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SimpleȱSummary:ȱDifferentȱ inclusionȱ levelsȱofȱQuebrachoȱtanninȱ (QT)ȱ inȱtheȱdietȱofȱgrowingȱmaleȱ
MuscovyȱducksȱofȱaȱslowȬgrowingȱtypeȱwereȱexploredȱunderȱfreeȬrangeȱconditions.ȱAsȱaȱresultȱofȱtheȱ
dietaryȱ treatmentsȱ testedȱ inȱ thisȱ trial,ȱ theȱgrowthȱperformanceȱorȱ theȱ totalȱbloodȱproteinsȱwereȱnotȱ
affected.ȱByȱcontrast,ȱdietaryȱQTȱdidȱnotȱ leadȱbirdsȱtoȱproduceȱ lessȱmoistȱexcreta,ȱasȱobservedȱ inȱ
otherȱbirdȱspecies,ȱasȱaȱdesirableȱaspectȱ forȱ intensivelyȱraisedȱpoultry.ȱAȱmarkedȱimprovementȱinȱ
carcassȱyieldȱwasȱobservedȱasȱaȱdesirableȱeconomicȱtraitȱinȱtheȱextensiveȱslowȬtypeȱduckȱfarmingȱsystem.ȱ ȱ

Abstract:ȱ Theȱ studyȱ ofȱ theȱ nutritionalȱ effectsȱ ofȱ tanninsȱ isȱ complexȱ dueȱ toȱ theȱ largeȱ chemicalȱ
diversity;ȱconsequently,ȱinȱpoultryȱnutritionȱtheȱbiologicalȱresponsesȱmayȱvaryȱgreatly.ȱTheȱaimȱofȱ
theȱpresentȱstudyȱwasȱtoȱevaluateȱtheȱeffectȱofȱdifferentȱlevelsȱofȱdietaryȱQuebrachoȱtanninsȱ(QT)ȱonȱ
growthȱandȱproductionȱperformanceȱinȱslowȬgrowingȱtypeȱMuscovyȱducks.ȱForȱthisȱpurpose,ȱaȱ42Ȭ
dȱ trialȱwasȱ carriedȱoutȱonȱ 126ȱmaleȱducksȱ (42Ȭdȱoldȱ atȱ start),ȱ fedȱonȱ threeȱ levelsȱofȱdietaryȱQTȱ
inclusionȱ inȱtheȱdietȱ(0%ȱasȱcontrolȱdiet,ȱvs.ȱ1.5%ȱvs.ȱ2.5%ȱonȱanȱasȱfedȱbasis).ȱBirdsȱwereȱrearedȱ
underȱfreeȬrangeȱconditions.ȱAȱlinearȱincreaseȱinȱfeedȱintakeȱasȱaȱfunctionȱofȱQTȱinclusionȱinȱtheȱdietȱ
wasȱobservedȱ(pȱ<ȱ0.05).ȱNoȱdifferenceȱasȱtoȱfinalȱbodyȱweight,ȱoverallȱaverageȱdailyȱweightȱgainȱ
(ADG)ȱandȱtotalȱfeedȱconversionȱratioȱ(FCR)ȱinȱrelationȱtoȱdietaryȱtreatmentsȱwasȱobserved.ȱCarcassȱ
yieldsȱwereȱpositivelyȱimprovedȱinȱQTȱbirdsȱ(pȱ<ȱ0.05).ȱNoȱadverseȱresponsesȱwereȱrecordedȱinȱtotalȱ
bloodȱproteinȱandȱliverȱweight.ȱDietaryȱQTȱmightȱbeȱsafelyȱusedȱupȱbyȱtoȱ2.5%ȱinȱ42Ȭȱtoȱ84Ȭdȱagedȱ
maleȱMuscovyȱducks.ȱ

Keywords:ȱ Muscovyȱ duck,ȱ slowȬgrowing,ȱ Quebrachoȱ tannin,ȱ growthȱ performance,ȱ slaughterȱ
performance.ȱ
ȱ

1.ȱIntroductionȱ

Tanninsȱ areȱplantȱ secondaryȱmetabolitesȱ andȱ representȱ theȱ fourthȱmostȱ abundantȱ groupȱ ofȱ
secondaryȱcompoundsȱofȱtheȱplantȱkingdom,ȱafterȱcellulose,ȱhemicellulose,ȱandȱligninȱ[1].ȱTanninsȱ
areȱpolyphenolicȱcompounds,ȱlocatedȱmainlyȱinȱvacuolesȱofȱtheȱvegetalȱcellȱorȱinȱwaxes,ȱwhereȱtheyȱ
doȱnotȱ interfereȱwithȱplantȱmetabolism.ȱTheyȱareȱfoundȱ inȱmanyȱpartsȱofȱtheȱplant,ȱsuchȱasȱfruits,ȱ
leaves,ȱbark,ȱandȱwoodȱ[2],ȱandȱinȱcommonȱfoodstuffs,ȱforȱexampleȱgrapes,ȱstrawberries,ȱblackberries,ȱ
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hazelnuts,ȱcocoa,ȱguarana.ȱFeedȱsuchȱasȱsorghumȱgrains,ȱpeas,ȱfavaȱbeans,ȱorȱlegumeȱtreesȱlikeȱAcaciaȱ
sp.,ȱSesbaniaȱsp.ȱalsoȱcontainȱtanninsȱ[2,3],ȱasȱwellȱasȱacornsȱ(Quercusȱspp.)ȱandȱchestnutsȱ(Castaneaȱ
sativa),ȱasȱspontaneousȱfruitsȱofȱwoodȱforest,ȱchieflyȱforȱwildȱmammalsȱandȱbirds,ȱbutȱalsoȱdomesticȱ
speciesȱ[4–6].ȱTanninsȱexertȱvariousȱbeneficialȱfunctionsȱforȱtheȱplant,ȱdependingȱonȱtheȱtissueȱwhereȱ
theyȱ areȱ found,ȱ suchȱ asȱ regulatingȱdormancyȱofȱ seeds,ȱ contrastingȱpathogensȱ actingȱ asȱ chemicalȱ
barriersȱ inȱ rootsȱandȱseeds,ȱopposingȱpredationȱofȱunripeȱ fruitsȱandȱ leavesȱorȱpreservationȱofȱ theȱ
heartwoodȱofȱconifersȱ[2,3].ȱInȱsomeȱcases,ȱtanninsȱalsoȱattractȱinsectsȱtowardsȱflowers,ȱthusȱhelpingȱ
inȱcrossȬpollinationȱ[7,8].ȱ

Tanninsȱ belongȱ toȱ aȱ heterogenousȱ groupȱ ofȱ phenolicȱ compounds,ȱwithȱ differentȱ chemicalȱ
structuresȱbutȱwithȱaȱhighȱaffinityȱtoȱbindȱandȱprecipitateȱproteins.ȱTanninsȱareȱmainlyȱclassifiedȱintoȱ
threeȱ majorȱ groups:ȱ hydrolysableȱ tannins,ȱ condensedȱ tanninsȱ orȱ proanthocyanidins,ȱ andȱ
phlorotannins.ȱTheȱfirstȱtwoȱgroupsȱareȱfoundȱinȱterrestrialȱplants,ȱwhilstȱphlorotanninsȱareȱfoundȱinȱ
marineȱbrownȱalgaeȱ [9,10].ȱHydrolysableȱ tanninsȱareȱ susceptibleȱ toȱhydrolysisȱbyȱacids,ȱbasesȱorȱ
esterases,ȱbeingȱeasilyȱdegradedȱandȱabsorbedȱinȱtheȱdigestiveȱtractȱofȱmammalsȱandȱbirdsȱ[11,12].ȱ
Condensedȱ tanninsȱ areȱ oligomericȱ orȱ polymericȱ flavonoidsȱ withȱ complexȱ structuresȱ andȱ highȱ
molecularȱweights.ȱInȱcontrastȱtoȱhydrolysableȱtannins,ȱonlyȱstrongȱoxidativeȱandȱacidicȱhydrolysisȱ
canȱdepolymerizeȱtheȱcondensedȱtanninȱstructuresȱthatȱareȱalsoȱnotȱsusceptibleȱtoȱanaerobicȱenzymeȱ
degradationȱ [13].ȱAmongȱtheȱcondensedȱ tanninȱsourcesȱtestedȱ inȱpoultryȱdiets,ȱweȱcanȱfindȱgrapeȱ
seedȱextractȱ[14–16],ȱgrapeȱpomaceȱ[16,17],ȱmimosaȱ[18]ȱandȱQuebrachoȱ[19–21].ȱ ȱ

Theȱ phenolicȱ structureȱ ofȱ tanninsȱ isȱ responsibleȱ forȱ theȱ antioxidantȱ activity,ȱ whichȱ findsȱ
applicationȱinȱdifferentȱfields,ȱsuchȱasȱfoodȱindustryȱandȱanimalȱfeeding,ȱmedicalȱandȱpharmaceuticalȱ
sectorsȱ [22].ȱ Inȱ viewȱ ofȱ suchȱ technologicalȱ andȱ biologicalȱ properties,ȱ tanninsȱ areȱ consideredȱ anȱ
attractiveȱ familyȱ ofȱ chemicals,ȱ dueȱ toȱ theirȱ variousȱ applicationȱ potentialsȱ inȱ differentȱ fields.ȱ
Nevertheless,ȱ theȱ studyȱofȱ theȱnutritionalȱ effectsȱofȱ tanninsȱ isȱ complicatedȱbyȱ theȱ largeȱ chemicalȱ
diversityȱ[23],ȱandȱconsequentlyȱtheȱbird’sȱresponsesȱmayȱvaryȱgreatly.ȱForȱinstance,ȱtanninsȱwereȱ
reportedȱtoȱactȱasȱantiȬnutritionalȱcompoundsȱinȱpoultryȱdiets,ȱaffectingȱproductiveȱperformanceȱdueȱ
toȱaȱdecreaseȱinȱtheȱfeedȱintakeȱandȱtheȱdigestibilityȱofȱorganicȱmatterȱ[24,25].ȱInȱcontrast,ȱitȱhasȱbeenȱ
shownȱthatȱdependingȱonȱtheȱbird’sȱage,ȱhealthȱandȱphysiologicalȱstatus,ȱbeneficialȱeffectsȱmightȱbeȱ
obtainedȱbyȱcombiningȱaȱspecificȱ tanninȱgroupȱ inȱ theȱdiet.ȱ Inȱ thisȱ regard,ȱaȱpositiveȱ influenceȱonȱ
chickenȱgrowthȱperformanceȱ[26],ȱimprovedȱfinalȱbodyȱweightȱandȱfeedȱefficiencyȱinȱbroilersȱ[27],ȱ
reducedȱcholesterolȱlevelȱinȱLeghornȱhensȱeggsȱ[28],ȱpotentialȱanticoccidialȱagentȱinȱbroilersȱ[19]ȱandȱ
anthelminticȱactivityȱinȱpheasantsȱ[20]ȱwereȱreportedȱinȱtheȱreferenceȱliterature.ȱ

Betweenȱ theȱperiodȱ1998ȱandȱ2018,ȱ theȱglobalȱduckȱmeatȱproductionȱexpandedȱsignificantly,ȱ
fromȱ2.62ȱ toȱ4.46ȱmillionȱ tons,ȱ respectivelyȱ [29].ȱAsiaȱ isȱ theȱmainȱglobalȱproducer,ȱaccountingȱ forȱ
83.0%ȱofȱ theȱtotalȱduckȱmeatȱoutput,ȱ followedȱbyȱEurope,ȱwithȱ11.7%ȱ inȱ2018ȱ [29].ȱTheȱrearingȱofȱ
ducksȱ followsȱdifferentȱproductionȱsystems.ȱ Inȱdevelopedȱcountriesȱ forȱexample,ȱ theyȱareȱmainlyȱ
rearedȱintensively,ȱwhileȱinȱAsiaȱextensiveȱproductionȱisȱlargelyȱappliedȱ[30].ȱWithinȱduckȱspecies,ȱ
theȱMuscovyȱduckȱ (Cairinaȱmoschataȱdomestica,ȱLinnaeus,ȱ1758.)ȱrepresentsȱanȱ importantȱeconomicȱ
resource.ȱCentralȱandȱSouthȱAmericaȱrepresentȱtheȱoriginȱofȱthisȱspecies,ȱbutȱcurrentlyȱMuscovyȱduckȱ
productionȱisȱlocatedȱmainlyȱinȱEurope,ȱwithȱFranceȱasȱtheȱfirstȱproducer,ȱtogetherȱwithȱsoutheastȱ
AsiaȱandȱTaiwanȱ[31].ȱMuscovyȱducksȱareȱomnivorousȱbirds,ȱandȱtheȱnaturalȱdietȱisȱbasedȱonȱworms,ȱ
insects,ȱ fish,ȱ amphibians,ȱ reptiles,ȱ plants,ȱ andȱ fruitsȱ [32].ȱ Forȱ thisȱ reason,ȱ tannins,ȱ beingȱwidelyȱ
distributedȱinȱtheȱplantȱkingdom,ȱmightȱreasonablyȱbeȱpartȱofȱtheirȱnaturalȱdiet.ȱQuebrachoȱtanninȱ
(Schinopsisȱsp.)ȱasȱaȱbiologicallyȱactiveȱcompoundȱhasȱbeenȱdocumentedȱinȱpheasantsȱandȱchickensȱ
[20,21],ȱbutȱlimitedȱinformationȱisȱavailableȱaboutȱtheȱeffectsȱinȱtheȱdietȱofȱMuscovyȱducks.ȱTherefore,ȱ
theȱaimȱofȱtheȱpresentȱstudyȱwasȱtoȱevaluateȱtheȱeffectȱofȱtwoȱinclusionȱlevelsȱofȱpurifiedȱQuebrachoȱ
tanninȱ (QT)ȱ inȱ theȱ dietȱ ofȱ slowȬgrowingȱ maleȱ Muscovyȱ ducksȱ onȱ growthȱ andȱ productionȱ
performance.ȱ
 ȱ
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2.ȱMaterialsȱandȱMethodsȱ

2.1.ȱBirdsȱandȱDietsȱ

Theȱexperimentalȱprotocolȱ(prot.ȱno.ȱ814715)ȱwasȱapprovedȱbyȱtheȱBioethicalȱCommitteeȱofȱtheȱ
UniversityȱofȱTurinȱ(Italy).ȱAȱfeedingȱtrialȱwasȱcarriedȱoutȱusingȱoneȬhundredȱandȱtwentyȬsixȱ42Ȭdȱ
oldȱmalesȱofȱMuscovyȱduckȱ(Cairinaȱmoschataȱdomestica,ȱLinnaeusȱ1758),ȱfromȱaȱlocalȱslowȬgrowingȱ
type,ȱ preservedȱ sinceȱ overȱ 40ȱ yearsȱ atȱ theȱ Avianȱ Conservationȱ Center,ȱ whichȱ belongsȱ toȱ theȱ
DepartmentȱofȱVeterinaryȱScienceȱofȱtheȱUniversityȱofȱPisaȱ(Italy).ȱBirdsȱwereȱindividuallyȱidentifiedȱ
byȱaȱwingȱtag,ȱweighted,ȱandȱhousedȱrandomlyȱinȱ18ȱroofedȱoutdoorȱpensȱ(6x3m)ȱwithȱsandyȱfloor.ȱ
Eachȱpenȱhousedȱsevenȱanimals.ȱ

Birdsȱwereȱ allottedȱ toȱ theȱ followingȱ experimentalȱ dietaryȱ groups:ȱ theȱ controlȱ groupȱ (QT0)ȱ
receivedȱ theȱbasalȱdietȱ (Tableȱ1);ȱQTȱdietaryȱgroupsȱreceivedȱ theȱsameȱbasalȱdietȱofȱQT0ȱwithȱtheȱ
inclusionȱofȱincreasingȱQTȱlevelsȱatȱanȱamountȱofȱ1.5%ȱandȱ2.5%ȱonȱanȱasȬfedȱbasis,ȱrespectively.ȱTheȱ
QTȱisȱaȱcommercialȱanimalȱfeedȱadditive,ȱextractedȱfromȱtheȱheartwoodȱofȱSchinopsisȱsp.,ȱ(MGMȬS®,ȱ
Unitanȱ SAICA,ȱ BuenosȱAires,ȱArgentina).ȱ Thisȱ productȱ isȱ availableȱ asȱ aȱ fineȱ powderȱwithȱ 58%ȱ
tannins,ȱ20%ȱphlobaphenes,ȱ14%ȱnonȬtannicȱcompoundsȱandȱ8%ȱwaterȱandȱaȱpolymerizationȱdegreeȱ
ofȱ6Ȭ7.ȱDueȱtoȱpreviousȱexperiencesȱinȱpheasantsȱ[20]ȱandȱlayingȱhensȱ[21],ȱtheȱmaximumȱsafeȱlevelȱofȱ
QTȱ toȱbeȱusedȱ inȱdietsȱ forȱ 42Ȭȱ toȱ 84ȬdȱoldȱMuscovyȱducksȱ isȱ 2.5%ȱonȱ anȱ asȬfedȱbasis,ȱ therefore,ȱ
experimentalȱgroupsȱwereȱdefinedȱasȱgroupȱQT1.5ȱ(2.6%ȱMGMȬSȱpowderȱonȱtop,ȱcorrespondingȱtoȱ
1.5%ȱQT)ȱandȱQT2.5ȱ(4.3%ȱMGMȬSȱpowderȱonȱtop,ȱcorrespondingȱtoȱ2.5%ȱQT).ȱForȱeachȱperiod,ȱtheȱ
basalȱdietȱmetȱorȱexceededȱNRCȱ[33]ȱduckȇsȱnutritionalȱrequirementsȱandȱwasȱformulatedȱaccordingȱ
toȱINRAȱ[34]ȱ feedȱ ingredientȱnutritionalȱcomposition.ȱSixȱreplicatesȱwereȱassignedȱtoȱeachȱdietaryȱ
treatment.ȱWaterȱandȱfeedȱwereȱsuppliedȱadȱlibitum.ȱTheȱchemicalȱcompositionȱofȱtheȱbasalȱfeedȱwasȱ
analyzedȱinȱduplicateȱ[35]ȱandȱmeanȱresultsȱareȱdisplayedȱinȱtables.ȱ

Tableȱ1.ȱIngredientsȱandȱchemicalȱcompositionȱofȱbasalȱdiet.ȱ

Ingredientȱ(%)ȱ
Daysȱ

0–41ȱ 42–84ȱ

Cornȱmealȱ 64.10ȱ 67.30ȱ
Soybeanȱmealȱ 16.00ȱ 10.00ȱ
Branȱ 3.63ȱ 6.62ȱ
Cornȱglutenȱmealȱ 9.00ȱ 9.00ȱ
Soybeanȱoilȱ 2.85ȱ 3.45ȱ
Dicalciumȱphosphateȱ 1.30ȱ 0.40ȱ
Calciumȱcarbonateȱ 1.40ȱ 1.74ȱ
Sodiumȱchlorideȱ 0.25ȱ 0.25ȱ
Sodiumȱbicarbonateȱ 0.20ȱ 0.20ȱ
DLȬMetȱ 0.17ȱ 0.03ȱ
LȬLysȱ 0.39ȱ 0.30ȱ
VitaminȬmineralȱpremixȱ1ȱ 0.50ȱ 0.50ȱ
Cholineȱclorideȱ 0.01ȱ 0.01ȱ
Optifosȱ250ȱbroȱ2ȱ 0.10ȱ 0.10ȱ
Avizymeȱ1500ȱxȱ3ȱ 0.10ȱ 0.10ȱ
Chemicalȱcompositionȱ
Dryȱmatterȱ(DM),ȱ%ȱ 88.80ȱ 88.70ȱ
Crudeȱprotein,ȱ%ȱDMȱ 23.00ȱ 20.20ȱ
Etherȱextract,ȱ%ȱDMȱ 6.20ȱ 7.30ȱ
Neutralȱdetergentȱfiber,ȱ%ȱDMȱ 12.90ȱ 12.70ȱ
Ash,ȱ%ȱDMȱ 7.80ȱ 6.50ȱ
Metabolizableȱenergy,ȱMJ/kgȱ4ȱ 12.53ȱ 12.77ȱ
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1ȱSuppliedȱperȱkgȱofȱdiet:ȱVit.ȱAȱ62.5ȱ IU;ȱVit.ȱD3ȱ17.5ȱ IU;ȱVit.ȱEȱ200ȱΐg;ȱVit.ȱKȱ10ȱΐg;ȱBiotinȱ1ȱΐg;ȱ
Thiamineȱ10ȱΐg;ȱRiboflavinȱ30ȱΐg;ȱPantothenateȱ76.05ȱΐg;ȱNiacinȱ200ȱΐg;ȱCholineȱ3750ȱΐg;ȱPyridoxineȱ
20ȱΐg;ȱFolicȱacidȱ3.75ȱΐg;ȱVit.ȱB12ȱ0.15ȱΐg;ȱMnȱ350ȱΐg;ȱZnȱ310.75ȱΐg;ȱFeȱ250ȱΐg;ȱCuȱ350ȱΐg;ȱIȱ1.25ȱΐg;ȱ
Seȱ1.25ȱΐg;ȱ2ȱPhytaseȱ(EC3.1.3.26)ȱ(250ȱOTU/kgȱdiet),ȱHuvepharma,ȱSofia,ȱBulgaria;ȱ3ȱComplexȱofȱEndoȱ
1Ȭ4ȬΆȬȱ Xylanaseȱ (EC3.2.1.8)ȱ (256ȱ U/kg),ȱ Subtilisinȱ (EC3.4.21.62)ȱ (2560ȱ U/kgȱ diet)ȱ andȱ ΅ȬAmylaseȱ
(EC3.2.1.1)ȱ(1472ȱU/kgȱdiet),ȱDaniscoȱAnimalȱNutrition,ȱMarlborough,ȱWiltshire,ȱUK;ȱ4ȱBasedȱonȱINRAȱ
[34]ȱingredientȱcomposition.ȱ

2.2.ȱGrowthȱPerformanceȱandȱFeedȱConversionȱEfficiencyȱ

Growthȱperformanceȱwasȱevaluatedȱbiweeklyȱduringȱtheȱageȱintervalȱ42–84ȱd.ȱIndividualȱliveȱ
bodyȱweightȱ(LBW)ȱandȱfeedȱintakeȱperȱpenȱwereȱrecordedȱtoȱcalculateȱtheȱaverageȱdailyȱweightȱgainȱ
(ADWG),ȱtheȱaverageȱdailyȱfeedȱintakeȱ(ADFI)ȱandȱtheȱfeedȱconversionȱratioȱ(FCR).ȱ

TheȱLBWȱinȱeachȱgroupȱwereȱfittedȱbyȱusingȱLABȱFitȬCurveȱFittingȱSoftwareȱ[36].ȱToȱtraceȱtheȱ
firstȱpartȱofȱtheȱgrowthȱcurve,ȱindividualȱLBW,ȱpreviouslyȱrecorded,ȱofȱallȱbirdsȱatȱ0,ȱ14ȱandȱ28Ȭdȱageȱ
wasȱconsidered.ȱTheȱsameȱdataȱwereȱthenȱusedȱinȱeachȱofȱtheȱthreeȱgrowthȱcurvesȱ(QT0,ȱQT1.5ȱandȱ
QT2.5).ȱ TheȱGompertzȱ functionȱ resultedȱ theȱ bestȱ fittingȱ growthȱ curve.ȱ Theȱ followingȱ equationȱ
describesȱtheȱcurveȱ

ȱ
whereȱWȱ(t)ȱisȱtheȱweightȱinȱgramsȱofȱduckȱatȱtimeȱt,ȱW¥ȱisȱtheȱasymptoticȱfinalȱLBW,ȱkȱisȱtheȱconstantȱ
expressingȱtheȱrateȱofȱapproachȱtoȱW¥,ȱandȱt°ȱisȱtheȱageȱatȱtheȱinflexionȱpointȱwhereȱmaximumȱrateȱofȱ
growthȱisȱachieved.ȱTheȱmaximumȱrateȱofȱgrowthȱforȱeachȱgroupȱwasȱcalculatedȱbyȱtheȱdifferentialȱ
equationȱofȱ1°ȱgradeȱderivedȱfromȱGompertzȱ

ȱ
TheȱvaluesȱofȱW¥,ȱkȱandȱt°ȱareȱtheȱsameȱdescribedȱaboveȱforȱtheȱgrowthȱcurve,ȱW’(t)ȱisȱtheȱdailyȱ

weightȱincreaseȱinȱgramsȱatȱtimeȱtȱ[37].ȱ

2.3.ȱBloodȱSamplingȱ

Bloodȱsamplesȱfromȱ24ȱbirdsȱ(84ȱdȱold)ȱfromȱeachȱdietaryȱgroupȱ(fourȱbirds/pen)ȱwereȱcollectedȱ
duringȱ slaughterȱ proceduresȱ intoȱ K3EDTAȱ 2mLȱ vacuumȱ tubes.ȱ Totalȱ bloodȱ proteinȱ (TBP)ȱwasȱ
determinedȱaccordingȱtoȱSalamanoȱetȱal.ȱ[38].ȱ

2.4.ȱExcretaȱSamplingȱandȱDryȱMatterȱ

Excretaȱsampleȱcollectionȱwasȱcarriedȱoutȱonȱ24ȱducksȱ(81ȱdȱold)ȱperȱdietaryȱtreatment,ȱfollowingȱ
theȱprocedureȱdescribedȱbyȱGariglioȱetȱal.ȱ[39].ȱBriefly,ȱtheȱbirdsȱwereȱkeptȱandȱtemporaryȱhousedȱ(1ȱ
h)ȱinȱcagesȱ(twoȱbirdsȱinȱtheȱsameȱpen/cage).ȱExcretaȱsamplesȱfreeȱfromȱdebrisȱandȱforeignȱsubstancesȱ
wereȱcollectedȱfromȱaȱtrayȱplacedȱunderȱeachȱcage.ȱAȱtotalȱofȱ12ȱpooledȱsamplesȱperȱdietaryȱtreatmentȱ
wereȱcollectedȱatȱeachȱsampling.ȱTheȱdryȱmatterȱ(DM)ȱofȱexcretaȱwasȱdeterminedȱaccordingȱtoȱAOACȱ
[35].ȱ

2.5.ȱSlaughterȱTraitsȱandȱOrgansȱEvaluationȱ

Twelveȱbirdsȱ(84ȱdȱold)ȱperȱdietaryȱtreatmentȱwereȱrandomlyȱchosenȱandȱfastedȱforȱ12Ȭh,ȱtoȱbeȱ
finallyȱweighedȱandȱslaughteredȱinȱaȱcommercialȱabattoir.ȱBirdsȱwereȱelectricallyȱstunnedȱpriorȱtoȱ
bleeding.ȱAllȱbirdȱcarcassesȱwereȱmechanicallyȱpluckedȱafterȱimmersionȱinȱhotȱwater.ȱEviscerationȱ
wasȱperformedȱmanually.ȱFreshȱabsoluteȱweightȱofȱliverȱandȱgizzardȱwereȱdetermined,ȱandȱrelativeȱ
weightȱexpressedȱasȱpercentageȱofȱliveȱbodyȱweightȱ(LBW).ȱHeadȬneckȱandȱfeetȱwereȱremovedȱandȱ
weighedȱ separately;ȱ theȱ respectiveȱ relativeȱweightsȱwereȱ calculatedȱ asȱ percentageȱ ofȱ LBW.ȱHotȱ
weightȱofȱreadyȬtoȬcookȱcarcassȱ(RCC)ȱwasȱrecordedȱandȱexpressedȱasȱpercentageȱofȱLBW.ȱTheȱsmallȱ
intestineȱandȱcaecaȱwereȱunfoldedȱonȱaȱflatȱsurfaceȱtoȱobtainȱaȱfullyȱextendedȱvisceraȱandȱallowȱlinearȱ
lengthȱmeasurement;ȱtheȱrespectiveȱlengthsȱwereȱexpressedȱasȱcmȱperȱ100gȱofȱLBW.ȱCarcassesȱwereȱ
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storedȱ inȱaȱ coolȱ chamberȱatȱ4ȱ±ȱ 0.5ȱ °Cȱ forȱ24ȱh,ȱ thenȱ chilledȱRCCȱweightsȱwereȱdeterminedȱandȱ
expressedȱasȱpercentageȱofȱLBW.ȱFinally,ȱm.ȱpectoralisȱandȱlegsȱ+ȱthigsȱwereȱseparatedȱfromȱtheȱRCCȱ
andȱweightsȱwereȱdeterminedȱandȱexpressedȱasȱpercentageȱofȱLBW.ȱ

2.6.ȱStatisticalȱAnalysisȱ

Theȱ statisticalȱ analysesȱ wereȱ performedȱ usingȱ theȱ SPSSȱ softwareȱ [40].ȱ Shapiro–Wilk’sȱ testȱ
establishedȱnormalityȱorȱnonȬnormalityȱofȱdistribution,ȱandȱtheȱassumptionȱofȱequalȱvariancesȱwasȱ
assessedȱbyȱmeansȱofȱLevene’sȱhomogeneityȱofȱvarianceȱtest.ȱTheȱexperimentalȱunitȱwasȱtheȱpen.ȱTheȱ
collectedȱdataȱwereȱtestedȱbyȱmeansȱofȱoneȬwayȱANOVA,ȱusingȱpolynomialȱcontrastsȱtoȱtestȱtheȱlinearȱ
andȱquadraticȱresponsesȱtoȱincreasesȱinȱtheȱQTȱinclusionȱlevelsȱinȱtheȱdiet.ȱForȱallȱtests,ȱpȱ<ȱ0.05ȱwasȱ
consideredȱstatisticallyȱsignificant.ȱResultsȱwereȱexpressedȱasȱ theȱmeanȱandȱstandardȱerrorȱofȱ theȱ
meansȱ(SEM).ȱAȱstatisticalȱtrendȱwasȱconsideredȱforȱpȱ<ȱ0.10.ȱ

3.ȱResultsȱ

3.1.ȱGrowthȱPerformanceȱandȱFeedȱConversionȱRatioȱ

Throughoutȱ theȱ experimentalȱ period,ȱ noȱ mortalityȱ wasȱ experienced.ȱ Birdȱ performanceȱ isȱ
summarizedȱinȱTableȱ2.ȱOverallȱLBWȱwasȱnotȱinfluencedȱbyȱdietaryȱtreatmentsȱ(pȱޓȱ0.05),ȱexceptȱforȱ
70Ȭdȱage,ȱwhereȱaȱquadraticȱresponseȱwasȱobserved,ȱandȱtheȱminimumȱshownȱbyȱQT1.5ȱgroupȱ(pȱ<ȱ
0.05).ȱ

DietaryȱQTȱnegativelyȱinfluencedȱADWGȱduringȱtheȱmiddleȱpartȱofȱtheȱexperimentalȱperiodȱ(56Ȭ
70ȱd),ȱshowingȱaȱquadraticȱresponseȱ(pȱ<ȱ0.01).ȱTheȱfollowingȱperiodȱ(70–84ȱd)ȱinstead,ȱwasȱpositivelyȱ
influencedȱbyȱQT,ȱshowingȱlinearȱandȱquadraticȱresponsesȱwithȱaȱminimumȱforȱQT0ȱgroupȱ(pȱ<ȱ0.01).ȱ

TheȱADFIȱresultedȱdirectlyȱproportionalȱ toȱ theȱconcentrationȱofȱQTȱduringȱ theȱ56–70ȱperiod,ȱ
showingȱaȱlinearȱ(pȱ<ȱ0.01)ȱandȱaȱquadraticȱ(pȱ<ȱ0.05)ȱresponse.ȱAȱlinearȱincreaseȱ(pȱ<ȱ0.05)ȱwasȱalsoȱ
observedȱwhenȱconsideringȱtheȱwholeȱexperimentalȱperiodȱ(42–84ȱd).ȱTheȱFCRȱwasȱnotȱaffectedȱbyȱ
dietaryȱQT,ȱconsideringȱbothȱtheȱsingleȱageȱperiods,ȱandȱtheȱwholeȱexperimentalȱperiod.ȱ ȱ ȱ

Tableȱ2.ȱGrowthȱperformanceȱofȱMuscovyȱducksȱfedȱdifferentȱlevelsȱofȱdietaryȱQuebrachoȱtanninȱ(QT)ȱ
fromȱ42ȱtoȱ84Ȭdȱageȱ(nȱ=ȱ6ȱpensȱ/treatment;ȱ7ȱbirds/pen).ȱ

Itemsȱ Ageȱ
Dietȱ1ȱ

SEMȱ
pȬValueȱ

QT0ȱ QT1.5ȱ QT2.5ȱ Linearȱ Quadraticȱ
LBW,ȱgȱ 42ȱdȱ 1699ȱ 1653ȱ 1676ȱ 14.6ȱ 0.541ȱ 0.259ȱ

56ȱdȱ 2703ȱ 2667ȱ 2635ȱ 16.4ȱ 0.094ȱ 0.949ȱ
70ȱdȱ 3408ȱ 3272ȱ 3330ȱ 20.6ȱ 0.126ȱ 0.023ȱ
84ȱdȱ 3787ȱ 3784ȱ 3789ȱ 19.1ȱ 0.956ȱ 0.913ȱ

ADWG,ȱg/dȱ 42–56ȱdȱ 71.8ȱ 72.4ȱ 68.5ȱ 0.77ȱ 0.084ȱ 0.147ȱ
56–70ȱdȱ 50.3ȱ 43.2ȱ 49.7ȱ 0.69ȱ 0.688ȱ 0.000ȱ
70–84ȱdȱ 27.0ȱ 36.5ȱ 32.8ȱ 0.75ȱ 0.001ȱ 0.000ȱ
42–84ȱdȱ 49.7ȱ 50.73ȱ 50.3ȱ 0.42ȱ 0.571ȱ 0.414ȱ

ADFI,ȱg/dȱ 42–56ȱdȱ 241ȱ 242ȱ 259ȱ 4.09ȱ 0.063ȱ 0.266ȱ
56–70ȱdȱ 232ȱ 227ȱ 269ȱ 7.44ȱ 0.010ȱ 0.036ȱ
70–84ȱdȱ 221ȱ 228ȱ 239ȱ 5.23ȱ 0.188ȱ 0.834ȱ
42–84ȱdȱ 231ȱ 232ȱ 256ȱ 4.75ȱ 0.014ȱ 0.116ȱ

FCR,ȱg/gȱ 42–56ȱdȱ 3.36ȱ 3.34ȱ 3.83ȱ 0.11ȱ 0.077ȱ 0.230ȱ
56–70ȱdȱ 4.61ȱ 5.28ȱ 5.46ȱ 0.20ȱ 0.090ȱ 0.536ȱ
70–84ȱdȱ 8.72ȱ 6.31ȱ 7.35ȱ 0.45ȱ 0.147ȱ 0.052ȱ
42–84ȱdȱ 4.68ȱ 4.58ȱ 5.11ȱ 0.11ȱ 0.114ȱ 0.172ȱ

1ȱQT0ȱ=ȱbasalȱdiet;ȱQT1.5ȱandȱQT2.5ȱ=ȱtheȱbasalȱdietȱsupplementedȱwithȱQTȱatȱ1.5%ȱandȱ2.5%,ȱrespectively.ȱNote:ȱ
SEM:ȱstandardȱerrorȱofȱtheȱmean;ȱLW:ȱliveȱbodyȱweight;ȱADWG:ȱaverageȱdailyȱweightȱgain;ȱADFI:ȱaverageȱdailyȱ
feedȱintake;ȱFCR:ȱfeedȱconversionȱratio.ȱ
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AccordingȱtoȱtheȱcalculatedȱGompertzȱparametersȱ(Tableȱ3),ȱbirdsȱreachedȱtheȱinflectionȱpointȱ
whenȱthisȱtrialȱbeganȱ(42Ȭdȱage).ȱCurveȱparametersȱwereȱcloseȱtoȱeachȱotherȱ(Tableȱ3).ȱ

Tableȱ 3.ȱ EstimatedȱGompertzȱ growthȱ parameters,ȱ inflectionȱ point,ȱ andȱ goodnessȱ ofȱ fitȱ inȱmaleȱ
MuscovyȱducksȱfedȱdifferentȱlevelsȱofȱdietaryȱQuebrachoȱtanninȱ(QT).ȱ

Dietȱ1ȱ W¥ȱ(g)ȱ2ȱ Kȱ3ȱ t°ȱ(d)ȱ4ȱ Maximumȱ
ADWGȱ(g/d)ȱ

WeightȱatȱInflectionȱ
Pointȱ(g)ȱ

R2ȱ

QT0ȱ 4470ȱ 0.0444ȱ 42ȱ 73ȱ 1677ȱ 0.98ȱ

QT1.5ȱ 4425ȱ 0.0436ȱ 42ȱ 71ȱ 1662ȱ 0.99ȱ

QT2.5ȱ 4475ȱ 0.0431ȱ 42ȱ 71ȱ 1657ȱ 0.98ȱ
1ȱQT0ȱ =ȱ basalȱdiet;ȱQT1.5ȱ andȱQT2.5ȱ =ȱ theȱ basalȱdietȱ supplementedȱwithȱQTȱ atȱ 1.5%ȱ andȱ 2.5%,ȱ
respectively;ȱ2ȱW¥ȱ=ȱasymptoticȱfinalȱLBW;ȱ3ȱkȱ=ȱconstant,ȱexpressingȱrateȱofȱapproachȱtoȱW¥;ȱ4ȱt°ȱ=ȱageȱ
atȱinflexionȱpoint;ȱADWG:ȱaverageȱdailyȱweightȱgain.ȱ

3.2.ȱTotalȱBloodȱProteinsȱ

TBPȱinȱ84ȬdȱoldȱbirdsȱareȱreportedȱinȱTableȱ4.ȱTheȱdietaryȱQTȱ inclusionȱdidȱnotȱinfluenceȱtheȱ
levelȱofȱTBPȱ(pȱग़ȱ0.05).ȱInȱbirds,ȱnormalȱTBPȱconcentrationsȱrangedȱbetweenȱ3.5–5.5ȱg/dlȱ[41].ȱResultsȱ
inȱthisȱstudyȱplacedȱallȱbirdsȱwithinȱthisȱrange.ȱ

Tableȱ4.ȱTotalȱbloodȱproteinȱ(TBP)ȱofȱMuscovyȱducksȱfedȱdifferentȱlevelsȱofȱdietaryȱQuebrachoȱtanninȱ
(QT)ȱatȱ84Ȭdȱageȱ(nȱ=ȱ6ȱpen/treatment;ȱ4ȱbirds/pen).ȱ

Itemsȱ Ageȱ
Dietȱ1ȱ

SEMȱ
pȬValueȱ

QT0ȱ QT1.5ȱ QT2.5ȱ Linearȱ Quadraticȱ
TBPȱ%ȱ 84ȱdȱ 4.50ȱ 4.33ȱ 4.38ȱ 0.05ȱ 0.351ȱ 0.319ȱ

1ȱQT0ȱ=ȱbasalȱdiet;ȱQT1.5ȱandȱQT2.5ȱ=ȱtheȱbasalȱdietȱsupplementedȱwithȱQTȱatȱ1.5%ȱandȱ2.5%,ȱrespectively.ȱ

3.3.ȱExcretaȱDryȱMatterȱEvaluationȱ

Excretaȱdryȱmatterȱcontentȱinȱ81ȬdȱoldȱbirdsȱisȱreportedȱinȱTableȱ5.ȱTheȱdietaryȱQTȱinclusionȱdidȱ
notȱinfluenceȱthisȱparameterȱ(pȱग़ȱ0.05).ȱ ȱ

Tableȱ5.ȱExcretaȱdryȱmatterȱ(DM)ȱofȱMuscovyȱducksȱfedȱdifferentȱlevelsȱofȱdietaryȱQuebrachoȱtanninȱ
(QT)ȱatȱ84Ȭdȱageȱ(nȱ=ȱ6ȱpen/treatment;ȱ4ȱbirds/pen).ȱ

Itemsȱ Ageȱ
Dietȱ1ȱ

SEMȱ
pȬValueȱ

QT0ȱ QT1.5ȱ QT2.5ȱ Linearȱ Quadraticȱ
DMȱ%ȱ 84ȱdȱ 45.3ȱ 47.4ȱ 49.0ȱ 1.89ȱ 0.448ȱ 0.949ȱ

1ȱQT0ȱ=ȱbasalȱdiet;ȱQT1.5ȱandȱQT2.5ȱ=ȱtheȱbasalȱdietȱsupplementedȱwithȱQTȱatȱ1.5%ȱandȱ2.5%,ȱrespectively.ȱ

ȱ ȱ
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3.4.ȱSlaughterȱTraitsȱ

Slaughterȱ traitsȱ inȱ 84Ȭdȱ oldȱmaleȱMuscovyȱ ducksȱ areȱ reportedȱ inȱ Tableȱ 6.ȱ Theȱ dietaryȱQTȱ
inclusionȱhadȱnoȱinfluenceȱonȱtheȱdevelopmentȱofȱbreastȱmusclesȱandȱLegsȱ+ȱthigsȱ(pȱग़ȱ0.05).ȱBothȱ
RCC,ȱhotȱandȱchilled,ȱwereȱpositivelyȱinfluencedȱbyȱdietaryȱtreatment,ȱshowingȱaȱlinearȱ(pȱ<ȱ0.05)ȱandȱ
aȱ quadraticȱ responseȱ (pȱ <ȱ 0.01).ȱDietaryȱ treatmentȱ affectedȱ linearlyȱ theȱHeadȬNeckȱmass,ȱwhichȱ
decreaseȱbyȱtheȱincreaseȱlevelȱofȱdietaryȱQTȱ(pȱ<ȱ0.05).ȱAllȱotherȱslaughterȱtraitsȱwereȱnotȱaffectedȱbyȱ
theȱdietaryȱtreatmentȱ(pȱ<ȱ0.05),ȱexceptȱforȱtheȱSIL,ȱwhichȱevidencedȱaȱquadraticȱresponse,ȱwithȱtheȱ
minimumȱvalueȱexpressedȱbyȱtheȱlowestȱQTȱinclusionȱlevelȱ(pȱ<ȱ0.01).ȱ

Tableȱ6.ȱSlaughterȱtraitsȱofȱmaleȱMuscovyȱducksȱfedȱdifferentȱlevelsȱofȱQuebrachoȱtanninȱ(QT)ȱfromȱ
42Ȭdȱtoȱ84Ȭdȱageȱ(nȱ=ȱ6ȱpensȱ/treatment;ȱ2ȱbirds/pen).ȱ

Itemsȱ
Dietȱ1ȱ

SEMȱ
pȬValueȱ

QT0ȱ QT1.5ȱ QT2.5ȱ Linearȱ Quadraticȱ
LBWȱ gȱ 3782ȱ 3793ȱ 3809ȱ 26.0ȱ 0.678ȱ 0.963ȱ
Breastȱ

%ȱofȱLBWȱ

12.48ȱ 13.16ȱ 12.55ȱ 0.21ȱ 0.897ȱ 0.160ȱ
Legsȱ+ȱthighsȱ 12.89ȱ 12.90ȱ 12.79ȱ 0.10ȱ 0.687ȱ 0.776ȱ
RCChotȱ 59.6ȱ 62.6ȱ 61.0ȱ 0.33ȱ 0.019ȱ 0.000ȱ
RCCchilledȱ 58.5ȱ 61.5ȱ 60.1ȱ 0.32ȱ 0.014ȱ 0.000ȱ
HeadȬNeckȱ 10.3ȱ 10.1ȱ 9.5ȱ 0.16ȱ 0.035ȱ 0.531ȱ
Feetȱ 2.74ȱ 2.66ȱ 2.67ȱ 0.03ȱ 0.247ȱ 0.447ȱ
Liverȱ 1.80ȱ 1.64ȱ 1.74ȱ 0.04ȱ 0.589ȱ 0.143ȱ
Heartȱ 0.73ȱ 0.67ȱ 0.70ȱ 0.01ȱ 0.405ȱ 0.236ȱ
Gizzardȱ 1.91ȱ 1.83ȱ 1.87ȱ 0.03ȱ 0.620ȱ 0.400ȱ
Intestineȱ 4.87ȱ 4.71ȱ 4.76ȱ 0.13ȱ 0.740ȱ 0.691ȱ
SILȱ

cm/100ȱgȱLBWȱ
5.52ȱ 5.11ȱ 5.33ȱ 0.06ȱ 0.148ȱ 0.013ȱ

CLȱ 1.14ȱ 1.05ȱ 1.06ȱ 0.02ȱ 0.053ȱ 0.171ȱ
1QT0ȱ =ȱ basalȱ diet;ȱQT1.5ȱ andȱQT2.5ȱ =ȱ theȱ basalȱ dietȱ supplementedȱwithȱQTȱ atȱ 1.5%ȱ andȱ 2.5%,ȱ
respectively.ȱNote:ȱSEM:ȱstandardȱerrorȱofȱ theȱmean;ȱLBW:ȱ liveȱbodyȱweight;ȱRCC:ȱreadyȱ toȱcookȱ
carcass;ȱSIL:ȱsmallȱintestineȱlength;ȱCL:ȱcaecaȱlength.ȱ

4.ȱDiscussionȱ

Theȱ increasingȱ interestȱ inȱ theȱuseȱofȱsomeȱplantȬderivedȱmoleculesȱwithȱbiologicalȱpropertiesȱ
offersȱtheȱchanceȱtoȱexploitȱseveralȱbeneficialȱeffectsȱdueȱtoȱtheirȱnumerousȱpropertiesȱ[9,42].ȱAgainstȱ
thisȱbackground,ȱmoreȱinformationȱseemsȱtoȱbeȱneededȱaboutȱtheirȱsafeȱuseȱinȱdifferentȱspecies,ȱtoȱ
achieveȱtheȱdesiredȱeffects.ȱFromȱthisȱperspective,ȱandȱdueȱtoȱpreviousȱexperiencesȱinȱpheasantȱ[20]ȱ
andȱpulletsȱ[21],ȱtheȱmaximumȱsafeȱQTȱlevelȱtoȱbeȱusedȱinȱdietsȱforȱ42ȱtoȱ84ȬdȱoldȱMuscovyȱducksȱwasȱ
setȱtoȱ2.5%,ȱonȱanȱasȬfedȱbasis.ȱAtȱthisȱQTȱamount,ȱnoȱadverseȱeffectsȱwereȱobservedȱinȱbirdsȱofȱthisȱ
trial,ȱasȱsupportedȱbyȱtheȱTBPȱlevelsȱandȱliverȱweight.ȱOnȱtheȱcontrary,ȱinȱaȱpreviousȱstudyȱinvolvingȱ
slowȬgrowingȱpulletsȱ[21],ȱadverseȱeffectsȱwereȱobservedȱ inȱ35Ȭdȱoldȱbirdsȱfedȱ3%ȱdietaryȱtanninsȱ
supplementation,ȱresultingȱinȱ2%ȱofȱQTȱasȱtheȱsafeȱinclusionȱlevel.ȱItȱisȱwidelyȱknownȱthatȱtanninsȱ
bindȱandȱprecipitateȱproteins,ȱwhichȱcompromisesȱabsorptionȱatȱintestinalȱlevel.ȱThisȱsituationȱmightȱ
leadȱtoȱproteinȱdeficiencyȱinȱtheȱbloodstreamȱ[9].ȱDucksȱinȱthisȱstudyȱfedȱonȱQTȱdietsȱdidȱnotȱexhibitȱ
aȱdecreaseȱinȱTBPȱcirculatingȱvalue.ȱAdditionally,ȱourȱresultsȱagreeȱwithȱthoseȱobtainedȱbyȱGariglioȱ
etȱal.ȱ[43]ȱinȱ50ȬdȱoldȱfemaleȱMuscovyȱducks.ȱ

Asȱtoȱliver,ȱweightȱvariationsȱcanȱbeȱusefulȱsignsȱofȱtheȱpresenceȱofȱhepaticȱinjuriesȱ[44].ȱInȱthisȱ
trial,ȱliverȱweightsȱinȱQTȱbirdsȱwereȱsimilarȱacrossȱbirdsȱfromȱallȱexperimentalȱgroups,ȱatȱeachȱQTȱ
inclusionȱrateȱtested.ȱFurthermore,ȱatȱtheȱendȱofȱtheȱexperimentalȱperiod,ȱbirdsȱofȱQT1.5ȱandȱQT2.5ȱ
groupsȱreachedȱaȱsimilarȱLBWȱatȱslaughter.ȱAsȱdemonstratedȱalsoȱbyȱtheȱgrowthȱcurveȱtrends,ȱwhichȱ
wereȱalmostȱ identical,ȱ itȱcanȱbeȱstatedȱ thatȱ theȱ testedȱamountsȱofȱQTȱ includedȱ inȱ theȱdietȱdidȱnotȱ
negativelyȱimpactȱtheȱproductionȱperformanceȱofȱslowȬgrowingȱmaleȱMuscovyȱducks.ȱInȱagreementȱ
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withȱotherȱauthors,ȱwhoȱreportedȱduck’sȱgrowthȱcurvesȱusingȱGompertzȱmodelȱ[45,46],ȱweȱalsoȱfoundȱ
thisȱmodelȱasȱtheȱbestȱfittingȱinȱourȱtrialsȱ(R2ȱ=ȱ0.98–0.99).ȱ

AccordingȱtoȱtheȱQTȱinclusionȱlevelsȱtested,ȱaȱdifferentȱreactionȱinȱbirdsȱwasȱnotedȱregardingȱ
feedȱ intake.ȱBirdsȱofȱ theȱQT1.5ȱgroupȱneededȱaȱ longerȱ timeȱ toȱgetȱusedȱ toȱ theȱchangeȱ inȱdiet,ȱasȱ
demonstratedȱduringȱtheȱfirstȱdaysȱafterȱdietaryȱQTȱinclusionȱwithȱanȱevidentȱdecreaseȱinȱtheȱADWGȱ
andȱADFI.ȱBirdsȱofȱtheȱQT2.5ȱgroup,ȱinstead,ȱseemedȱtoȱcopeȱwithȱtheȱQTȱbyȱincreasingȱtheȱADFI,ȱ
whichȱwasȱhigherȱduringȱtheȱwholeȱexperimentalȱperiod.ȱSuchȱdifferencesȱinȱresponseȱtoȱdifferentȱ
levelsȱofȱdietaryȱQTȱinclusionȱmightȱbeȱexplainedȱbyȱtheȱnaturalȱfeedingȱbehaviorȱofȱtheȱMuscovyȱ
duck,ȱforȱwhichȱaȱlargeȱpartȱofȱforagingȱactivityȱtakesȱplaceȱinȱfreshȱwaterȱ[32].ȱInȱcaptivity,ȱwhenȱ
ducksȱfindȱaȱhard,ȱunusualȱorȱanȱunknownȱtastyȱfood,ȱtheyȱuseȱtoȱsoakȱitȱintoȱwaterȱinȱorderȱtoȱrenderȱ
itȱ“eatable”.ȱItȱcouldȱbeȱarguedȱthatȱsuchȱbehaviorȱofȱsoakingȱfeedsȱwasȱperformedȱwithȱtheȱpurposeȱ
ofȱexpressingȱtheȱinnateȱfeedingȱbehavior.ȱWithȱtheȱincreasingȱQT,ȱtheȱfeedȱtasteȱbecomesȱreasonablyȱ
astringentȱandȱbirdsȱtendedȱtoȱputȱtheȱfeedȱintoȱtheȱwaterȱwithȱaȱconsistentȱhigherȱconsumption.ȱInȱ
QT1.5ȱgroup,ȱinstead,ȱastringencyȱperceptionȱpresumablyȱfollowingȱaȱlowerȱQTȱinclusionȱamount,ȱ
mightȱhaveȱnotȱledȱbirdsȱtoȱadoptȱcopingȱsolutions,ȱforȱwhichȱaȱlowerȱfeedȱintakeȱwasȱalsoȱobserved.ȱ
Elkinȱetȱal.ȱ[47]ȱreportedȱnoȱgrowthȱdepressionȱinȱducksȱfedȱsorghumȱrichȱinȱtannins.ȱSameȱauthorsȱ
alsoȱsuggestedȱthatȱtheȱinnateȱfeedingȱbehaviorȱofȱducksȱcouldȱbeȱaȱkeyȱfactorȱinȱtheȱinterpretationȱofȱ
suchȱaȱresponse.ȱ ȱ

Inȱthisȱtrial,ȱtheȱFCRȱcalculatedȱthroughoutȱtheȱexperimentalȱperiodȱandȱtheȱfinalȱLBWȱwereȱnotȱ
affectedȱbyȱdietaryȱQTȱatȱbothȱ testedȱ levels.ȱHowever,ȱ inȱQT1.5ȱbirds,ȱanȱ initialȱ retardedȱgrowthȱ
occurred,ȱwithȱaȱsuccessiveȱcompensatoryȱgrowth,ȱevidentȱespeciallyȱduringȱtheȱlastȱ15ȱdaysȱ(70–84).ȱ
Thisȱcompensatoryȱgrowthȱtrendȱwasȱalsoȱreportedȱbyȱotherȱauthorsȱinȱbroilersȱrearedȱunderȱfeedingȱ
restriction,ȱfollowedȱbyȱadȱlibitumȱfeedȱprovisionȱ[48].ȱAȱdecreaseȱinȱgrowthȱrate,ȱlowerȱLBW,ȱlowerȱ
ADFIȱandȱhigherȱFCRȱwereȱreportedȱinȱmaleȱMuscovyȱducksȱfedȱlowȬȱorȱhighȬtanninȬsorghumȱdietsȱ
[49].ȱTheseȱauthorsȱalsoȱreportedȱnoȱdifferencesȱinȱtheseȱparametersȱinȱMuscovyȱmalesȱfedȱonȱdietsȱ
50/50ȱhigh/lowȱtanninȬsorghumȱenrichedȱwithȱLȬMethionine,ȱattributingȱtheȱreductionȱinȱtheȱnegativeȱ
effectȱofȱtanninȱonȱproteinȱavailabilityȱtoȱthisȱaminoȱacid.ȱ

Unexpectedly,ȱtheȱuseȱofȱdietaryȱQTȱdidȱnotȱleadȱbirdsȱtoȱexcreteȱdryerȱdroppingsȱasȱobservedȱ
inȱotherȱbirdȱspecies,ȱnamelyȱchickensȱ[21]ȱandȱpheasantsȱ[20],ȱbutȱratherȱtheȱoppositeȱeffectȱcouldȱbeȱ
observed.ȱThisȱresultȱmightȱbeȱattributedȱtoȱtheȱhighȱdailyȱwaterȱintakeȱinȱducks,ȱwhichȱdidȱnotȱallowȱ
theȱQTȱtoȱhaveȱaȱ“drying”ȱeffect.ȱAsȱsomeȱauthorsȱreported,ȱ800ȱml/dȱwasȱtheȱwaterȱintakeȱinȱ14ȱtoȱ
42ȬdȱoldȱPekinȱducksȱ[50],ȱwhileȱinȱ20ȬweekȱoldȱWhiteȱLeghornȱhensȱtheȱintakeȱwasȱ228ȱml/dȱ[51],ȱ
thus,ȱthreefoldȱlowerȱthanȱtheȱintakeȱinȱducks.ȱ

TheȱdietaryȱQTȱdidȱnotȱnegativelyȱaffectȱcarcassȱtraitsȱinȱ84Ȭdȱoldȱmaleȱducks,ȱrather,ȱitȱledȱtoȱ
improvedȱyieldsȱinȱbothȱtheȱhotȱandȱchilledȱRCCȱofȱQTȱbirds,ȱwhichȱwasȱheavierȱthanȱQT0.ȱHigherȱ
RCCȱyieldsȱwereȱalsoȱreportedȱinȱmaleȱMuscovyȱducksȱofȱtheȱsameȱstrainȱ[52],ȱfedȱonȱdietsȱwithȱ50/50ȱ
high/lowȱ tanninȬsorghumȱ [48].ȱ Inȱ slowȬgrowingȱ chickens,ȱ instead,ȱ theȱRCCȱyieldȱpointedȱoutȱnoȱ
differencesȱ[21],ȱasȱwellȱasȱinȱbroilerȱchickensȱ[26]ȱandȱinȱfemaleȱpheasantsȱ[20].ȱ ȱ

Wildȱbirdsȱfeedingȱonȱdietsȱrichȱinȱtanninsȱdevelopedȱlargerȱintestinesȱandȱcaeca,ȱandȱheavierȱ
gizzardsȱ[53],ȱhowever,ȱthisȱcouldȱbeȱalsoȱ inducedȱbyȱaȱdifferentȱphysicalȱ formȱofȱnaturalȱfeedingȱ
sources,ȱ richȱ alsoȱ inȱmoreȱ fibrousȱ nutrientȱ contentȱ [54].ȱ Inȱ thisȱ trial,ȱ smallȱ intestineȱ lengthȱwasȱ
influencedȱbyȱtheȱdiet.ȱNevertheless,ȱthisȱinfluenceȱresultedȱinȱtheȱoppositeȱtoȱwhatȱweȱwouldȱhaveȱ
expected,ȱwithȱQT1.5ȱbirdsȱhavingȱaȱshorterȱsmallȱintestine.ȱInȱcontrast,ȱnoȱeffectȱwasȱobservedȱinȱ
growingȱfemaleȱpheasantsȱafterȱaȱ60ȬdȱQTȱdietȱ[20],ȱandȱlongerȱsmallȱintestineȱlengthȱafterȱaȱ4Ȭweekȱ
trialȱ inȱ adultȱ greyȱ partridgesȱwasȱ observedȱ byȱLiukkonenȬAnttilaȱ etȱ al.ȱ [53].ȱ Furtherȱ researchȱ isȱ
neededȱtoȱclarifyȱthisȱresult.ȱ

5.ȱConclusionsȱ

Inȱviewȱofȱtheȱparametersȱ testedȱ inȱthisȱ feedingȱtrial,ȱnoȱadverseȱeffectsȱonȱhealthȱnorȱonȱtheȱ
productionȱperformanceȱofȱbirdsȱcouldȱbeȱobserved.ȱTheȱ increasingȱamountȱofȱQTȱinȱtheȱdietȱwasȱ
foundȱtoȱbeȱlinkedȱtoȱtheȱhigherȱintakeȱofȱfeedȱbyȱtheȱducksȱofȱtheȱdifferentȱdietaryȱgroups,ȱlikelyȱdueȱ
toȱ theȱ capabilityȱ ofȱ dietaryȱ quebrachoȱ tanninsȱ toȱ stimulateȱ theȱ innateȱ feedingȱ behavior.ȱ Excretaȱ
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qualityȱwasȱnotȱinfluencedȱbyȱtheȱamountȱofȱtanninsȱinȱtheȱdiet,ȱprobablyȱdueȱtoȱaȱconservedȱwaterȱ
consumptionȱviaȱsoakedȱfeed.ȱFinally,ȱtheȱslaughteringȱperformanceȱwasȱsatisfactoryȱandȱimprovedȱ
byȱQTȱsupplementation,ȱthusȱtheȱinclusionȱupȱtoȱ2.5%ȱofȱQuebrachoȱtanninsȱinȱtheȱdietȱcanȱbeȱsafelyȱ
usedȱinȱslowȬgrowingȱtypeȱmaleȱMuscovyȱducks.ȱ
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