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The pet-food sector has experienced rapid innovation between 2023 and mid-2025 driven by sustainability goals,
advances in microbiome science, and new processing and packaging scrutiny. This review synthesizes recent developments
across four major domains: (1) alternative and novel proteins (insects, single-cell proteins, and cultivated meat), (2)
microbiome-targeted nutrition with emphasis on postbiotics and early precision approaches, (3) safety-by-design
processing—particularly high-pressure processing (HPP) for raw and minimally processed diets—and (4) contaminant
and packaging concerns (mycotoxins, antimicrobial resistance, PFAS). We discuss regulatory milestones, summarize key
data (nutrient compositions, validated processing parameters, surveillance outcomes), identify critical knowledge gaps
(feline requirements, long-term feeding trials, formulation-specific process validation), and propose an R&D agenda for
industry and academic stakeholders. In the near term, research should focus on well-designed feeding trials specific to
pets, validation of processes at the formulation level, and clear supply-chain traceability to ensure that sustainability claims
are supported by nutrient-adjusted impact data. Progress will also depend on close collaboration among industry,
academia, and regulators to advance innovations from pilot projects into safe, affordable, and beneficial pet foods for the
wider market.

Keywords: black soldier fly, cultivated meat, postbiotics, high-pressure processing, mycotoxins,
PFAS, AAFCO, pet food safety.

YW dKAHYAPJIAPBIHA APHAJIFAH A3BIKTAPIBIH J)KAHA HHHOBALIMSIAPBI (2023-2025):
BAJIAMA AKYBI3JJAP, MUKPOBUOMY A BATBITTAJIFAH TAMAKTAHY KOHE
KAYIICI3AIKTI ECKEPE OTBIPBIII A3BIKTHI OHIAEY

YPUIIIAB KYMAP *, ?AHKHT IIIAPMA

(}2Kanyapaapasl 6HAIpy TEXHOJIOTHSICHI IENAPTAMENTI, BeTepuHapHs koHe aybLT MAPYANIBLILIFBI KOJLIEKI,
DUVASU, Marxypa, Yrrap-IIpagem, YHaictan
2MaJt WapyambUIbIFbIH 6acKapy AenapTraMenTi, BerepuHapusi FHUILIMAAPDI JKIHE MAJ IHAPYANILUIBIFBI KOJLIEKI,
GBPUAT, ITanTHarap, YTrapakxaui, YHIicTaH)
ABTOP-KOPPECIIOHIEHTTIH 2JIEKTPOHIBIK momTacs: rishavvet42@gmail.com*

Yii orcanyapnapeina apunanean azvix-mynik cexmopuvt 2023 wcone 2025 dcvindviy opmacel apanvieblnoa
MYPAKMuLIbIK, MAKCAMMAPLIHG, MUKPOOUOMA 2bIILIMBIHOAZLL JHCemiCmiKmepze JHcoHe OHOeY MEH o0payoazvl Hcana
3epmmeynepze He2i30e/12eH HCbLI0AM UHHOBAUUAAPObl Oacman Keuwtipdi. Byn wiony mepm nezizei 0omen 6oitbiHua conzl
a3ipnemenepoi cunmesoenidi: (1) 6anamanvt syncone ryncana npomeunoep (HcoHoikmep, Oip sHcacywianvl aKyvl3oap dHcoHe
ocipinemin em), (2) nocmouomuxmep men epme 0210iK macindepine baca nazap ayoapa Oomwipvin, MUKpoOUOMAza
bazeimmanzan mamaxmauy, (3) ousaitn éouvinwa Kayincizoikmi enoey - acipece Hcozapsl Kblcblmobl oHoey dHcone PP-ze
apuanzan enoey). (4) racmayuwivl 3ammap men KAnmamaza Kamovlcmol macenenep (MUKOMOKCUHOED, MUKDPOOKA KaApCbl
mo3imoinik, PFAS). Ocbl maxanaoa pemmeywii Ke3enoep Mmankwvlianaowl, nezizzi depexmep (KOPeKmixk 3ammapobiy
Kypamsl, pacmanzan eHOey napamempiepi, Kaoazandy Hamudcenepi) KopblmulHOANaAobl, 0inimoezi MaHvi30bl
Kemuwiinikmepoi anblKmanaovl (MolCbIKMApOblY, Kopezine KOUblIamblH Mmananmap, y3axK mep3imoi a3viKmanowvipy
CbIHAKMAapbl, peyenmypaza man npoyecmi mekcepy) JHcone cana meH akademusanvlk myooeni mapanmap yuiin F3TKK
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KyH mapmifi ycoinolniadvl. JKakpin 6onawakmazel 3epmmey KyH mMapmioi yi jHcanyapiapolHa apHAIZaH MAKCammol
mypoe jcyp2izinemin azplKManoblpy ColHAKMAapoulH, KYpam 0eHzelindezi mexuoao02usiblk yoepicmepoiy 6aa1udayusacoli
JHcane Heemkizy miz0eziniy aublKmul2blH 6acvlm 6azeimmap peminoe auKsliHoaysl muic. byn mypaKkmaulivlKKa Kamvicnol
mMYHCOIPLIMOAPObIY, KOPeKMIK KopcemKiuimepze my3emiicen acep Oepekmepimen Heziz0enyin Kammamacwsl3 emeoi.
Conbimen Kamap, UHHOBAUUANAPOBl NUTOMMBIK, K€3EHHEH KAYINci3, Koaxicemimoi api ulavblmu mypeuvloa 02/1€10eH2eH yil
HCAHYAPNAPBIHBIY He2i32i A3bIKMAPbIHG eHZI3y YWliH OHEPKICin, aKadeMuAanvlK Opma JMHcoHe pemmeyuli opzanoap
apacvlHOazel yinecimoi bIHMbIMAKIMACHBLK WeWwyuli POl amKapaobl.

HOBBIE THHOBAIIMU B OBJIACTU KOPMOB U151 JOMAIITHUX )KUBOTHbIX (2023-2025):
AJIBTEPHATUBHBIE BEJIKU, IMTAHUE, OPUEHTUPOBAHHOE HA MUKPOBNOM N
OBPABOTKA C YYETOM BE3OIIACHOCTH

YPUIIIAB KYMAP * AHKHT IIIAPMA

(*Kadenpa TexHoI0rMH NIPOAYKTOR KHBOTHOBOACTBA, KOJUIEIK BETEPUHAPHBIX HAYK H CEJILCKOTO0 X035iCTRA,
DUVASU, Marxypa, Yrrap-Ilpagem, Unaus
?Kagenpa ynpasJieHusi )HBOTHOBOACTBOM, KoJLlIe/k BeTEpUHAPHBIX HAYK W :KUBOTHOBOACTBA, GBPUAT,
MManTHarap, Yrrapakxaua, Uuaust)
DneKTpoHHas Io4Ta aBTopa-KoppecnoHaeHTa: rishavvet42@gmail.com™

B nepuoo c 2023 oo cepedunvt 2025 200a ¢ cekmope KOpMO8 0151 0OMAUIHUX HCUGOMHBIX HPOUOUWLIU DbICMPbLE
UHHOBAUUU, 6bI36AHHBIE UEIAMU 6 0ONACMU YCIMOUYUUBO20 PA3GUMUA, 00CHUNCEHUAMU 8 HAYKe 0 MUKDPOOUOME U HOGbIMU
mpebosanuamu K nepepadomke u ynakoexe. B smom 00630pe 00006uiensvt nocieonue papabomku 6 yemulpex 0CHOBHbIX
oonacmsax: (1) anemepnamuenvie u noevie 6eaKu (Hacekomvle, OOHOKIEMOYHbBIE DEIKU U KYIbMUBUPYEMOe MACO), (2)
Rumanue, OpUEeHMUPOGAHHOE HA MUKPOOUOM, C AKUEHMOM HA ROCMOUOMUKYU U PAHHUE NOOX00bl K MOYHOMY RUMAHUIO,
(3) nepepabomka c yuemom oezonacHocmu, 8 YACHHOCU nepepadomka noo evicokum oasrenuem (HPP) ona coipoix u
MUHUMATILHO 00pAdOMAHHBIX PAYUOHO08 U (4) npodnemvl, C6A3AHHbBIE C 3AZPAZHUMENAMU U YRAKOBGKOU (MUKOMOKCUHDBI,
yCmouuugocmsy K AHmMuMukpoonsim npenapamam, PFAS). Mo1 o6cyscoaem easrxicnvie smanst 6 o61acmu pezyniuposanus,
0600uaem Krouessvle OanHbvle (COCHAE NUMAMENbHBIX 6eUeCme, NPOBEPEHHblE NAPAMEMPbL 00PAOOMKU, Pe3yTbmanol
MOHUMOPUH2A), 6blAGNAEM KpUmMUUYecKue npoodeivl 6 3HAHUAX (NOMpPeOHOCMU KouieK, 00J120CPOUHble UCHbIMAHUA
KOpMO086, 6anudayus npoueccog 011 KOHKpemuuix peyenmyp) u npeonazaem npozpammy HHOKP ona 3aunmepecosannvix
CMOpPOH U3 RPOMBIMIIEHHOCIMU U aKAdeMuuecKux Kpyz06. B éOnusicaiiwieni nepcnekmuge uccied008anus 00J14#CHbL
COCPe0omouumsbCca HA MUAMENbHO NPOBEOEHHBIX UCHLIMAHUAX KOPMJIEHUA OOMAWIHUX MHCUBOMIHbBIX, GATUOAUUU
npouyeccos Ha yposHe peyenmypul U RPO3PAYHOCIU YENOYKU NOCMABOK, YNOObL 3AA6/1€HUA 0 YCIMOUYUEOCHIU ORUPATUCDH
Ha 0anHble 0 6030elicmeul, CKOPPEKMUPOBAHHbIE HO NUMAMENbHOU YeHHocmu. /lansHeluuil npozpecc makice oyoem
3a6ucems O MECHO20 COMPYOHUUECHEA MeXHCOY UHOYCMPUEll, HAYKOIL U PecyTupyrouumu op2anamu, 4moodsl nepegecmu
UHHOBAUUU U3 NUTOMHBIX RPOEKMOE 8 be30nacHvie, O0OCMyNnHble U NOIE3HblE KOPMA 01 WUPOKO20 PLIHKA OOMAULHUX
HCUBOMIHBIX.

KiaroueBble cjoBa: YepHad CoJiJaTCKasg Myxa, KyJIbTUBHPOBAHHO€ MSACO, HOCTﬁI/lOTI/lKI/l, 06pa60TKa
BbICOKHUM J1aBJieHUeM, MUKOTOKCHHBI, PFAS, AAFCO, 6e30nacHOCTH KOPMOB /ISl JOMAIIHUX KUBOTHBIX.
regulatory actions (AAFCO label modernization),
Introduction industrial approvals for novel
Companion-animal feeding mirrors many of the
same drivers shaping human food systems: consumer

demand for lower-impact protein, interest in functional proteins (cultivated meat permitted in the UK for pet
ingredients that target the gut microbiome, and food), and a growing body of experimental studies
heightened regulatory and public scrutiny of validating process interventions such as high-pressure
contaminants and packaging materials. From 2023 processing (HPP) for pathogen control in raw diets
onward an acceleration of product launches, regulatory (AAFCO, 2023; Kumar et
actions, and targeted trials has occurred—most notably al.,.2023,2024,FoodNavigator, 2024; Lee, 2023; FDA,
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2025). This review collates and evaluates that evidence
base with emphasis on data and practical implications.

Materials and research methods

A targeted literature search was conducted to
identify peer-reviewed papers, regulatory documents,
industry press releases, and consensus statements
published approximately between 2021 and mid-2025.
Primary electronic sources included PubMed/PMC,
Google Scholar, major regulatory websites (FDA,
AAFCO), and trade/industry outlets (FoodNavigator,
Petfood Industry). Search terms included combinations
of “black soldier fly larvae”, “Hermetia illucens”,
“single-cell protein”, “cultivated meat pet food”, “high-
pressure processing pet food”, “postbiotic dogs”, “PFAS
packaging animal food”, and “AAFCO label
modernization”. Priority was given to (a) systematic
reviews/meta-analyses, (b) experimental studies with
well-described  methods  (inoculation,  treatment,
storage), and (c) authoritative regulatory reports and
consensus statements (e.g., ISAPP on postbiotics).

Results and discussion

1. Alternative and novel protein sources

1.1 Black Soldier Fly Larvae (BSFL) and
insect proteins

Black soldier fly larvae (BSFL, Hermetia
illucens) remain the most advanced insect protein
candidate for pet foods. Recent systematic reviews and
meta-analyses report wide but consistent proximate
ranges for BSFL meals: crude protein commonly
between ~40% and 60% (dry matter basis) and full-fat
materials with ~20%-35% fat, with defatted meals
enriching protein content (Su, 2025; Banks, 2025).
Benefits include favorable amino-acid profiles relative to
many plant proteins, efficient substrate conversion, and
lower greenhouse-gas intensity compared with
conventional meats. However, species-specific concerns
persist taurine content and bioavailability data are limited
(important for obligate carnivores such as cats), chitin
content can affect digestibility metrics, and heavy-metal
or contaminant accumulation is substrate-dependent—
requiring validated rearing and feed-stock controls
(Kotob, 2022; Su, 2025). Practical implications: BSFL
can be used in treats and formulated diets, but full-diet
trials including digestibility, long-term health outcomes,
and feline taurine adequacy are needed prior to broad
substitution of traditional animal proteins in cat diets.

1.2 Single-cell proteins (SCP)

Microbial biomass from yeasts, filamentous fungi
(mycoprotein), and bacterial cells offers high protein
density (often 40%—70% protein depending on organism
and processing), with functional molecules such as f3-
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glucans and nucleotides that may provide health benefits
(reviewed across 2023-2025 literature). Pet-specific data
are still emerging palatability and digestibility trials in
dogs are more common than in cats, and regulatory
acceptance pathways vary by jurisdiction. SCPs may be
particularly useful in blended formulations that
complement ~ amino-acid completeness and
micronutrient needs.

1.3 Cultivated (cell-cultured) meat for pet food

A notable milestone occurred in 2024—-2025 when
the UK authorized cultivated chicken for pet food and
companies (e.g., Meatly) launched limited commercial
pet products (Meatly, 2024; FoodNavigator, 2024).
Cultivated meat promises animal-origin nutrition with
lower upstream impacts, but major challenges remain
cost of goods, scale-up of bioreactors, ensuring full

nutrient  equivalency  (essential amino  acids,
micronutrients,  hemef/iron  bioavailability), and
palatability testing. Regulatory frameworks for

cultivated ingredients in pet foods are nascent and likely
to diverge by jurisdiction in short term; the UK
experience provides an initial case study for other
jurisdictions (Meatly, 2024).

2. Microbiome-targeted nutrition: postbiotics
& precision approaches

2.1 Postbiotics
applications

The International Scientific Association for
Probiotics and Prebiotics (ISAPP) defined “postbiotics”
as “preparations of inanimate microorganisms and/or
their components that confer a health benefit on the host”
(Salminen et al., 2021). Postbiotics combine the
functional potential of microbial products (metabolites,
cell components) with logistical advantages—heat
stability, shelf-stability, and avoidance of viability issues
inherent to probiotics. Recent canine trials (e.g., ADM’s
PRIOME® MH) reported reductions in postprandial
blood glucose and metabolic markers in controlled
cohorts, and separate trials showed oral-health benefits
from postbiotic formulations (ADM, 2025; Petfood
Industry, 2025). However, peer-reviewed, large-scale,
and multi-site randomized controlled trials (RCTs) are
still limited; heterogeneity of strain, dose, endpoints, and
reporting precludes broad, evidence-based clinical
claims at present.

2.2 Precision/personalized nutrition

The pet sector has begun to adapt human
precision-nutrition tools—wearables, at-home
microbiome  testing, and  Al-driven  dietary
recommendations—to pets. Most systems remain
exploratory and industry-driven; rigorous validation,

definition and pet
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standardized outcome measures (e.g., stool quality
indices, validated behavior scales, or biomarker
endpoints), and ethical considerations (data privacy,
owner compliance) are outstanding issues.

3. Safety-by-design processing: High-Pressure
Processing (HPP) and other interventions

3.1 HPP for raw and minimally processed pet
foods

Raw pet foods present known hazards
(Salmonella, Listeria, STEC), and HPP has emerged as
an effective non-thermal lethality option. Experimental
work has shown that HPP treatments around ~450-750
MPa for appropriate durations can achieve >5-log
reductions of Salmonella and STEC in many raw
formulations; Lee (2023) and follow-up studies
demonstrated that parameters such as 586 MPa for 1-4
min commonly achieved target reductions for
Salmonella and STEC, while Listeria monocytogenes
often exhibited greater resistance necessitating
optimization or combined interventions (Lee, 2023; Lee,
2024). HPP’s benefits include nutrient retention relative
to thermal treatments, but lethality is formulation-
dependent (fat content, particle size, and matrix buffering
capacity influence outcomes). Multi-hurdle approaches
(HPP + organic acids or post-packaging chilled/frozen
storage) improve robustness.

3.2 Practical considerations and limits

HPP requires capital investment and careful
validation for each formulation. Some pathogens (or
stressed survivors) may be repaired during storage if sub-
lethal injury occurs, thus validation must include storage
studies. HPP also does not alter chemical contaminants
(e.g., mycotoxins, PFAS) and does not substitute for
upstream ingredient quality controls.

4. Contaminants and packaging: mycotoxins,
AMR, and PFAS

4.1 Mycotoxins

Surveillance in feeds and pet foods shows
frequent detection of multiple mycotoxins, though non-
compliance rates vary by region and commodity. Recent
European surveillance (multi-year data) reported ~26%
of samples positive above LOQ, with a smaller fraction
exceeding guidance limits (MDPI/Italian surveillance;
2018-2022). Climate volatility may increase mycotoxin
risk in cereal/legume ingredients and thus in blended dry
pet foods—calling for ingredient testing and risk-based
sourcing (MDPI Foods, 2024).

4.2 Antimicrobial resistance (AMR) and raw
diets

Raw pet foods have been found to carry
Salmonella, Listeria, and AMR organisms more
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frequently than heat-processed products. This has public-
health implications (human exposures via handling) and
necessitates validated lethality steps or consumer
education on safe handling. Surveillance and
standardized methods to report AMR prevalence in pet
foods remain a priority.

4.3 PFAS in food packaging

PFAS used in grease-proofing and coatings have
been a regulatory focus. The FDA’s FY2024 survey of
animal food packaging documented targeted sampling
and analytical work and accompanies broader actions to
phase out certain PFAS uses, with compliance guidance
(FDA, 2025). Pet-food manufacturers should audit
packaging specifications and consider tested alternative
coating systems.

5. Regulatory landscape and milestones (2023—
2025)

Key regulatory developments include:

AAFCO Label Modernization (2023): AAFCO
adopted model labeling updates to standardize nutrition
information, ingredient statements, and storage/handling
guidance—intended to improve consumer clarity
(AAFCO, 2023).

UK cultivated-meat approvals (2024-2025): The
UK authorized cultivated chicken for pet food (Meatly)
and early commercial launches followed, establishing a
case precedent for cultivated proteins in pet-food supply
chains (Meatly, 2024; FoodNavigator, 2024).

FDA PFAS activities (2024-2025): The FDA
reported targeted sampling of packaging and set
timelines for phasing out certain PFAS grease-proofing
uses (FDA, 2025).

Regulatory harmonization remains limited:
jurisdictions vary in acceptance of novel ingredients and
in definitions/claims for functional additives (e.g.,
postbiotics). Industry developers must therefore plan
multi-jurisdictional strategies and robust safety dossiers.

6. Knowledge gaps and research priorities

Feline-specific nutrition: taurine sufficiency when
replacing conventional animal protein with insects or
SCPs; long-term health outcomes. Formulation-specific
HPP validation: Listeria resistance variability,
interactions with fat/organs/particle size, and storage-
linked repair dynamics. Large, independent RCTs of
postbiotics: standardized endpoints, dose-response, and
replication across breeds and ages. Comprehensive
LCAs: nutrient-adjusted life-cycle analyses comparing
beef/poultry to insect SCP and cultivated meat on a
bioavailable-nutrition basis.
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Packaging migration studies: larger-scale PFAS
and alternative migrant surveys across packaging
materials and global supply chains.

Conclusions

Between 2023 and mid-2025 the pet-food
industry advanced from concept toward implementation:
insect and single-cell proteins moved into commercial
products and trials; cultivated meat achieved regulatory
clearance and pilot sales in the UK; postbiotics gained
mechanistic plausibility and initial clinical trial data; and
HPP established itself as an effective processing control
for many pathogen risks in raw diets. However, adoption
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