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» Abstract. This article studied the peculiarities of integrating innovative technologies into poultry farming and
meat livestock farming — essential elements of the Ukrainian food market. The goal was accomplished through the
contextual analysis of industry reports, examination of the European legislation, and assessment of the Ukrainian
poultry and meat production segments in terms of the Food Demand Index, Food Supply Index, and Regional Trade
Development Index. Despite the military time turbulence, the Ukrainian meat production industry stood resilient
and demonstrated potential for sustainable development, with poultry accounting for 56.3% of the total segment.
However, integration of the Ukrainian meat production into the European segment remained modest, despite
38,481 TRACES NT certificates obtained: in 2024, the share of poultry exports decreased by 37.2% compared to
2023. The econometric analysis revealed a statistically significant relationship between innovation and output in
the national meat production segment, with 66.4% variations in annual poultry and beef consumption attributed to
innovative technologies. Connection was also discovered between the use of innovative technologies and reduced
production cost, as well as between innovative approaches and an adherence to sustainable development practices.
The integration of innovative technologies was not uniform throughout the country: the central regions of Kyiv and
Vinnytsia had the highest innovation rankings, with the potential of receiving integral index values of up to 8.13. It was
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further discovered that the use of technologies could facilitate rational allocation of resources: one robot can serve
up to 70 animals, hence, free human resources to address more technological tasks. The obtained findings could be
used to increase performance effectiveness, enhance competitiveness, and support sustainable development of the

Ukrainian food market

» Keywords: innovative technologies; cattle breeding industry; econometric dependence; supply chain; fuzzy

modelling

» Introduction

Military operations in Ukraine and limited access of
Ukrainian producers to resources have a negative impact
on the production of agricultural products in all regions
of the country and might trigger a range of food securi-
ty issues. Moreover, the threat remains relevant to all
segments of the national agricultural sector, including
poultry farming and meat livestock farming. The existing
threat might be reduced through the introduction of in-
novative solutions to the Ukrainian food market with an
aim to allocate resources, cut costs, restructure logistics
chains, and maintain sustainable development. Never-
theless, integration of technology into specific food mar-
ket segments remains an under-researched issue, which
indicates relevance of the selected topic.

Z. Hussain et al. (2025) acknowledged that the glob-
al food market has undergone major transformations to
meet evolving customer preferences and growing demand
for sustainable development. The authors further stressed
that the growing use of technology has become an integral
element of this change process and pointed to a range of
technological advances in the field. The study of S. Kima-
ni (2024) stressed the relationship between the integration
of innovation in specific sectors, including crop breeding,
enhanced productivity, and food availability. Consider-
ing this relationship, the researcher concluded that in-
novative development might become the key to fighting
food insecurity in some areas, for example, Sub-Saharan
Africa. K. Malec et al. (2024) discovered that investments
in agricultural innovation preconditioned an increase in
food security. Similar to Z. Hussain et al. (2025), the au-
thors asserted the relationship between innovations and
food security was moderated by the productivity growth.
E.D. Farsani et al. (2024) examined 36 academic sources
and detected eight factors preconditioning innovation in
agriculture — human capital, research, institutional frame-
works, market sophistication, infrastructure, knowledge
and technology outputs, and creative and innovative en-
deavours. The cited sources emphasised the role of in-
novation in sustainable development of the agricultural
sector and solution of pressing socio-economic problems.

Several studies, including the research of J.N. Oc-
ran (2025) underlined the significance of innovation for
poultry and meat livestock farming. The cited researcher,
in particular, studied the use of artificial intelligence (AI)
tools in livestock and poultry production. The author con-
cluded that Al tools transformed traditional animal hus-
bandry practices by improving animal welfare, enhancing
performance efficiency, and supporting animal farms’ sus-
tainability. S. Wongtangtintharn et al. (2025) stressed that
the use of innovative approaches and tools might facilitate
the effective integration of certain national agricultural
segments, for instance, Thai, into the global food market.

The experts argued such integration was possible due to
the use of innovative technologies, like precision-farming
and Al-driven systems, to support strategic decision-mak-
ing and ensure alignment with international food market
standards. V. Beck et al. (2024) examined the role of inno-
vative technologies in transforming livestock and meat
value chains. The authors argued that innovative tools, for
example, big data analytics, enhanced value chains’ effi-
ciency through product variation and horizontal diversifi-
cation. R.B. Bist et al. (2024) stressed the significance of in-
novative technologies for promoting poultry welfare and
increasing the segment’s competitiveness. The cited ex-
perts argued that these goals were accomplished through
the integration of technology into resource allocation,
nutrient recycling and promotion of climate-smart agri-
cultural practices. C. Krampe et al. (2024) assessed the role
of innovative technologies through a comparative analysis
of 367 pig and dairy farmers in three European countries —
Finland, the Netherlands, and Spain. Based on collected
data, those researchers concluded that farmers used in-
novative technologies, including digital tools, to manage
their data, monitor farm animals, and share information
with value-chain actors to optimise business innovation
and certification. The collected evidence suggested that
the integration of innovative technologies into strategic
planning and business management processes can trans-
form poultry and meat livestock farming to enhance the
segment’s performance and increase its competitiveness
(Taishykov et al., 2025).

Despite sufficient research in the field, specific na-
tional contexts, including Ukrainian remain a relatively
unexplored terrain. Little was known about maintaining
innovative development of poultry and meat livestock
farming under the martial law and associated limitations.
Considering the detected gap, this paper studied the pe-
culiarities of activating innovation in Ukrainian poultry
and meat livestock farming. The goal was accomplished
through examining the factors shaping the integration of
innovative tools in the selected segments, assessing hin-
drances to the integration process, and proposing strate-
gies to overcome them.

» Materials and methods

This research relied on the data of 2021-2024 retrieved
from the industry reports of the OECD-FAO Agricul-
tural Outlook 2024-2033 (2024), State Statistics Service
of Ukraine (2024), Data browser (n.d.), Statistics (n.d.).
Also, it was analysed data from sources M. Bogonos et
al. (2024), V. Afanasyev et al. (2024), 1. Guzhva (2025).
The data was used to assess the state of poultry and
meat livestock farming in the Ukrainian regions: Dni-
propetrovsk, Kyiv, Kirovohrad, Mykolaiv, Odesa, Kharkiyv,
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Vinnytsia, Volyn, Zhytomyr, Lviv, Poltava, Rivne, Sumy,
Ternopil, Khmelnytskyi, Cherkasy, Chernivtsi, Chernihiv,
Zakarpattia, and Ivano-Frankivsk. In addition to indus-
try reports, the following pieces of European legislation
were examined: Commission Delegated Regulation (EU)
No. 2021/1374 (2021), Regulation (EU) of the European
Parliament and of the Council No. 2022/870 (2022), Com-
mission Delegated Regulation (EU) No. 2023/2652 (2023).

The data from Yu. Lupenko et al. (2021), T. Nakelse &
E. Dennis (2024), and J. Rittirong et al. (2024) was used to
create a system of indicators to assess innovative develop-
ment of the poultry and meat livestock industries in the
food market: food demand index (I,,)) — characterised
the level of meeting consumer needs in poultry and meat
livestock products, provided that the financial activity of
agribusiness entities increased and capital was invested in
innovative technologies; food Supply Index (I ) — char-
acterised the level of production capabilities and the de-
gree of market saturation with poultry and meat livestock
products, its competitive positions in production and sale
using innovative technologies, in time space; Regional
Trade Development Index (I, ,,.) — determined opportu-
nities for the sale of poultry and meat livestock products
produced and sold using innovative technologies through
trade networks, provided an opportunity for producers to
reduce sales costs due to the volume of product batches.
When forming a dependence between the indicators, a
mathematical equation was determined to find the inte-
gral indicator of innovative development of the poultry
and meat livestock industries in the food market (I )

reg.marke

In —
Ireg.market =V X 11’1 + Uiz X 1i2+- . +Uin X Iin,

or L%y markee = UNay + UNaj,+... +UNay,, €))

where v,, v,, v,, — the weight of each i-th indicator of in-
novative development of the poultry and meat livestock
industries in the food market; I, I,,, I,,— indicators of inno-
vative development of the poultry and meat livestock in-
dustries in the food market; UNa;,, Na,, UNa,, - weighted
normalised assessment of each individual i-th indicator of
innovative development of the poultry and meat livestock
industries in the food market. Whereas, UNa,, was calcu-
lated by the formula:

UNa,,= Na,,x v,,, (2)

where Na,, - normalised estimate per person of the i-th
indicator of innovative development of the poultry and
meat livestock industries in the food market. In this case,
(Na,,) was calculated by the formula:
I;nX10

N Ain = m , 3)
where I,, — indicator per capita of the i-th indicator of in-
novative development of the poultry and meat livestock in-
dustries in the food market; Na,, — the maximum indicator
per capita of the i-th indicator of innovative development
of the poultry and meat livestock industries in the food
market, which was found empirically through a compari-
son of all indicators of the i-th indicator in a specific region.
To determine the mathematical dependence between the
indicators, correlation-regression analysis was used:

T (=) (yi=y)
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The correlation coefficient ranged from -1<rto <+1
indicating statistically significant negative and statistical-
ly significant positive correlation, respectively. The formu-
la was used to calculate the correlation between the trade
development indicator and the demand indicator, as well
as between the demand indicator and the supply indica-
tor. If the obtained results showed a close correlation be-
tween the indicators, then the importance of these indica-
tors was determined:

Ti

Vi Q)
where v, — the weight of the i-th indicator of the innovative
industries of poultry farming and meat cattle breeding in
the food market; r, - the correlation of the i-th indicator of
the innovative industries of poultry farming and meat cattle
breeding in the food market; r;+ 1, + ... + r, — the sum of the
possible calculated correlations. The logarithmic function
was used to assess the structure of the poultry meat food
supply in Europe in 2021-2024; compare the structure of
food supply of poultry and beef in the Ukrainian, European,
and global markets; detect the econometric relationship be-
tween the trade development indicator and the food supply
indicator of the Ukrainian meat market since 2021:

y=a-In(x) +b, (6)

where In(x) — natural logarithm (logarithm base a); a — co-
efficient controlling the steepness, and b - y-intercept.

The forecast assessment of the integral index was car-
ried out on the basis of accounting data and non-financial
reporting on the signs of a stable state of innovative devel-
opment of entities in the poultry farming and meat cattle
breeding industries considering a sufficient retrospective
of indicators for constructing fuzzy-multiple parameters
by weight indicators not as a fuzzy logic by a sample of
factors, but as a convolution of the current levels of these
factors in the interval from 0 to 1, taking into account sta-
bility states. In the reverse order, the sign of the crisis of
innovative development of industries changes (very low,
low, medium, high and very high). The fuzzy set method-
ology was described using the composition of individual
indicators X = {X;}, which most closely corresponded to the
assessment objectives: X, — innovation autonomy coeffi-
cient; X, — innovation provision coefficient with own funds;
X, — intermediate innovation coefficient; X, — innovation
coefficient by cash flows; X, — innovation turnover in the
operating cycle; X, — profitability of operating activities. Ba-
sic sets were introduced, which were explained as follows:
a) a complete set of states Q, by industry entities; b) a set Q,
oflevels of the crisis of innovative development W;; ¢) for an
arbitrarily separate indicator X a set of its values P,.

A universal factor for the variables q, p and w was the
interval from 0 to 1, and the factor of the values involved
the sets Q=1{Q,, Q,, Q,, Q,, Q}, P={P, P,, P,, P, P.} and
w={W,, W,, W,, W,, W} respectively. The sets of the lin-
guistic variable “State of innovative development of the
subject of the industry” were divided into five fuzzy sub-
sets that will intersect. These subsets had the following
form (four corner points of the trapezoid): Q,=(0; 0; a;; a,);

,=(a; ay a5 a); Qu=(ay a,; a5 a)); Q= (a5 ag a, ay);
Q; = (a;; a, 0; 0). Each subset had its own membership
function pu(X), with trapezoidal membership functions be-
ing the most commonly used in this case. The one-to-one




correspondence of the linguistic variables “State of inno-
vative development of the subject of the industry” and
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“Sign of the crisis of the innovative development of the
subject of the industry” was given in Table 1.

Table 1. Correspondence of linguistic variables Q, and W,

Value of the variable Q, - Value of the variable W, - “Sign of crisis
“State of innovative development of the industry entity” of innovative development of the industry entity”
Unstable boundary (Q,) Highest (W)
Low stability state (Q,) High (W,)
Medium stability state (Q,) Average (W,)
Sufficient stability state (Q,) Low (W,)
Very stable boundary (Q,) Very low (W,)

Source: based on The European Union officially abolished tariffs on Ukrainian goods (2022), E.S. Aljohani et al. (2024),

K.M. Kang et al. (2024)

The method of the fuzzy-multiple approach took
into account the relationship between the forecast of the
steady state of innovative development of the poultry and
meat livestock industries with their probabilistic crisis,
and the developed model was characterised by flexibility
and adaptability to changing environmental conditions,
where it was possible to rank the regions of the country by
the value of the integral index.

» Results

The production of poultry and meat products is one of
the leading areas in solving the food security problems
and providing the population of Ukraine with high-qual-
ity dietary protein. Based on the analysis of trends in the
Ukrainian and European food markets since 2021, it was

Share of meat food supply in Ukraine to world level, % =
Share of meat food supply from Ukraine to the EU, %
Share of world meat supply in the EU, %

important to timely determine the vector of the poultry
and meat industries’ revival. First, even in European coun-
tries, producers need to focus on the demand of various
population groups with different income levels, including
low ones. Second, certain trends have been identified in
the dynamics and structure of the global meat consump-
tion towards an increase in the share of poultry meat. This
has had a particularly noticeable impact on the structure
of meat consumption in the European countries. Third, in
non-European countries, the share of cheaper meat pro-
duction was increasing, namely poultry and pork meat
have an advantage, and the most expensive was cattle meat
(Diachenko, 2020). The historical overview of the meat
market emergence, development, and major actors was
shown in Figure 1.

2024
m 2022

2023
2021

Share of world meat supply in Brazil, % m—m \ y =-8,544In(x) + 20,604

Share of world meat supply in China, %
Share of world meat supply in the USA, %

0 10 20 30

Figure 1. Share of meat food supply in the EU and Ukraine from the world level for 2021-2024
Source: based on OECD-FAO Agricultural Outlook 2024-2033 (2024), State Statistics Service of Ukraine (2024), P. Pyvovar

& 0. Rozhkov (n.d.)

The provided figure suggested that 26.5% of the global
meat supply was contributed by China, while 16.6% were
due to the USA - these two countries have been obtaining
the largest shares of the world meat supply since 2021. In
the analysed period, Ukraine’s contribution to the global
food market remained relatively low, but showed minor
fluctuations; as for the country’s share in the European food
market, it was identified as modest. A logarithmic trend line
suggested a gradual decline in Ukraine’s relative share over
the observed period, reflecting ongoing challenges amid
external pressures, including economic crisis and function-
ing in wartime mode. The structure of the food supply of
poultry meat in Ukraine differed from the EU countries. As
seen from Figure 2, Ukraine has a significantly higher share
in poultry (50.8%) compared to the EU (30.5%) and the
global average. However, Ukraine’s beef supply share of 16%
lags slightly behind the European (16.5%) and the world av-
erage. Logarithmic trend lines showed a steeper upward

trend for Ukraine in poultry production, suggesting accel-
erated growth in this segment. Based on the figure, Ukraine
specialised in poultry, while beef production remained
more aligned with broader regional and global patterns.

y=50,206In(x) + 16 50.8

Poultry, % =20,198In(x) + 165 ,30.5
Ukraine
16
Beef, % 6.5 EU Countries
I = World
0 10 20 30 40 50 60

Figure 2. Structure of food supply of poultry and beef in
the markets of Europe and Ukraine in 2024
Source: based on the OECD-FAO Agricultural Outlook

2024-2033 (2024), P. Pyvovar & O. Rozhkov (n.d.)
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The growing Ukrainian share in the global poultry
meat supply has become possible due to changes in the EU
legislation, according to which batches of poultry and beef
intended for human consumption can be imported into
the EU only from enterprises approved by the State Food
and Consumer Protection Service. As a part of its European
integration strategy, Ukraine has switched in 2024 to using
TRACES NT - the online platform of the European Com-
mission for certification and support of export, import,
and transit of animals, products of animal and plant origin,
food, feed — which has significantly simplified the formal
procedures for the export and transit of food products to
the EU territory, when crossing the state border (The right
to export livestock products to the EU..., 2025). As of 2023,
specialists of the territorial bodies of the State Service for
Food Safety and Consumer Protection were able to issue 20
types of certificates in TRACES NT, which allowed signifi-
cantly shortening the issuance procedures and reducing the
burden on exporters (Trusova et al., 2023). In 2024, 38,481
certificates were issued using TRACES NT for goods sent
to or through the EU territory, including 18,649 certificates
for import into the EU, and 19,832 certificates for transit.

Commission Delegated Regulation (EU) No. 2021/1374
(2021) laying down specific hygiene requirements for food
of animal origin provided for new possibilities adapted to
the 2025 and to address the identified problems regarding
the sale of poultry and meat products on the food market.
Among other aspects, the main changes were relevant to
the following aspects: the meat of ungulates criteria was
introduced to avoid possible problems during transporta-
tion, regulating the slaughter of a small number of animals
on the farm; “approval of a veterinarian” was replaced by
“official veterinarian”; the food donation requirements
were established for the freezing of meat of ungulates,
poultry and lagomorphs in retail trade if they were intend-
ed for donation.

Regulation (EU) of the European Parliament and of
the Council No. 2022/870 (2022) had supplemented the
opportunities available to Ukrainian exporters under the
Association Agreement between Ukraine and the EU. This
decision, among other things, suspended all tariff quotas
for agricultural products, which had become an incen-
tive for Ukrainian producers. The liberalisation of trade
relations, in turn, implied that Ukraine will comply with

European rules: the origin of goods and relevant proce-
dures within the framework of the Association Agreement,
refraining from any new restrictions on imports from the
EU, Ukraine’s respect for democratic principles, human
rights and fundamental freedoms, the rule of law, and the
fight against corruption. These new rules will help Ukrain-
ian producers and exporters withstand the burden of war
and strengthen their positions on the European market.

As explained by Yu. Lupenko et al. (2021), the poul-
try and meat livestock industries of Ukraine, despite the
instability of innovative activity, were trying to integrate
advanced developments and adapt them to their own
production. J. Rittirong et al. (2024) suggested that the em-
phasis was on the use of innovative and energy-renewable
technologies utilising solar energy, wind energy, biogas
plants, rational and efficient use of feed and improving its
quality, the introduction of energy-saving and intensive
technologies, modernisation, technical re-equipment and
automation of the feeding process. Researchers T. Katkova
&Y. Kravchik (2022) noted about the impact of the intro-
duction of digital technologies at enterprises on produc-
tion efficiency. Strategic task in the field of animal sciences
involved the creation of intelligent farms, where the feed-
ing processes and livestock management were combined.
In meat livestock, an essential example and one of the
basic concepts of Smart Farm involved the use of robotic
animal feeding boxes, which encompassed the principles
of building a balanced farm and fit the environmental re-
quirements of safe production. The main working element
of the robotic feeding system was a multifunctional ma-
nipulator, designed according to the principle of a human
hand, which ensured the feeding process, regardless of the
various shapes and locations of feed objects; for example,
one robot was capable of serving an average of up to 70
animals (Ibatullin ef al, 2022). The mentioned approach
allowed for equally effective control of many other tech-
nological factors in both large and small farms with an
aim of enhancing animal productivity. Despite the mar-
tial law-related limitations, the introduction of innovative
technologies in the beef cattle breeding segment precon-
ditions an increase in the supply of products to the food
market. This was evidenced by the data on the grouping
of regions by the number of cattle per 100 hectares of agri-
cultural land (Table 2).

Table 2. The impact of the density of livestock in beef cattle breeding
on the volume of food supply of beef produced using innovative technologies in 2024

Group of regions by number of livestock
. of meat cattle per 100 hectares of agricultural land
Indicators I T 11 Total
to 10 10.1-20 20.1 and more

Number of regions in the group 8 10 2 20

Average livestock density by group, head 6.7 13.5 30.6 10.1
Food supply of beef using
innovative technologies per capita, kg 56 126 157 8.8
Food supply of beef using innovative technologies

per 100 hectares of agricultural land, kg 6.7 13 46.1 102

Beef consumption per capita, kg 7.2 10.8 11.1 8.1

Note: group I regions: Dnipropetrovsk, Kyiv, Kirovohrad, Mykolaiv, Odesa, Kharkiv; group II regions: Vinnytsia, Volyn,
Zhytomyr, Lviv, Poltava, Rivne, Sumy, Ternopil, Khmelnytskyi, Cherkasy, Chernivtsi, Chernihiv; group III regions:

Zakarpattia, Ivano-Frankivsk

Source: based on Organisation for Economic Co-operation and Development (2024), M. Bogonos et al. (2024)
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According to the Table 2, for every 1% increase in beef
cattle density, the food supply of beef produced with inno-
vative technologies grows by 0.7% per person and by 0.9%
per unit of land area. It was discovered that an enhance-
ment in the livestock contributes to a statistically signifi-
cant increase in the use of organic fertilisers, improvement
of soil fertility and obtaining environmentally friendly
agricultural raw materials. Thus, with an increase in the
density of beef cattle per 100 hectares of agricultural land
from 6.7 to 30.6 heads, the manure yield per 1 hectare of
arable land increases by 7.8 times, respectively. Therefore,
in regions, where livestock density was low — fewer than 10
heads per 100 hectares of agricultural land (specifically 6.7
heads) — there was a need to implement innovative meas-
ures to boost meat production and strengthen the country’s
food potential. The production of poultry meat was among
the essential components contributing to the meat market
supply in Europe. Commercial value was mainly represent-
ed by chickens, turkeys, ducks, or geese. Chickens have
became the most widespread among domestic birds in Eu-
rope; the share of their meat has exceeded 85% of the total
poultry meat production for more than 20 years (Fig. 3).

7.5 2024
Turkeys, % . Z}53 2023
. y = -57,35In(x) + 70,568 2022
3.1
Geese, % %3 2021
5
Ducks, % B g%
84.4
Chickens, % ggg’
| | | | |
-20 0 20 40 60 80 100

Figure 3. Structure of poultry meat food supply
in Europe for 2021-2024
Source: based on Statistics (n.d.), State Statistics Service of
Ukraine (2024), Data browser (2024)

The Figure 3 suggested that chicken meat production
had remained the main segment of the European poultry
meat supply chain. However, there was noticed a slight de-
crease in the share of this particular segment of the Euro-
pean poultry meat market - from 85.3% in 2021 to 84.4% in
2024. Decrease was also seen in the production of turkey
meat — from 8.3% to 7.5%. However, upward trends were
identified in the production of duck and goose meat —
from 3.7% in 2021 to 5% in 2024 and from 2.7% in 2021
to 3.1% in 2024, respectively. Therefore, it was concluded
that the European poultry meat supply had undergone
some changes since 2021.

As of 2024, the poultry meat market in Ukraine re-
mained among the key segments of the agricultural sec-
tor (State Statistics Service of Ukraine, 2024). Although
the Russian military aggression against Ukraine had sig-
nificantly affected the industry, especially in areas with
major production facilities, most large producers could

Khakhula et al. @

resume operations, and the market was gradually stabilis-
ing. The poultry meat market was showing positive chang-
es by adapting to new conditions, in particular, through
support from state and international programmes con-
tributing to the restoration of the agricultural sector. The
Ukrainian products were in demand in foreign markets,
in particular in the EU and the Middle East, which add-
ed opportunities for export. However, the share of exports
in total production decreased to 37.2% in 2024 compared
to 2023 (Afanasyev et al., 2024). Considering the structure
of meat production in Ukraine using modern innovative
technologies, the largest share (56.3%) fell on the poultry
industry (BDO in Ukraine on poultry farming..., 2024).
However, during military operations, poultry farms in re-
gions, where innovations were actively implemented and
production had increased still experienced negative im-
pacts on their efficiency (Fig. 4).

Food supply, %

100
90
80—
28: 2021
L 2022
o0 2023
30 2024
20—
9 - - m
Chickens Ducks Geese  Turkeys
10
=4
5 w2021
m 2022
-10 —— 12023
2024
-15 —
-20
25 Profitabilitv of the Profitability of
.30 _food supply of  food supply of

poultry meat, %  poultry eggs, %

Figure 4. Efficiency of food supply in the poultry industry
of Ukraine by innovative technologies in 2021-2024
Source: based on BDO in Ukraine on poultry farming:
Market status, forecasts and opportunities for

export (2024), V. Afanasyev et al. (2024)

Logistics in the poultry industry since February
24, 2022 has faced challenges due to the disruption of tra-
ditional transport routes, in particular in the South and
East of Ukraine. At the same time, Ukrainian producers
were actively using western border crossings and alter-
native routes through European countries, which allowed
maintaining stability in the supply of products. However,
poultry meat prices in Ukraine remained below the world
level, which helped maintaining demand in both domes-
tic and foreign markets. To a large extent, the formation
of meat prices was influenced by the ratio of supply and
demand for it and the solvency of the population. In 2021-
2024, average prices across all sales channels changed sig-
nificantly - to USD 1,578 per ton of poultry meat in live
weight, or 2.1 times compared to 2021. Poultry meat sales
prices by region of Ukraine were presented in Figure 5.
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Figure 5. Selling price of 1 ton of poultry meat for 2021-2024
Source: based on BDO in Ukraine on poultry farming: Market status, forecasts and opportunities for export (2024),
Organisation for Economic Co-operation and Development (2024), M. Bogonos et al. (2024)

Innovative technologies in the poultry industry con-
tinued to develop, despite safety challenges and economic
hurdles. Large enterprises tend to modernise equipment,
optimise production processes, and introduce new ap-
proaches and tools, including automation, to increase
efficiency and reduce costs (Samoichuk et al, 2016). One
example suggested that work on poultry farms was a la-
bour-intensive and monotonous process, which involved
cleaning and disinfection, egg collection, and other oper-
ations, and that can be intensified and automated with the
help ofrobots (Sychov et al., 2024). The use of robots allowed

cleaning and disinfecting poultry houses and created a
map indicating the places, where the work is or was being
performed. A constantly moving robot encouraged birds to
move and teaches chickens not to lay eggs on the floor. In
addition, the robot worked autonomously, constantly emits
light and, if necessary, produced sounds or music. Another
important aspect was the movement towards biosecurity
of the farm, as human contact with birds was reduced. The
econometric dependence of the innovative development
indicators of the poultry and meat livestock industries in
Ukraine was determined (Table 3).

Table 3. Data for determining the econometric dependence between the indicators
of innovative development of the poultry and meat livestock industries of Ukraine

Volume of retail Volume of food Volume of food
turnover of poult Wil il supply of poult supply of beef
Years | and beefb branl(‘iy of consumption of consumption b ixsllnovativery b im)l’ovative
technologi)(;s, USD thgflggll(lltg'n s th osngsf{ ons tg’chnologies, tg,chnologies,
thousand thousand tons thousand tons
2021 148,301 2,112 1,874 2,517.8 2,047.8
2022 155,528 2,184 2,074 2,762.8 2,298.5
2023 246,604 2,178 2,178 2,809.4 2,244.7
2024 198,227 2,070 2,277 2,747 2,369.4

Source: based on M. Bogonos et al. (2024), T. Nakelse & E. Dennis (2024), Organisation for Economic Co-operation and

Development (2024)

The econometric dependence and consequences of
the correlations between the trade development indicator
and the demand indicator were demonstrated in Figure 6.
The graph illustrated a statistically significant relationship,
suggesting that shifts in demand were closely associated

4000
3500
3000
2500
2000
1500
1000
500
0

thousand tons

0 1 2 3 4 5

y=101,43x+2,092.3

with changes in trade dynamics. This correlation implied
that an increase in consumer or market demand may serve
as a driving force behind trade expansion. Understanding
this interdependence helped to better predict economic
outcomes and formulate responsive trade policies.

Volume of food supply of poultry
meat by innovative technologies,
thousand tons

m Volume of food supply of beef
meat by innovative technologies,
thousand tons

6 7

Figure 6. Econometric relationship between the trade development indicator
and the food supply indicator of poultry and beef in Ukraine on average for 2021-2024
Source: based on P. Pyvovar & O. Rozhkov (n.d.), M. Bogonos et al. (2024)
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The econometric dependence and effects of the cor-
relations between the demand indicator and the supply
indicator were demonstrated in Figure 7. The figure re-
vealed a clear interrelationship, where changes in demand
were closely mirrored by adjustments in supply levels.
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This suggested a dynamic equilibrium mechanism, in
which supply responds to demand fluctuations over time.
Such patterns were essential for understanding market
stability and forecasting future trends in production and
consumption.

Poultry meat consumption,
thousand tons

m Beef meat consumption,
thousand tons

3500
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§ 2500- /
e
32000
& 15007 y=13511x+1,757.9
& 1000-
= 500-
0 T T T T T T 1
0 1 2 3 4 5 6 7

Figure 7. Econometric relationship between the demand indicator and the food supply indicator
for poultry and beef in the markets of Ukraine on average for 2021-2024
Source: based on V. Afanasyev et al. (2024), P. Pyvovar & O. Rozhkov (n.d.), M. Bogonos et al. (2024)

At the same time, linear variables of poultry and beef
consumption volume changed the annual production vol-
ume of products through the use of innovative technolo-
gies by 42.9%, respectively. The econometric dependence

300000+
a 250000
22]
= 200000~
=
£ 150000~
g 100000
S 50000~

y=22,763x + 13,455

and consequences of correlations between the food sup-
ply indicator and the trade development indicator (retail
turnover of poultry and beef by brand technologies in
2021-2024) were shown in Figure 8.

¢ Volume of retail turnover
of poultry and beef by brand
technologies, thousand USD

0 T T T T
0 1 2 3 4

5 6 7

Figure 8. Econometric relationship between the food supply indicator and the trade development indicator in the
poultry and beef market in Ukraine on average for 2021-2024
Source: based on Statistics (n.d.), V. Afanasyev et al. (2024), State Statistics Service of Ukraine (2024)

The linear regression model indicated that variations
in poultry and beef consumption volumes explain 66.4%
of the variance in annual meat production levels based on
innovative technologies (R?=0.664). The weight of each in-
dicator of innovative development of the poultry and beef
industries in the food markets of poultry and beef (v) will
be as follows:

0.45 0.66 0.82
Ureg.trade = E = 023, Vdem = 1—93 = 034, voffer E =0.42 y (7)

2r=0.45+0.66 4+ 0.82 = 1.93. 8)

The calculation of each individual indicator of in-
novative development of the poultry and beef industries
in the food markets of poultry and beef, on average per
person, allows determining the reference region for each
indicator, namely:

1. v,,,, max =30.2 kg — Dnipropetrovsk region (South-
ern region) ~10 points.

2. v, max=298.58 kg - Vinnytsia region (Central re-
gion) ~10 points.

3. VrgirageMax = 14294.37 thousands USD - Kyiv region
and Kyiv city (Central region) ~10 points.

The mathematical expression for calculating the nor-
malised score of each of the three indicators for the i-th

region will be calculated as follows:

. 1t %10 : L ¢ erX10
i _ _‘dem . i __ ‘offer .
Nagem = =305 Naosrer = 50855
i I x10
i — Ired.trade
Nareg.trade - 14,29437 ° (9)

The calculation of the weighted normalised score of
each of the three indicators for the i-th region will be as
follows:

UN@bem = Naben X 0.34 UNalprer = Nabppe, X 0.42;

UNaf‘eg.trade = Nai’eg.trade % 0.23. (10)

Taking into account the previous calculations, a math-
ematical model of an integral indicator of innovative devel-
opment of the poultry and meat livestock industries in the

food markets of poultry and beef has been formed:

I}i2MD =X UNatiiem + UNati)ffer + UNaf‘eg.trade’ (1D

where —separate i-th region in the food market of poultry
and beef in the country.

The calculation of the integral index of innovative de-
velopment in the poultry and meat livestock industries
among the food markets of the Central, Northern, Southern
and Western regions of Ukraine was shown in Figure 9.
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Transcarpathia

Ivano-Frankivs

Mykolaiv

Integral index of innovative development of the poultry
and meat livestock industry (Central regions)

—a— Integral index of innovative development of the poultry

and meat livestock industry (Northern regions)

k —*— Integral index of innovative development of the poultry

and meat livestock industry (Southern regions)

Integral index of innovative development of the poultry
and meat livestock industry (Western regions)

Figure 9. Integral index of innovative development of poultry farming and meat cattle breeding industries
among the Central, Northern, Southern and Western regions of Ukraine on average for 2021-2024

Source: calculated by the authors

Regions with the highest poultry and beef consump-
tion were the most attractive for producers. Conversely,
the highest degree of market competition was observed
in regions, where food products were widely supplied us-
ing innovative technologies. However, in these particular
regions, the supply of such products surpassed the level
of consumption. Accordingly, the lowest prices for prod-
ucts were observed, which, in turn, also stimulated the
consumption of poultry and beef among other types of
meat. The central region of Ukraine was the first in the rat-
ing for innovative development of the poultry and meat
livestock industries, as it included two regions at once —
Vinnytsia region as the leader in the volume of food sup-
ply of poultry and beef using innovative technologies, and
Kyiv region being the leader in the volume of retail trade.
The predictive assessment of the signs of a stable state
of innovative development of entities in the poultry and
meat cattle industries of the Central region of Ukraine
took into account sufficient retrospective of indicators of
the financial component in business entities to construct
fuzzy-multiple parameters by weight indicators (Fig. 10).

15t quarter m Cherkasy
of 2025 Kirovohrad
| B Zhytomyr
2nd quarter m Kyiv
0f 2025 Vinnytsia
0 2 4 6 8 10

Figure 10. State of innovative development of poultry
and meat cattle breeding entities in the Central regions
of Ukraine for the 1-2" quarter of 2025
Source: based on I. Guzhva (2025), P Pyvovar &

0. Rozhkov (n.d.)

The results suggested that in the first quarter of 2025,
only 52 business entities from three regions of the Cen-
tral part of Ukraine — Vinnytsia, Kyiv, and Cherkasy — had
a sufficiently stable state of innovative development of
the poultry and meat livestock industries — 7.75; 7.72;
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7.04, respectively. Among the regions in the central part
of Ukraine, two regions — Vinnytsia and Kyiv regions - re-
tained their leading positions in the food market. For the
second half of 2025, a significant application of the fi-
nancial component of the innovative development of the
poultry and meat livestock industries was planned, where
business entities in these regions were actively adapting
to the European market requirements for meat products.
Such adaptation made it possible to increase the index to
avery stable state through the regulation of strategic posi-
tions and strengthening of competitive advantages within
the values of 8.04 and 8.13, respectively.

Thus, establishing a stable trajectory of innovative de-
velopment over time and determining optimal conditions
for its support in the poultry and meat livestock industries
can shift the balance of influencing factors. Depending on
the time dimension, the state of innovative development
may follow one of three possible scenarios: a decline, a sta-
ble level, or a growing equilibrium. Accordingly, changes
in innovative development were likely to occur gradually,
influenced by moderate structural adjustments in finan-
cial components — particularly under the most favoura-
ble scenario, which assumed successful mitigation of the
post-war crisis in the poultry and meat livestock sectors.

» Discussion

Among the key ideas introduced in this paper, one was
about the growing global demand for poultry and meat
and the role of technology in addressing it. The idea was,
for instance, reflected in Figure 1 of this paper compar-
ing the share of meat supply in Ukraine, the EU, Brazil,
China, and the USA. The case of Ukraine also illustrated
that integration into the European or global market was
connected with the need to increase meat production
volumes. Several examples introduced in the paper sug-
gested that Ukraine had already made a step toward in-
tegrating innovative approaches to meat production by,
for example, using robots to clean chicken coops, make
chickens move, and control the hatching of eggs so to
increase production volumes. The significance of tech-
nology in maintaining or growing the volume of meat
production was further confirmed in previous studies, in-
cluding A. Suychinov et al. (2024). While using Slovakia as




a context, the cited experts acknowledged the significance
of Al-powered strategies, including precision biotechnol-
ogy, for addressing consumer needs in certain amount of
meat. The study of the researcher was considered rele-
vant to the this research, considering economic, cultural,
and other similarities between the Ukrainian and Slovak
contexts. Some consistency was also detected between
the study of Q. Sun et al. (2025) and this research, since
both examined the use of innovative strategies and tools
in growing meat production volume. The study of Chi-
nese meat production context allowed Q. Sun et al. (2025)
to conclude that the integration of Al agents into supply
chain management and intelligent control systems leads
to a 26.89% increase in overall profits. The work of scien-
tist was relevant to this study because according to the
above cited data, Chinese agricultural segment accounts
for around one-third of the global meat production. The
data meant that Chinese farmers had accumulated suffi-
cient experience in the meat production segment, which
can be partly or completely adapted to the Ukrainian
context. Another reason was that the study of Q. Sun et
al. (2025) introduced strategies to increase overall prof-
its without compromising production quality standards;
and the obtained insights might be partly integrated into
the Ukrainian agrarian segment striving to maintain resil-
ience amidst the war-era turbulence.

This paper also elaborated on the idea that integrat-
ing the Ukrainian agrarian segment into the European
food market implied an adherence to the EU production
standards and quality requirements. This idea, which was
examined in the context of the EU legislative acts, rests
on the assumption that customers tend to buy foods pro-
duced in compliance with universal quality, ethics, and
sustainability requirements (Karatieieva et al., 2024). In
this regard, there was noticed a consistency between this
research and the study of P. Castellani ez al. (2025) examin-
ing customers’ motivation for purchasing lab-grown meat.
Experts discovered that, while the relationship between
the perceived higher environmental sustainability and
customers’ intention to buy lab-grown meat remained
unclear, peculiarities of the meat production process
still play an essential role in a purchasing decision-mak-
ing process. A partial consistency was found between the
work of P. Castellani et al. (2025), focused on the lab-grown
meat production, and this work exploring the peculiarities
of sustainable poultry and meat production in the context
of technological advances. The idea of using technolo-
gy for sustainable meat production was also explored by
L. Woelken et al. (2024), who interviewed 11 experts to de-
tect the factors shaping the cultivated meat production.
Based on the interview data, the experts argued that the
use of innovative practices lowers production costs and
cultural barriers. The latter effect of particularly important
for the Ukrainian agrarian segment seeking flexibility as
a way to navigate the turbulent market, stay competitive,
and maintain sustainable development.

This paper further took an in-depth look into the role
of technology in cutting costs of meat production, since
this strategic goal was considered relative in the Ukrain-
ian context. Lowering costs and toxicological evaluation
of meat not only helps to maintain an adequate standard
of living for the population affected by the war, but also
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to stay competitive, while integrating into the European
and global market (Tkachuk et al., 2023). The idea of a
relationship between technology and meat production
cost was confirmed in previous research, including the
work of A. Samad et al. (2024). The authors argued that
the use of technology can cut costs by producing restruc-
tured meat with increased shell life. Despite some con-
sistency noticed, it was worth stressing that compared to
the present research, the study of this researchers had a
considerably narrower focus on restructured meat, the
pricing features of which might be somewhat different
from the pricing features of the traditional meat produc-
tion. Logical parallels were also drawn between this re-
search and the study of Y. Deng et al. (2024) exploring the
use of technology in processing of rabbit meat. Scientists
argued that innovative tools might be applied in such
critical processes as deodorisation, texture adjustments,
and water retention, where any transformation was
closely related to the end-product price. In spite of exist-
ing similarities, it should be stressed that this study and
the research of Y. Deng ef al. (2024) differed in their focus,
which might affect the transferability of obtained results.
L.K. Hernandez-Murillo & E Galan-Mendez (2024) argued
that integrating technology into meat production and
processing processes can cut costs through the adoption
of sustainable practices. As explained by this research-
ers, advances in thermal and non-thermal treatments
increase productivity, yield, and quality, while ensuring
effective allocation of available resources. The study ex-
tended the scope of the present discourse by elaborat-
ing on the strategies to cut costs in the meat processing,
which follows immediately after the meat production
process. Hence, most obtained results found their con-
firmation in previous research studies, which meant this
work has fit into the already existing academic discourse.
This paper, however, had also made its own contribution
to the field due to its specific focus on the poultry and
meat production segment of the Ukrainian food market.
While exploring the Ukrainian context, this paper had
provided insights into maintaining competitiveness and
sustainable development of certain economic segments
amidst turbulence.

» Conclusions

The research revealed that the Ukrainian poultry industry
was gradually stabilising despite the war-caused disrup-
tions. As of 2024, poultry accounted for 56.3% of the total
meat production in Ukraine, indicating its dominant role
in the sector. The export capacity remained resilient, with
38,481 TRACES NT certificates issued for goods exported or
transited through the EU. However, the share of poultry ex-
ports had decreased to 37.2% since 2021, reflecting wartime
limitations and market shifts. Econometric analysis con-
firmed a strong relationship between innovation and out-
put: variations in poultry and beef consumption volumes
explained 66.4% (R?=0.664) of the variance in annual meat
production through innovative technologies. Additionally,
every 1% increase in livestock density per 100 hectares re-
sulted in a 0.7% rise in per capita beef supply and a 0.9% in-
crease per land unit. The data also suggested a positive eco-
logical outcome, with manure yield per hectare increasing
7.8 times as livestock density rose from 6.7 to 30.6 heads.
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The study also identified regional leaders in innova-
tion: central regions, especially Vinnytsia and Kyiv, ranked
the highest in terms of food supply, retail trade, and overall
innovative development index. The analysis further high-
lighted the role of robotic automation, Al-driven livestock
monitoring, and smart farming systems in transforming
both large-scale and smallholder operations. For instance,
robotic feeding systems can serve up to 70 animals per ro-
bot, enhancing productivity and aligning with EU biosecu-
rity standards. Hence, innovation in Ukraine’s poultry and
meat livestock industries was not only feasible, but also
vital for economic recovery, food sovereignty, and inter-
national competitiveness. Strategic investments, coupled
with regulatory alignment and region-specific support, can
ensure a sustainable and resilient future for the sector. Lim-
itations of the study include restricted access to primary

data from regions directly impacted by military actions,
which may affect the representativeness of some regional
comparisons. Future research should explore the long-term
effects of technology adoption on cost-efficiency and envi-
ronmental sustainability in meat production under martial
law conditions, with a focus on modelling different integra-
tion scenarios into the European food market.
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» AHoOTauia. VY miif crarTi MOCTiIKeHO OCOOJMBOCTI BIPOBAKEHHS IHHOBAIIMHUX TEXHOJIOTIN Y MTaXiBHUIITBI
Ta M'SICHE TBAapUHHHUIITBO — BaKJIMBiI eJleMeHTH YKpaiHCBKOTO IIPOIOBOJIBYOTO PHUHKY. Meta Oyna AOCATHYTa
IIJISIXOM KOHTEKCTYaJIbHOIO aHalidy rajy3eBUX 3BiTiB, BUBUYEHHsI €BPONIENCHKOTO 3aKOHOJABCTBA Ta OLIHKU
CerMeHTiB NTaxiBHUIITBA Ta M'SICHOTO BUPDOOHUIITBA YKpAiHU 3 MOIIALY iHIEKCYy IONUTY Ha IPOJOBOJILCTBO, iHIEKCY
NIPOIO3ULil IIPOJOBOJIBCTBA Ta IiHAEKCY PO3BUTKY perioHanapHOI TopriBjii. HesBakaioun Ha BiliCBKOBY Kpu3Yy,
YKpalHChKa M’siCHA TPOMUCJIOBICTh MPOJEMOHCTPYBA/IA CTIUKICTh TA TOTEHIAT MJIsT CTAJIOTO PO3BUTKY, MPUIOMY
NTaxiBHUIITBO CTAHOBUJIO 56,3 % Bijg 3arajapbHOrO cermeHTa. OHAK iHTErparlisi yKpalHCHKOro M’SICHOTO BUPOOHUIITBA
B €BPOIEHCHKUN CETMEHT 3aJjMIIaacsi CKPOMHOI0, He3Baskaloun Ha oTpumaHHs 38481 ceptudikariB TRACES NT:
y 2024 poli YacTKa eKCHopTy OTHulli 3MmeHmmiaacsa Ha 37,2 % mnopiBHAHO 3 2023 pokoM. EkoHOMeTpUYHHI aHaJsi3
BUSIBUB CTaTMCTHYHO 3HAYYIIVI 3B’SI30K Mi’K iHHOBaIisiMH Ta 0OCATOM BHUPOOHUIITBA B HAIiOHAJIHHOMY CETMEHTi
M’sicorepepoOHOI TPOMUCIIOBOCTi, TPUYOMY 66,4 % KOJTMBAaHb Y PiYHOMY CIOKMBAHHI IITUIII TA SIJIOBUYHWHU OB I3aHi
3 iHHOBamiMHUMU TeXHOJOTiAMHU. TakosK Oy710 BUSBJIEHO 3B’S30K Mi’K BUKOPHUCTAHHAM iHHOBAIIMHUX TEXHOJIOTIN
i BHMPKEHHSIM BUPOOHUYMX BUTPAT, a4 TAKOK Mi’K iHHOBaLIMHUMU MinxoqaMu i JOTpMMaHHSAM MPUHIHIIB CTAJIO0rO0
pO3BUTKY. IHTerpailisi iHHOBaLiHUX TeXHOJIOTi! He Oy/Ja OIHAKOBOIO IO BCill KpaiHi: 1eHTpasbHi perionn Kuesa Ta
BinnHui Masiu HaliBUIIi peATUHIY iHHOBAIIHHOCTI, 3 HOTEHIIiaJIoM OTPUMAaHHS iHTerpajJbHUX 3HAYeHb iHIeKcy 10 8,13.
KpiM Toro, Oys10 BUSIBJIEHO, 1110 BUKOPUCTAHHS TEXHOJIOTIN MOsKe CIIPUATH pallioHaIbHOMY PO3IOJiIy PECYpPCiB: OOUH
poboT Moyke oOC/TyTOBYBaTH 0 70 TBApWH, IO 3BibHSE JIIOACHKI PECypcH JJjisi BUKOHAHHS OiJIbII TEXHOJIOTiYHUX
3apmadb. OTpuMaHi pe3yIsTaTH MOKYTh OYTH BUKOPUCTAHI U1 MiABUIIEHHS e(DEKTUBHOCTI AisIBHOCTI, IOCUJIEHHST
KOHKYPEHTOCIIPOMOSKHOCTI Ta MiITPUMKHU CTAJI0r0 PO3BUTKY YKPAIHCHKOI'O IIPOJOBOJIBYOT0 PUHKY

» Knio4oBi cnoBa: iHHOBaIIliliHi TEXHOJIOTI]; raay3h CKOTAPCTBA; EKOHOMETPUYHA 3aJI€KHICTh; JIAHIIIOT TIOCTAYaHHS;
HEeYiTKe MOJIe/TIOBaHHS
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