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Of the article provides a scientific justification for the production of health-promoting bread
rolls using barley malt and whole-grain wheat flour. Modern nutrition requires the creation
of products with increased nutritional and biological value, enriched with complete proteins,
essential amino acids, vitamins and minerals. In this regard, a promising direction is the
creation of functional grain products, in particular bread rolls, which are characterized by high
nutritional value, good organoleptic properties and the possibility of enrichment with natural
plant components. The aim of the work is to develop a technology for the production of health-
promoting bread rolls using malt and whole-grain wheat flour, as well as to assess their quality
indicators. Based on the analysis of literary sources and experimental studies, the choice of raw
materials characterized by increased nutritional and biological value is justified. It has been
established that barley malt is a source of complete protein, essential amino acids, B vitamins,
minerals, and antioxidants, and the use of whole grain wheat flour ensures the preservation of
fiber, biologically active substances, and contributes to the formation of functional properties of
the finished product.

The optimal ratio of recipe components (70% barley malt and 20% whole grain flour) has
been experimentally determined, which provides the best organoleptic indicators and a balanced
chemical composition. According to the results of sensory evaluation, the highest scores were
received by model composition Ne. 4 (4,9-5,0 points), which was characterized by uniform color,
pleasant taste, pronounced aroma and crispy structure. It was established that the physicochemical
indicators (humidity 8,0-8,3%, acidity 5,0-5,5°) meet the requirements of current regulatory
documentation, and microbiological indicators do not exceed permissible norms, which confirms
the safety of the product and the stability of the technological process.
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Topau O. O. Obrpynmyeannsa 6upodOHUYMEA X1i0Ui6 0300064020 NPU3HAYEHHA

B cmammi nasedeno naykose oOrpyHmysants eupoOHUymea xnioyie 0300poe40e0 npusHa-
YCHHSA 3 GUKOPUCIIAHHAM AYMIHHO20 CON00Y MA YilbHO3ePHO6020 nuteHuuHo20 bopouina. Cyuacne
XapuysanHs HAceleH s NOMPeOYe CMEOPEHHs NPOOYKMIG i3 NiOSUUeHOI0 XAPYo8o ma bionoziy-
HOIO YiHHICMIO, 30A2AUeHUX NOGHOYIHHUMU OLIKAMY, He3AMIHHUMU AMIHOKUCIOMAMU, GIMAaMi-
Hamu ma MiHepanoHUMu pe4oGUHaMu. Y 36 A3KY 3 YuM NepcneKmueHUM HaANnPAMOM € CIMGOPEHHS
3ePHOBUX NPOOYKMIE (hYHKYIOHANLHO20 NPUSHAYEHHS, 30KpeMd XNi0Yie, AKi Xapakmepuzyiomocs
6UCOKOIO XAPYOB0I0 YIHHICIO, 00OPUMU OP2AHONENMUYHUMU 6]1ACMUBOCHIAMU MA MOICTUBICIIO
30aeaueHHs NPUPOOHUMU POCTUHHUMU KOMNOHeHmamu. Memoto pobomu € po3pobieHHs MexHo-
J102il 6UPOOHUYMEA X1i0YI6 0300P06U020 NPUSHAUESHHS 3 GUKOPUCINAHHAM CON0008020 MA Yilb-
HO3epH0B020 NULEHUYHO20 OOPOWIHA, A MAKOXC OYIHKA IX AKICHUX nokasHukie. Ha ocnosi ana-
T3y aimepanmypHux 0dicepen i eKkcnepumMeHmanbHux 00C1ioiceHs 00IPYHMOBAHO GUDIP CUpOBUHU,
WO Xapakmepuzyemocs ni0GUIEeHOI0 Xapuoeo ma 0ionoeiyHolo yinnicmio. Bcmarnoeénero, wo
AUMIHHUT CONOO € OdicepeoM NOBHOYIHHO20 OIIKA, He3aMIHHUX aMiHOKUCIOm, 8imaminie epynu
B, minepanbHux peuoeun ma aHmuoKCUOaHmMie, a GUKOPUCIAHHA YiTbHO3EPHOB020 NUEHUYHO20
Oopouwna 3abe3neuye 36epedcents KNimKoguHY, 0ioN02iuHO AKMUGHUX PeYOBUH | CRPUAE POPMY-
BAHHIO QYHKYIOHATLHUX GNACMUBOCTIET] 20MO0B020 NPOOYKMY.

Excnepumenmanvno eusHaueno onmumanbHe CRiGEIOHOULEHHS peyenmypHuxX KOMNOHeH-
mig (70% sauminnozo conody ma 20% yinbHo3epH06020 6OPOULHA), siKe 3a06e3neyye Halikpauyi
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OpeaHonenmuyHi NOKA3HUKYU Ma 30aNanco8anull Ximiunuil ckaad. 3a pe3yiemamami ceHcop-
HOI oyinku Haileuwi oanu ompumana mooenvua komnosuyis Ned (4,9-5,0 6ana), wo xapaxkme-
PpU3yeanacs pieHOMIpHUM KOTbOPOM, NPUEMHUM CMAKOM, GUPANCCHUM APOMAMOM i XPYCMKOIO
cmpykmyporo. Bemanogineno, wo @izuxo-ximiuni nokaznuxu (éonocicme 8,0-8,3%, xuciom-
Hicmo 5,0-5,5°) 6ionogioaroms umozam YuHHOI HOpMAMUEHOI OOKYMeHmayii, a mikpodionoeiumi
NOKA3HUKU He nepesuuyioms 0OnyCMuMux HOpM, o niomeepoixcye bezneyHicms npooykyii ma
cmabinvHicme MexHonN02iuHo20 npoyecy.

Knruoei cnoea: xnioyi 0300po64020 NpusHAUeHHA, AYMIHHUU CON0O0, YiNbHO3ePHOBe
60pouLHO, YHKYIOHANLHI NPOOYKMU.

Problem statement. Modern nutrition of the population requires products of
increased nutritional and biological value, enriched with proteins, essential amino
acids, vitamins and minerals. The increase in the incidence of cardiovascular, metabolic
and chronic pathologies makes it necessary to develop health-promoting products that
contribute to the prevention of chronic diseases and improve the general condition of
the body [1].

Bread and bakery products are the basis of the diet of the majority of the population,
but traditional wheat breads contain a limited amount of proteins of high biological
value, vitamins and mineral elements. The use of barley malt and whole grain flour
allows to increase the nutritional and biological value of the product, improve its
organoleptic properties and functional characteristics. The development of a technology
for the production of health-promoting breads is relevant for food industry enterprises
and allows to create competitive products with high indicators of biological value. The
introduction of a technology for the production of health-promoting breads will allow to
provide the population with products that meet the principles of healthy nutrition [2, 3].

Formulation of the objectives of the article. The purpose of the article is to
substantiate the technology of production of health-promoting breads using whole-grain
wheat flour.

The object of the study is health-promoting breads using whole-grain wheat flour.

The subject of the study is the technological parameters of the production of breads
with whole-grain wheat flour, their recipe composition, sensory, physico-chemical and
microbiological indicators.

Presentation of the main material. To justify the choice of raw materials in the
production of health-promoting breads, it is important to assess the chemical composition
of the main components of the recipe. Table 1 shows the average chemical composition
of barley malt and whole grain wheat flour per 100 g of product, determined according
to scientific sources and guides to the nutritional value of grain products [4].

As can be seen from the data in Table 1, barley malt is characterized by an increased
content of biologically active components, in particular B-glucans (up to 7%), which
have a pronounced physiological effect:

— reduce the level of low-density cholesterol;

— normalize carbohydrate metabolism, contributing to the slow absorption of
glucose;

— increase the body's immunological reactivity;

— have a positive effect on the intestinal microbiota.

In addition, the enzymatic activity of malt (amylase, protease, -glucanase) provides
a natural breakdown of complex carbohydrates and proteins, which improves the taste,
aroma and digestibility of finished breads.

Whole grain wheat flour is a source of fiber, B vitamins, tocopherols, minerals
(Mg, Fe, Zn, Se) and biologically active compounds localized in the germ and shells of
the grain [4]. Due to this, it provides:




| Tagpiticeknit HaykoBuii BicHuk. Cepist: Texniuni nayku. 2026. Bun. 1. Yactuna 2

72|

— regulation of digestion;

— improvement of lipid metabolism;

— reduction of the glycemic index of the finished product;

— formation of a pleasant nutty flavor.

The joint use of barley malt and whole grain flour in the composition of the recipe
allows to achieve high nutritional and biological value of the product. Due to this, the
breads have the following advantages:

— increased content of B-glucans and fiber;

— balanced amino acid composition of proteins;

— natural complex of antioxidants;

— pleasant taste and aroma without the need to use synthetic additives.

Thus, the use of barley malt and whole grain flour as the main components of the
recipe is a scientifically based and technologically feasible solution for creating health-
promoting breads.

Due to the combination of a low glycemic index (about 40—45) and a high ability to
swell, barley malt-based breads contribute to the slow absorption of glucose, preventing
sharp fluctuations in blood sugar levels. This is especially important for the prevention
of type 2 diabetes [1, 2].

In addition, the high fiber content reduces the energy value ofthe daily diet, contributing
to body weight control and maintaining a healthy metabolism. Due to the complex effect on
metabolism, such breads can be attributed to functional products for preventive purposes,
recommended for wide groups of the population — from children to the elderly.

Given the growing attention of society to health and quality of nutrition, the
development and implementation of technology for such products is a promising

Table 1
Chemical composition of barley malt and whole grain wheat flour
(per 100 g of product)

Indicator Barley malt Whole grain flour
Moisture, % 6,5 13,0
Protein, g 12,0-14,0 11,0-13,0
Fat, g 1,8-2.5 1,522
Carbohydrates, g 6568 66-70
Including starch, g 52-55 58-62
Dietary fiber, g 9,0-10,5 8,0-9,5
B-glucans, g 4,0-7,0 0,4-0,6
Ash (minerals), g 2,5 1,7
Energy value, kcal 320-330 330-340
Vitamin B (thiamine), mg 0,45 0,40
Vitamin B (riboflavin), mg 0,32 0,25
Vitamin Bs (niacin), mg 4,6 4,0
Vitamin E (tocopherol), mg 0,9 1,2
Magnesium, mg 115 108
Potassium, mg 370 360
Iron, mg 3,0 3,5
Zinc, mg 2,7 2.9
Selenium, pg 23 28
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direction for innovative development of food industry enterprises in Ukraine, especially
in regions with a developed raw material base — in particular, in the South of the country.
To develop atechnology for the production of health-promoting breads, it is necessary
to evaluate the organoleptic and physicochemical properties of the main components of
the recipe: barley malt and whole wheat flour in accordance with DSTU 4282:2004
"Barley malt for brewing", DSTU 46.004-99 "Wheat flour. Technical conditions". This
will allow to determine the quality of the raw material, its suitability for production and
the impact on the functional and technological characteristics of the finished product.
In table. 2 the physicochemical indicators of the studied raw material are given [5-7].

Table 2
Physicochemical indicators of the quality of the studied raw material
Ne Indicators Malt flour Whole wheat flour
1 Humidity, % 4,5 13,2
2 Titrated acidity, deg 9,2 4,1
3 Mass fraction of sugar, % 4,0 1,5

Analysis of Table 2 shows that the moisture content of malt flour was 4,5%, which
meets the requirements of DSTU 4282:2004 "Barley malt for brewing" and indicates
good product preservation and low probability of microflora development during
storage. The moisture content of whole grain wheat flour was 13,2%, which does not
exceed the permissible values according to DSTU 46.004-99 "Wheat flour. Technical
conditions" and characterizes the raw material as suitable for technological use. The
titrated acidity of malt flour was 9,2 degrees, which is typical for malt products and is
explained by the accumulation of organic acids during grain germination. Increased
acidity of malt flour will contribute to the formation of a pleasant taste and increase
the biological value of the finished product. The acidity of whole grain wheat flour was
4.1 degrees, which corresponds to the regulatory indicators and indicates its freshness
and proper storage conditions.

The mass fraction of sugars in malt flour was 4,0%, which significantly exceeds the
similar indicator of whole grain wheat flour (1,5%). The increased content of sugars
in malt flour is due to enzymatic hydrolysis of starch during barley germination. The
presence of easily digestible sugars will contribute to the intensification of enzymatic
processes and the formation of a pleasant taste of buns. Thus, the obtained results of
physicochemical studies indicate the compliance of the studied raw materials with
regulatory requirements and confirm the feasibility of using malt and whole grain wheat
flour in the technology of production of health buns. The established indicators ensure
the proper technological properties of the raw materials and contribute to the formation
of high nutritional and biological value of the finished product.

Thus, the results obtained allow us to conclude that both types of raw materials have
high nutritional value and technological suitability for use in the production of health-
promoting breads. Malt flour is a source of enzymes that contribute to the formation
of natural sugars and aromatic compounds. Whole wheat flour provides an increased
content of fiber, protein and trace elements, improving the structure and biological value
of the product. The combination of these two components allows us to obtain a product
balanced in composition and functional properties, aimed at improving digestion,
reducing cholesterol levels and maintaining the body's energy balance.

5 model bread compositions with different ratios of ingredients in the recipe were
selected for the study (Table 3):
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1 model composition barley malt and whole wheat flour — 40:25%;
2 model composition barley malt and whole wheat flour — 50:20%;
3 model composition barley malt and whole grain wheat flour — 60:20%;
4 model composition barley malt and whole grain wheat flour — 70:20%;
5 model composition barley malt and whole grain wheat flour — 80:15%.

Table 3
Test samples of model compositions
Experimental samples Experimental samples
- (o] o = v
Raw | S| 8| 8|8 <8
material § = .°g’ = é £ § = § £
name g2l 2| & | 2| g2
£ £ £ £ £
[=] (=] (=] (=] (=]
] [ @ ] ]
Barley malt | 40 50 60 70 80
Whole
wheat flour 25 20 20 20 15
Water 17 17 4 - -
Butter 15 10 10 3.5 2,5
Salt 1 1 4.4 5 1,2
Spices 2 2 1.6 1.5 1.3
The results of sensory analysis of the test samples are presented in Table 4
Table 4
Results of sensory analysis of the test samples
. Experimental samples
N th
;lgfc:tor ¢ model model model model model
composition 1 | composition 2 | composition 3 | composition 4 | composition 5
Appearance 5 5 4,5 5 5
Taste 4.5 4,2 4,1 5 4,5
Odor 4.5 4.5 4,5 5 4.8
Color 4,8 4,7 4,5 5 5
Structure 4.5 4.8 4,7 5 5

The profile of the sensory analysis of the test samples is presented in Fig. 1.

According to the results of sensory analysis (Table 4, Fig. 1), it was found that all
experimental samples have high organoleptic indicators, which confirms the correct selection
of raw materials and the balance of the recipes. The appearance of most compositions
received the highest score — 5,0 points, which indicates a uniform shape, smooth surface
and attractive crust of the products. A slight decrease in the score in composition 3
(4,5 points) is associated with minor deviations in the formation of the structure during baking.
Taste characteristics demonstrate a certain variation: the highest indicator is in composition 4
(5 points), where the optimal combination of malt sweetness and bread flavor was achieved.
In compositions 2 and 3, the taste was rated lower (4,2—4,1 points), which is probably due to
a slightly lower content of barley malt or an imperfect proportion of moisture. The smell of
all samples is pleasant, bready, with a light malt aroma. The best aroma is characterized by
composition 4 (5 points), where grain and caramel tones are harmoniously combined.
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Fig. 1. Profilograph for sensory analysis of test samples

In terms of color, the highest scores were received by compositions 4 and 5
(5 points each) — the products have a uniform color from light golden to amber brown.
In composition 3, the color is slightly darker, which reduced the score to 4,5 points.

The structure of the bread also varies. Thus, samples 4 and 5 received maximum
scores (5.0 points) for uniform porosity and elasticity of the crumb, while in compositions
1-3 the structure is somewhat denser (4,5—4.,8 points).

Summarizing the results, it can be noted that model composition 4 has the highest
sensory indicators among all experimental samples. It is characterized by a pleasant
taste, pronounced aroma, uniform color and elastic structure. Thus, it is appropriate
to consider composition 4 as the optimal formulation option when developing health-
promoting breads using barley malt and whole grain wheat flour.

The next stage of the study was the determination of physicochemical indicators.
Physicochemical indicators of product quality for this work were determined by
moisture and acidity. The results are presented in Table 5.

Table 5
Physicochemical indicators of the studied samples
Experimental samples
N.amfe of the model model model model model
indicator i e e .. .
composition 1| composition 2 | composition 3 | composition 4 | composition 5
Humidity, % 8,0 8,1 82 8.3 83
Acidity, 5.0 52 52 53 5.5
degrees

Fig. 2 shows a diagram of physicochemical indicators.

Analysis of the physicochemical indicators (Table 5, Fig. 2) of the studied samples,
comparison of the obtained physicochemical data with the requirements of DSTU
2903:2005 "Food concentrates. Dry breakfasts. General technical conditions" shows that
the humidity of the samples (8,0—8,3%) is within the normal range (< 11%) according to
DSTU 2903:2005, i.e. they meet the requirements. The acidity is also 5,0-5.5 degrees,
which meets the requirements of the standard.

Based on a comprehensive analysis of the sensory evaluation indicators and
physicochemical properties, it was determined that model composition 4 is the best and
is recommended for the further production of health-promoting breads.
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Fig. 2. Diagram of physicochemical parameters

The next stage of the study was the determination of the microbiological safety of the
developed model compositions. The objectives of the study were to determine the total
number of mesophilic aerobic and facultative anaerobic microorganisms (MAFAnM),
assess the presence of bacteria and mold fungi, and compare the results obtained with
the regulatory requirements of the State Technical Standards of Ukraine.

Microbiological analyses were performed according to the methods regulated by
the current standards: DSTU ISO 4833-1:2022 — determination of the total number
of microorganisms; DSTU ISO 21527-1:2015 — determination of yeast and mold
fungi; DSTU ISO 4832:2019 — determination of Escherichia coli bacteria (EBC).
Microbiological research was conducted to assess the safety and stability of the
developed product of health-promoting breads based on barley malt with the addition
of whole grain wheat flour. The main objectives were: to determine the total number of
microorganisms (CFU/g), to detect the presence of pathogenic bacteria; to assess fungal
contamination (yeast and mold fungi) [8—13].

The results of the microbiological parameters studies are presented in Table 6.

Table 6
Results of the microbiological parameters studies
= = = = = s 2,
p—1 p———1 p—1 ——i ——i =< I
. < E <= < E < E < E 5§55
Indicator S 2 S 2 S 2 S 2 S 38 R =
2 2 2 2 = £ 2
=2 | 25| 28| 25| 28 =L
g g g g g 2 5
a «
Total number of
microorganisms 1,2x10° 1,0x10° 9,0<10? 8.5x10? 8,0x10? <1,0x10*
(CFU/g)
Coliforms, CFU/g| missing missing | missing missing missing missing
Salmonella spp. missing missing missing missing missing missing
Yeast and mold s . . . . -
fungi, CFU/e 1,0x10 9,0x10 8,0x10 7,5%10 7,010 <1,0x10
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Analysis of the results of microbiological indicators in Table 6 shows that the
total microbiological contamination of all samples does not exceed the norm of
<1.0x10* CFU/g. Coliforms and Salmonella spp. were not detected in any sample, which
confirms the safety of the product for consumption. Yeast and mold fungi are present in a
small amount, which does not exceed the limit norm of <1.0x10°* CFU/g. The lowest level of
total microbiological contamination is observed in composition 5, which can be explained
by the higher content of barley malt and lower moisture content of the product, which reduce
the possibility of growth of microorganisms. Thus, the developed health-promoting breads
meet the safety requirements for food products according to microbiological indicators.
Compositions 4 and 5 have the best microbiological stability and are recommended for
further production. The product can be stored under normal conditions without exceeding
the permissible limit values of microbiological contamination.

Conclusions. Based on the presented research, the choice of raw materials for the
development of a technology for the production of bread rolls using whole grain flour for
health purposes was justified. It was determined that barley malt is a valuable component due
to the high content of proteins, essential amino acids, B vitamins, minerals and antioxidants.
The use of whole grain wheat flour allows you to preserve fiber, minerals, enzymes and
biologically active substances, which provides a health-improving effect of the product. It
was experimentally established that the optimal option is a variant with a content of 70%
barley malt and 20% whole grain flour, which provides the best organoleptic indicators and a
balanced chemical composition. Sensory quality indicators of the experimental samples were
determined. According to the results of the tasting evaluation, the highest scores (average
indicator 4,9-5,0) were received by model composition No. 4, which was distinguished by
a uniform color, pleasant taste, pronounced aroma and crispy structure. Physico-chemical
indicators (humidity 8,0-8,3%, acidity 5,0-5,5°) of the test samples fully comply with the
requirements of DSTU, which confirms the quality and stability of the technological process.
Microbiological studies have confirmed the safety of the developed breads — the indicators
of mesophilic aerobic and facultative anaerobic microorganisms, mold fungi and yeast do
not exceed the permissible norms. Production meets the requirements of the HACCP system
for the control of critical points of the technological process.

The developed technology involves the use of local raw materials, energy-saving
drying processes and a minimum amount of technological additives, which meets
modern requirements for healthy nutrition. The study proved that malt loaves with
whole grain wheat flour have increased nutritional, biological and functional value,
meet quality requirements, are safe, competitive and promising for introduction into
production at food industry enterprises.
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