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SimpleȱSummary:ȱTodayȱ theȱ environmentalȱ sustainabilityȱofȱ livestockȱhasȱbecomeȱ increasinglyȱ
important.ȱNitrogenȱexcretionȱfromȱ livestockȱcanȱleadȱtoȱairȱandȱgroundwaterȱpollution,ȱcausingȱ
acidȱ rain,ȱ fineȱ airȱ particulates,ȱ andȱ greenhouseȱ gasȱ emissionsȱ thatȱ leadȱ toȱ climateȱ change,ȱ
groundwaterȱnitrateȱpoisoning,ȱandȱsurfaceȱwaterȱeutrophication.ȱOften,ȱlivestockȱareȱfedȱdietsȱwithȱ
aȱproteinȱcontentȱthatȱisȱmuchȱhigherȱthanȱwhatȱtheyȱrequire.ȱInȱthisȱexperiment,ȱaȱherdȱofȱdairyȱ
goatsȱofȱtheȱAlpineȱbreed,ȱrearedȱonȱaȱfarmȱ inȱtheȱhillsȱnearȱGenoa,ȱItaly,ȱwasȱusedȱ toȱstudyȱtheȱ
impactsȱofȱbeingȱfedȱaȱlowȬȱorȱaȱhighȬproteinȱdiet.ȱTheȱhighȬproteinȱdietȱdidȱnotȱimproveȱmilkȱyieldȱ
andȱ quality;ȱ onȱ theȱ contrary,ȱ itȱ loweredȱ theȱ efficiencyȱ ofȱdietaryȬnitrogenȱutilization,ȱ increasedȱ
feedingȱcost,ȱand,ȱaboveȱall,ȱincreasedȱnitrogenȱexcretionȱandȱtheȱassociatedȱenvironmentalȱrisks.ȱInȱ
conclusion,ȱ aȱhighȬproteinȱdietȱ isȱnotȱ advisable,ȱbothȱ economicallyȱ andȱ environmentally,ȱ andȱ aȱ
precisionȱfeedingȱapproachȱ(i.e.,ȱsupplyingȱtheȱnutrientsȱrequiredȱforȱaȱgivenȱbodyȱmassȱandȱlevelȱ
ofȱproduction,ȱandȱnoȱmore)ȱisȱhighlyȱrecommended.ȱ

Abstract:ȱ Inȱviewȱofȱbetterȱenvironmentalȱsustainability,ȱ livestockȱdietsȱmustȱnotȱexceedȱproteinȱ
requirements,ȱasȱoftenȱhappensȱwithȱlactatingȱgoatsȱrearedȱinȱsemiȬintensiveȱsystems.ȱTheȱaimȱofȱ
thisȱexperimentȱwasȱtoȱverifyȱinȱrealȬbreedingȱconditionsȱtheȱinfluenceȱofȱtwoȱdietsȱwithȱdifferentȱ
proteinȱcontentsȱ(%ȱcrudeȱproteinȱ(CP)ȱonȱdryȱmatterȱ(DM)):ȱ16.0ȱ(highȬproteinȱdiet;ȱHP)ȱvsȱ12.2ȱ
(lowȬproteinȱ diet;ȱ LP)ȱ onȱ milkȱ productionȱ inȱ dairyȱ goats.ȱ Theȱ dietsȱ differedȱ onlyȱ inȱ theȱ
replacement—inȱtheȱLPȱdiet—ofȱ250ȱgȱsoybeanȱmealȱwithȱ250ȱgȱmaizeȱgrainȱmeal.ȱTwentyȬthreeȱ
Alpineȱgoatsȱwereȱdividedȱ intoȱ twoȱgroupsȱandȱusedȱ inȱaȱcrossȬoverȱ feedingȱ trialȱ forȱ2ȱmonths.ȱ
Animalsȱwereȱweighedȱatȱtheȱbeginningȱofȱeachȱmonthȱofȱtheȱtrial,ȱandȱfeedȱintakeȱandȱmilkȱyieldȱ
andȱcompositionȱwereȱrecordedȱweekly.ȱHPȱandȱLPȱdidȱnotȱdifferȱstatisticallyȱforȱmilkȱyieldȱandȱ
compositionȱ (3.32ȱvsȱ3.42ȱkgȱmilk/d,ȱ3.21%ȱvsȱ3.27%ȱ fat,ȱ3.31%ȱvsȱ3.27%ȱproteinȱ forȱHPȱandȱLP,ȱ
respectively),ȱbutȱtheȱHPȱdietȱdeterminedȱaȱhigherȱmilkȱureaȱcontentȱ(51.2ȱvsȱ36.6ȱmg/dL,ȱpȱ<ȱ0.001)ȱ
andȱaȱworseȱefficiencyȱofȱnitrogenȱutilizationȱ(28.0%ȱvsȱ37.2%).ȱInȱconclusion,ȱtheȱLPȱdietȱresultedȱ
inȱaȱreductionȱofȱurinaryȱnitrogenȱexcretionȱbyȱ28%ȱandȱofȱtheȱfeedȱcostȱbyȱaboutȱ10%.ȱ
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1.ȱIntroductionȱ

Contemporaryȱ publicȱ opinionȱ considersȱ livestock,ȱ asȱ oneȱ ofȱ theȱmajorȱ componentsȱ inȱ theȱ
agriculturalȱ sector,ȱ toȱbeȱ largelyȱ responsibleȱ forȱ theȱ environmentalȱdamagesȱourȱplanetȱhas,ȱ andȱ
continuesȱto,ȱexperience.ȱDespiteȱthis,ȱseveralȱstudiesȱ(amongȱothersȱ[1])ȱhaveȱprovidedȱevidenceȱforȱ
theȱ lowerȱ impactȱ ofȱ agriculture,ȱ andȱ specifically,ȱ animalȱ production,ȱ onȱ theȱ environmentȱ inȱ
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comparisonȱwithȱotherȱhumanȱactivities.ȱHowever,ȱairȱandȱwaterȱpollution,ȱtogetherȱwithȱtheȱlossȱofȱ
forestsȱandȱbiodiversity,ȱisȱcertainlyȱaffectedȱbyȱanimalȱhusbandry.ȱWhenȱconsideringȱclimateȱchange,ȱ
probablyȱ theȱmostȱworryingȱ contemporaryȱ environmentalȱ issue,ȱ theȱ livestockȱ sector,ȱwithȱ itsȱ7.1ȱ
gigatonsȱofȱCO2Ȭeqȱemissionsȱperȱyear,ȱisȱresponsibleȱforȱ14.5%ȱofȱallȱhumanȬinducedȱgreenhouseȱgasȱ
(GHG)ȱemissionsȱ[2].ȱTherefore,ȱanimalȱproductionȱsystems,ȱwhichȱareȱimportantȱtoȱtheȱfoodȱsupplyȱ
worldwide,ȱhaveȱtoȱpayȱgreaterȱattentionȱtoȱbeingȱsustainableȱandȱenvironmentallyȱfriendly.ȱ

Amongȱ livestockȱ farming,ȱ dairyȱ goatsȱ haveȱ receivedȱ anȱ increasedȱ interestȱ inȱ economicallyȱ
developedȱcountriesȱbecauseȱofȱtheȱrelativelyȱlowȱinvestmentȱcostsȱofȱthisȱfarming,ȱitsȱefficiencyȱinȱ
termsȱ ofȱmilkȱ yieldȱ perȱ unitȱ ofȱ feedȱ intake,ȱ andȱ theȱ growingȱ appreciationȱ ofȱ goats’ȱ cheeseȱ byȱ
consumers.ȱGoatȱfarmingȱsystemsȱinȱeconomicallyȱdevelopedȱcountriesȱareȱnormallyȱintensive,ȱwithȱ
allȱtheȱfeedȱ(forageȱandȱconcentrate)ȱbeingȱsuppliedȱinȱtheȱmanger,ȱorȱareȱsemiȬintensive,ȱwithȱsmallȱ
pasturesȱ inȱ additionȱ toȱ theȱ feedȱ suppliedȱ inȱ theȱmanger.ȱOften,ȱ inȱ theseȱ systems,ȱmostȱ ofȱ theȱ
concentrateȱ andȱ partȱ ofȱ theȱ forageȱ isȱ purchasedȱ fromȱ theȱmarket,ȱwithȱ aȱ consequentȱ imbalanceȱ
betweenȱrearedȱanimalsȱandȱavailableȱfieldsȱasȱwellȱasȱaȱhighȱstockingȱdensity,ȱwhichȱcanȱbeȱharmfulȱ
toȱtheȱenvironment.ȱ

Inȱparticular,ȱNȱexcretionȱisȱnormallyȱhighȱdueȱtoȱanȱexcessiveȱamountȱofȱproteinȱsupplied.ȱThisȱ
hasȱbeenȱ confirmedȱbyȱaȱ surveyȱbyȱRapettiȱetȱal.ȱ [3],ȱwhoȱ reportedȱ thatȱ frequentȱhighȬmilkȱureaȱ
contentsȱinȱgoatȱmilkȱ(>40ȱmg/dL)ȱwereȱassociatedȱwithȱanȱexcessiveȱproteinȱlevelȱinȱtheȱdiet.ȱUreaȱisȱ
formedȱ inȱ theȱ liverȱ toȱdetoxifyȱ theȱexcessȱammoniaȱabsorbedȱ inȱtheȱrumenȱ inȱcaseȱofȱaȱsurplusȱofȱ
nitrogenousȱsubstancesȱ(mainlyȱprotein),ȱwhichȱisȱoftenȱassociatedȱwithȱaȱlackȱofȱrapidlyȱfermentableȱ
carbohydrates.ȱUreaȱisȱthenȱreleasedȱfromȱtheȱliverȱinȱtheȱbloodstreamȱtoȱreach,ȱmainly,ȱtheȱkidneysȱ
andȱisȱexcretedȱinȱtheȱurine.ȱHowever,ȱaȱminorȱproportionȱofȱureaȱisȱexcretedȱwithȱmilkȱorȱisȱrecycled,ȱ
viaȱsaliva,ȱtoȱreachȱtheȱrumen.ȱThereȱisȱaȱhighlyȱpositiveȱcorrelationȱbetweenȱbloodȱureaȱandȱmilkȱ
ureaȱ [4];ȱhence,ȱ theȱmilkȱureaȱ levelȱ (MUL)ȱ isȱaȱpracticalȱtoolȱ toȱestimateȱtheȱproteinȱbalanceȱofȱanȱ
animal,ȱwithȱhighȱvaluesȱindicatingȱanȱexcessȱofȱdietaryȱprotein,ȱandȱveryȱlowȱvaluesȱindicatingȱaȱ
lackȱofȱ it.ȱMoreover,ȱGiovanettiȱetȱal.ȱ [5]ȱ showedȱ thatȱ theȱMULȱ isȱaffectedȱmarkedlyȱnotȱonlyȱbyȱ
dietaryȱprotein,ȱbutȱalsoȱbyȱdietaryȱenergyȱconcentration.ȱ

AccordingȱtoȱBrunȬBellutȱetȱal.ȱ[6]ȱanȱacceptableȱrangeȱforȱtheȱMULȱisȱ28–32,ȱandȱaccordingȱtoȱ
Rapettiȱetȱal.ȱ[7],ȱtheȱacceptableȱrangeȱisȱ23–34ȱmg/dL.ȱIndeed,ȱconsideringȱtheȱproteinȱrequirementsȱ
ofȱlactatingȱgoats,ȱdairyȱgoatsȱcanȱbeȱsatisfactorilyȱfedȱdietsȱwithȱaȱmoderateȱproteinȱcontent.ȱThisȱhasȱ
alsoȱbeenȱascribed,ȱatȱleastȱinȱpart,ȱtoȱtheȱhigherȱoverallȱefficiencyȱofȱgoats,ȱinȱcomparisonȱtoȱcows,ȱinȱ
transferringȱNȱfromȱendogenousȱureaȱintoȱmilkȱ[8],ȱwithȱconsequentlyȱlowerȱproteinȱrequirementsȱinȱ
dairyȱgoatsȱasȱcomparedȱtoȱdairyȱcows.ȱ

Theȱfrequentlyȱhighȱcrudeȱproteinȱ(CP)ȱcontentȱofȱdairyȱgoatȱdietsȱonȱintensiveȱfarmsȱisȱdueȱtoȱ
theȱrelativelyȱhighȱproteinȱcontentȱofȱtheȱforageȱinȱcomparisonȱwithȱthatȱnormallyȱfedȱtoȱdairyȱcows,ȱ
whichȱisȱoftenȱbasedȱonȱmaizeȱsilage,ȱaȱforageȱthatȱisȱveryȱlowȱinȱproteinȱ(7–8%ȱonȱDM).ȱForȱgoats,ȱ
milkȱ productionȱ generallyȱ takesȱ placeȱ inȱ springȱ andȱ summer,ȱ andȱ theȱ forages,ȱ bothȱ grazedȱ orȱ
harvestedȱasȱhayȱorȱsilage,ȱareȱnormallyȱaboveȱ12%ȱCPȱonȱDM.ȱNevertheless,ȱtheȱfeedstuffȱpurchasedȱ
isȱgenerallyȱquiteȱrichȱinȱproteinȱ(16–20%ȱonȱDM),ȱthusȱleadingȱtoȱdietsȱthatȱareȱredundantȱinȱnitrogen.ȱ
Manyȱfarmersȱareȱstillȱconvincedȱthatȱaȱgenerousȱproteinȱsupplyȱcanȱincreaseȱmilkȱyieldȱandȱquality.ȱ
Onȱtheȱcontrary,ȱonlyȱtheȱfeedȱcostȱandȱenvironmentalȱimpactȱincrease.ȱ

Theȱaimȱofȱthisȱstudyȱwasȱtoȱcompareȱtwoȱdietsȱwithȱdifferentȱproteinȱcontentsȱinȱlactatingȱgoats,ȱ
withȱtheȱpurposeȱofȱdemonstratingȱthatȱaȱdietȱwithȱaȱmoderateȱproteinȱlevel,ȱalthoughȱsufficientȱtoȱ
meetȱ requirements,ȱ canȱ beȱ asȱ effectiveȱ asȱ aȱ dietȱwithȱ aȱ highȱ proteinȱ contentȱ inȱ termsȱ ofȱmilkȱ
production,ȱandȱisȱmoreȱenvironmentallyȱsustainable.ȱ

2.ȱMaterialsȱandȱMethodsȱ

TheȱexperimentȱwasȱconductedȱinȱAprilȱandȱMayȱ2016ȱonȱaȱsemiȬintensiveȱfarmȱlocatedȱinȱtheȱ
Appenino,ȱaȱprovinceȱofȱGenoa,ȱ Italy.ȱTwentyȬthreeȱ lactatingȱAlpineȱgoatsȱwereȱ included,ȱwithȱaȱ
meanȱ(±SD)ȱbodyȱweightȱ(BW)ȱofȱ51.7ȱ(±5.1)ȱkg,ȱ42ȱ(±17)ȱdaysȱinȱmilkȱ(DIM),ȱandȱproducingȱdailyȱanȱ
averageȱofȱ3.5ȱ(±0.9)ȱkgȱofȱmilkȱatȱtheȱstartȱofȱtheȱexperiment.ȱTheȱgoatsȱwereȱdividedȱintoȱtwoȱgroupsȱ
equalȱinȱBW,ȱmilkȱyieldȱ (MY),ȱandȱDIM,ȱandȱwereȱthenȱallocatedȱrandomlyȱtoȱoneȱofȱ twoȱdietaryȱ
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treatments.ȱTheȱ experimentȱwasȱperformedȱ asȱ aȱ crossȬoverȱdesign,ȱwithȱ inversionȱofȱ theȱgroupsȱ
betweenȱtheȱtwoȱtreatmentsȱafterȱoneȱmonthȱ(oneȱmonthȱperȱperiod,ȱwithȱoneȱweekȱofȱdietȱadaptationȱ
andȱthreeȱweeksȱofȱdataȱrecording).ȱTheȱtwoȱexperimentalȱdietsȱhadȱanȱF:Cȱratioȱofȱaboutȱ55:45,ȱandȱ
wereȱcharacterizedȱbyȱdifferentȱcrudeȱproteinȱconcentrationsȱ(HP,ȱhighȬprotein;ȱLP,ȱlowȬprotein),ȱbutȱ
withȱaȱ similarȱnetȬenergyȱ concentrationȱobtainedȱbyȱ substitutingȱ soybeanȱmealȱwithȱmaizeȱgrainȱ
(Tableȱ1).ȱTheȱgoatsȱwereȱweighedȱatȱ theȱbeginningȱofȱeachȱofȱ theȱ twoȱexperimentalȱperiods.ȱTheȱ
animalsȱwereȱ fedȱ dailyȱwithȱ 1ȱ kg/headȱ ofȱmeadowȱ hayȱ (2ndȱ cut),ȱ 750ȱ g/headȱ ofȱ aȱ commercialȱ
concentrateȱmixȱ(17%ȱCPȱonȱDM),ȱandȱwithȱ500ȱg/headȱofȱaȱmixȱ(1:1)ȱofȱgroundȱmaizeȱgrainȱ(9.4%ȱCPȱ
onȱDM)ȱandȱsoybeanȱmealȱ(49.4%ȱCPȱonȱDM—HPȱtreatment)ȱorȱ500ȱg/headȱofȱgroundȱmaizeȱgrainȱ
(LPȱtreatment),ȱforȱaȱtotalȱamountȱofȱ2ȱkgȱDMȱperȱgoat.ȱDuringȱtheȱmorning,ȱforȱaboutȱfourȱhours,ȱallȱ
theȱgoatsȱhadȱfreeȱaccessȱtoȱaȱpermanentȱpasture.ȱTheȱchemicalȱcompositionȱofȱtheȱpastureȱwasȱnotȱ
determined,ȱ butȱwasȱ assumed—onȱ theȱ basisȱ ofȱ theȱ tabulatedȱ dataȱ [9]ȱ ofȱ anȱ uplandȱ permanentȱ
grassland—toȱ beȱ freshȱ forageȱ (INRAȱ code:ȱ FV0160)ȱ withȱ 16.7%ȱ DM;ȱ 16.6%ȱ CP;ȱ 11.0%ȱ proteinȱ
digestibleȱinȱtheȱintestine,ȱwithȱnitrogenȱasȱtheȱlimitingȱfactorȱforȱrumenȱmicrobialȱgrowthȱ(PDIN);ȱ
10.1%ȱproteinȱdigestibleȱ inȱ theȱ intestine,ȱwithȱ energyȱ asȱ theȱ limitingȱ factorȱ forȱ rumenȱmicrobialȱ
growthȱ(PDIE);ȱandȱ48.5%ȱneutralȱdetergentȱfibreȱ(NDF)ȱonȱDM.ȱAlthoughȱtheȱassumptionȱofȱaȱgivenȱ
analysisȱofȱpastureȱmightȱintroduceȱaȱbiasȱinȱtheȱevaluationȱofȱtheȱcompositionȱofȱtheȱdietsȱeffectivelyȱ
ingested,ȱweȱ believeȱ thatȱ theȱ differenceȱ betweenȱ theȱ twoȱ dietaryȱ treatmentsȱ isȱ notȱ significantlyȱ
influencedȱbyȱthisȱfactor.ȱ

Tableȱ1ȱ reportsȱanȱanalysisȱofȱ theȱ ingredientsȱ suppliedȱ inȱ theȱ stall,ȱwhileȱTableȱ2ȱ showsȱ theȱ
compositionȱandȱtheȱanalysisȱofȱtheȱtwoȱdietsȱfedȱatȱtheȱmanger.ȱ

Tableȱ1.ȱChemicalȱcompositionȱandȱnutritiveȱvalueȱofȱtheȱfeedȱcomponentsȱofȱtheȱtwoȱexperimentalȱ
dietsȱfedȱatȱtheȱmanger.ȱ

Itemȱ ȱ
Meadowȱ
Hayȱ

Groundȱ
MaizeȱGrainȱ

Soybeanȱ
Mealȱ

Mixedȱ
Concentrateȱ1ȱ

Ashȱ %ȱonȱDMȱ 8.9ȱ 1.4ȱ 7.4ȱ 9.2ȱ
CPȱ %ȱonȱDMȱ 8.0ȱ 9.4ȱ 49.4ȱ 17.3ȱ

PDINȱ2ȱ %ȱonȱDMȱ 5.2ȱ 7.4ȱ 36.0ȱ 13.1ȱ
PDIEȱ3ȱ %ȱonȱDMȱ 7.0ȱ 9.7ȱ 25.3ȱ 12.7ȱ
EEȱ %ȱonȱDMȱ 1.7ȱ 4.3ȱ 1.9ȱ 6.8ȱ

aNDFomȱ %ȱonȱDMȱ 60.8ȱ 12.0ȱ 14.2ȱ 23.5ȱ
ADFȱ %ȱonȱDMȱ 37.6ȱ 3.0ȱ 8.5ȱ 13.7ȱ
NFCȱ4ȱ %ȱonȱDMȱ 20.6ȱ 72.9ȱ 27.1ȱ 42.4ȱ
NElȱ5ȱ Mcal/kgȱDMȱ 1.07ȱ 2.07ȱ 2.04ȱ 1.88ȱ

1ȱMixedȱconcentrateȱmadeȱofȱ(%ȱonȱDM):ȱ37.4ȱgroundȱmaizeȱgrain,ȱ21.6ȱwholeȱtoastedȱsoybeanȱseeds,ȱ
17.1ȱsoybeanȱhulls,ȱ7.0ȱbarleyȱmeal,ȱ5.4ȱpartiallyȱdehulledȱsolventȱsunflowerȱmeal,ȱ4.0ȱdehydratedȱ
lucerneȱmeal,ȱ2.3ȱsugarcaneȱmolasses,ȱandȱ5.2ȱmineral/vitaminȱsupplement.ȱ2ȱPDIN:ȱproteinȱdigestibleȱ
inȱtheȱintestine,ȱwithȱnitrogenȱasȱtheȱlimitingȱfactorȱforȱrumenȱmicrobialȱgrowth,ȱcalculatedȱaccordingȱ
toȱBaumontȱetȱal.ȱ[10].ȱ3ȱPDIE:ȱproteinȱdigestibleȱinȱtheȱintestine,ȱwithȱenergyȱasȱtheȱlimitingȱfactorȱforȱ
rumenȱ microbialȱ growth,ȱ calculatedȱ accordingȱ toȱ Baumontȱ etȱ al.ȱ [10].ȱ 4ȱ NFC:ȱ nonȬfibrousȱ
carbohydrates,ȱcalculatedȱasȱfollows:ȱNFCȱ=ȱ100ȱƺȱ(Ashȱ+ȱCPȱ+ȱEEȱ+ȱaNDFom).ȱ5ȱNEl:ȱnetȱenergyȱforȱ
lactation.ȱ

Tableȱ2.ȱCompositionȱandȱchemicalȱanalysisȱofȱtheȱtwoȱexperimentalȱdietsȱfedȱatȱtheȱmangerȱwithȱ
highȬproteinȱ(HP)ȱorȱlowȬproteinȱ(LP)ȱcontents.ȱ

ȱ ȱ HPȱ LPȱ
Compositionȱ ȱ ȱ ȱ
Meadowȱhayȱ kg/dȱ 1.00ȱ 1.00ȱ

Mixedȱconcentrateȱ kg/dȱ 0.75ȱ 0.75ȱ
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Groundȱmaizeȱgrainȱ kg/dȱ 0.25ȱ 0.50ȱ
Soybeanȱmealȱ(46%ȱCP)ȱ kg/dȱ 0.25ȱ Ȭȱ

Analysisȱ ȱ ȱ ȱ
Ashȱ %ȱonȱDMȱ 8.0ȱ 7.4ȱ
CPȱ %ȱonȱDMȱ 15.8ȱ 11.4ȱ

PDINȱ1ȱ %ȱonȱDMȱ 11.4ȱ 8.3ȱ
PDIEȱ2ȱ %ȱonȱDMȱ 11.2ȱ 9.5ȱ
EEȱ %ȱonȱDMȱ 3.7ȱ 4.0ȱ

aNDFomȱ %ȱonȱDMȱ 37.9ȱ 37.7ȱ
ADFȱ %ȱonȱDMȱ 22.7ȱ 22.1ȱ
Starchȱ %ȱonȱDMȱ 18.7ȱ 26.9ȱ
NFCȱ3ȱ %ȱonȱDMȱ 34.3ȱ 39.3ȱ
NElȱ4ȱ Mcal/kgȱDMȱ 1.56ȱ 1.56ȱ

1ȱPDIN:ȱproteinȱdigestibleȱinȱtheȱintestine,ȱwithȱnitrogenȱasȱtheȱlimitingȱfactorȱforȱrumenȱmicrobialȱ
growth.ȱ 2ȱ PDIE:ȱ proteinȱ digestibleȱ inȱ theȱ intestine,ȱwithȱ energyȱ asȱ theȱ limitingȱ factorȱ forȱ rumenȱ
microbialȱgrowth.ȱ3ȱNFC:ȱnonȬfibrousȱcarbohydrates,ȱcalculatedȱasȱfollows:ȱNFCȱ=ȱ100ȱ–ȱ(Ashȱ+ȱCPȱ+ȱ
EEȱ+ȱaNDFom).ȱ4ȱNEl:ȱnetȱenergyȱforȱlactation.ȱ

Theȱ predictedȱ totalȱ voluntaryȬdryȬmatterȱ intakeȱ (DMI,ȱ kg/d)ȱ wasȱ calculatedȱ accordingȱ toȱ
SauvantȱandȱGigerȬReverdinȱ[11]ȱasȱaȱfunctionȱofȱBWȱ(kg)ȱandȱMYȱ(kg/d),ȱasȱfollows:ȱDMIȱ=ȱ0.257ȱ+ȱ
0.0129ȱ ×ȱBWȱ +ȱ 0.405ȱ ×ȱMY.ȱTheȱ amountȱofȱdryȱmatterȱ ingestedȱ atȱgrazingȱwasȱ estimatedȱbyȱ theȱ
differenceȱbetweenȱtheȱpredictedȱDMIȱandȱtheȱamountȱofȱDMȱingestedȱinȱtheȱmanger.ȱTheȱlatterȱwasȱ
consideredȱequalȱtoȱtheȱamountȱsupplied,ȱsinceȱtheȱfeedȱrefusalsȱwereȱalwaysȱnegligible.ȱ

Duringȱ theȱ twoȱmonthsȱofȱ theȱ trial,ȱ individualȱdailyȱmilkȱyieldȱandȱgroupȱ feedȱ intakeȱatȱ theȱ
mangerȱwereȱregisteredȱweekly,ȱwithȱconcomitantȱsamplingȱforȱanalyses.ȱ

Theȱfeedȱcomponentsȱofȱtheȱdietsȱfedȱatȱtheȱmangerȱwereȱanalyzedȱforȱtheȱconcentrationsȱofȱashȱ
(methodȱ942.05)ȱ[12],ȱCPȱ(methodȱ984.13)ȱ[12],ȱetherȱextractȱ(EE;ȱmethodȱ920.29)ȱ[12],ȱstarchȱ(methodȱ
996.11)ȱ[13],ȱNDFȱcorrectedȱforȱinsolubleȱashȱandȱwithȱtheȱadditionȱofȱ΅Ȭamylaseȱ(aNDFom)ȱ[14],ȱandȱ
ADFȱ[15]ȱusingȱtheȱAnkomȱ200ȱfiberȱapparatusȱ(AnkomȱTechnologyȱCorp.,ȱFairport,ȱNY,ȱUSA).ȱNFCsȱ
wereȱcalculatedȱasȱaȱdifferenceȱ(NFCȱ=ȱ100ȱƺȱ(Ashȱ+ȱCPȱ+ȱEEȱ+ȱaNDFom)).ȱ

Theȱfollowingȱanalysesȱwereȱperformedȱonȱtheȱmilkȱsamples:ȱureaȱwasȱdeterminedȱusingȱtheȱ
pHȬdifferentialȱ techniqueȱ [16];ȱ somaticȱ cellsȱ wereȱ countedȱ (byȱ Fossomaticȱ 360,ȱ Foss,ȱ Hillerød,ȱ
Denmark);ȱandȱfat,ȱcrudeȱprotein,ȱcasein,ȱandȱlactoseȱlevelsȱwereȱcalculatedȱ(byȱMilkoscanȱFT6000,ȱ
Foss,ȱHillerød,ȱDenmark).ȱ

Theȱrequirementsȱofȱintestinallyȱdigestibleȱproteinȱ(PDI)ȱwereȱcomputedȱfollowingȱSauvantȱetȱ
al.ȱ [17].ȱ Inȱparticular,ȱ theȱPDIȱ requirementȱ forȱmaintenanceȱwasȱcomputedȱasȱaȱ functionȱofȱbodyȱ
weightȱ(BW):ȱPDIȱ(g/d)ȱ=ȱ0.62ȱBWȱ(kg)ȱ+ȱ12.8;ȱtheȱPDIȱrequirementȱforȱmilkȱproductionȱwasȱcalculatedȱ
asȱaȱ functionȱofȱmilkȱyieldȱ (MY)ȱandȱmilkȱ trueȱproteinȱcontentȱ (TP):ȱPDIȱ (g/d)ȱ=ȱMYȱ (kg/d)ȱ×ȱTPȱ
(g/kg)/0.69,ȱwhereȱTPȱwasȱassumedȱtoȱbeȱ91.5%ȱofȱmilkȱcrudeȱprotein.ȱTheȱconcentrationsȱofȱPDIN,ȱ
PDIE,ȱandȱNElȱwereȱcalculatedȱusingȱtheȱequationsȱreportedȱbyȱBaumontȱetȱal.ȱ[10].ȱProteinȱbalanceȱ
wasȱcomputedȱas:ȱ(PDINȱƺȱPDI)/PDIȱ×ȱ100.ȱ

StatisticalȱanalysisȱwasȱperformedȱusingȱtheȱMIXEDȱprocedureȱofȱSASȱ[18].ȱDataȱwereȱanalyzedȱ
withȱtheȱfollowingȱmodel:ȱ

Yijkȱ=ȱΐȱ+ȱTiȱ+ȱPjȱ+ȱAkȱ+ȱeijkȱ (1)ȱ

whereȱYȱ isȱ theȱdependentȱvariableȱcalculatedȱasȱ theȱmeanȱofȱ threeȱmeasurementsȱ (oneȱperȱweek)ȱ
duringȱeachȱsamplingȱperiod,ȱΐȱisȱtheȱoverallȱmean,ȱTiȱisȱtheȱtreatmentȱeffectȱ(iȱ=ȱ1,ȱ2),ȱPjȱisȱtheȱperiodȱ
effectȱ(jȱ=ȱ1,ȱ2),ȱAkȱisȱtheȱanimalȱrandomȱeffectȱ(kȱ=ȱ1,ȱ23),ȱandȱeijkȱisȱtheȱresidualȱerror.ȱ

LeastȬsquaresȱmeanȱestimatesȱareȱreported.ȱForȱallȱstatisticalȱanalyses,ȱsignificanceȱwasȱdeclaredȱ
atȱpȱǂȱ0.05.ȱ
ȱ ȱ
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3.ȱResultsȱ

TheȱtotalȱdryȬmatterȱintakeȱofȱtheȱtwoȱgroupsȱwasȱaboutȱ2.3ȱkg/d,ȱconsistingȱofȱ2.0ȱkgȱDMȱfromȱ
theȱdietȱsuppliedȱatȱtheȱmangerȱandȱ0.3ȱkgȱDMȱpredictedȱasȱpasture.ȱThus,ȱtheȱtotalȱCP,ȱPDIN,ȱandȱ
PDIEȱconcentrationsȱ(%ȱonȱDM)ȱofȱtheȱtotalȱdietsȱingestedȱwereȱ16.0%,ȱ11.4%,ȱandȱ11.1%,ȱandȱ12.2%,ȱ
8.7%,ȱandȱ9.6%ȱforȱHPȱandȱLP,ȱrespectively.ȱ

TheȱaverageȱperformanceȱresultsȱareȱreportedȱinȱTableȱ3.ȱ

Tableȱ3.ȱMilkȱyieldȱandȱcompositionȱofȱtheȱgoatsȱfedȱhighȬproteinȱ(HP)ȱorȱlowȬproteinȱ(LP)ȱdiets.ȱ

Itemȱ ȱ HPȱ LPȱ SEȱ pȬValueȱ
Bodyȱweightȱ kgȱ 51.4ȱ 51.1ȱ 1.30ȱ 0.896ȱ

Milkȱ kg/dȱ 3.32ȱ 3.43ȱ 0.16ȱ 0.385ȱ
FPCMȱ1ȱ kg/dȱ 3.08ȱ 3.24ȱ 0.15ȱ 0.172ȱ
Fatȱ g/100ȱgȱ 3.21ȱ 3.27ȱ 0.08ȱ 0.238ȱ

CrudeȱProteinȱ g/100ȱgȱ 3.31ȱ 3.27ȱ 0.05ȱ 0.136ȱ
Caseinȱ g/100ȱgȱ 2.41ȱ 2.38ȱ 0.04ȱ 0.126ȱ
Lactoseȱ g/100ȱgȱ 4.59ȱ 4.60ȱ 0.04ȱ 0.754ȱ
Ureaȱ mg/dLȱ 51.2ȱ 36.6ȱ 0.87ȱ <0.001ȱ
LSȱ2ȱ ȱ 4.41ȱ 4.21ȱ 0.27ȱ 0.281ȱ

1ȱFPCM:ȱmilkȱcorrectedȱ forȱ fatȱ (3.5%)ȱandȱ trueȱproteinȱ (3.1%)ȱderivedȱ fromȱ theȱ indicationsȱofȱ theȱ
Frenchȱsystemȱ[17],ȱasȱfollows:ȱFPCMȱ=ȱMilkȱ×ȱ(0.1375ȱ×ȱFat%ȱ+ȱ0.0825ȱ×ȱTrueȱProtein%ȱ+ȱ0.263).ȱ2ȱLS:ȱ
linearȱscoreȱ(LSȱ=ȱlog2ȱsomaticȬcellȱcount/12,500).ȱ

Fromȱtheseȱdataȱ(Tableȱ3),ȱitȱisȱevidentȱthatȱloweringȱtheȱproteinȱcontentȱofȱtheȱdietȱbyȱalmostȱ
fourȱpercentageȱpointsȱ(fromȱ16.0%ȱtoȱ12.3%ȱonȱDM)ȱdidȱnotȱchangeȱtheȱmilkȱyieldȱandȱcomposition,ȱ
norȱtheȱsomaticȬcellȱcount.ȱOnȱtheȱcontrary,ȱtheȱLPȱdietȱdecreasedȱtheȱMULȱsignificantlyȱ(fromȱ51.2ȱ
toȱ36.6ȱmg/dL;ȱpȱ<ȱ0.001).ȱRegardingȱtheȱmilkȱfatȱcontent,ȱresultsȱwereȱequalȱtoȱ(forȱLPȱdiet)ȱorȱlowerȱ
thanȱ(forȱHPȱdiet)ȱthoseȱforȱtheȱproteinȱcontent.ȱThisȱisȱratherȱcommonȱforȱgoatsȱrearedȱinȱNorthernȱ
Italy,ȱ asȱ evidencedȱbyȱSandrucciȱ etȱ al.ȱ [19],ȱwhoȱ foundȱ thatȱmoreȱ thanȱ 50%ȱofȱ aboutȱ 7000ȱgoatsȱ
monitoredȱinȱtheirȱstudyȱhadȱfat/proteinȱreversions.ȱ

ConsideringȱtheȱaverageȱestimatedȱDMȱintakeȱ(2.3ȱkg/d),ȱtheȱLPȱandȱHPȱdietsȱsuppliedȱaȱdailyȱ
PDIȱofȱ200ȱandȱ255ȱg,ȱrespectively.ȱ

4.ȱDiscussionȱ

Theȱdataȱobtainedȱ(Tableȱ3)ȱcanȱbeȱconsideredȱrepresentative,ȱonȱavearge,ȱofȱtheȱintensiveȱgoatȱ
farmsȱ inȱNorthernȱ Italy,ȱ bothȱ forȱmilkȱ yieldȱ andȱmilkȱ constituents.ȱ Theȱ resultsȱ regardingȱmilkȱ
productionȱ asȱ aȱ functionȱ ofȱ theȱ dietaryȱ proteinȱ contentȱ areȱ consistentȱ withȱ thoseȱ ofȱ previousȱ
investigations.ȱShaluȱetȱal.ȱ[20]ȱfoundȱthatȱincreasingȱtheȱCPȱconcentrationȱofȱtheȱdietȱfromȱ13%ȱtoȱ
17%ȱdidȱnotȱ improveȱMYȱnorȱmilkȱproteinȱcontentȱ inȱdairyȱgoatsȱproducingȱ3.65ȱkg/d.ȱSimilarly,ȱ
Rapettiȱetȱal.ȱ[21]ȱdidȱnotȱregisterȱanyȱdifferenceȱinȱMYȱ(5.49ȱkg/d,ȱonȱaverage)ȱandȱinȱmilkȱfatȱandȱ
proteinȱinȱgoatsȱfedȱdietsȱwithȱ15.1%ȱorȱ17.3%ȱCPȱonȱDMȱinȱearlyȱlactation.ȱInȱthisȱstudy,ȱtheȱonlyȱ
differenceȱwasȱregisteredȱforȱtheȱMUL,ȱwhichȱwasȱsignificantlyȱlowerȱinȱtheȱlowȬproteinȱdiet.ȱThisȱisȱ
inȱagreementȱwithȱtheȱresultsȱobtainedȱbyȱBonannoȱetȱal.ȱ[22]ȱandȱRapettiȱetȱal.ȱ[7],ȱalthoughȱtheȱMULȱ
valuesȱobtainedȱinȱtheȱpresentȱworkȱareȱhigherȱthanȱtheȱvaluesȱpredictedȱbyȱtheȱequationsȱproposedȱ
byȱtheȱtwoȱcitedȱresearchers.ȱThisȱgapȱisȱlikelyȱdueȱtoȱanȱunderestimationȱofȱtheȱrealȱproteinȱintakeȱ
byȱtheȱanimalsȱinȱtheȱpresentȱwork.ȱHowever,ȱtheȱMULȱdifferenceȱbetweenȱtheȱtwoȱdietaryȱtreatmentsȱ
(14.6ȱmg/dL)ȱ isȱ similarȱ toȱ thoseȱobtainedȱbyȱ applyingȱ theȱpredictionȱ equationsȱbasedȱonȱ theȱCPȱ
concentrationȱofȱ theȱdietȱproposedȱbyȱBonannoȱetȱal.ȱ [22]ȱ (13.4ȱmg/dL)ȱandȱRapettiȱetȱal.ȱ [7]ȱ (18.4ȱ
mg/dL).ȱ

ConsideringȱtheȱPDIȱbalance,ȱ theȱvalueȱofȱ200ȱg/dȱsuppliedȱbyȱtheȱLPȱdietȱ isȱ inȱ lineȱwithȱtheȱ
requirementsȱreportedȱbyȱSauvantȱandȱGigerȬReverdinȱ[11]ȱforȱgoatsȱofȱthisȱbodyȱweightȱandȱlevelȱofȱ
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milkȱproduction.ȱOnȱtheȱcontrary,ȱtheȱPDIȱsuppliedȱ(255ȱg/d)ȱbyȱtheȱHPȱdietȱrepresentedȱanȱexcessȱofȱ
aboutȱ24%ȱcomparedȱtoȱtheȱrequirements.ȱ

Sinceȱ theȱ studyȱ wasȱ conductedȱ onȱ aȱ commercialȱ farm,ȱ theȱ pastureȱ intakeȱ couldȱ notȱ beȱ
determined,ȱbutȱonlyȱestimated.ȱHowever,ȱitȱhasȱtoȱbeȱunderlinedȱthatȱthisȱstudyȱwasȱdistinctiveȱfromȱ
otherȱstudiesȱinȱthatȱtheȱproportionȱofȱdietȱderivedȱfromȱpastureȱwasȱlowȱ(aboutȱ15%ȱofȱtotalȱdietȱ
DM)ȱandȱrepresentativeȱofȱaȱsemiȬintensiveȱgoatȬrearingȱsystemȱtypicalȱofȱtheȱarea;ȱhence,ȱtheȱresultsȱ
canȱbeȱusefulȱforȱfarmersȱinȱorderȱtoȱimproveȱtheȱenvironmentalȱandȱeconomicȱsustainabilityȱofȱtheȱ
farm.ȱAsȱreportedȱbyȱRapettiȱetȱal.ȱ[7],ȱthereȱisȱaȱlackȱofȱinformationȱandȱofȱconsciousnessȱregardingȱ
thisȱmatter,ȱasȱdemonstratedȱbyȱtheȱhighȱMULȱvaluesȱ(40ȱmg/dL,ȱonȱaverage)ȱofȱtheȱbulkȱmilkȱsamplesȱ
foundȱinȱdairyȱgoatȱfarmsȱinȱNorthernȱItaly.ȱSimilarly,ȱSandrucciȱetȱal.ȱ[19]ȱreportedȱanȱaverageȱMULȱ
(mg/dL)ȱvalueȱofȱ39.7ȱ inȱdairyȱgoatȱ farmsȱ inȱNorthernȱ Italy,ȱwithȱaȱwideȱvariabilityȱamongȱ farmsȱ
(fromȱ11.4ȱtoȱ90.9).ȱTheȱpresentȱresultsȱconfirmȱthatȱaȱdietȱthatȱisȱtooȱhighȱinȱproteinȱdeterminesȱaȱveryȱ
highȱureaȱcontentȱinȱtheȱmilk,ȱwhich,ȱinȱturn,ȱisȱcorrelatedȱwithȱaȱhighȱurinaryȱNȱexcretionȱthatȱisȱ
detrimentalȱtoȱtheȱenvironmentȱdueȱtoȱtheȱreleaseȱofȱammoniaȱintoȱtheȱatmosphere.ȱ

TheȱsignificantlyȱlowerȱMULȱofȱtheȱLPȱdietȱinȱcomparisonȱtoȱtheȱHPȱdietȱisȱprobablyȱdueȱtoȱtheȱ
combinedȱeffectsȱofȱaȱlowȱNȱcontentȱandȱaȱhighȱfermentableȱcarbohydrateȱcontentȱ(18.7%ȱvsȱ26.9%ȱ
starchȱonȱDMȱforȱtheȱHPȱandȱLPȱdiets,ȱrespectively)ȱinȱcomparisonȱwithȱfibrousȱcarbohydrates.ȱTheȱ
latterȱenhancesȱtheȱprocessȱofȱmicrobialȱgrowthȱinȱtheȱrumen,ȱand,ȱconsequently,ȱtheȱuseȱofȱammoniaȱ
toȱproduceȱmicrobialȱprotein,ȱthusȱloweringȱtheȱamountȱofȱammoniaȱabsorbedȱthroughȱtheȱrumenȱ
wallȱandȱreachingȱtheȱliverȱthroughȱtheȱbloodstream.ȱMoreover,ȱtheȱefficiencyȱofȱPDIȱutilizationȱforȱ
theȱsynthesisȱofȱmilkȱproteinȱ(PDIeffȱ=ȱ0.66ȱ×ȱexpȱ(ƺ0.007ȱ×ȱ(PDIȱƺȱ100))),ȱaccordingȱtoȱtheȱnewȱINRAȱsystemȱ
forȱ ruminantsȱ [23],ȱ shouldȱbeȱ0.74ȱandȱ0.61ȱ forȱLPȱandȱHPȱdiets,ȱ respectively.ȱThisȱexpectedȱ lowȱ
efficiencyȱ ofȱ theȱHPȱ dietȱ couldȱ contributeȱ toȱ increasingȱ theȱMUL,ȱ besidesȱ theȱ effectȱ dueȱ toȱ theȱ
ammoniaȱabsorbedȱinȱtheȱrumen.ȱ

Consideringȱtheȱefficiencyȱofȱnitrogenȱutilizationȱ(milkȱN/intakeȱN),ȱtheȱHPȱdietȱhadȱanȱefficiencyȱ
ofȱ28%,ȱwhichȱwasȱlowerȱthanȱthatȱcomputedȱforȱtheȱLPȱdietȱ(37.2%).ȱThis,ȱinȱturn,ȱwasȱrelatedȱtoȱaȱ
higherȱ urinaryȱNȱ (UN)ȱ excretedȱ byȱ theȱ animalsȱ fedȱ theȱHPȱ dietȱ inȱ comparisonȱ toȱ theȱ LPȱ diet.ȱ
AccordingȱtoȱtheȱequationȱforȱtheȱpredictionȱofȱUNȱexcretionȱ(g/d)ȱinȱrelationȱtoȱtheȱMULȱ(mg/dL)ȱ
(UNȱ=ȱ0.513ȱ×ȱMULȱƺȱ0.125)ȱproposedȱbyȱRapettiȱetȱal.ȱ[7],ȱdecreasingȱtheȱdietaryȱproteinȱcontentȱinȱ
thisȱexperimentȱallowedȱforȱaȱ28%ȱreductionȱinȱurinaryȱNȱexcretion.ȱSimilarly,ȱapplyingȱtheȱequationȱ
proposedȱbyȱSauvantȱetȱal.ȱ[24],ȱtheȱUNȱ(g/d/kgȱBW)ȱestimatedȱfromȱmilkȱureaȱnitrogenȱ(MUN,ȱg/L)ȱ
(UNȱ=ȱ0.078ȱ+ȱ1.06ȱ×ȱMUN)ȱdecreasedȱbyȱ22%ȱwithȱtheȱLPȱdiet.ȱ

Finally,ȱtheȱreductionȱofȱtheȱdietaryȬproteinȱcontentȱallowedȱaȱreductionȱofȱaboutȱ10%ȱinȱfeedȱ
costs.ȱ

5.ȱConclusionsȱ

Theȱ resultsȱ obtainedȱ inȱ theȱ trialȱ suggestȱ theȱ economicȱ andȱ environmentalȱ benefitsȱ andȱ
convenienceȱ ofȱ usingȱ dietsȱwithȱ aȱmoderateȱ proteinȱ content.ȱAȱ proteinȱ contentȱ higherȱ thanȱ theȱ
requirementsȱdoesȱnotȱgiveȱanyȱadvantageȱinȱtermsȱofȱmilkȱproduction,ȱandȱitȱdeterminesȱaȱhighȱNȱ
excretionȱalongȱwithȱtheȱrelatedȱenvironmentalȱproblems.ȱ
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