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The pet food sector is experiencing a profound scientific transition driven by increasing demand for nutritionally
precise, environmentally sustainable, and ethically responsible protein sources. Traditional reliance on livestock-derived
ingredients has raised concerns regarding resource inefficiency, environmental impact, raw material variability, and long-
term sustainability. In response, advances in biotechnology, particularly precision fermentation and cultured protein
technologies—have emerged as promising alternatives capable of transforming protein production for companion animal
nutrition. Precision fermentation enables the microbial synthesis of animal-identical or functionally enhanced proteins with
high consistency and safety, while cultured proteins are generated through the controlled growth of animal cells without
conventional animal agriculture. This review critically examines the scientific foundations, nutritional quality, functional
performance, sustainability implications, safety considerations, and regulatory challenges associated with these
technologies. Current evidence suggests that both precision-fermented and cultured proteins can provide digestible,
bioavailable, and nutritionally adequate protein sources for pet foods. However, knowledge gaps remain regarding long-
term health outcomes, micronutrient optimization, and large-scale economic feasibility. Collectively, these emerging
technologies represent a paradigm shift toward nutrition-by-design and offer a compelling pathway for the future of
sustainable pet food systems.
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AQJIAIK PEPMEHTALNSA )KOHE OCIPIVIETIH AKYbBI3IAP: 3AMAHAYH YH
KAHYAPJIAPBI )KEM ’KYUEJIEPIHJIE AKYbI3 OH/IIPY MEH KOPEKTEHY
CTPATETUAJIAPBIH KAUTA AUKBIH/IAY — AT BIH INOJTY

PUIIIAB KYMAP

(Man mapyaumbuUIbIFbI OHIMIEPi TeXHOJIOrusACHI Kadenpacekl, YHaicTan, BeTepuHapusibik
FBUILIMJIAP KdHE MAJI APy allbUIbIFbI KoJuTenki, DUVASU, MaTxypa-281001)
ABTOpP-KOPPECTIOHICHTTIH JIEKTPOHJIBIK, TOIITackl: rishavvet42@gmail.com

Yit sorcanyapnapoina apnanzan sicem onoipy cekmopovt HympuyuAnslK 0210i2i H#c02apol, IKOJ102UATBIK MYPbLOAH
MYPaKmol yHcaHe IMUKALBIK HCAYANMbBL AKYbL3 KO30EPiHe 0eceH CYPAHbICMbLY APMYbIHA OallNaHbICb e1e)Ili 2bLAbIMU
032epicmep Kesenin dacman Kewtipyoe. /[ocmypni man wmapyamvliviebl He2iziHOei unzpeduenmmepze mayenoinix
pecypcmapowvt muimciz naiioanamy, Kopuiazan opmaza acep, WUKi3am canacvlHovlH KyOblMAlbliablebl HCIHe Y3aK
Mep3imOi  mypaKkmuliavlK macenenepin mysinoamaowvt. Ocvlzan OQiIaAHBICIBL OUOMEXHONO02UA CAACHIHOAZb
Jcemicmikmep, acipece 0211 hepmenmayus Heane Heacyuanvlk ocipy apKulivl AAbIHAMBIH AKYbI3 MEXHOI02UANAPbL,
cepikmec Hcanyapnapovly KOpeKmeHyiHe apHanzan aKyvl3 OHOIpicin mybezeini o3zepmyze Kadinemmi oanama
wewimoep peminode Kapacmoipoliyoa. /landik epmenmayus MuKpoaz3anapovly KOMeZiMeH JHcaHyap meKmec
Hemece YHKUUOHANObIK MYPEblOaH JHCemindipiizen aKyvl30apobl Hco2apvl MYPAKMuLIbIK NeH KAYincizoik oenzeitinoe
cunmesoeyze MyMKIHOIK Oepedi. An ocipinemin aKyvizoap 0aCmypii Man wiapyauivlibleblH KOJ0anoai, yicanyap
JHcacymanapvln 6aKbLIAHAMbBIH MHcazoailoa ocipy apkwvlivl oHOIpinedi. byn wonyoa amanzan mexnonozusnapoviy
2bLIBIMU Hezi30epi, mazamovlK KYHObLIbIZbl, (DYHKUUOHANObIK MUIMOINIZl, MYypaKmulIblK acneKkminepi, Kayincizoix
Macenenepi Hncone HOPpMAmMuUeMIK-KyKblKmblK, KUbIHOBIKMAPbl CbIHU myp2vloan manoanadvl. Kazipzi oepexmep 0an
thepmenmayua dncane sncacymanvlx ocipy apKblibl ANbIHEAH AKYbI30APObLIH, HCO2apbl CIHIMOI, Ouodcemimoi rHcone
KOpeKmix mypaovloan ycemkinikmi 6ona anamviHblH Kopcemeoi. /lezenmen, y3aK mep3imoi 0eHcaynvlK acepiepi,
MUKPOHYMpPUEHmmepoi OHmaiaanoblpy dHcaHe oHOIpicmi ayKblMovl 0eHzelioe IKOHOMUKATBIK mMUiMoi icke acolpy
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Macenenepi 60libIHUWA 3epmmey ONKbLIbIKmapsl cakmainyoa. Kannwl anzanoa, Oyn mexHonoZuanap «HcodananHzan
KOPEKMEHY» MYHCbIPLIMOAMACHIHA He2i30e/12eH HCAHa napaouzmanslk 6azeimmol 6indipedi 3cone donauiaKmazol
MYpaKkmul yil Hcauyapaapul yHcem dHcyiieaepin KaaiblnmacmolpyObly, MAHbi30bl HCONbLH YCbIHAObL.

Herisri ce3nep: monaik ¢pepmMeHTanus, ocipiieTin akybi3nap, yil kaHyapJapbIHbIH KOpPeKTeHYi,
TYPaKThI aKybI3, CepiKTeC KAHyapJap.

TOYHASA PEPMEHTANUA U KYJIbTUBUPYEMBIE BEJIKW: IEPEOCMBICJIEHUE
IMPOU3BOJACTBA BEJIKA U CTPATEI'NU IIMTAHUS B COBPEMEHHBIX CUCTEMAX
KOPMOB JJIsA JOMAIIHUX ’KUBOTHBIX — MUHHU-OB30P

PHIIIAB KYMAP

(Kadenpa TexHo10rnu NPOAYKTOB KUBOTHOBOACTBA, Unaus, Kosuleq:k BerepuHapHbIX
HayYK ¥ kuBOTHOBOicTBa, DUVASU, Marxypa-281001)
DeKTpoHHas MoYTa aBTOpa-KoppecnonaeHTa: rishavvet42@gmail.com

Cexkmop Kopmog 0714 OOMAUWIHUX MHCUGOMHBIX NepeHcUsaem 3HAYUMENbHYI0O HAYYHYI0 mpancgopmayuio,
00YCN0BNEHHYI0 PACMYWUM CRPOCOM HA HYMPUUUOHHO HMOYHbIE, IKOJ0ZUYECKU YCHOUUUEble U IMUYECKU
omeemcmeennsle ucmounuxku oenka. Tpaouyuonnasn 3a8UcuUMoCms Om UHZPEOUEHIMOB HCUGONHO20 HPOUCXOHCOEHUS
6bI3b16AEN 00ECNOKOCHHOCb 8 C6A3U C HEIPPHEKMUGHBIM UCNOIb306ARUEM PECYPCOB, BO30CICINGUEM HA OKPYHCAIOUYIO
cpedy, 6apuapdenbHOCMpIo CbIPbA U 00120CPOUHON YCMOUUUBOCIbIO RPOU3600cmea. B omeem na smu 6vi306b1
oocmudiceHus 8 061acmu GUOMEXHOI02UN, 6 YACMHOCIU MEXHON0ZUY MOYHOU hepmenmayuu u Kyi1bmueupyemoix
0enKoe, cmanu nepcneKmuGHbIMIU anbmePpHAMUaMu, CROCOOHBIMU UIMEHUMb RPOU3BOOCIEO DenKa 014 NUMAHUA
JHcueommuvix-komnanbonos. Tounasn pepmenmayus no3eonaem MuUKpoOpeaHUIMaAM CUHMESUPOGANY eIk, UOCHMUYHbLE
HCUBOMIHBIM UNU (PYHKYUOHANBHO YIAYUUIEHHbIE, C GbICOKOI CHIENeHblI0 CmadunbHocmu u 0e30nacHocmu.
Kynomusupyemvie b6eniku nonyuarom nymem KOHmMPOIUPyemo20 ebipau{ueaHus JHcugonHuIX KienokK 6e3 Uucnonb3oeanus
mpaouyuoHHo20 dHcueomHosoocmea. B oannom 0030pe Kpumuuecku paccmampugaromcs HayuHble OCHOGbI,
numamenvHas YeHHOCMb, PYHKYUOHATbHBIE XAPAKMEPUCHUKU, ACNEKMbL YCHOUYUEOCHU, 60NPOCHL DE30NACHOCHU U
PecyiaAmopHvie npooemvl, C6A3AHHbIE ¢ Imumu mexnonozusmu. Cogpemennvle OAHHbBIE CEUOCMEILCMEYION 0 MOM, YHIO0
0enKu, noAyueHHble C ROMOWbIO MOUHOI (hepmenmayuu u Kiemounozo Kyabmuguposanus, Mozym oboecnevueanms
BbICOKYIO Nepesapueaemocs, OUOOOCHYNHOCHb U NOJIHOUEHHOCIb 8 COCMAge KOPMOG 015t 00MautHux ycueomnsix. Tem
He Menee COXPAHAIOMCA nPodeibl 8 3HAHUAX OMHOCUMENBHO 0071IZ0CPOYHO20 GNIUANHUA HA 300POGbE, ONMUMUIAUUU
MUKPOHYMPUEHMOG U IKOHOMUHUECKOIL Ihhekmugnocmu npu macuimaduposanuu npouseoocmea. B yenom oannvie
MexXHO102UU NPeOCMasiaIom coboil napaouzmanbHblii c08ue K KOHUCRYUL «RUMAHUE NO OU3AUHY» U OMKPbIEAIom
nepcneKmueHbLii Rymsy K (pOPMUPOGAHUIO YCHOUUUBHIX CUCHIEM NPOU3BO0CHIEA KOPMOB BYOy4eo.

KiroueBbie ciioBa: TouyHasi ¢epMeHTAUusl; KYJIbTHBUpPYeMble OeJIKM; NMUTAHHE AOMALUIHMX
’KMBOTHBIX; YCTOHYUBBIN 0€JI0K; :KUBOTHbIe-KOMIAHbOHBI.

Introduction raw material availability, and growing scrutiny from

Protein is the most essential and metabolically consumers and regulators alike [5, 6].
demanding nutrient in companion animal diets, The environmental burden associated with
serving as the primary source of amino acids required animal agriculture, including greenhouse gas
for muscle maintenance, immune function, enzymatic emissions, land use, and water consumption, has
activity, and overall physiological homeostasis [1-3]. prompted critical evaluation of protein sourcing across
Dogs and cats, particularly obligate carnivores such as both human and animal food systems. Pet food
cats, have evolved dietary requirements that production alone represents a substantial share of
necessitate high-quality, highly digestible protein global animal protein utilization [7, 8], thereby
sources. For decades, the pet food industry has amplifying the urgency for alternative approaches.
depended on animal-derived ingredients originating Within this context, precision fermentation and
from livestock production systems [4, 5], including cultured protein technologies have emerged not as
meat meals and animal byproducts. While these incremental innovations, but as fundamentally new
ingredients have historically provided adequate paradigms for protein production [9].
nutrition, their continued use is increasingly Unlike earlier pet food trends driven primarily
challenged by sustainability concerns, fluctuations in by consumer perceptions such as grain-free or raw
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diets these technologies are grounded in molecular
biology, microbial engineering, and cellular
agriculture. Their application allows unprecedented
control over protein composition, functionality, and
safety, positioning them as cornerstone innovations for
next-generation pet nutrition [10, 11].

Materials and research methods

A systematic search of peer-reviewed literature
was conducted using major scientific databases. The
search focused on identifying studies related to the gut
microbiome in companion animals, precision
fermentation, and cultured proteins in pet food
systems. Key search terms included "companion
animal microbiome," "precision fermentation,"”
"cultured proteins,” "sustainable pet nutrition," and
"functional dietary strategies".

Results and discussion

1. Scientific Foundations of Precision
Fermentation

Precision fermentation refers to the use of
genetically engineered microorganisms to produce
specific target proteins through controlled
fermentation processes [12-14]. By introducing genes
encoding desired proteins into microbial hosts such as
yeast or bacteria, it is possible to direct cellular
metabolism toward the synthesis of proteins that are
identical or functionally comparable to those found in
animal tissues.

One of the most significant advantages of
precision fermentation is its ability to produce proteins
with consistent amino acid profiles, independent of
external variables such as animal age, diet, or
processing conditions [15-17]. This consistency
addresses one of the longstanding challenges in pet
food formulation batch-to-batch variability which can
influence nutrient availability and product
performance. Moreover, fermentation systems can be
optimized to enhance the expression of limiting amino
acids, thereby improving protein efficiency and
reducing the need for post-formulation
supplementation.

From a processing perspective, precision-
fermented proteins often exhibit favorable functional
properties, including improved solubility,
emulsification capacity, and thermal stability [18,19].
These attributes are particularly relevant in extrusion-
based pet food manufacturing, where protein behavior
influences kibble expansion, texture, and palatability.
As such, precision fermentation not only contributes to
nutritional adequacy but also supports manufacturing
efficiency and product quality [20].

2. Nutritional Quality and Digestive Utilization

Emerging in vivo and in vitro studies evaluating
precision-fermented proteins in canine and feline diets
indicate that these ingredients exhibit high digestibility
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and efficient nitrogen utilization. Apparent protein
digestibility values reported for microbial-derived
proteins are comparable to, and in some cases exceed,
those of conventional poultry or meat meals. This
enhanced digestibility may be attributed to the absence
of connective tissue components and the uniform
molecular structure of fermentation-derived proteins
[21,22].

Additionally, fermentation-based protein
production minimizes exposure to contaminants
commonly associated with animal-derived ingredients,
including pathogenic microorganisms, antibiotic
residues, and heavy metals. This contributes to
improved ingredient safety and may reduce variability
in gastrointestinal responses among pets. Preliminary
research also suggests that fermentation-derived
proteins may positively influence gut microbiota
composition, although mechanistic understanding of
these effects remains limited and warrants further
investigation [23].

3. Cultured Proteins and Cellular Agriculture

Cultured protein technology, also known as
cell-based or cultivated protein production, involves
the expansion of animal-derived cells under sterile,
nutrient-controlled conditions. Through this approach,
muscle cells are encouraged to proliferate and
differentiate, forming tissue that closely resembles
conventional animal muscle at the cellular level.
Unlike precision fermentation, which focuses on
isolated proteins, cultured protein retains cellular
architecture, including myofibrillar proteins and
intracellular micronutrients [24].

Nutritional analyses indicate that cultured
muscle tissue closely matches traditional meat in
essential amino acid composition and protein quality
metrics. The presence of native muscle proteins and
heme-associated iron may contribute to high
palatability and bioavailability, attributes that are
particularly important for feline nutrition [25, 26].
These characteristics suggest that cultured proteins
may be well-suited for use in premium pet food
formulations or as partial replacements for
conventional meat ingredients.

From an industry perspective, pet food
represents a strategic application for cultured proteins
due to lower regulatory hurdles and greater flexibility
in formulation compared with human food products.
Blended formulations incorporating cultured protein
alongside conventional or fermented ingredients may
offer a pragmatic pathway for gradual adoption while
addressing cost and scalability constraints [27-29].

4. Sustainability Implications and Environ-
mental Benefits

Sustainability considerations are central to the
development of both precision fermentation and



AJIMATBI TEXHOJIOTUSIBIK YHUBEPCHTETiHIH Xabapubichl. 2026. Nel.,

cultured protein technologies. Life-cycle assessments
consistently demonstrate that these systems require
substantially less land and water and generate fewer
greenhouse gas emissions compared with traditional
livestock production [30-32]. Precision fermentation,
in particular, offers strong scalability potential and
compatibility with renewable feedstocks, aligning with
circular bioeconomy principles. Given the significant
contribution of pet food production to global animal
protein demand, widespread adoption of alternative
protein technologies could meaningfully reduce the
environmental footprint of companion animal
nutrition. This is particularly relevant as pet ownership
continues to rise globally, amplifying the cumulative
impact of dietary choices [34, 35].

5. Safety, Regulatory Landscape, and Quality
Assurance

Short- to medium-term feeding studies
evaluating precision-fermented proteins indicate no
adverse effects on growth performance, metabolic
health markers, or gastrointestinal function in
companion animals. However, long-term data
encompassing reproductive performance, aging, and
disease susceptibility remain limited [34-36]. Cultured
proteins face additional regulatory complexity, as
frameworks governing their classification, labeling,
and safety assessment are still evolving across different
jurisdictions. Robust safety evaluation protocols,
transparent labeling practices, and standardized
nutritional assessment methods will be essential to
ensure consumer trust and regulatory acceptance.
Furthermore, integration of these novel proteins into
existing pet food standards will require collaboration
among scientists, industry stakeholders, and regulatory
agencies.

6. Challenges, Knowledge Gaps, and Research
Priorities

Despite their promise, several challenges must
be addressed before precision fermentation and
cultured proteins can be fully integrated into
mainstream pet nutrition. These include the need for
long-term feeding trials, optimization of micronutrient
composition, evaluation of oxidative stability during
storage, and comprehensive assessment of interactions
with the gut microbiome. Economic feasibility and
scalability, particularly for cultured protein systems,
remain critical barriers that must be overcome through
technological innovation and infrastructure
development.

Conclusions and Future Outlook

Precision fermentation and cultured protein
technologies represent a fundamental shift in pet food
science, enabling unprecedented control over protein
composition, functionality, and sustainability. Rather
than relying on traditional agricultural systems, these
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approaches support a transition toward nutrition-by-
design, where dietary proteins are engineered to meet
specific physiological and environmental objectives.
As research advances and regulatory frameworks
mature, these technologies are poised to play an
increasingly central role in shaping the future of pet
nutrition. Their integration with emerging tools such as
artificial intelligence, metabolomics, and microbiome
analysis may further enable personalized, health-
focused dietary strategies for companion animals. In
this context, precision fermentation and cultured
proteins should be viewed not as niche innovations, but
as foundational components of next-generation,
sustainable pet food systems.
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