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The gut microbiome has emerged as a central determinant of health, metabolism, and disease outcomes in
companion animals. Advances in high-throughput sequencing and metabolomics have revealed complex microbial
ecosystems in dogs and cats that interact dynamically with dietary inputs, host genetics, and environmental factors.
This review synthesizes current evidence linking the gut microbiome to nutrient metabolism, immune modulation,
metabolic disease, and functional dietary responses in pets. We discuss mechanisms by which diet shapes microbial
composition and function, evaluate the role of emerging functional ingredients (prebiotics, probiotics, postbiotics,
fermented ingredients), and explore personalized nutrition strategies based on microbiome profiling. We also identify
research gaps and future directions for integrating microbiome science into pet food formulation and clinical practice.
Understanding and harnessing gut—diet—host interactions hold immense promise for optimizing health, preventing
disease, and advancing next-generation pet food solutions. This interdisciplinary approach is essential for bridging
the gap between fundamental microbiology and practical nutrition.
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CEPIKTEC ’ KAHYAPJIAPAbIH KOPEKTEHYIHAEI'T IINEK MUKPOBUOMACHI:
’KAHA FbLIIBIMHA BATBITTAP, ®YHKIIMOHAJIIBIK PAITUOHJIAP 7KOHE
JAEPBECTEHIIPIVITEH YU ’KAHYAPJIAPBI TAFAMbBI CTPATEI' USIVTIAPBI

AHKUT HIAPMA

(MaJ mapyamsLIbIFbI 6HAIPiciH 6ackapy kadeapacel, YHaicTaH, Berepunapus sxoHe
ska”HyapJaap FeuIbIMAapsl kosutenxki, GBPUAT, IlanTHarap, YTrapakxann (263145))
ABTOP-KOPPECTIOHICHTTIH 3eKTPOHABIK momrrackr: ankit291994@gmail.com

Twex mukpobuomacwl cepikmec HcaHyapiapovly O€HCaynvizbl, MEemadoau3Mi HcIHe aypyrapovly o0amy
HamudIcenepin aliKbIHOQUMbIH He2i32i hakmopaapoviy 6ipi peminde manslnowvl. Kozapvt oHiMOI cexeenupaey ryncone
MemadonoMuKa canacvlHoazel Hcemicmikmep ummep MeH MbICHIKIMAPObIY A23ACHIHOAZLL KYPOeai MUKPOOMUbIK
IKoMHCYIeNnepOi anblKman, 01apobl, pAYUOH KYPAMbIMEH, UECIHIH 2eHEeMUKAIbIK ePeKUuleNlIKmePiMen JHcane KOpuazan
opma paxmopaapsimMen OUHAMUKATBIK 03apa dpekemmeceminin kopcemmi. byn wony yii scanyapnapovinoazot iviexk
MUKPOOUOMACHIHBIH, KOPEKMIK 3ammapobiy anmacyblnd, UMMYHOBIK pemmeinyze, MemadoiuKaisvlk aypyiapaa Hcane
dynukyuonandvik payuonoapza iieayadvina acepin cunammaiimoli Kazipei vlavimu oepekmepoi scyuieneiidi. biz
PAUUOHHBIY, MUKPOOMBIK, KYpam MeH (YHKUUAZA acep emy MexaHumoepin Kapacmoulpvin, Heana QyHKYUOHANObIK,
uHzpeouenmmepoiyy (npedbuomuxkmep, npoOUOMUKmMEDP, NOCMOUOMUKMED, AUUBIMBLIZAH KOMHOHEHmMmep) poJiiH
oazanaiumolz JHcone MUKPOOUOMATBIK npoduivoey Hezi3inOe Oepbecmenodipinzen KOpeKmeHy CHMpPAmezusiapvli
mankuinaiimlz. Convimen Kamap, MUKPOOUOMATIBIK 2bLTILIMObL Vil HCAHYAPAAPLL MAAMBIH I3ip1ey MeH KIUHUKATbIK,
maxcipubeze enzizyee KAmMvICMbL 3epMmey 0NKbLIBIKINAPLL MEH onamar, 6azelmmapost ansikmaiimot3. luiek—payuon—
ueci apacvlHoazvl 03apa apeKemmecyoi myciny yHcane muimoi nANOANany OeHcayblKmvl OHMAIaHObIPY2a, AypyIapobly
0bIH ATIY2a HeIHe Keeci OYbIHOAZbL Vil HCAHYAPIAPbl MAAMbIH 0AMBIMY2A YAKeH MYMKIHOIK 0epedi. ITonapanvik macin
ipzeni MuKkpoouonozus men Koa0anoanvl Hympuyuonocus apacblHoazsl AnuiaKmslKmsl Hcolo Yulin aca Manbi3ovl.

Heri3ri ce3aep: cepikrec :xkaHyapjgap MUKPOOMOMACHI, illIeK MUKPOOHOTACHL, (PYHKIMOHAJIABIK

Yii ’KaHyapJapbl pallHoOHAAPbI, NPeOHOTHKTEP, NPOOMOTHKTEP, MeTa00JI0MIKA, AepOecTeHaipiireH
KOPEeKTeHY, HIMMYH/BIK PeTTe]y, MeTa00IHKAJIBIK JeHCAYIbIK.
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KHWIIEYHBI MUKPOBUMOM B IIUTAHUU JIOMAIITHUAX )KUBOTHBIX-KOMIIAHbOHOB:
HOBBIE HAYYHBIE JIAHHBIE, ®YHKIHINOHAJIBHBIE PAIIUOHBI U CTPATEI'IN
HNEPCOHAJ/IN3NPOBAHHOI'O KOPMA

AHKUT HTAPMA

(Kadenpa ynpasJieHusi Npou3BOACTBOM KMBOTHOBOACTBA, UHaus, Kosien:x BeTepuHapHbIX
" 300TexHuyeckux Hayk, GBPUAT, [TantHarap, Yrrapaxkxanj (263145))
AsTop s koppecrornenimn: ankit291994@gmail.com

Kuweunwviit muxpoouom paccmampusaemcsa KaxK 00Ul u3 Kiiouesvlx (hakmopos, onpeoenaiouux 300pogve,
Memadonusm U ucxoovl 3a0071€6aHUll 'y OOMAUWHUX IHCUBOMHBIX-KOMNAHbOHOG. Jlocmudicenus 6 oodnacmu
6bICOKONPOU3B00UMENbHOZ0 CEKGEHUPOBAHUA U MEMADONOMUKU NO360IUNU BbIAGUMD CIOMNCHBIE MUKPOOHbIE
IKOCUCMEMBL Y CODAK U KOULEK, KOMOpble OUHAMUYHO 63AUMOOCHICIEYIOM C PAYUOHOM, 2EHEMUYECKUMU 0COOEHHOCMAMU
X03auna u paxmopamu oxkpyscarouieii cpeovl. B oannom 0030pe 06006uienvl cospemennvie OanHvle 0 CéA3U KUUIEUHO20
MUKPOOUOMA € MEMABONUIMOM RUMAMENbHBIX BEU{ECING, UMMYHHOU MOOYAYUEI, MeMAadoIudecKumu 3a601e6anusMU
u peaxuyueil HA (PYHKYUOHATbHBIE PAYUOHBL Y OOMAUWIHUX HcugomHblx. Pacemampuesaromea mexanuzmol enuanus
payuona Ha cocmagé u (QYHKYUU MUKPOOUOHIbL, OUEHUBAEMCA POb HOBLIX (YHKUUOHANLHBIX UHZPEOUEHNO06
(npebuomuxu, npodouomuKku, ROCMOUOMUKU, (hepMeHMUPOCAHHbIE KOMHOHEHMbL), A MAKIHCE AHATUIUPYIONICA
cmpamezuu nepPCoOHANU3UPOSAHHO20 NUMAHUA HA O0CHO8e RPOPuUAUPosanus mukpoouoma. Kpome mozo, o6o3nauenst
cyuiecmeyroujue npodenst 8 UCCie006AHUAX U NEPCHEKMUBHBIE HANPAGTIEHUA UHINEZPAUUU MUKPOOUOMHBIX OAHHBIX 6
Paspadomky Kopmoe u Kaunuveckyio npaxmuky. Ilonumanue u rgppekmugnoe ucnonv3osanue 83aumooeicmeuii
(KU EYHUK—DPAUYUOH—OPZAHU3 M) OMKPIGAEIN WIUPOKUE 603MONCHOCHU 011 ONMUMU3AUUL 300P06bs, RPOPUIAKMUKU
3a0071€6AHUIL U CO30AHUA KOPMOB H08020 hoKoleHuA. T100x00, 0CHOBAHHBIIL HA MEHCOUCYUNTIUHAPHOM 63AUMOOCIICIEUL,
A6NAEMCA KNI0UesblM 01 NPE0OOIeHUA PA3Pblea Mexicoy PyHOAMEHMANbHOU MUKPOOUOI0ZUE U NRPAKMUYECKOU
Hympuyuonozueil.

KiroueBble cjioBa: MUKPOOHOM JOMAIITHUX KMBOTHBIX, KHIIEYHAs] MUKPOOUOTA, PyHKIIMOHAJIbLHbIE
PALMOHBI /I JOMAIHHUX KMBOTHBIX, IPeOMOTUKH, IPOOHOTHKH, METa00JI0MHKA, IEPCOHATN3UPOBAHHOE
NUTaHHe, HIMMYHHasi MOy ISILUs, MeTa0oIuYecKoe 310pOBbe.

Introduction interventions, clinical evidence, and personalized
The gut microbiome, the community of nutrition  frameworks. We aim to bridge
microorganisms inhabiting the gastrointestinal fundamental microbiology with practical strategies
tract, plays a pivotal role in host physiology, for nutritionists, veterinarians, and pet food
including nutrient digestion, immune function, gut scientists [9-11].
barrier integrity, and metabolic regulation [1-3]. Materials and research methods
While initially characterized in human and Literature Search Strategy
livestock systems, the companion animal A comprehensive search of peer-reviewed
microbiome has garnered significant attention over literature was conducted to identify studies
the past decade due to links with obesity, concerning the gut microbiome in companion
inflammatory bowel disease, allergies, and animals (dogs and cats). Databases were utilized to
neurologic health in dogs and cats [4,5]. gather data on microbial composition, dietary
Traditional pet food formulation has largely interactions, and functional ingredients. The search
focused on macronutrient balance and essential focused on recent advances in high-throughput
nutrient adequacy based on established nutrient sequencing  (16S rRNA and  shotgun
requirements. However, emerging data suggest that metagenomics) and metabolomics.
nutritional strategies targeting microbial ecology Results and discussion
may further optimize health and mitigate disease 1. The Companion Animal Gut Microbiome:
across life stages [6-8]. This evolving paradigm Composition and Function
integrates microbiome science with functional 1.1. Microbial Communities in Dogs and
diets and personalized nutrition representing a new Cats
frontier in pet food research and product Advances in 16S rRNA sequencing,
development. ~ This review provides a metagenomics, and shotgun sequencing have
comprehensive synthesis of the gut microbiome in profoundly expanded our knowledge of the canine
companion animals, mechanisms of diet- and feline gut microbiome. Dominant bacterial
microbiome interaction, functional dietary phyla in dogs and cats include Firmicutes,
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Bacteroidetes, Proteobacteria, Fusobacteria, and
Actinobacteria, though relative abundance varies
with diet, age, breed, and health status [12-14].
Compared with humans, companion animals exhibit
greater bacterial diversity and unique species
clusters adapted to carnivorous and omnivorous
diets. Unlike the human microbiome, which is
influenced heavily by plant fiber fermentation, the
pet microbiome interfaces with diets high in animal
protein and fat. Nevertheless, microbial
fermentative metabolism remains central to short-
chain fatty acid (SCFA) production, immune
signaling, and gut barrier maintenance [15,16].

1.2. Functional Roles of the Microbiome

The microbiome contributes to digestion and
nutrient transformation in several ways:

Carbohydrate fermentation into SCFAs
(butyrate, propionate, acetate) supporting colonic
health and energy harvest. Protein fermentation
and amino acid metabolism, generating metabolites
that can exert beneficial or deleterious effects
depending on substrate and context [17, 18].
Vitamin synthesis for B vitamins and vitamin K.
Modulation of the immune system, interacting with
gut-associated lymphoid tissue to influence tolerance
and inflammation. Barrier protection, by competitive
exclusion of pathogens and production of
antimicrobial compounds. Alterations in these
functions termed dysbiosis are associated with
gastrointestinal and systemic diseases in pets [19, 20].

2. Diet as a Primary Modulator of the
Microbiome

Diet is one of the most potent and
manipulatable factors influencing microbial
community structure and metabolic output.

2.1. Macronutrient Effects

High-protein/low-fiber diets common in
many commercial pet foods alter microbial
composition toward protein-utilizing taxa.
Research indicates that increased dietary protein
can elevate proteolytic fermentation, generating
metabolites such as ammonia and branched-chain
fatty acids that may negatively influence gut health
if unbalanced [21-23]. Conversely, moderate
fermentable fiber inclusion fosters beneficial
SCFA-producing bacterial populations.

Fat content also shapes microbiota,
influencing bile acid metabolism and secondary
microbial shifts. Excess dietary fat has been linked
to increases in Bilophila wadsworthia and
associated inflammation in rodent models though
pet-specific data are limited and warrant further
study [24, 25].

2.2. Fiber and Prebiotics
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Dietary fiber, particularly fermentable
carbohydrates like fructooligosaccharides (FOS),
galactooligosaccharides (GOS), and beet pulp,
selectively stimulates beneficial bacteria such as
Bifidobacterium and  Lactobacillus.  These
prebiotics enhance SCFA production and may
mitigate dysbiosis induced by high-protein diets
[26-28] In dogs, supplementation with FOS has
been shown to increase fecal SCFAs, improve stool
quality, and modulate microbial populations
favorably. Similar effects are observed in cats,
although species differences in fiber tolerance and
fermentation capacity exist due to shorter colon
length and obligate carnivory.

2.3. Novel Ingredients: Resistant Starches
and Polyphenols

Emerging dietary interventions include
resistant starches and polyphenol-rich botanicals.
Resistant starch escapes small intestinal digestion,
reaching the colon for fermentation, increasing
butyrate production, and supporting mucosal
health. Polyphenols (from sources such as
cranberries and green tea) exhibit antimicrobial and

prebiotic  properties, modulating  microbial
communities and potentially reducing pathogenic
taxa [28].

3. Functional Dietary Strategies: Probiotics,
Prebiotics, and Postbiotics

Given the diet’s impact on microbial
ecology, functional ingredients targeting micro-
biome modulation have gained prominence.

3.1. Probiotics

Probiotics are live microorganisms that,
when administered in adequate amounts, confer
health benefits. In dogs and cats, common probiotic
strains  include  Lactobacillus  acidophilus,
Bifidobacterium animals, and Enterococcus
faecium. Clinical studies have demonstrated
benefits in reducing diarrhea duration, improving
stool consistency, and enhancing immune markers
in gastrointestinal disorders [29].

Challenges in probiotic application include
ensuring strain viability through processing,
storage, and gastric transit, as well as matching
strains to specific health outcomes.

3.2. Prebiotics

Prebiotics are non-digestible ingredients that
selectively stimulate growth of beneficial gut
microbes. As noted, FOS, GOS, and beet pulp are
widely studied in pets. Recent research also
explores novel prebiotics like xylooligosaccharides
(XOS) and chicory root inulin that may enhance
microbial diversity and metabolic output [30,31].

3.3. Postbiotics and Next-Generation Micro-
bial Metabolites
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Postbiotics — metabolites produced by
microbes (e.g., SCFAs, bacteriocins, cell wall
fragments) represent a new functional ingredient
class. Postbiotics retain bioactive effects without
requiring live organisms, offering stability
advantages. Early evidence suggests postbiotic
administration may support barrier function, anti-
inflammatory signaling, and immune modulation
in animals [32].

4. Microbiome Alterations in Disease States

4.1. Inflammatory Bowel Disease and
Chronic Enteropathy

Chronic enteropathies in dogs and cats
commonly exhibit dysbiosis, marked by reduced
microbial diversity, decreased SCFA-producing
taxa, and overrepresentation of proteolytic and
pathobiont species. Therapeutic diets enriched with
fermentable fibers, prebiotics, and specific protein
sources can partially restore microbial balance and
clinical remission [33].

4.2. Obesity and Metabolic Syndrome

Obesity in pets correlates with microbiome
shifts typically reduced microbial diversity and
altered Firmicutes: Bacteroidetes ratios paralleling
human obesity patterns. Dietary interventions that
increase fermentable substrates, modulate fat
content, and influence microbial metabolites may
support weight management and metabolic health
[37].

4.3. Allergic and Immune - Mediated Con-
ditions

Emerging evidence suggests links between
early-life microbiome composition and allergic
disease development. Early dietary modulation
may influence immune tolerance and reduce
allergic phenotypes, though longitudinal data
remain limited [38,39].

5. Metabolomics: Linking Diet, Micro-
biome, and Host Physiology

Metabolomics, the study of small molecules
produced by metabolism offers insights into
functional microbiome outputs [36]. Metabolite
profiling in feces and serum reveals signatures
associated with dietary interventions, health states,
and microbiome shifts. For example, SCFA
patterns correlate with fiber fermentation and gut
barrier signaling, while amino acid metabolites
reflect protein fermentation and nitrogen balance
[35].

Integrating metabolomics with microbiome
sequencing deepens understanding of host—
microbe metabolic interactions and identifies
biomarkers for disease and dietary responsiveness.
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6. Personalized Nutrition: Toward Micro-
biome-Driven Pet Diets

Advances in sequencing and machine
learning now allow individualized microbiome
profiling. Early research indicates that baseline
microbiome composition may predict dietary
response, weight loss outcomes, and metabolic
changes. Personalized diets designed based on
microbial signatures offer potential for optimizing
health outcomes beyond generic formulations
[33,34].

Challenges include cost, analytical
standardization, and translating complex data into
actionable diet recommendations.

7. Challenges and Future
Directions

Despite progress, key gaps remain:

e Standardization of microbiome sequencing
and analysis in companion animals

e Longitudinal studies linking early-life
microbiomes to lifelong health

e Strain-specific  probiotic efficacy and
safety

e Optimal  combinations  of
postbiotics, and fermented ingredients

e Integration of microbiome data into routine
clinical nutrition

Research

prebiotics,

Interdisciplinary research bridging
microbiology, nutrition, metabolomics, and
computational sciences is critical.

Conclusions

The gut microbiome stands at the

intersection of diet and health in companion
animals. Diet alters microbial composition and
metabolic output, which in turn influences nutrient
utilization, immune function, metabolic health, and
disease susceptibility. Functional dietary strategies
including probiotics, prebiotics, and postbiotics offer
tools for beneficial ~modulation, though
individualized responses vary. Personalized nutrition
grounded in microbiome science represents a
promising frontier with potential to revolutionize pet
food formulation and clinical practice.

Understanding the diet-microbiome-host
axis enables more precise, evidence-based nutrition
strategies that promote health, prevent disease, and
improve quality of life in companion animals.
Continued research integrating multi-omics,
controlled trials, and longitudinal designs is
essential to fully realize this potential.
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