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Abstract. The article is devoted to a comprehensive theoretical and scientific-practical analysis of the current
state of the supplementary pet food industry, in particular to the scientific substantiation of the development and
production of functional treats for ornamental and songbirds and small mammals (ornamental rodents and
lagomorphs). The relevance of the study is driven by a global paradigm shift in feeding within the pet food segment
— the transition from simply satisfying energy needs to clinical-preventive nutrition and ecological enrichment of
the pets' environment under cage-housing conditions.

The paper proposes and describes in detail a three-dimensional classification matrix that systematizes the
assortment of treats according to their biological-species and metabolic orientation, their morphostructural
characteristics, and their direct functional purpose.

An analysis was performed of the physico-chemical transformations of biopolymers in the raw mixture, in
particular the destruction and gelatinization of starch and the denaturation of proteins under the influence of
intense hydrothermal and thermomechanical factors. The kinetics of the basic technological flows were studied,
namely high-temperature short-time extrusion, convection baking using non-sugar hydrocolloid binders, and
vacuum freeze drying. Attention is paid to the chemistry of the non-enzymatic browning reaction (the Maillard
reaction) and its role in forming the natural attractiveness of the finished product for animals. The mechanism for
preserving the native structure and biologically active substances in the process of lyophilization of raw materials
is characterized.

A systematic comparative analysis of the recipe composition and engineering solutions of leading
transnational brands and domestic manufacturers was carried out. A global trend has been identified toward the
complete abandonment of free sugars and molasses in favor of phytobinders and innovative synbiotic and
nutraceutical complexes aimed at supporting the microbiome and the health of integumentary tissues. Based on
the experience studied, key competitiveness factors of domestic enterprises have been identified, related to the use
of fresh local raw materials. Promising innovative growth points for the Ukrainian pet food sector have been
determined, consisting in the need to master capital-intensive technologies of co-extrusion and industrial
Iyophilization of monocomponents.

Keywords: functional treats, ornamental, songbirds and small mammals, environmental enrichment,
innovative technologies, binders, thermomechanical extrusion, convection baking, freeze drying (lyophilization),
co-extrusion.

The modernization and rapid development of the pet food industry have led to the emergence of a separate
high-tech segment — functional treats [1]. The relevance of research in this area is connected with a change in the
very approach to feeding: today owners seek not only to satisfy the basic energy needs of their pets, but also to
ensure disease prevention and improve their quality of life [2, 3].

In the wild, ornamental and songbirds and small mammals (rodents, lagomorphs) spend from 40% to 70% of
their time searching for and obtaining food. Under cage-housing conditions, monotonous feeding with ready-made
mixtures deprives them of this activity, which leads to hypodynamia, obsessive behavioral disorders (stereotypies),
self-plucking in birds, and apathy. In this context, supplementary feeds — pressed blocks, baked spikes, or freeze-
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dried components — act as tools for environmental enrichment. They stimulate natural cognitive activity, satisfy
the need of rodents for tooth grinding, of birds for beak grinding, and optimize the work of the muscular stomach
of birds. In addition, modern treats serve as an effective carrier matrix for biologically active substances. This
makes it possible to purposefully correct the intestinal microflora, support immune status, and improve the
condition of integumentary tissues (the plumage of birds or the coat of mammals) [3, 4].

The aim of the work consists in providing a comprehensive theoretical and scientific-practical substantiation
of the scientific and technological foundations for producing functional treats for decorative and songbirds and
small mammals as means of nutritional support and environmental enrichment, as well as in carrying out a
systematic analysis of the physico-chemical transformations of raw materials during various processing methods,
of contemporary technological solutions, and of the key development trends of the global and domestic markets
in the Pet Food sector.

Presentation of the Main Material. Modern terminology in the nutrition of ornamental birds and small
animals requires a clear classification of treats by biological, chemical, and morphological characteristics. For this
purpose, we have proposed a three-dimensional classification matrix that takes into account: the biological-species
and metabolic orientation of the product, its morphostructural characteristics, and its functional purpose (Fig. 1).

Classification of treats for ornamental, songbirds and small mammals

v v

biological-species and metabolic morphostructural characteristics functional purpose
orientation
L » birds N hard-pressed and grinding of teeth
baked products g and beak
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Fig. 1 Classification of treats for ornamental, songbirds and small mammals

By biological-species and metabolic orientation, it is appropriate to divide treats into two main groups: for
ornamental and songbirds (seed-eaters, insect-eaters, and omnivores), and for small mammals — rodents and
lagomorphs (herbivores and omnivores).

Seed-eating treats are mainly developed for parrots (Psittaciformes) and finches (Fringillidae). Such products
are distinguished by a high content of carbohydrates and polyunsaturated fatty acids. In contrast, insectivorous and
omnivorous treats are oriented toward canaries (Serinus canaria) and exotic estrildids (Astride), especially during
the breeding period. They require an increased concentration of easily digestible animal protein and a balanced
amino acid profile, in particular a high content of lysine, methionine, and tryptophan [3, 5].

The group of herbivores (phytophages) includes chinchillas, degus, guinea pigs, and ornamental rabbits. The
metabolism of these animals is adapted to the continuous fermentation of coarse fiber in the cecum, which ensures
normal peristalsis of the entire gastrointestinal tract (GIT). Treats for phytophages must contain a minimum of
starch and monosaccharides, since an excess of easily digestible carbohydrates provokes dangerous pathologies —
enterotoxemia, dysbiosis, and tympany (bloat). In contrast, omnivorous rodents (hamsters, rats, mice, gerbils)
require a completely different approach. The composition of treats for them includes a wide range of cereals, nuts,
and sources of animal protein (for example, dried insects), which determines the higher energy density of such
products [4].
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By morphostructural characteristics and functional purpose, treats can be classified into three main
technological groups, namely: hard-pressed and baked products, extruded porous structures, and fractional
dehydrated monocomponents [6-8].

The category of hard-pressed and baked products is represented by grain spikes, sticks, crackers, and mineral-
grain blocks that have a dense monolithic structure. Their main function is the mechanical delicate abrasion
(grinding) of the beak of birds or the incisors of rodents and lagomorphs, which grow continuously throughout life
at a rate of approximately 1-2 mm per week. In addition to stimulating the masticatory apparatus, prolonged
chewing of such products stimulates the secretion of saliva, which contains enzymes and natural buffer systems to
protect the gastric mucosa.

The category of treats with an extruded porous structure consists of various balls, rings, pillows, and shaped
granules. Thanks to short-term high-temperature treatment under pressure, they have low density and high
porosity. This facilitates the process of enzymatic hydrolysis of nutrients in the GIT, making the product maximally
easily digestible. In addition, the high hygroscopicity and free internal volume of such structures make it possible
to use them as a technological matrix for spraying heat-sensitive biologically active components (vitamins,
probiotics, and enzymes).

The category of fractional dehydrated and freeze-dried monocomponents includes freeze-dried zoo-
ingredients (for example, dried crickets, mealworms), as well as dehydrated root vegetables, fruits, vegetables,
berries, and inflorescences of medicinal plants. Thanks to gentle drying methods (in particular, lyophilization),
they fully preserve their native taste, aroma, and vitamin complex. These treats are indispensable for direct positive
reinforcement during taming or training, and are also used to fill foraging toys (feeders) that directly stimulate the
natural cognitive activity of animals.

The formed classification of treats is directly determined by the choice of the technological method of their
production, since the geometric, mechanical, and organoleptic parameters of the finished product are a direct
consequence of its processing modes [9].

Based on this systemic connection, we will conduct a detailed analysis of the technological solutions and
physico-chemical transformations that accompany the production of products for ornamental and songbirds and
small mammals.

The technological process in the pet food sector is based on a combination of intense hydrothermal and
thermomechanical factors. This influence initiates deep structural changes in the biopolymers of the raw mixture
(destruction of starch grains and denaturation of proteins), which is a key condition for ensuring the sterility of
treats, optimizing their absorption by the animal and bird body, and achieving the required density and texture of
the products [10].

Extrusion is carried out in screw extruders and takes place in three sequential stages. These are the
transportation of raw materials with their simultaneous moistening and heating (conditioning), the melting and
mixing of the mass to a homogeneous state (plasticization), and the final shaping of products under the action of
high pressure and temperature.

The kinetics and efficiency of this process are determined by the following matrix of basic technological
parameters: the initial moisture content of the raw composition before loading is 20-30%; the temperature gradient
in the zone of maximum homogenization of the mass is maintained in the range of 110-150 °C; the working
pressure reaches 3—-10 MPa, while the duration of hydrothermal exposure of the material in the extruder cylinder
is limited to an interval of 10-30 seconds [11].

Under the influence of mechanical shear and high temperature, the crystalline structure of starch is destroyed.
It passes into an amorphous (gel-like) state with partial breakdown into soluble dextrins [12]. Thanks to this, the
digestibility of carbohydrates by animals increases by 35-50% compared with raw grain. Proteins denature during
processing, which facilitates their further breakdown by enzymes in the body. At the same time, thermolabile
antinutritional substances are completely destroyed [13].

At the outlet from the forming die of the extruder, due to the sharp pressure drop, the moisture inside the mass
instantly boils and evaporates. This leads to a micro-explosion and puffing (extrusion / expansion) of the product.
By regulating the supply of mechanical energy, it is possible to clearly control the porosity and density of the
finished products. At the outlet, this makes it possible to obtain a stable capillary structure of granules with a bulk
density in the range of 300-450 g/l [14].

The next method of producing treats is based on the forming and convection baking of components using
hydrocolloid binders [15], which provides mechanical bonding or adhesion of ingredients with the help of binding
substances followed by thermal drying in a stream of hot air.

In organizing this process, the following parameters are taken into account: the concentration of the liquid
binding solution based on maltodextrin, starch pastes, or gelatin, which is from 5% to 15% of the total mass of the
mixture. Pressing and forming of products is performed under a pressure from 0.5 to 1.5 MPa. Direct thermal
treatment, i.e. baking, takes place in multi-zone tunnel convection ovens at a temperature from 80 to 115 °C for
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20-45 minutes. At the outlet from the oven, the residual moisture content of the finished product, according to
technological requirements, must not exceed 10% [16, 17].

The main driving process during thermal treatment is the Maillard reaction, which is a process of natural non-
enzymatic browning. During this reaction, simple sugars from the binding solution actively interact with amino
acids, primarily lysine, of the grain components. Such a chemical process leads to the formation of melanoidin
compounds, which are directly responsible for the appearance of the characteristic golden color and appetizing
aroma of a fresh bread crust. For birds and rodents, this smell is a powerful natural marker of attractiveness and
acts as an attractant that significantly stimulates interest in the feed [16, 17].

During drying, the binder solution loses moisture and hardens, forming strong bonds between the grains.
Thanks to this, the entire grain mass is reliably fixed on a wooden or plastic stick. The calculated breaking strength
of a quality spike must be at least 15-22 N/cmz2. Such a monolithic structure forces the animal or bird to make
certain efforts to gnaw out the grain, which imitates the natural search for food in the wild and provides the
necessary useful load on the masticatory apparatus or beak [15-17].

Vacuum freeze drying is the most capital-intensive method of producing treats, which completely excludes
thermal destruction of heat-sensitive components [18].

During the implementation of this method, the rate of freezing of raw materials is 1-2 °C per minute until
reaching the temperature of complete solidification in the range from -30 °C to -40 °C. After this, the process
moves to the drying chamber, where a working pressure in the range of 40-100 Pa is maintained, which
corresponds to a deep vacuum. The final drying temperature is automatically controlled at a level not exceeding
+35-50 °C, and the total duration of the entire drying cycle takes from 12 to 24 hours [18, 19].

The main physico-chemical feature of this method is the phenomenon of sublimation, when ice crystals
evaporate from the product directly, without transitioning into liquid water. Such a mechanism completely prevents
compression and deformation of cell walls, thanks to which the finished treats perfectly preserve their natural
porous structure and shape. Natural proteins, natural pigments, essential oils, and vitamins are not destroyed and
do not interact with oxygen due to its absence in the vacuum chamber. Clear control of temperature regimes
minimizes the spoilage of fats and ensures maximum safety of useful biologically active substances. At the end of
the process, the water activity index in the finished product decreases to minimal values of 0.20 to 0.35. This
guarantees long-term storage of treats without the risk of mold or bacteria appearing, and also makes it possible to
preserve the viability of previously applied beneficial probiotics without adding artificial preservatives [20, 21].

The described physico-chemical processes and technological regimes form the basis for creating industrial
recipes for supplementary feeds — treats. The modern global and domestic markets of products for non-productive
animals demonstrate a clear dependence between the chosen method of engineering processing of raw materials
and the physiological purpose of the finished treats. Leading manufacturers develop their product lines based
precisely on a combination of mechanical and thermal factors, which makes it possible to take into account the
anatomical features of the beak of birds or the masticatory apparatus of rodents.

For a systematic analysis of the practical implementation of the developed technologies on an industrial scale,
it is advisable to consider the experience of key market players. A comprehensive analysis of the relationship
between the technological process, the raw material base, and the functional purpose of the products of leading
companies represented on the world and Ukrainian markets is presented in Table 1.

Table 1 — Leading manufacturers of treats for ornamental and songbirds and small mammals

Man;g;téjrer / Target group techncljlrggilgll cp))r:ocess Raw materials Purpose
Vitakraft Wide range Multi-component Millet (yellow, red), Implementation of the
(Germany) (birds, all pressing, three-stage oats, canary seed, flax | Sugar-Free Formula
species of convection baking on | seed, dehydrated concept. Introduction of
rodents and a wooden stick parsley, thyme, VITA® HERBS
lagomorphs) plantain, chicory root, | phytocomplexes. Yucca
Yucca Schidigera Schidigera binds ammonia
extract in the GIT, reducing
excrement toxicity [22]
Kaytee Large parrots, Hard baropressing, Sunflower seeds, Use of high-oleic seed
(USA) rabbits, guinea | application of lipid- shelled peanuts, varieties and tropical fruits
pigs glucose glaze, safflower, dehydrated | as natural nutraceuticals.
thermomechanical papaya, mango, Enrichment with
extrusion pineapple, corn flakes, | docosahexaenoic acid
beet molasses, algal (Omega-3) to stimulate
meal (source of DHA) | cognitive function [23]
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ZuPreem Songbirds, Twin-screw high- Corn, soy flour, Achievement of starch
(USA) exotic and temperature short- wheat, vegetable oil, gelatinization coefficient
large time extrusion dried oranges, apples, | >85%. Use of fruit purees
ornamental grapes, bananas, and fixed organic acids to
birds sorbic acid stabilize the microbiome
[24]
Bunny Nature | Degus, Low-temperature Timothy hay, fescue, The TriMello concept —
(Germany) chinchillas, pressing without plantain, clover, milk | complete abandonment of
guinea pigs overheating fiber, thistle, dandelion grain components, molasses
vacuum dehydration leaves, calendula and | and starch-containing
chamomile flowers binders. The basis of the
composition is 42 species of
first-cut meadow grasses
[25]
F.M. Brown's | All species of Fractional mixing, Raisins, dried The Tropical Carnival
(USA) small pets, micro-encapsulation sweetened coconut series. Inclusion of native
exotic birds of elements in a and nut flour, whole animal proteins with a high
yogurt coating dehydrated crickets, amino acid profile and
silkworm pupae, dry microencapsulated
fermented-milk probiotics (Bacillus subtilis)
cultures [26]
Versele-Laga | Ornamental Directed co-extrusion | Wild meadow grasses, | Introduction of VAM pellets
(Belgium) birds, all (filled pellets), anise seed, canary (vitamins, amino acids,
species of vacuum spraying of seed, sorghum, ground | minerals). Oyster shells
rodents lipids oyster shells (4%), correct the Ca:P balance,
dried raisins, contains Florastimul
oligosaccharides prebiotics (FOS/MOS) [27]
Oxbow Small Convective low- Timothy meadow Strict focus on veterinary
(USA) herbivorous temperature drying, grass flour, pearl prevention. Snacks are
mammals pressing of long-fiber | barley, oat groats, flax | based exclusively on the
(rabbits, structure flour, canola oil, dry fibers of Phleum pratense.
chinchillas, yeast cultures Complete abandonment of
guinea pigs) refined sugar and starch
[28]
Beaphar Omnivorous Matrix forming of Barley malt extract, Functional treats
(Netherlands) | rodents, high-lipid pastes, vegetable and animal (multivitamin malt pastes).
ornamental lyophilization, fats, dry yeast (source | Malt extract encapsulates
birds during vitamin encapsulation | of MOS), milk villi in rodents' stomachs
molting powder, biotin (Anti-Hairball). High doses
of biotin stabilize feather
growth [29]

TM “Special | Exotic and Grain-free phyto- Echinacea, calendula Implementation of the
One” (SPE ornamental pressing at low petals, cornflowers, Grain-Free & Sugar-Free
“Suzirya”) birds, sensitive | temperatures, dandelion root, apple | concept. Complete

rodents (degus, | convection drying pectin, dried abandonment of wheat flour
chinchillas) sunflower and and molasses. Apple pectin
pumpkin seeds acts as an enterosorbent and
prebiotic, while inulin from
dandelion supports
glycemic balance [6]
TM “Pryroda” | Wide range Adhesive bonding on | Millet (yellow, red), Focus on ethno-behavioral
(SPE (parrots, a wooden stick, canary seed, dried needs. High content of
“Suzirya”) canaries, thermo-convection apples, rose hips, carotenoids (from carrots
hamsters, baking (“Cocktail” hawthorn, dried and rose hips) to stimulate
rabbits) series) carrots, beets, ground | lipochromic plumage
seashells pigments in birds. Seashells
optimize the Ca:P balance
[6]
T™ “Lori” Ornamental Capillary-porous Foxtail millet, German | Use of fresh local raw
(LLC “Lori”) | and songbirds, | forming, baking in millet, sorghum, hemp | materials. Hemp and flax

small rodents

seed, flax, peanuts,

seeds provide a high
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tunnel ovens
(“Delicacy” series)

dried forest berries
(rowan, blueberry)

concentration of essential a-
linolenic acids (Omega-3)
for feather elasticity and
coat shine [30]

TM “Rokki” | Mainly Mechanical pressing, | Oats, barley, corn Budget segment with high

(LLC “Lori”) | omnivorous high-speed thermo- flakes, sunflower mechanical density of the
rodents and baking seeds, dried meadow product. Aimed at long-term
small birds grasses, feed chalk mechanical grinding of

incisors in rats and hamsters
due to the hard structure of
the carbohydrate matrix [30]

A detailed analysis of the experience of leading foreign brands makes it possible to single out three key
scientific and technological regularities that determine the modern development of the global industry of treats for
ornamental and songbirds and small mammals, namely: the polarization between behavioral and clinical-
preventive approaches, the evolution of binders and the abandonment of free sugars, and the technological
integration of synbiotic and nutraceutical complexes.

An analysis of the raw material composition reveals a clear division of manufacturers into two philosophical
concepts. The first concept is natural-behavioral, and it is vividly embodied by the brands Vitakraft, Kaytee, and
Versele-Laga. In this case, the technological focus is aimed at the maximum imitation of the natural structure of
the feed. The use of whole grains, nuts, and fruits baked on a natural wooden base turns treats into an effective
tool for ecological enrichment of the animal's space. The pet is forced to spend energy on hulling and extracting
seeds, which fully satisfies its natural foraging reflexes and cognitive needs [31]. The second concept is of a
clinical-preventive nature, which is characteristic of the products of the companies Oxbow and Bunny Nature,
where treats are transformed into grain-free preventive products. The use exclusively of natural fiber from meadow
grasses without the addition of simple sugars makes it possible to effectively solve the problems of metabolic
disorders, excess weight, and diabetes in sensitive herbivorous animals, primarily degus and chinchillas.

Historically, in the technology of forming grain sticks, high-glucose syrup, natural honey, or molasses were
used as adhesive binders. However, modern veterinary monitoring has proven that a high concentration of free
sugars in supplementary feeds causes a sharp drop in the pH level in the cecum of rodents, stimulating the
development of dangerous pathogenic microflora. Today, a global technological transition is observed toward the
use of complex non-sugar hydrocolloids. European industry leaders replace simple sugars with plant pectins, guar
gum, anise distillates, and low-dextrose maltodextrins. This technological solution makes it possible to fully
preserve the normative breaking strength of the product, but does not create an excessive glycemic load on the
animal's body.

Modern treats have ceased to be simply a taste reward and today act as a functional matrix for the transport of
biologically active substances [32]. This is confirmed by the introduction into recipes of complex useful additives,
including prebiotic and probiotic components, functional lipids, protective substances for skin and coat, as well as
minerals. For example, the use of inulin from chicory root and mannan oligosaccharides is aimed at the targeted
nutrition and support of the body's own beneficial intestinal microflora. The long-term stability and viability of
such probiotics is reliably ensured by the use of freeze-dried and low-temperature processing technologies [33].
The addition of seaweed flour as a source of valuable docosahexaenoic acid and high doses of protected biotin
significantly improves the lipid barrier of the skin. This prevents dryness of the skin and dystrophy of feather
follicles during the seasonal molting of birds [34]. At the same time, the introduction of crushed oyster shells
successfully solves the problem of the disturbed calcium-phosphorus balance of grain raw materials, providing the
body with an ideal physiological Ca:P ratio of 2:1 [35].

The analysis of raw materials and technological solutions of Ukrainian brands makes it possible to form three
key directions of their competitiveness at the current stage of market development, including: the implementation
of advanced European approaches to feed safety, the use of the advantages of local raw materials, as well as the
determination of guidelines for further technological development.

Today, domestic production has successfully moved away from the outdated concept of producing treats as
purely dessert products with a high content of sugar and wheat flour. The case of the brand TM “Special One”
clearly demonstrates the ability of Ukrainian technologists to effectively implement grain-free recipes based on
plant phytobinders, in particular pectin and medicinal herbs, including echinacea and calendula. This brings
domestic products to the level of premium German analogues, which is critically important for the prevention of
diabetes mellitus and gastric bloat in sensitive herbivorous animals [6, 30].

The technological advantage of using local oilseed and grain crops (flax, hemp, sunflower, foxtail millet, etc.)
lies in minimizing the logistics chain from the field to the processing enterprise. The short period between the
harvesting of raw materials and their processing prevents oxidative destruction of the lipid complex, which makes
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it possible to minimize the accumulation of primary products of peroxide oxidation of fatty acids and preserve the
high biological value and native organoleptic properties of the ingredients.

Despite significant successes in the segment of traditional baking and pressing, a comparative analysis with
foreign leaders reveals a certain lag of the Ukrainian market in the area of complex physico-chemical processes.
On the domestic market, there are practically no own product lines of co-extruded products (filled pillows / pellets),
as well as mono-treats produced by the method of vacuum freeze drying. The development of these capital-
intensive areas is the main growth point for the Ukrainian feed industry in the coming years.

Based on the comprehensive analysis of physico-chemical processes, component composition, and market
trends in the Pet Food sector for ornamental and songbirds and small mammals, the following conclusions have
been drawn:

1. The biological-behavioral feasibility has been theoretically substantiated and a classification of functional treats
has been developed. The evolution of supplementary feeds (treats) from purely taste-rewarding agents to tools for
disease prevention and stimulation of natural animal behavior (environmental enrichment) has been established. It
has been proven that for seed-eating birds and rodents, hard-pressed products provide the mandatory physiological
grinding of the beak and incisors. For sensitive herbivorous mammals, treats perform a preventive function, acting
as a source of exogenous fiber without free sugars.

2. The physico-chemical regularities of raw material processing have been investigated, and it has been proven
that the quality and digestibility of treats are completely determined by the regimes of hydrothermal treatment. In
particular, high-temperature short-time extrusion increases the availability of carbohydrates by 35-50% due to
starch gelatinization. Convection baking activates the Maillard reaction with the formation of natural melanoidin
attractants. At the same time, freeze drying (lyophilization), by reducing water activity to 0.20-0.35, ensures
absolute microbiological stability and the preservation of native nutraceuticals without the use of chemical
preservatives.

3. The existence of a global trend toward the technological evolution of binders and the enrichment of the
component composition of supplementary feeds has been proven. A global departure has been revealed from the
use of simple free sugars (molasses, honey, glucose syrups), which provoke dysbiosis and enterotoxemia in
phytophages, in favor of complex non-sugar hydrocolloids (pectins, guar gum, low-dextrose maltodextrins).
Modern treats have been transformed into an effective matrix for the immobilization of such nutraceuticals as
prebiotics (FOS/MOS), Omega-3 fatty acids, biotin, and mineral components.

4. The competitive potential of Ukrainian brands has been assessed. Domestic manufacturers have demonstrated
a steady evolution in the direction of European veterinary standards, successfully mastering the production of
grain-free and sugar-free products based on pectin and phytocomplexes. The main advantage of Ukrainian brands
is the use of local raw materials.

5. Strategic growth points for the domestic Pet Food industry have been outlined. Despite high competitiveness in
the traditional segments of pressing and baking, a deficit of complex physico-chemical technologies has been
identified. The main vector of innovative development of enterprises in the coming years is attracting investments
to master the capital-intensive processes of directed co-extrusion (production of filled pillows and shaped pellets)
and industrial lyophilization of raw materials.
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HAYKOBO-TEXHOJIOI'TYHI OCHOBHU BUPOBHUILTBA ® YHKIIIOHAJIBHUX
JIACOIIIB Y CEKTOPI PET FOOD UIs1 AEKOPATUBHMUX I CITIBOYUX
ITAXIB TA APIBHUX CCABLIB

Bopayn T.B., kaHj. TexH. HAYK, 1oueHT, UepHera 1.C. kaH/a. TeXH. HAyK, 10LEHT,
Jonenn A.O., KaH/. TeXH. HAYK, C.H.C.
Onecbkuii HANIOHAJILHMIT TEXHOJOTTYHMI yHiBepcuTeT, M. Oneca

Anomauyia. Cmammio npucesyenHo KOMNIEKCHOMY MeopemuyHoMy ma HAYKOBO-NPAKMUYHOMY aHATNI3Y
CYHACH020 CMAaHy tHOYCmpii 000amKosux KOpmIis OJisi OOMAULHIX MEAPUH, 30KpeMAd HAYKOBOMY OOIDYHMYEAHHIO
PO3POOKU ma UpPOOHUYMEA QYHKYIOHANLHUX JIACOWI6 O OeKOPAMUBHUX, CRIBOYUX NMAXI6 [ OPIOHUX ccasyis
(Oexopamuenux epusyHie I 3auyenoldionux). AxmyanvHicmb OO0CHIONCEHHS 3YMOBGICHA 2100ANbHOI0 3MIHOK
napaduemu 200ieni 6 ceemenmi pet food — nepexodom 8i0 NPOCMo2o 3a0080JeHHSl eHEPeeMUYHUX NOmped 00
KIHIKO-NPEBeHMUBHOI HymMpPUuyionozii ma exo102iYH020 30a2aiuenHst cepedosuya yoOIeHYi8 3a YMO8 KIIMKOB020
YMPUMAHHS.

V' pobomi 3anpononosano ma OdemanbHo ONUCAHO MPUBUMIDHY KIACUDIKAYITHY MAMpuylo, o
cuUCmemMamusye acopmumMenm Jaacowié 3a 0i0n1020-6U006010 ma MemaboaiuHOI0 CHPAMOBAHICMIO, IXHIMU
MOPGOCMPYKMYPHUMU XAPAKMEPUCTRUKAMU A De3n0CcepeOHiM YHKYIOHATbHUM NPUSHAYEHHSIM.

30iticneno ananiz hisuko-ximiynux nepemeopens OiononiMepie CupoGUHHOL cymiuii, 30Kkpema OecmpyKyii i
2eNeYMBOPenHsi Kpoxmamo ma OeHamypayii npomeinié nio 6naueoM IHMEHCUBHUX 2IOpOMepMIYHUX md
MEPMOMEXAHIYHUX — YUHHUKIE.  Jlocniodceno — Kinemuky — 0a306ux — MEXHONOIYHUX — NOMOKIE, a  came
8UCOKOMEMNEPAMYpHOI KOPOMKOUACHOI eKCmpy3ii, KOH8EKYINIHO20 3aNiKAHHA 3 BUKOPUCTNAHHAM HEYYKPOBUX
2IOpPOKONOTOHUX 36'513Y8ANILHUX PEYOBUH A 6AKYYMHO20 CYOnimayiinozo cywinns. [lpudineno yeazy ximizmy
peakyii Hegepmenmamueno2o nomemHuinHa (peaxyii Maisipa) ma i poni y ¢hopmyseanni npupoonor
ampakmueHOCmi 20mMo6o2o npooykmy 0as meapu. OxXapaxmepuzo6ano Mexauizm 30epediceHHs. HAMUEHOT
cmpyKkmypu il 6i0102i4H0 aKMUGHUX PEYOBUH y npoyeci Mioinizayii cuposuHu.

Ilposedeno cucmemHuuil NOPIGHATLHULL AHANI3 PeYenmypHozo CKIady ma IHICEHEPHUX pilieHb NPOGIOHUX
MPAHCHAYIOHATLHUX OPEeHOI8 ma GIMUUSHAHUX UPOOHUKIE. Busigneno ceimosy mendenyiio 0o no6Hoi 8i0Mo8U 6i0
BINLHUX YYKPI6 | Menscu Ha Kopucmb (Gimobindepie ma IHHOGAUIIHUX CUHOIOMUYHUX | HYMPUYEGMUUHUX
KOMNJIEKCIB, CAPSAMOBAHUX HA NIOMPUMKY MIKpoOiomy ma 300pos's nokpueHux mrxanut. Ha ocnosi eusuyenoco
00CBI0y GU3HAYEHO KIOY0GI YUHHUKU KOHKYPEHMOCIPOMOICHOCHI GIMYUSHAHUX RIONPUEMCMS, NOB8'SI3aHi 3
BUKOPUCMAHHAM  C8IJCOI T0KANbHOI cuposuHu. Busnaueno nepcnekmueni IHHOSAYitiMi MOYKU pPOCHY Osl
VKpaincvkoeo cexkmopy pet food, wo nonsieaiomv y HeOOXiOHOCMI OCBOEHMSL KANIMALIOMICIKUX MEXHONO02Il
KOeKcmpy3ii ma npomMuciosol nioghinizayii MOHOKOMNOHEHMIS.

KawuoBi cnoBa: (yHKIIOHANBHI JIACcOII, NEKOPATUBHI, CIIBOYI NTaxu Ta APIOHI ccaBll, 30arayeHHs
CepeloBUINA, IHHOBAIIHHI TEXHOJOTIl, 3B'S3yBaJibHI pPEYOBHHH, TEPMOMEXaHIYHA EKCTPY3is, KOHBEKIiHHe
3arikaHHs, cyOniManiiHe CymriHHs (Jiogiizalis), KOeKCTPYLyBaHHSI.
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