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Abstract
Sustainable livestock production has emerged as a central pillar in the transformation of global food systems, particularly in the context of rising population pressures, climate change, and persistent malnutrition. Animal-source foods (ASFs) such as meat, milk, and eggs provide highly bioavailable proteins and essential micronutrients—including iron, zinc, vitamin B12, and essential fatty acids—that are critical for human growth, cognitive development, and overall health. These nutritional benefits are especially significant for vulnerable populations in low- and middle-income regions, where deficiencies in key nutrients remain widespread. However, conventional livestock production systems have been increasingly associated with adverse environmental impacts, including greenhouse gas emissions, land degradation, water depletion, and biodiversity loss. In addition, public health concerns such as zoonotic disease transmission, antimicrobial resistance (AMR), and diet-related non-communicable diseases (NCDs) have intensified scrutiny of current livestock practices. This review critically examines the intersection between sustainable livestock production and public health nutrition, integrating evidence from agriculture, environmental science, and nutritional epidemiology. It explores the multidimensional framework of sustainability—encompassing environmental integrity, economic viability, social equity, and health outcomes—and evaluates how livestock systems can be optimized to deliver safe, nutritious food while minimizing ecological and health risks. The review further highlights innovative strategies such as climate-smart livestock management, precision farming technologies, improved feed efficiency, and integrated crop–livestock systems that enhance productivity and sustainability simultaneously. Policy approaches, including the One Health framework and sustainable dietary guidelines, are discussed as essential mechanisms for aligning livestock production with public health goals. The paper concludes that while livestock systems are indispensable for global nutrition security, their future must be shaped by sustainable intensification, responsible consumption patterns, and robust regulatory frameworks. A balanced and evidence-based approach is required to harness the nutritional benefits of livestock-derived foods while mitigating their environmental footprint and public health risks. This integrated perspective is crucial for achieving long-term food security, improved population health, and environmental sustainability.
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Healthapproach 1.Introduction nomicviability,socialresponsibility,andhealthcon- siderations. Sustainablesystemsaimtooptimizere- Livestockproductionconstitutesafoundationalcom- sourceuseefficiency,reduceenvironmentalimpacts, ponentofglobalfoodsystems,contributingsubstan- ensureanimalwelfare,andproducesafeandnutritious tially to food security, economic development, and food. Importantly, such systems align with broader human nutrition. It is estimated that livestock ac- globalinitiatives,includingeffortstoachievefoodsecu- counts for nearly 40% of global agricultural output rity,improvepopulationhealth,andmitigateclimate andsupportsthelivelihoodsofmorethanonebillion change.Akeyintegrativeperspectiveinthiscontextis peopleworldwide,particularlyinruralandresource- theOneHealthapproach,whichrecognizestheinter- constrainedsettings.Beyonditseconomicsignificance, connectednessofhumanhealth,animalhealth,and thelivestocksectorplaysacrucialroleinsupplying environmentalsystems.Thisframeworkisparticularly animal-sourcefoods(ASFs),includingmeat,milk,and relevantinaddressingchallengessuchaszoonoticdis- eggs,whicharerecognizedfortheirhighnutritional eases,foodsafety,andantimicrobialresistance,allof value.Thesefoodsprovidecompleteproteinsandes- whicharecloselylinkedtolivestockproductionprac- sentialmicronutrients—suchasiron,zinc,calcium,vi- tices[4]. Byfosteringinterdisciplinarycollaboration tamin B12, and omega-3 fatty acids—that are often amongveterinarians,nutritionists,environmentalsci- lessbioavailableorabsentinplant-baseddiets.Con- entists,andpolicymakers,theOneHealthapproach sequently,livestockproductsareespeciallyimportant providesacomprehensivestrategyforimprovingboth inaddressingundernutrition,micronutrientdeficien- livestocksustainability and publichealth outcomes. cies,andgrowth-relateddisorders,particularlyamong This review aims to provide an in-depth analysis of children,pregnantwomen,andothernutritionallyvul- sustainablelivestockproductionanditsroleinpublic nerablepopulations[1]. Despitethesebenefits,the healthnutrition.Itexaminesthenutritionalcontribu- rapidexpansionandintensificationoflivestockpro- tionsoflivestock-derivedfoods,evaluatestheassoci- ductioninrecentdecadeshaveraisedsignificantcon- atedhealthandenvironmentalrisks,andexploresin- cernsregardingenvironmentalsustainabilityandpub- novativestrategiesandpolicyinterventionsdesigned lichealth.Thesectorisamajorcontributortoglobal topromotesustainability.Bysynthesizingcurrentevi- greenhousegasemissions,particularlymethaneand denceacrossmultipledisciplines,thepaperseeksto nitrousoxide,andisassociatedwithlanddegradation, offerabalancedandevidence-basedperspectiveon deforestation,andexcessivewateruse.Furthermore, howlivestocksystemscanbetransformedtosupport intensiveproductionsystemshavebeenlinkedtoin- bothhumanwell-beingandenvironmentalresilience creasedrisksofzoonoticdiseasetransmission,aswell inthefaceofevolvingglobalchallenges. astheemergenceandspreadofantimicrobialresis- tance(AMR)duetothewidespreaduseofantibiotics inanimalhusbandry[2].Thesechallengesunderscore 2. ConceptofSustainableLivestockProduc- theneedforaparadigmshifttowardmoresustainable tion andresponsiblelivestockproductionpractices.Inpar- Sustainablelivestockproductionrepresentsaninte- allel,globaldietarypatternsareundergoingsignificant gratedapproachtoanimalagriculturethatseekstobal- transitions,characterizedbyincreasedconsumptionof anceproductivitywithlong-termenvironmentalstew- animal-sourcefoodsinmanyregions,drivenbypopu- ardship,economicviability,socialresponsibility,and lationgrowth,urbanization,andrisingincomes.While publichealthconsiderations. Atitscore,sustainabil- moderateconsumptionoflivestockproductscancon- ityinlivestocksystemsisdefinedbythecapacityto tributepositivelytodietaryqualityandnutritionalsta- meetpresentfoodandnutritionaldemandswithout tus,excessiveintake—particularlyofprocessedandred compromisingtheabilityoffuturegenerationstomeet meats—hasbeenassociatedwithanincreasedriskof theirownneeds.Thisrequiresashiftawayfrompurely non-communicablediseases(NCDs),includingcardio- output-drivenmodelstowardsystemsthatoptimizere- vasculardiseases,obesity,andcertaincancers[3].This sourceefficiency,reduceecologicaldegradation,and dualburdenofmalnutrition—coexistenceofundernu- enhance resilience to environmental and economic tritionandovernutrition—highlightsthecomplexre- shocks. Sustainablelivestocksystemsemphasizere- lationshipbetweenlivestockproduction,dietarypat- sponsiblemanagementofnaturalresourcessuchas terns,andpublichealthoutcomes.Theconceptofsus- land,water,andbiodiversity,whilesimultaneouslyen- tainablelivestockproductionhasthereforeemerged suringthatproductionpracticesremaineconomically asacriticalframeworkforreconcilingthesecompet- feasibleforfarmersandaccessibletoconsumers.From ingdemands.Itencompassesamultidimensionalap- anenvironmentalperspective,sustainablelivestock proachthatintegratesenvironmentalstewardship,eco- production prioritizes the reduction of greenhouse gas emissions, particularly methaneand nitrous ox- 3.NutritionalImportanceofLivestockProd- ide,whicharepredominantlygeneratedthroughen- ucts tericfermentationandmanuremanagement.Italsoin- Livestock-derivedfoodsoccupyauniqueandsignif- volvesminimizinglanddegradation,preventingdefor- icant position in human nutrition due to their high estation,andpromotingsoilhealththroughpractices nutrientdensityandsuperiorbioavailabilityofessen- suchasrotationalgrazing,integratedcrop–livestock tialnutrients.Unlikemanyplant-basedfoods,animal- systems,andagroecologicalapproaches[5].Efficient sourcefoodsprovidecompleteproteinsthatcontain wateruseandwasterecyclingareequallycriticalcom- allessentialaminoacidsinproportionsthatareread- ponents,aslivestockproductioncanexertsignificant ilyutilizedbythehumanbody[6-7]. Theseproteins pressureonfreshwaterresources.Byadoptingclimate- playafundamentalroleingrowth,tissuerepair,en- smartpractices,producerscanmitigateenvironmental zymesynthesis,andimmunefunction.Thedigestibil- impactswhilemaintainingorevenenhancingproduc- ityandbiologicalvalueofanimalproteinsmakethem tivity.Economicsustainabilityisanotheressentialdi- particularlyimportantforpopulationswithincreased mension,focusingonthelong-termprofitabilityand nutritional needs, including infants, children, preg- resilienceoflivestockfarmingsystems. Sustainable nantandlactatingwomen, andtheelderly. Inaddi- practicesmustensurethatfarmerscanmaintainstable tion to their protein content, livestock products are incomes,adapttomarketfluctuations,andinvestinim- richsourcesofcriticalmicronutrientsthatareoften provedtechnologiesandanimalhealthmanagement. limitedorlessbioavailableinplant-baseddiets. For Thisincludesenhancingfeedefficiency,reducingin- instance,theironpresentinmeatisprimarilyinthe putcosts,andimprovingsupplychainintegration.At hemeform,whichismoreefficientlyabsorbedcom- thesametime, affordabilityforconsumersmustbe paredtonon-hemeironfromplantsources,thereby preservedtoensureequitableaccesstonutrient-rich playingavitalroleinthepreventionofiron-deficiency livestockproducts,particularlyinlow-incomepopula- anemia. Similarly,vitaminB12—foundalmostexclu- tionswheresuchfoodsarevitalfornutritionalsecurity. sively in animal-derived foods—is essential for neu- Socialsustainabilityencompassesissuesrelatedtoeq- rologicalfunction,DNAsynthesis,andredbloodcell uity,laborconditions,culturalvalues,andcommunity formation.Zinc,anotherkeymicronutrientabundant well-being.Livestockproductionsystemsmustrespect inmeatanddairyproducts, supportsimmunefunc- animalwelfarestandards,providesafeandfairworking tion,cellulargrowth,andwoundhealing.Dairyprod- conditions,andalignwithlocaldietarypracticesand uctsfurthercontributesignificantlytocalciumintake, culturalpreferences.Inmanyruralregions,livestock which is crucial for bone development and mainte- servesnotonlyasasourceoffoodbutalsoasaformof nance,particularlyingrowingchildrenandagingpop- financialsecurityandsocialcapital.Therefore,sustain- ulations.Theroleoflivestockproductsbecomeseven ablesystemsmustsupportrurallivelihoods,gender morepronouncedinthecontextofglobalmalnutrition, equity,andcommunityresilience,ensuringthatthe whichincludesbothundernutritionandmicronutrient benefitsoflivestockproductionaredistributedfairly deficiencies,oftenreferredtoas“hiddenhunger.”In acrosssociety.Healthsustainabilityisincreasinglyrec- manylow-andmiddle-incomecountries,limitedac- ognizedasacriticalcomponent,linkinglivestockpro- cess to diverse diets results in inadequate intake of duction directly to public health outcomes. This in- essentialnutrients.Incorporatingevensmallquanti- cludesensuringtheproductionofsafe,high-quality tiesofanimal-sourcefoodsintodietshasbeenshown foodwhileminimizingrisksassociatedwithzoonotic tosubstantiallyimprovenutritionalstatus,enhance diseases,antimicrobialresistance,andchemicalcon- cognitivedevelopment,andreducemorbidityamong taminants.Sustainablelivestocksystemsincorporate children.Forexample,theinclusionofeggsanddairy biosecurity measures, responsible use of veterinary incomplementaryfeedingprogramshasbeenasso- drugs,andimprovedhygienepracticesthroughoutthe ciatedwithimprovedgrowthoutcomesandreduced productionandsupplychain.Byintegratingthesedi- stunting. However, the nutritional benefits of live- mensions,sustainablelivestockproductionprovides stockproductsmustbeconsideredwithinthebroader aholisticframeworkthatalignsagriculturalpractices context of dietary balance and health outcomes [8- withbroadergoalsofenvironmentalprotection,eco- 9].Whilemoderateconsumptionsupportsoptimalnu- nomicdevelopment,andhumanhealth.

trition,excessiveintake—particularlyofredandpro- cessedmeats—hasbeenlinkedtoanincreasedriskof non-communicablediseasessuchascardiovascular disorders, obesity, and certain cancers. This under- scorestheimportanceofpromotingbalanceddietary patternsthatincorporateappropriatequantitiesand therisingburdenofdiet-relatednon-communicable typesofanimal-sourcefoodsalongsideplant-based diseases.Whileanimal-sourcefoodsarenutritionally components.Overall,livestockproductsremainindis- valuable,excessiveconsumption—particularlyofpro- pensableinachievingnutritionalsecurity,particularly cessedandredmeats—hasbeenassociatedwithin- invulnerablepopulations.Theirstrategicinclusionin creasedrisksofcardiovasculardiseases,hypertension, diets,combinedwithsustainableproductionpractices, type2diabetes,andcertaincancers[11].Thesehealth cansignificantlycontributetoimprovedpublichealth outcomesareinfluencedbyfactorssuchassaturated outcomeswhileaddressingglobalchallengesrelated fatcontent,processingmethods,andoveralldietary tomalnutritionandfoodinsecurity.

patterns. Consequently, public health strategies in- creasingly emphasize moderation, dietary diversity, andthesubstitutionofunhealthymeatproductswith 4.PublicHealthImplicationsofLivestockPro- healthieralternatives.Foodsafetyrepresentsanaddi- duction tionaldimensionofconcern.Livestockproductscan Livestockproductionexertsamultifacetedinfluence becomecontaminatedwithpathogenicmicroorgan- onpublichealth,encompassingbothsubstantialbene- isms,chemicalresidues(suchaspesticidesandveteri- fitsandsignificantrisks.Onthepositiveside,livestock- narydrugs),andenvironmentalpollutantsatvarious derived foods contribute directly to improved nutri- stagesofproduction,processing,anddistribution.In- tional status by providing high-quality proteins and adequatehygienepractices,poorstorageconditions, essentialmicronutrientsthatarecriticalforgrowth, andweakregulatorysystemsexacerbatetheserisks, immunecompetence,andcognitivedevelopment.In leadingtofoodborneillnessesthatimposeasignifi- regions affected by undernutrition, the inclusion of cantburdenonhealthcaresystems[12-13].Address- animal-sourcefoodsindietshasbeenassociatedwith ingthesecomplexchallengesrequiresintegratedand reductionsinstunting,wasting,andmicronutrientde- multidisciplinaryapproaches.Strengtheningsurveil- ficiencies[10]. Moreover, livestocksystemssupport lancesystems,improvingveterinaryandpublichealth livelihoodsandincomegeneration,whichindirectly infrastructure,enforcingregulationsonantibioticuse, enhance food access and overall health outcomes. andpromotingsafefoodhandlingpracticesareessen- Bystrengtheningfoodsecurityanddietarydiversity, tialmeasures.TheadoptionoftheOneHealthframe- livestock production plays a pivotal role in advanc- work—whichrecognizestheinterconnectednessofhu- ingpopulationhealth,particularlyinlow-resourceset- man,animal,andenvironmentalhealth—providesa tings. However,thesebenefitsarecounterbalanced comprehensivestrategytomitigateriskswhilepreserv- by several public health challenges associated with ingthenutritionalandsocioeconomicbenefitsoflive- livestock production systems, especially when they stockproduction.

areintensiveandpoorlyregulated. Oneofthemost prominent concerns is the transmission of zoonotic 5.EnvironmentalImpactsandSustainability diseases—infectiousdiseasesthatcanspreadfroman- Challenges imalstohumans. Livestockcanactasreservoirsfor pathogensresponsibleforillnessessuchasbrucellosis, Theenvironmentalfootprintoflivestockproduction tuberculosis, and various viral infections. Close hu- hasbecomeacentralconcernindiscussionsonsus- man–animalinteractions,inadequatebiosecurity,and tainability,asthesectorsignificantlyinfluencesclimate unsanitaryprocessingconditionsincreasethelikeli- systems,naturalresourceuse,andecosystemhealth. hoodofdiseaseemergenceandtransmission,posing Oneofthemostcriticalenvironmentalchallengesis riskstobothfarmworkersandthegeneralpopulation. thecontributionoflivestocktogreenhousegasemis- Anothercriticalissueisthegrowingthreatofantimicro- sions.Ruminantanimals,suchascattleandsheep,pro- bialresistance(AMR),whichisstronglylinkedtotheex- ducemethanethroughentericfermentation,whilema- tensiveuseofantibioticsinanimalhusbandry.Antibi- nuremanagementandfeedproductioncontributeto oticsareoftenusednotonlyfortherapeuticpurposes emissionsofnitrousoxideandcarbondioxide.These butalsoforgrowthpromotionanddiseaseprevention gaseshavehighglobalwarmingpotentialandplaya inintensivesystems.Thispracticeacceleratesthede- substantialroleinclimatechange,makinglivestock velopmentofresistantbacterialstrains,whichcanbe akeytargetformitigationstrategies. Landuseisan- transmittedtohumansthroughthefoodchain,direct othermajorissueassociatedwithlivestockproduction. contact,orenvironmentalpathways.AMRundermines Largeareasoflandarerequiredforgrazingandforcul- theeffectivenessofessentialmedicines,complicates tivatingfeedcrops,oftenleadingtodeforestationand treatmentoutcomes,andrepresentsamajorglobal theconversionofnaturalecosystemsintoagricultural healthcrisis.Livestockproductionalsointersectswith land[14]. Thisprocessnotonlyreducesbiodiversity Livestock KeyNutrients Bioavailability MajorHealthBenefits TargetPopulations Product Calcium, Bonehealth, Milk& Children,elderly, VitaminB12, High growth, Dairy pregnantwomen Protein,Riboflavin metabolicregulation Hemeiron, Adolescents, Preventionofanemia, Meat(Red) Zinc,Protein, Veryhigh womenofreproductive muscledevelopment VitaminB12 age Protein,Niacin, Leanmusclegrowth, Poultry High Generalpopulation VitaminB6 cardiovascularsupport High-qualityprotein, Braindevelopment, Eggs Veryhigh Infants,children Choline,VitaminD immunefunction Omega-3fattyacids, Hearthealth, Fish High Allagegroups Protein,VitaminD cognitivedevelopment

SourceinLivestock PublicHealth RiskCategory Examples Systems Impact Animal-human Zoonotic Infectiousdisease Brucellosis, interaction, Diseases outbreaks Avianinfluenza poorbiosecurity Antimicrobial Overuseofantibiotics Drug-resistant Resistant Resistance inanimals infections Salmonella,E.coli Foodborne Contaminatedmeat, Gastrointestinal Salmonellosis, Illnesses milk,eggs diseases Listeriosis Chemical Residuesofpesticides, Chronictoxicity, Antibiotic Contamination hormones endocrinedisruption residuesinmilk Diet-related Highintakeof Cardiovascular Colorectalcancer, NCDs processed/redmeat diseases,cancer obesity butalsodisruptsecologicalbalanceandcontributes 17]. Thishighlightstheimportanceofadoptingeffi- tocarbonemissions.Overgrazingcanfurtherdegrade cientwastemanagementsystemsthatminimizeenvi- soilquality,leadingtoerosion,reducedfertility,and ronmentalharmwhileenhancingresourceutilization. desertificationinvulnerableregions.Sustainableland Thesustainabilitychallengesassociatedwithlivestock managementpracticesarethereforeessentialtopre- productionarefurthercompoundedbythegrowing serveecosystemservicesandmaintainlong-termpro- globaldemandforanimal-sourcefoods,drivenbypop- ductivity[15]. Wateruseandpollutionrepresentad- ulationgrowth,urbanization,andrisingincomes.Meet- ditionalenvironmentalchallenges.Livestockproduc- ingthisdemandwithoutexacerbatingenvironmental tioniswater-intensive,requiringsubstantialquantities degradationrequiresatransitiontowardmoreefficient foranimalhydration,feedcultivation,andprocessing and resilient production systems. This includes im- activities. Inmanyregions,thisplacesconsiderable provingfeedconversionefficiency,reducingemissions stressonalreadylimitedfreshwaterresources.Further- intensity,conservingnaturalresources,andintegrat- more,runofffromlivestockfarms,includingmanure inglivestockproductionwithbroaderlandscapeand andfertilizers,cancontaminatewaterbodieswithnu- ecosystemmanagementapproaches.

trientssuchasnitrogenandphosphorus,leadingto eutrophicationanddegradationofaquaticecosystems. Thisnotonlyaffectsbiodiversitybutalsocompromises 6. Strategies for Sustainable Livestock Pro- waterqualityforhumanconsumption.Wastemanage- duction mentiscloselylinkedtobothlandandwaterissues. Addressingtheenvironmentalandpublichealthchal- Improperhandlinganddisposalofanimalwastecan lengesoflivestockproductionnecessitatestheadop- resultinthereleaseofharmfulgases,pathogens,and tionofcomprehensiveandinnovativestrategiesthat pollutantsintotheenvironment.However,whenman- enhancesustainabilitywhilemaintainingproductiv- agedeffectively,livestockwastecanbetransformed ity.Oneofthemosteffectiveapproachesinvolvesim- intovaluableresourcessuchasorganicfertilizersand provingfeedingpracticestoincreaseefficiencyandre- biogas,contributingtocirculareconomymodels[16- duceenvironmentalimpact.High-quality,nutritionally Environmental Sustainability KeyIssues Consequences Aspect Concerns GreenhouseGas Methane, Climatechange Highcarbonfootprint Emissions Nitrousoxide Deforestation, Biodiversityloss, Reducedecosystem LandUse overgrazing soildegradation resilience Unsustainable WaterUse Highwaterdemand Waterscarcity resourceuse Soilandwater WasteGeneration Manure,effluents Eutrophication pollution Intensivecrop Competitionwith FeedProduction Resourcedepletion cultivation humanfood

Sustainability Strategy Description ExpectedOutcomes Dimension Balanceddiets, Reducedemissions, Environmental, ImprovedFeeding feedadditives betterproductivity Economic Diseaseresistance, Economic, GeneticImprovement Selectivebreeding efficiency Environmental Vaccination, AnimalHealth Lowerdiseaseburden, reducedantibiotic Health,Social Management saferfood use Crop-livestock Nutrientrecycling, IntegratedFarming Environmental systems reducedwaste Climate-Smart Rotationalgrazing, Carbonsequestration, Environmental Practices agroforestry resilience Sensors, Efficiency,reduced Economic, PrecisionFarming AImonitoring losses Environmental balancedfeedscanenhanceanimalgrowthandpro- productionwithcropagriculture,representaholistic ductivitywhileloweringmethaneemissionsperunit approach to sustainability [20-21]. In such systems, ofoutput[18-19]. Theuseoffeedadditives,suchas livestockwasteisutilizedasorganicfertilizerforcrops, probiotics,enzymes,andmethaneinhibitors,hasalso whilecropresiduesserveasfeedforanimals.Thiscre- shownpotentialinmitigatingentericemissionsandim- atesaclosed-loopsystemthatenhancesnutrientcy- provingdigestiveefficiency.Advancementsinbreeding cling,reduceswaste,andimprovesoverallresourceef- andgeneticsofferanotheravenueforsustainability.Se- ficiency.Agroecologicalpractices,suchasagroforestry lectivebreedingprogramscanproducelivestockthat andmixedfarming,furthercontributetobiodiversity aremoreresistanttodiseases,moreefficientinfeed conservation and climate resilience. Climate-smart utilization, andbetteradaptedtolocalenvironmen- livestock practices are increasingly being promoted talconditions.Theseimprovementsnotonlyenhance toaddresstheimpactsofclimatechange. Thesein- productivitybutalsoreducetheneedforexternalin- cluderotationalgrazing,whichpreventsovergrazing putssuchasantibioticsandveterinaryinterventions, andpromotessoilregeneration,aswellastheincor- therebycontributingtobothenvironmentalandhealth porationoftreesandshrubsintograzingsystemsto sustainability.Effectiveanimalhealthmanagementis enhancecarbonsequestration.Improvedmanureman- acornerstoneofsustainablelivestocksystems.Preven- agementtechniques,suchasanaerobicdigestion,can tivemeasures,includingvaccinationprograms,regular convert waste into renewable energy in the form of healthmonitoring,andimprovedhousingconditions, biogas,reducingrelianceonfossilfuelsandlowering reducediseaseincidenceandenhanceanimalwelfare. emissions. Technologicalinnovationsarealsotrans- Importantly,thesepracticeshelpminimizethereliance forminglivestockproductionsystems.Precisionlive- on antibiotics, thereby addressing the growing con- stockfarmingutilizesdigitaltools,sensors,anddata cernofantimicrobialresistance.Strengtheningveteri- analyticstomonitoranimalhealth,optimizefeeding, naryservicesandpromotingresponsibleuseofphar- andimprovefarmmanagement[22-23]. Thesetech- maceuticalsarecriticalcomponentsofthisstrategy. nologiesenablemoreefficientuseofresources,early Integratedfarmingsystems,whichcombinelivestock detectionofdiseases,andreductionofwaste,thereby PolicyArea Intervention Objective ExpectedImpact Promotebalanced ReducedNCDs, DietaryGuidelines Improvenutrition ASFintake betterhealthoutcomes FoodSafety Monitoringand Ensuresafe Reducedfoodborne Regulation standards consumption diseases Restrictantibiotic Improvedtreatment AMRControl Preventresistance use effectiveness Subsidies, LivelihoodSupport Enhanceproductivity Economicsustainability farmertraining OneHealth Cross-sector Integrateddisease Improvedpublic Approach collaboration control andanimalhealth

Parameter ConventionalSystem SustainableSystem ProductivityFocus Highoutput Balancedproductivity EnvironmentalImpact Highemissions,resourceuse Reducedemissions,efficientuse AntibioticUse High Controlled/minimized AnimalWelfare Oftencompromised Prioritized ResourceEfficiency Lowtomoderate High PublicHealthImpact Higherrisks Reducedrisks enhancingbotheconomicandenvironmentalsustain- icyisthedevelopmentofdietaryguidelinesthatincor- ability.Finally,policyinterventionsandinstitutional poratesustainabilityconsiderations.Theseguidelines supportplayacrucialroleinfacilitatingthetransition shouldpromotemoderateanddiversifiedconsump- towardsustainablelivestockproduction.Governments tionoflivestockproducts,emphasizingnutrient-dense andinternationalorganizationsmustestablishregula- optionssuchasmilk,eggs,andleanmeats,whiledis- toryframeworksthatpromoteresponsiblepractices, couragingexcessiveintakeofprocessedandhigh-fat supportresearchandinnovation,andprovideincen- animal products. In regions affected by undernutri- tivesforsustainableadoption.Educationandcapacity- tion,policiesshouldsupportincreasedaccesstoafford- buildinginitiativesforfarmersareequallyimportant ableanimal-sourcefoodstoaddressmicronutrientde- toensuretheeffectiveimplementationofsustainable ficiencies[25].Conversely,inpopulationsexperiencing techniques,achievingsustainabilityinlivestockpro- overnutritionandrisingratesofnon-communicable duction requires a multifaceted approach that inte- diseases, strategiesshouldfocusonreducingexces- gratesimprovedmanagementpractices,technological sivemeatconsumptionandencouraginghealthierdi- innovation,andsupportivepolicyenvironments. By etarypatterns. Foodsafetyregulationisanotheres- adoptingthesestrategies,itispossibletocreatelive- sentialpolicydomain. Governmentsmustestablish stocksystemsthatareproductive,resilient,environ- andenforcestandardsthatensurethesafetyandqual- mentallyresponsible,andalignedwithpublichealth ity of livestock products across the entire food sup- objectives.

plychain—fromproductionandprocessingtostorage anddistribution.Thisincludesmonitoringformicro- bial contamination, chemical residues, and adulter- 7.RoleinPublicHealthNutritionPolicy ation, as well as implementing traceability systems Publichealthnutritionpoliciesplayacriticalrolein thatenhanceaccountabilityandconsumerconfidence. shapingtheproduction, distribution, andconsump- Strengtheningfoodsafetyinfrastructureisparticularly tionoflivestock-derivedfoodsinwaysthatpromote importantinlow-andmiddle-incomecountries,where both human health and environmental sustainabil- regulatory capacity may be limited. Addressing in- ity.Asdietarypatternsevolveglobally,thereisanin- equitiesinaccesstonutritiousfoodsisalsoakeyprior- creasingneedforpolicyframeworksthatencourage ity.Publichealthpoliciesshouldaimtoreducedispari- balancedconsumptionofanimal-sourcefoodswhile tiesbysupportingsmallholderfarmers,improvingmar- minimizingassociatedhealthandenvironmentalrisks. ketaccess,andsubsidizingnutrient-richfoodswhere Suchpoliciesmustbegroundedinscientificevidence necessary.Schoolfeedingprograms,maternalnutri- andtailoredtoregionalnutritionalneeds,socioeco- tioninitiatives,andtargetedsupplementationstrate- nomicconditions,andculturalpractices[24].Oneof giescanfurtherenhancethenutritionalstatusofvul- thecentralcomponentsofpublichealthnutritionpol- nerablepopulations[26]. Atthesametime,policies mustensurethatincreasedaccesstolivestockprod- production.Suchsystemsnotonlyreduceenvironmen- uctsdoesnotcomeattheexpenseofenvironmental talpollutionbutalsocontributetoenergysecurityand sustainability. TheintegrationoftheOneHealthap- agriculturalsustainability.,thesuccessfulimplemen- proachintopolicyframeworksisincreasinglyrecog- tationoftheseinnovationswilldependonsupportive nizedasessentialforaddressingthecomplexintercon- policyenvironments,investmentinresearchandde- nectionsbetweenlivestockproduction,humanhealth, velopment,andeffectiveknowledgetransfertofarm- andenvironmentalsystems.Thisapproachpromotes ers.Capacity-buildinginitiatives,accesstofinancing, coordinatedactionacrosssectorstomanageriskssuch andinfrastructuredevelopmentareessentialtoensure aszoonoticdiseases,antimicrobialresistance,anden- thatbothlarge-scaleandsmallholderproducerscan vironmentalcontamination.Byfosteringcollaboration benefitfromemergingtechnologies.

amongagricultural,health,andenvironmentalauthor- ities,OneHealth-basedpoliciescanprovidemorecom- 9.Discussion prehensiveandeffectivesolutions.

Therelationshipbetweensustainablelivestockproduc- tionandpublichealthnutritionisinherentlycomplex, 8.InnovationsandFutureDirections characterizedbybothsynergiesandtrade-offs.Onone Thefutureofsustainablelivestockproductionisclosely hand, livestock systems provide essential nutrients linkedtoinnovationandtechnologicaladvancement. thataredifficulttoobtainfromplant-basedsources Emergingsolutionsaretransformingtraditionallive- alone,makingthemindispensableinaddressingglobal stock systems into more efficient, resilient, and en- malnutrition. Ontheotherhand,unsustainablepro- vironmentallyresponsiblemodels. Oneofthemost ductionpracticescontributetoenvironmentaldegra- significant areas of innovation is the development dation, publichealthrisks, andthegrowingburden ofalternativeproteinsources,includingplant-based ofnon-communicablediseases.Thisdualitynecessi- meatanalogues,cultured(lab-grown)meat,andinsect- tatesabalancedandcontext-specificapproachtolive- based proteins. These alternatives have the poten- stockproductionandconsumption.Akeyissueinthis tialtoreducerelianceonconventionallivestocksys- discussionistheneedtoreconcilenutritionalrequire- tems,therebyloweringenvironmentalimpactswhile mentswithenvironmentalconstraints.Whilereducing stillmeetingglobalproteindemands. Precisionlive- excessiveconsumptionofanimal-sourcefoodsinhigh- stockfarmingrepresentsanothertransformativede- incomepopulationscanalleviateenvironmentalpres- velopment.Byleveragingdigitaltechnologiessuchas suresandimprovehealthoutcomes,increasingaccess sensors,artificialintelligence,anddataanalytics,farm- inlow-incomeregionsremainsessentialforcombating erscanmonitoranimalhealth,optimizefeedingstrate- undernutrition. Therefore,globalstrategiesmustbe gies, and improve overall farm management in real differentiated,takingintoaccountregionaldisparities time.Thesetechnologiesenhanceproductivitywhile indietaryneeds,resourceavailability,andhealthchal- reducingresourceuse,wastegeneration,anddisease lenges. Anotherimportantconsiderationistherole outbreaks.Assuch,precisionfarmingcontributesto ofgovernanceandinstitutionalframeworksinshap- botheconomicefficiencyandenvironmentalsustain- inglivestocksystems. Effectivepolicies,regulations, ability. Advancesinbiotechnologyandgeneticsare andincentivesarecrucialforpromotingsustainable alsoshapingthefutureoflivestockproduction.Inno- practicesandensuringcomplianceacrossthesupply vationsinselectivebreeding,genomicselection,and chain. Atthesametime, marketdynamicsandcon- disease-resistantlivestockstrainscansignificantlyim- sumerbehaviorsignificantlyinfluenceproductionpat- proveproductivityandresilience.Thesedevelopments terns.Increasingawarenessoftheenvironmentaland reduce the need for chemical inputs and veterinary healthimpactsofdietarychoicescandrivedemandfor interventions,therebysupportingbothenvironmen- sustainablyproducedlivestockproductsandencour- talandhealthobjectives.Additionally,improvements ageindustrytransformation.Interdisciplinarycollabo- infeedscience,includingtheuseofnovelfeedingre- rationisfundamentaltoaddressingthemultifaceted dientsandadditives,arehelpingtoreducemethane challengesassociatedwithlivestockproduction. In- emissionsandenhancenutrientutilization.Theadop- tegratingexpertisefromnutritionscience,veterinary tionofcirculareconomyprinciplesisgainingmomen- medicine,environmentalscience,economics,andpub- tumwithinthelivestocksector.Thisapproachempha- lic health enables the development of holistic solu- sizestheefficientuseandrecyclingofresources,trans- tionsthatconsiderthefullspectrumofimpacts.The formingwasteintovaluableinputs.Forexample,live- OneHealthframeworkprovidesavaluableplatform stockmanurecanbeusedtoproducebiogasforenergy forsuchcollaboration,emphasizingtheinterconnect- generationorprocessedintoorganicfertilizersforcrop ednessofhuman,animal,andenvironmentalhealth. Despiteconsiderableprogress,severalchallengesre- 2. FoodandAgricultureOrganization(2020)Sus- main[27].Theseincludelimitedaccesstotechnology tainable livestock production: Overview and amongsmallholderfarmers,inadequateinfrastructure, challenges.FAO.

andgapsindataandmonitoringsystems.Furthermore, 3. Unnisa SA, Shareena M, Revathi E, Rasool A the transition to sustainable livestock systems may (2024)Foodadulterationpracticesandaware- involve short-term costs and trade-offs that require nessamongurbanconsumers–Acasestudyof carefulmanagement.Addressingthesechallengeswill Hyderabadcity,Telangana,India. JFoodBiotech- requiresustainedcommitmentfromgovernments,in- nol 20–32. https://doi.org/10.51470/FAB ternationalorganizations,theprivatesector,andcivil .2024.5.2.20 society.

4. FoodandAgricultureOrganization,WorldHealth Organization(2014)SecondInternationalCon- ference on Nutrition: Framework for action. 10.Conclusion FAO/WHO.

Sustainablelivestockproductionisessentialforachiev- 5. GodfrayHCJ,AveyardP,GarnettT,HallJW,KeyTJ, ingglobalfoodandnutritionsecuritywhilesafeguard- LorimerJ,etal(2018)Meatconsumption,health, ing public health and environmental sustainability. andtheenvironment. Science 361:eaam5324. Livestock-derivedfoodsprovidecriticalnutrientsthat 6. Parvin K (2024) Emerging perspectives on supporthumanhealth,particularlyinvulnerablepop- polyphenolsandtheirroleinfoodqualityand ulations,yettheirproductionmustbecarefullyman- humanhealth. JFoodBiotechnol. https://doi. agedtominimizeassociatedrisks. Thetransitionto- org/10.51470/FAB.2024.5.1.30 wardsustainablesystemsrequiresacomprehensive 7. Intergovernmental Panel on Climate Change approachthatintegratesimprovedproductionprac- (2022) Climate change 2022: Impacts, adapta- tices,technologicalinnovation,andsupportivepolicy tion, and vulnerability. Cambridge University frameworks. Balancingthebenefitsandrisksoflive- Press.

stockproductioniscentraltothistransition. Moder- 8. HerreroM,ThorntonPK,Mason-D’CrozD,Palmer ateandcontext-specificconsumptionofanimal-source J,BodirskyBL,PradhanP,etal(2021)Innovation foods,combinedwithsustainableproductionmeth- canacceleratethetransitiontowardsasustain- ods,canoptimizehealthoutcomeswhilereducingenvi- ablefoodsystem. NatFood 2:266–272.

ronmentalimpacts.Strengtheningfoodsafetysystems, 9. ParvinK(2023)Anthocyaninsandpolyphenols reducingantimicrobialuse,andpreventingzoonotic infruitsandbeverages: Comparativestability, diseasesarecriticalcomponentsofthiseffort.Future bioavailability,andantioxidantmechanisms. J progresswilldependontheadoptionofinnovativeso- FoodBiotechnol. https://doi.org/10.51470 lutions,includingprecisionfarmingtechnologies,alter- /FAB.2023.4.2.24 nativeproteinsources,andcirculareconomymodels. 10. Debnath A (2020) Molecular regulation of salt Equallyimportantistheimplementationofinclusive stresstoleranceinfruitcropswithspecialem- policiesthatsupportsmallholderfarmers,addressin- phasisonWRKYtranscriptionfactors. PlantSci equitiesinfoodaccess,andpromotesustainabledi- Rev. https://doi.org/10.51470/PSR.2020. etarypatterns.TheintegrationoftheOneHealthap- 01.01.09 proachprovidesaunifyingframeworkforaddressing 11. DebnathA,SarkarA(2022)Geneticandmolec- theinterconnectedchallengesoflivestockproduction, ularbasisofstresstoleranceintemperateand publichealth,andenvironmentalsustainability.Incon- tropicalfruitcrops. AgricRev. https://doi.or clusion, sustainablelivestockproductionoffersavi- g/10.51470/AR.2022.1.1.01 ablepathwaytowardamoreresilientandequitable 12. Debnath A (2022) Hormonal crosstalk and sig- foodsystem. Byaligningagriculturalpracticeswith naltransductionmechanismsregulatingplant publichealthandenvironmentalgoals,itispossible reproductivedevelopment. AgricRev. https: toharnessthefullpotentialoflivestocksystemstoim- //doi.org/10.51470/AR.2022.1.1.05 provehumanwell-beingwhilepreservingtheplanet 13. DebnathA(2021)Climateresilienthorticultural forfuturegenerations.

cropsandbreedingstrategiesforabioticstress adaptation. XploreEnviron. https://doi.org/ 10.51470/XE.2021.1.1.01

References

	DebnathA(2021)Environmentalimplicationsof

	Food and Agriculture Organization (2019) The peat-basedgrowingmediaoncarbonbalance stateoftheworld’sbiodiversityforfoodandagriandgreenhousegasemissionsinhorticultural culture.FAO. systems. XploreEnviron. https://doi.org/10.51470/XE.2021.1.2.01 https://doi.org/10.51470/xe.2021.1.2.01

	BaroJ,VinayakaKS,ChaturvedaniAK,RoutS, SheikhIA,WaghmareGH(2019)Probioticsand prebiotics:Thepowerofbeneficialmicrobesfor healthandwellness. MicrobiolArch. https:// doi.org/10.51470/MA.2019.1.1.1 https://doi.org/10.51470/ma.2019.1.1.1

	ChauhanK(2026)Theimpactofmicrofinance andself-helpgroupsonwomen’sempowerment andsocialinclusion. DiscoverEconFinance. ht tps://doi.org/10.51470/DEF.2026.4.1.01 https://doi.org/10.51470/def.2026.4.1.01

	MichaR,MichasG,MozaffarianD(2012)Unprocessedredandprocessedmeatsandriskofcoronaryarterydiseaseandtype2diabetes—Anupdatedreviewoftheevidence. CurrAtheroscler Rep 14:515–524

	Parvin K (2024) Emerging perspectives on polyphenolsandtheirroleinfoodqualityand humanhealth. JFoodBiotechnol. https://doi. org/10.51470/FAB.2024.5.1.30 https://doi.org/10.51470/fab.2024.5.1.30

	KaukabS,MishraA,SunitaT(2025)Application of convolutional neural networks for ripeness classificationoffruits. AgricRev. https://doi. org/10.51470/AR.2025.4.2.15 https://doi.org/10.51470/ar.2025.4.2.15

	OtteJ,Pica-CiamarraU,MorzariaS(2019)Acomparativeoverviewoflivestock-environmentinteractions. EnvironResLett 14:063002

	RitchieH,RoserM(2020)Environmentalimpacts offoodproduction. https://ourworldindata.org/environmental-impacts-of-food

	SpringmannM,ClarkM,Mason-D’CrozD,Wiebe K,BodirskyBL,LassalettaL,etal(2018)Options forkeepingthefoodsystemwithinenvironmentallimits. Nature 562:519–525

	Thornton PK (2010) Livestock production: Recenttrends,futureprospects. PhilosTransRSoc B 365:2853–2867

	UnitedNations(2015)Transformingourworld: The2030agendaforsustainabledevelopment. UnitedNations

	WorldHealthOrganization(2017)Guidelineson use of medically important antimicrobials in food-producinganimals.WHO

	WorldHealthOrganization(2020)Foodsafety: Keyfacts.WHO

	Willett W, Rockström J, Loken B, Springmann M, Lang T, Vermeulen S, et al (2019) Food in theAnthropocene:TheEAT–LancetCommission onhealthydietsfromsustainablefoodsystems. Lancet 393:447–492




OEBPS/images/tab6.jpg
Parameter

Conventional System

Sustainable System

Productivity Focus High output

Balanced productivity

Environmental Impact

High emissions, resource use

Reduced emissions, efficient use

Antibiotic Use High Controlled/minimized
Animal Welfare Often compromised Prioritized
Resource Efficiency | Low to moderate High

Public Health Impact | Higher risks

Reduced risks

enhancing both economic and environmental sustain-
ability. Finally, policy interventions and institutional
support play a crucial role in facilitating the transition
toward sustainable livestock production. Governments
and international organizations must establish regula-
tory frameworks that promote responsible practices,
support research and innovation, and provide incen-
tives for sustainable adoption. Education and capacity-
building initiatives for farmers are equally important
to ensure the effective implementation of sustainable
techniques, achieving sustainability in livestock pro-
duction requires a multifaceted approach that inte-
grates improved management practices, technological
innovation, and supportive policy environments. By
adopting these strategies, it is possible to create live-
stock systems that are productive, resilient, environ-
mentally responsible, and aligned with public health
objectives.

Role in Public Health Nutrition Policy

Public health nutrition policies play a critical role in
shaping the production, distribution, and consump-
tion of livestock-derived foods in ways that promote
both human health and environmental sustainabil-
ity. As dietary patterns evolve globally, there is an in-
creasing need for policy frameworks that encourage
balanced consumption of animal-source foods while
minimizing associated health and environmental risks.
Such policies must be grounded in scientific evidence
and tailored to regional nutritional needs, socioeco-
nomic conditions, and cultural practices [24]. One of
the central components of public health nutrition pol-

icy is the development of dietary guidelines that incor-
porate sustainability considerations. These guidelines
should promote moderate and diversified consump-
tion of livestock products, emphasizing nutrient-dense
options such as milk, eggs, and lean meats, while dis-
couraging excessive intake of processed and high-fat
animal products. In regions affected by undernutri-
tion, policies should supportincreased access to afford-
able animal-source foods to address micronutrient de-
ficiencies [25]. Conversely, in populations experiencing
overnutrition and rising rates of non-communicable
diseases, strategies should focus on reducing exces-
sive meat consumption and encouraging healthier di-
etary patterns. Food safety regulation is another es-
sential policy domain. Governments must establish
and enforce standards that ensure the safety and qual-
ity of livestock products across the entire food sup-
ply chain—from production and processing to storage
and distribution. This includes monitoring for micro-
bial contamination, chemical residues, and adulter-
ation, as well as implementing traceability systems
that enhance accountability and consumer confidence.
Strengthening food safety infrastructure is particularly
importantin low- and middle-income countries, where
regulatory capacity may be limited. Addressing in-
equities in access to nutritious foods is also a key prior-
ity. Public health policies should aim to reduce dispari-
ties by supporting smallholder farmers, improving mar-
ket access, and subsidizing nutrient-rich foods where
necessary. School feeding programs, maternal nutri-
tion initiatives, and targeted supplementation strate-
gies can further enhance the nutritional status of vul-
nerable populations [26]. At the same time, policies
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balanced feeds can enhance animal growth and pro-
ductivity while lowering methane emissions per unit
of output [18-19]. The use of feed additives, such as
probiotics, enzymes, and methane inhibitors, has also
shown potential in mitigating enteric emissions and im-
proving digestive efficiency. Advancements in breeding
and genetics offer another avenue for sustainability. Se-
lective breeding programs can produce livestock that
are more resistant to diseases, more efficient in feed
utilization, and better adapted to local environmen-
tal conditions. These improvements not only enhance
productivity but also reduce the need for external in-
puts such as antibiotics and veterinary interventions,
thereby contributing to both environmental and health
sustainability. Effective animal health management is
acornerstone of sustainable livestock systems. Preven-
tive measures, including vaccination programs, regular
health monitoring, and improved housing conditions,
reduce disease incidence and enhance animal welfare.
Importantly, these practices help minimize the reliance
on antibiotics, thereby addressing the growing con-
cern of antimicrobial resistance. Strengthening veteri-
nary services and promoting responsible use of phar-
maceuticals are critical components of this strategy.
Integrated farming systems, which combine livestock
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but also disrupts ecological balance and contributes
to carbon emissions. Overgrazing can further degrade
soil quality, leading to erosion, reduced fertility, and
desertification in vulnerable regions. Sustainable land
management practices are therefore essential to pre-
serve ecosystem services and maintain long-term pro-
ductivity [15]. Water use and pollution represent ad-
ditional environmental challenges. Livestock produc-
tion is water-intensive, requiring substantial quantities
for animal hydration, feed cultivation, and processing
activities. In many regions, this places considerable
stress on already limited freshwater resources. Further-
more, runoff from livestock farms, including manure
and fertilizers, can contaminate water bodies with nu-
trients such as nitrogen and phosphorus, leading to
eutrophication and degradation of aquatic ecosystems.
This not only affects biodiversity but also compromises
water quality for human consumption. Waste manage-
ment is closely linked to both land and water issues.
Improper handling and disposal of animal waste can
result in the release of harmful gases, pathogens, and
pollutants into the environment. However, when man-
aged effectively, livestock waste can be transformed
into valuable resources such as organic fertilizers and
biogas, contributing to circular economy models [16-

17). This highlights the importance of adopting effi-
cient waste management systems that minimize envi-
ronmental harm while enhancing resource utilization.
The sustainability challenges associated with livestock
production are further compounded by the growing
global demand for animal-source foods, driven by pop-
ulation growth, urbanization, and risingincomes. Meet-
ing this demand without exacerbating environmental
degradation requires a transition toward more efficient
and resilient production systems. This includes im-
proving feed conversion efficiency, reducing emissions
intensity, conserving natural resources, and integrat-
ing livestock production with broader landscape and
ecosystem management approaches.

6. Strategies for Sustainable Livestock Pri
duction

Addressing the environmental and public health chal-
lenges of livestock production necessitates the adop-
tion of comprehensive and innovative strategies that
enhance sustainability while maintaining productiv-
ity. One of the most effective approaches involves im-
proving feeding practices to increase efficiency and re-
duce environmental impact. High-quality, nutritionally






