fatty acid
composition and increase their biological value. Some sources of dietary fiber were
investigated [29] as enrichment substances for wheat bread: oatmeal, flax, and apple. It was
found that the addition of oat and flax fibers to bread significantly changed the fatty acid
profiles. Other researchers [30] conducted a comparative study of the physical and sensory
properties of gluten-free bread with the addition of whole and ground flax seeds. Researchers
[31] considered the problem of using flax in the production of functional bread and flour
confectionery products.

According to the literature sources, both domestic and foreign researchers have worked
on the problem of improving the biological value of wheat bread, in particular, its fatty acid
composition and antioxidant activity by introducing seeds or flour from golden or brown flax
into its recipe. However, these studies were more focused on the production of bread, which
would have excellent technological properties during dough fermentation, and the quality of
the finished product. However, the fatty acid composition of the product was less taken into
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account in terms of providing consumers with essential fatty acids. Therefore, in our opinion,
the development of a new type of bread with the introduction of flax flour into its composition
and evaluation of the fatty acid composition indicator is quite relevant and will have a
practical effect on its introduction into production.

The research consists in scientific substantiation of the feasibility of adding flax
processing products to bakery products and determining the optimal ratio of wheat and flax
flour in the production technology of bread enriched with omega-3 fatty acids. At the same
time, during the introduction of a certain concentration of flax seeds into the recipe of wheat
bread, it is necessary to comprehensively investigate the physicochemical parameters of the
dough and the finished product at the entire technological stage of production in order to
choose the optimal ratio between flours.

Researching results

In recent decades, consumer interest in nutrition has changed, to a greater extent,
consumers have begun to choose "healthy" potentially useful products and ingredients for
health [1]. In fact, food should be designed not only to satisfy hunger and provide basic
nutritional needs, but also to prevent the development of metabolic diseases that are related
to nutrition, improve the physical and mental well-being of consumers.

Such consumer demand for products with a greater beneficial effect poses a challenge
for the food industry to increase the production of functional food products, which now
constitute a significant proportion of new food products. In the relationship between diet,
health and well-being, functional products play a priority role. There are many definitions for
functional foods worldwide, but there is no official or universally accepted definition.

The European Commission's Concerted Action on Functional Food Science in Europe
(FuFoSE) has defined that a food product or food ingredient can be considered functional only
if, together with the basic nutritional effect, it has a beneficial effect on one or more functions
of the human body in such a way or by improving general and physical condition or reduces
the risk of developing diseases.

In recent years, thanks to the evolution of scientific research, flaxseed has become an
important functional food ingredient. Flaxseed has been widely used in Europe since the
Middle Ages as a food additive and is considered an important functional ingredient, which is
a source of alpha-linoleic acid, high-quality proteins, phenolic compounds, fiber and minerals
[40]. Flax seeds are well known for their content of chemical compounds with specific
biological activity and functional properties: polyunsaturated fatty acids (PUFAs) of the
omega-3 family, soluble dietary fibers, lignans, proteins and carbohydrates. However, flaxseed
contains several harmful compounds such as cadmium, protease inhibitors, and cyanogenic
compounds [1].

Of all the lipids in flaxseed (about 30%), 53% are a-linolenic acid (ALA), 17% linoleic
acid (LA), 19% oleic acid, 3% stearic acid, and 5% palmitic acid, which provides an excellent
n-6 to n-3 fatty acid ratio of approximately 0.3:1 [4, 5]. Therefore, seeds can be an alternative
to provide the population with this fatty acid in regions of the world where there is not much
access to marine products, which are the best source of n-3 fatty acids [6]. Chemical analysis
of brown Canadian flaxseed on average showed the presence of 41% fat, 20% protein, 28%
total fiber, 7.7% moisture, and 3.4% ash, which is rich in minerals [5]. However, the chemical
composition of flax can vary depending on genetics, growing conditions, seed treatment and
analysis method.

Bread baked from flour containing flax additives showed more than 2 times higher
content of polyphenols and more than 10 times higher antioxidant activity in relation to bread
of the control sample. At the same time, ground flax added to bread increased the value of
polyphenols and antioxidant activity almost twice as much as bread with whole flax seeds
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added. This means that the active compounds of flax (including unsaturated esters of fatty
acids) have passed into the bread mass and during heat treatment did not undergo chemical
changes along with other ingredients of bread. It was also found that the highest content of
polyphenols and antioxidant activity was inherent in bread baked from flour containing 30%
ground (low-linolenic) flax. Most of the tasters positively evaluated the bread with flax flour,
while according to the organoleptic indicators (color, smell, taste and texture) the obtained
product had the highest number of points with 30% flax flour. The authors recommend bread
made from 30% flax flour containing 96.9% low linolenic acid for both industrial and
household production.

Other studies [19] have shown that consumers in 65% of cases would prefer bread that
has increased biological value due to enrichment with flax flour. At the same time, the authors
made samples of wheat bread according to different recipes and established that wheat bread
with the addition of a certain amount of flax flour is quite suitable for consumption and in
terms of organoleptic properties it was practically not inferior to the control sample of bread.
Researchers assure that in order to expand and enrich the market of bakery products, it is
advisable to include flax flour in the technology of bread, this will reduce its cost price, while
enriching it with polyunsaturated acids.

Reports indicate that the prospect of including flax seeds in the production of gluten-free
bread has several useful aspects, which are related to the biological value of bread and its
influence on structural and technological indicators during the fermentation of dough and
finished products. After all, the production of high-quality gluten-free bread is difficult due to
the lack of viscoelastic starch-gluten. Several defects in the quality of gluten-free bread can be
distinguished, for example, its smaller volume, lack of proper cell structure, dryness, crumbly
and granular texture, cracked crust, bad taste sensations [20]. Gluten-free dough shows
incomplete expansion and gas retention during fermentation. In addition, the excessive
amount of starch in the recipe makes the product more prone to staleness than bread
fermented on the basis of wheat flour, thus reducing the shelf life [21].

Studies have shown that whole flax seeds can be used as a partial substitute for flour in
the technology of baking bread and buns (containing 11.6% of flax seeds) and cookies (20%)
[5]. Along with a protein content of about 20 g/100 g, the soluble fiber found in flaxseed (10
g/100 g) [22] accounts for its binding and gelling properties, making it a promising additive in
gluten-free bakery products [23 ].

Studies report that the inclusion of 10% ground flaxseed in the bread recipe increased
the specific volume of the loaf and slowed down the staleness [24]. Similarly, Khattab et al.
(2012) [25] confirmed that the texture of bread was improved after the addition of linseed in
amounts from 5 to 20 %. The addition of linseed gum led to an increase in the water-
absorbing capacity of bread with an improvement in the volume of the loaf and an
improvement in the physico-technological characteristics of the properties of bread, thus
making it a food thickener for bakery products [26]. Mucus from linen exhibits showed better
emulsifying properties compared to gum arabic, tragacanth gum, and Tween 80 [27].

[t was shown [28] that linseed gum increases the viscosity of bread dough. At the same
time, the study consisted in evaluating the effect of 1% (total basis) addition of linseed
powders (Linum usitatissimum) and four varieties of acacia (Acacia dealbata, A. decurrens, A.
terminalis and A. verniciflua) on the bonding properties, textures and volume of gluten-free
bread. The inclusion of all flax and acacia seed powders reduced the bread crumb hardness by
30-65% and increased the specific volume of the loaf by 50%. The water absorption and
emulsifying capacity is explained by the texture improvement data and attributed to water-
soluble carbohydrates and insoluble fibers, while foaming was not detected. A darker pulp
was observed when flax powder was added. The most significant increase in the volume of
bread and the greatest decrease in crumbling was observed for bread with the addition of a
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large fraction of flax, crushed by ball milling. In comparison with the control sample of gluten-
free bread; a significant improvement in bread volume, texture and sensory evaluation was
observed after using whole and ground flaxseed. In addition, the crumb index has been
associated with organoleptic evaluation and can be used to evaluate bread quality as a
complement to instrumental texture measurements.

The impact of flax processing products on the quality of dough and bread made it
possible to identify the optimal dosages of recipe components with repeated use of wheat
flour, linseed flour and linseed oil, these ratios are 90:10:3, respectively; with repeated use of
wheat flour, flour for cakes and linseed oil - 93:7:2.

The experimental part of the work was divided into four independent stages.

At the first stage of research, the biological value of flax and wheat flour was determined
and compared. At the second stage, experimental samples of dough with different ratios of
wheat and flax flour were developed (one control and five experimental samples were
developed) and they were examined for their physicochemical properties (third stage). In
particular, the degree of acidity, its specific volume and the diameter of the ball's melting were
determined in the dough. After baking experimental samples of bread, they were evaluated
according to the following physicochemical properties: moisture, acidity, porosity, and an
organoleptic evaluation was carried out with the participation of the tasting commission
(fourth stage of the experimental part).

According to researchers, flaxseed bread has more protein, "healthy" fats and dietary
fiber, as well as ingredients such as minerals and vitamins. The beneficial effect of flaxseed on
lipid metabolism in consumers due to its effect on lowering the level of cholesterol in the
blood serum was noted.

It is believed that the beneficial properties of flax are important due to the high content
of unsaturated fatty acids, especially such as alpha-linolenic acid (C18:3, n-3), which accounts
for almost half of the total amount of fatty acids contained in flax seeds [38 ]. There are also
valuable lignans and dietary fibers (pectins, hemicellulose), which have a beneficial effect on
the processes of digestion and passage of food through the gastrointestinal tract.

Therefore, due to the presence of a significant amount of useful substances in flax seeds,
which improve the physiological processes in the body of consumers, we decided to include
flax seeds flour in the composition of ordinary wheat bread and to determine its organoleptic
and physico-chemical properties at the entire stage of the technological process. At the same
time, we used a comprehensive approach to conducting research.

At the first stage of the experiments, the biological value of wheat flour and flaxseed
flour was compared. In particular, we compared the fatty acid composition of two types of
oils: linseed and wheat, and also determined the amount of amino acids and the vitamin-
mineral composition in this raw material. Flax seeds from the Debut variety were used in the
experiment, from which oil was produced by cold pressing.

The value of linseed oil lies in the content of monounsaturated and polyunsaturated
fatty acids. At the same time, the amount of polyunsaturated a-linolenic acid, which belongs to
the omega-3 family, in flaxseed oil was 7.9 times (p < 0.05) higher than its content in wheat
flour oil. That is, in linseed oil, the amount of this essential acid was 54.629 +0.007% of the
mass of all fatty acids. It is thanks to this fatty acid that flax seeds have a significant effective
effect in the prevention of cardiovascular diseases, which are associated with the deposition
of cholesterol in blood vessels. In addition, linseed oil is significantly richer in oleic acid
content than wheat oil, its amount in linseed oil was 19.708 + 0.006% of the total mass of
acids, which is 1.3 times higher (p < 0.05). The obtained results coincide and are consistent
with the data of researchers [2, 6], who report a high content of a-linolenic and linoleic acids
in flax seeds, which makes it an important food ingredient.
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The amino acid composition of a food product is one of its most important
characteristics. After all, essential amino acids (threonine, valine, methionine, cysteine,
leucine, isoleucine, lysine, phenylalanine, tyrosine) must constantly supplied the human body,
since they are not synthesized, and the biological value of the created food product is
determined by the content of these acids. After all, it is known that wheat bread does not have
a balanced composition in terms of amino acid content [10, 11].

Therefore, similar studies were conducted to compare the amino acid composition of
two wheat and flax flours and their percentage content, compared to the reference "ideal"
protein. In flaxseed flour, we observe a significantly lower excess content of essential amino
acids, compared to wheat flour. In particular, the excess is noted only for the amino acid
isoleucine, the rate is 105.5%, which is almost 1.6 times less than the excess in wheat flour.
Other essential amino acids in whole grain flax meal were limiting. It should also be noted that
whole wheat flour was used in the study, which is characterized by a higher content of amino
acids in terms of amino acid composition, compared to flour of the highest and first grades.

Important components of food products, such as minerals, take part in metabolic
processes in the body and perform catalytic, plastic and regulatory functions [11, 18, 19].
Therefore, the biological value of a food product is also determined by the content of minerals
important for vital activities and the full functioning of a person. Regarding the mineral
composition of wheat and flax flour, it follows that the content of minerals in flax flour is much
higher than in wheat flour. A significantly higher amount (p < 0.05) of such minerals was
found in flax flour compared to wheat flour, in particular, Calcium by 4.8 times, Potassium by
2.6 times, Magnesium by 4.2 times, Phosphorus and Zinc by 2.0 times and Copper by 1.8
times. Only in terms of iron content, wheat and flax flour do not reliably differ from each
other. At the same time, it should be noted that 100 g of flax seeds provide 50-70% of the daily
need for certain minerals [5]. Taking into account the obtained data, we support the opinion
of scientists [10] that flax seeds belong to a biologically valuable product that can improve
traditional food systems by the content of macro and microelements.

In addition to the mineral composition, we analyzed wheat and flax flour for the content
of the main vitamins. Studies [14, 15] report that flax seeds and their processing products are
particularly rich in vitamin E (tocopherols a-, -, and y-) and group B. In addition to
antioxidant properties, tocopherols participate in blocking nitrosamines in the
gastrointestinal tract that are formed from nitrates and nitrites of food products. The second
important group of vitamins is the B group of biologically active substances that have a
systemic effect on many functions of the body. Vitamins E and C, which exhibit antioxidant
properties in the body, were also present in much larger quantities in flax flour compared to
wheat flour. Thus, the amount of vitamin E in flax flour was 5.37 + 0.12 mg/100 g, which was
1.9 times (p < 0.05) higher than in wheat flour, and the amount of vitamin C was 1.7 times (p <
0.05) higher, respectively, in flax flour. This indicates that flax seeds are an excellent source of
enrichment of the body in antioxidant vitamins. Vitamin K (phylloquinone) was also found in
significantly greater amounts in flax flour compared to wheat flour. In particular, in the first
one, its amount was 4.21 * 0.2 ug/100 g, which is almost 2.2 times (p < 0.05) higher than in
wheat flour.

Conclusions
So, based on the results of this study, it can be stated that flaxseed and its processing
products can be classified as products that will enrich and improve the fatty acid composition
of products made on the basis of wheat flour. From the analysis of research on the amino acid
composition of wheat and flax flour, the following should be noted. Despite the fact that a
significant number of essential amino acids in flax flour are limiting, compared to wheat flour,
which has only two limiting amino acids, it is advisable to enrich the recipe composition of
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wheat bread with flax flour, as it additionally increases the amount of the two limiting acids of
wheat, threonine and lysine, which are almost 10-14% more abundant in flax. Thus, the
partial addition of flax flour to wheat flour will contribute to the following: firstly, to improve
the fatty acid fraction of wheat bread, and secondly, to increase its amino acid score.

The obtained data indicate that the partial replacement of wheat flour with flax during
the production of bread will have a positive effect on its enrichment with such important
minerals as Calcium, Magnesium, Phosphorus, Copper, Zinc, which regulate a number of
functions in the body, and are also a plastic material.

Thus, the obtained data on the content of vitamins in flax and wheat flour give an
unequivocal answer about the significant advantage of flax flour as a source of vitamins,
especially tocopherol and most vitamins of the B group. This gives a reasonable basis for
considering the feasibility and prospects of enriching wheat flour with flax in bakery
production.
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