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SimpleȱSummary:ȱFruitȱjuiceȱproductionȱresultedȱinȱaȱconsiderableȱamountȱofȱbyȬproductsȱthatȱareȱ
richȱinȱphenolicȱcompounds.ȱSeveralȱstudiesȱhaveȱalreadyȱreportedȱthatȱpolyphenolsȱseemedȱtoȱhaveȱ
antioxidant,ȱantiȬinflammatoryȱandȱhypolipidemicȱproperties.ȱForȱ thisȱreason,ȱfruitȱextractsȱhaveȱ
beenȱwidelyȱ usedȱ asȱ aȱ humanȱ foodȱ supplementȱ forȱ healthȱ promotionȱ andȱ diseaseȱ prevention.ȱ
However,ȱlittleȱinformationȱaboutȱtheirȱapplicationȱinȱanimalȱfeedsȱisȱavailable.ȱTheȱaimȱofȱthisȱstudyȱ
wasȱtoȱinvestigateȱwhetherȱ3%ȱorȱ6%ȱapple,ȱblackcurrantȱandȱstrawberryȱdietaryȱ inclusionȱcouldȱ
haveȱaȱpositiveȱeffectȱonȱmeatȱquality,ȱbloodȱchemistryȱandȱredoxȱstatusȱofȱbroilerȱchickens.ȱOverall,ȱ
theȱobtainedȱresultsȱseemȱencouragingȱasȱbothȱ3%ȱandȱ6%ȱfruitȱpomacesȱdietsȱdidȱnotȱimpairȱcarcassȱ
traitsȱ andȱmeatȱquality.ȱMoreover,ȱ fruitȱpomacesȱgroupsȱ showedȱ lowerȱbloodȱ triglyceridesȱ andȱ
improvedȱ renalȱ functionȱ withȱ lowerȱ creatinineȱ level.ȱ Regardingȱ antioxidantȱ activity,ȱ allȱ fruitȱ
pomacesȱimprovedȱtheȱredoxȱstatusȱinȱliver,ȱbreastȱandȱblood.ȱNoȱdifferencesȱhaveȱbeenȱrecordedȱ
betweenȱ3%ȱandȱ6%ȱdiets.ȱFromȱaȱproductiveȱandȱbiologicalȱpointȱofȱview,ȱtheȱuseȱofȱfruitȱpomacesȱ
inȱbroilerȱchickenȱnutritionȱseemsȱtoȱbeȱpromising,ȱinȱparticular,ȱ3%ȱdietaryȱinclusionȱseemsȱtoȱbeȱ
preferableȱasȱhigherȱfibreȱlevelȱcanȱimpairȱnutrientȱdigestibilityȱinȱpoultry.ȱ

Abstract:ȱTheȱpresentȱstudyȱinvestigatedȱtheȱeffectsȱofȱappleȱ(A),ȱblackcurrantȱ(B)ȱandȱstrawberryȱ
(S)ȱdriedȱpomacesȱonȱmeatȱquality,ȱbloodȱchemistryȱandȱredoxȱstatusȱofȱbroilerȱchickens.ȱAȱtotalȱofȱ
480ȱRossȬ308ȱmaleȱbroilersȱwereȱdividedȱintoȱ8ȱdietaryȱtreatmentsȱcontainingȱ3%ȱandȱ6%ȱofȱcelluloseȱ
preparationȱ(C),ȱA,ȱBȱorȱS.ȱSixȱbirds/groupȱwereȱslaughteredȱatȱ35ȱdaysȱofȱageȱandȱbloodȱsamplesȱ
wereȱcollected.ȱCarcassȱtraitsȱandȱmeatȱqualityȱwereȱdeterminedȱonȱtheȱPectoralisȱmajorȱmuscles,ȱ
recordingȱnonsignificantȱdifferences.ȱAntioxidantȱactivityȱwasȱevaluatedȱinȱserum,ȱliverȱandȱbreastȱ
muscle.ȱInȱserum,ȱfruitȱpomacesȱloweredȱtriglycerides,ȱcreatinineȱandȱatherogenicȱindexȱ(pȱ<ȱ0.05).ȱ
Regardingȱ redoxȱ status,ȱ inȱ serum,ȱACWȱ (antioxidantȱ capacityȱofȱwaterȬsolubleȱ substances)ȱandȱ
ACLȱ(antioxidantȱcapacityȱofȱlipidȬsolubleȱsubstances)ȱwereȱgreaterȱinȱAȱ(pȱ<ȱ0.001).ȱInȱbreast,ȱACWȱ
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andȱACLȱwereȱhigherȱ inȱBȱandȱSȱcomparedȱtoȱCȱ(pȱ<ȱ0.05).ȱInȱ liver,ȱACLȱwasȱgreaterȱ inȱBȱandȱSȱ
comparedȱ toȱCȱ (pȱ<ȱ0.001)ȱ andȱ inȱhigherȱdosageȱ comparedȱ toȱ lowȱ (pȱ =ȱ0.036).ȱGSSGȱ (oxidizedȱ
glutathione)ȱconcentrationȱwasȱlowerȱinȱA,ȱwhereasȱA,ȱBȱandȱSȱpresentedȱaȱhigherȱGSHȱ(reducedȱ
glutathione)/GSSGȱ ratio.ȱTheȱ resultsȱ showedȱ thatȱ fruitȱpomacesȱ couldȱ representȱpromisingȱ feedȱ
ingredientsȱforȱbroilers,ȱimprovingȱserum,ȱmeatȱandȱtissueȱantioxidantȱparameters.ȱ

Keywords:ȱbroiler;ȱbloodȱlipids;ȱdriedȱfruitȱpomace;ȱphenolicȱcompounds;ȱtissueȱredoxȱstatusȱ
ȱ

1.ȱIntroductionȱ

JamsȱandȱjuicesȱproductionȱgenerateȱaȱlargeȱamountȱofȱbyȬproductȱconsistingȱinȱfruitȱpomacesȱ
withȱorȱwithoutȱseedsȱthatȱcanȱbeȱanȱimportantȱandȱinexpensiveȱdietaryȱadditive.ȱTheȱuseȱofȱtheseȱ
pomacesȱ inȱanimalȱ feedȱhasȱbeenȱwidelyȱ investigatedȱwithȱ theȱaimȱofȱobtainingȱ foodsȱwithȱhighȱ
nutritionalȱvalueȱandȱbeneficialȱeffectsȱonȱconsumerȱhealthȱ[1,2].ȱInȱfact,ȱitȱisȱwellȱknownȱthatȱfruitȱ
pomaces,ȱsuchȱasȱapple,ȱblackcurrantȱorȱstrawberryȱcanȱbeȱaȱveryȱvaluableȱsourceȱofȱnaturalȱphenolicȱ
compoundsȱwithȱantioxidant,ȱantiȬinflammatoryȱandȱhypolipidemicȱproperties,ȱsuchȱasȱflavanȬ3Ȭols,ȱ
anthocyanins,ȱ ellagitanninsȱ andȱ phenolicȱ acidsȱ [3].ȱ Additionally,ȱ theȱ contentȱ ofȱ betaȬcarotene,ȱ
vitamins,ȱ traceȱelements,ȱandȱpolyunsaturatedȱ fattyȱacidsȱ (PUFAs)ȱ inȱpomacesȱ isȱnoteworthyȱ [4].ȱ
Previousȱworksȱhadȱalreadyȱdemonstratedȱthatȱtheirȱuseȱinȱlaboratoryȱandȱfarmȱanimalsȱisȱableȱtoȱ
reduceȱ hypercholesterolaemiaȱ andȱ hypertriglyceridemiaȱ [5]ȱ asȱwellȱ asȱ toȱ efficientlyȱ supportȱ theȱ
maintenanceȱofȱaȱ correctȱ redoxȱ statusȱ [6,7].ȱTheȱenhancementȱofȱ theȱantioxidantȱactivityȱ throughȱ
naturalȱfeedȱingredientsȱhasȱreceivedȱmajorȱattentionȱinȱtheȱlastȱdecadesȱresearch.ȱInȱfact,ȱinȱtheȱbody,ȱ
endogenousȱ andȱ exogenousȱ freeȱ radicalȱ formationȱ occursȱ physiologicallyȱ andȱ theȱ exposureȱ toȱ
environmentalȱ oxidantsȱ cannotȱ beȱ avoidedȱ [8].ȱ Asȱ aȱ consequence,ȱ ifȱ theȱ redoxȱ statusȱ isȱ notȱ
maintained,ȱ anȱ imbalanceȱbetweenȱproductionȱ andȱdestructionȱofȱ reactiveȱoxygenȱ speciesȱ (ROS)ȱ
occurredȱproducingȱ oxidativeȱ stress.ȱ Fruitȱpomacesȱ seemedȱ toȱ beȱ aȱpromisingȱnaturalȱ sourceȱ ofȱ
antioxidantȱcompoundsȱasȱreportedȱbyȱJankowskiȱetȱal.ȱ[9].ȱInȱtheirȱstudy,ȱtheyȱobservedȱbeneficialȱ
effectsȱonȱbloodȱantioxidantȱparametersȱinȱturkeysȱfedȱdietsȱsupplementedȱwithȱapple,ȱstrawberryȱorȱ
blackcurrantȱpomaceȱinȱtermsȱofȱincreasedȱvitaminȱCȱconcentration,ȱintegralȱantioxidantȱcapacityȱofȱ
lipophilicȱandȱhydrophilicȱsubstancesȱandȱdecreasedȱlipidȱperoxideȱlevels.ȱ

Moreover,ȱphenolicȱcompoundsȱcanȱaffectȱmeatȱqualityȱbyȱ increasingȱ resistanceȱ toȱoxidizingȱ
agents,ȱenhancingȱtheȱintegrityȱofȱcellȱmembranes,ȱinhibitingȱwaterȱlossȱfromȱcells,ȱimprovingȱcolourȱ
stabilityȱandȱsensoryȱpropertiesȱsuchȱasȱtasteȱandȱaromaȱandȱimprovingȱitsȱeatingȱqualityȱ[10,11].ȱItȱ
alsoȱappearsȱthatȱtheȱuseȱofȱdriedȱfruitȱpomacesȱinȱanimalȱfeedingȱmayȱenrichȱanimalȱproducts,ȱsuchȱ
asȱmeat,ȱwithȱ substancesȱ beneficialȱ forȱ humanȱ health:ȱ vitamins,ȱ unsaturatedȱ fattyȱ acidsȱ (UFA),ȱ
mineralsȱandȱantioxidantsȱ[11].ȱTakingȱthisȱintoȱconsideration,ȱitȱcanȱbeȱstatedȱthatȱtheȱpresenceȱofȱ
naturalȱantioxidantsȱcompoundsȱinȱcommerciallyȱavailableȱproductsȱmightȱinfluenceȱtheȱconsumers’ȱ
choiceȱofȱproductsȱ[12].ȱNowadaysȱconsumersȱareȱveryȱsensibleȱconcerningȱtheseȱ informationȱandȱ
theyȱareȱshowingȱgreaterȱinterestȱinȱfoodsȱthatȱcontainȱbioactiveȱorȱfunctionalȱcomponentsȱwhichȱwillȱ
giveȱadditionalȱbenefitsȱtoȱtheirȱhealthȱstatusȱ[13].ȱ

However,ȱinclusionȱofȱfruitȱpomacesȱtoȱpoultryȱdietȱisȱnotȱfreeȱofȱrisksȱasȱtheyȱareȱrichȱinȱfibreȱ
andȱproneȱtoȱdecreasedȱgrowthȱperformancesȱwhenȱincludedȱatȱexcessiveȱdosesȱinȱdietȱ[14].ȱItȱisȱalsoȱ
toȱstateȱthatȱtheȱuseȱofȱfruitȱpomacesȱinȱanimalȱnutritionȱcouldȱbeȱmadeȱdifficultȱbyȱtheȱseasonalityȱofȱ
fruitȱproduction.ȱConsideringȱthisȱbackground,ȱtheȱpresentȱstudyȱaimedȱtoȱinvestigateȱwhetherȱanȱ
incrementalȱ dietaryȱ incorporationȱ ofȱ highlyȱ fibrousȱ driedȱ fruitȱ pomaceȱ intoȱ animalȱ feedȱ couldȱ
produceȱsomeȱbeneficialȱeffectsȱonȱmeatȱqualityȱandȱredoxȱbalanceȱstatusȱofȱtissues,ȱliverȱandȱbloodȱ
inȱbroilers.ȱ
 ȱ
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2.ȱMaterialsȱandȱMethodsȱ ȱ

2.1.ȱBirds,ȱManagementȱandȱDietsȱ

Theȱ experimentȱwasȱ carriedȱ outȱ atȱ theȱ Researchȱ Laboratoryȱ ofȱ theȱDepartmentȱ ofȱ Poultryȱ
Science,ȱUniversityȱofȱWarmiaȱandȱMazuryȱinȱOlsztynȱ(Poland).ȱAȱtotalȱofȱ480ȱRossȱ308ȱmaleȱbroilersȱ
atȱ1Ȭdayȱofȱageȱ(AnimexȱGroup,ȱSokolka,ȱPoland)ȱwereȱrandomlyȱallottedȱtoȱ8ȱdietaryȱtreatmentsȱ(6ȱ
replicates/treatment;ȱ 10ȱ birds/replicate).ȱ Theȱ experimentalȱ protocolȱ wasȱ approvedȱ byȱ theȱ Localȱ
AnimalȱCareȱandȱUseȱCommitteeȱ(DecisionȱNo.ȱ2/2018;ȱOlsztyn,ȱPoland),ȱandȱtheȱstudyȱwasȱcarriedȱ
outȱinȱaccordanceȱwithȱEUȱDirectiveȱ2010/63/EUȱforȱanimalȱexperiments.ȱ

Appleȱ (A),ȱblackcurrantȱ (B)ȱ andȱ strawberryȱ (S)ȱdriedȱpomacesȱ (AgroȬBioȬProduktȱSp.ȱ z.o.o.,ȱ
Grodkowice,ȱPoland)ȱwereȱaddedȱtoȱtheȱexperimentalȱdietsȱatȱ3%ȱ(L,ȱlowȱcellulose)ȱorȱ6%ȱinclusionȱ
rateȱ(H,ȱhighȱcellulose).ȱTheȱfruitȱpomacesȱwereȱdriedȱinȱtheȱSBȬ1.5ȱrotaryȱdrumȱdryerȱ(AGROMECHȱ
Co.,ȱRogoznoȱWlkp.,ȱPoland)ȱforȱbiomassȱresidues.ȱAȱcontrolȱdietȱ(C)ȱwasȱformulatedȱandȱVITACEL®ȱ
celluloseȱ (Rettenmaier,ȱWarsaw,ȱ Poland)ȱ preparationȱwasȱ addedȱ asȱ fibreȱ componentȱ (Lȱ andȱH,ȱ
respectively).ȱEachȱdietȱwasȱ formulatedȱ forȱ twoȱdifferentȱ feedingȱphases:ȱ starterȱ (daysȱ1–14)ȱandȱ
finisherȱ(dayȱ15–35)ȱ(Tableȱ1).ȱTheȱnutritionalȱvalueȱofȱ theȱexperimentalȱdietsȱwasȱconsistentȱwithȱ
broilersȱnutrientȱrequirementsȱ[15].
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2.2.ȱChemicalȱAnalysisȱofȱFruitȱPomacesȱandȱExperimentalȱDietsȱ

Experimentalȱdietsȱ andȱ fruitȱpomacesȱwereȱ analysedȱ toȱ establishȱdryȱmatter,ȱ crudeȱprotein,ȱ
crudeȱ fat,ȱcrudeȱfibre,ȱcrudeȱash,ȱ totalȱdietaryȱfibreȱ (TDF)ȱandȱsolubleȱandȱ insolubleȱ fibreȱ fractionȱ
(SDFȱ andȱ IDF,ȱ respectively)ȱ accordingȱ toȱ AOACȱ Internationalȱ [16].ȱ HighȬPerformanceȱ Liquidȱ
ChromatographyȱDiodeȱArrayȱDetectorȱ (HPLCȱDAD,ȱ Smartlineȱ chromatograph–Knauer,ȱ Berlin,ȱ
Germany)ȱasȱthenȱusedȱtoȱdetermineȱtheȱpolyphenolsȱcontentȱinȱfruitȱpomacesȱandȱdietsȱasȱreportedȱ
byȱColombinoȱetȱal.ȱ[17]ȱ(Tableȱ1ȱandȱTableȱ2).ȱTheȱdriedȱfruitȱpomacesȱdifferedȱinȱtheȱcontentȱandȱ
compositionȱofȱnutrients,ȱnonnutrients,ȱ fibreȱandȱpolyphenolicȱ fractionȱ (Tableȱ2).ȱRegardingȱ fibreȱ
content,ȱTDFȱandȱSDFȱwereȱsimilarȱinȱAȱ(60.8%ȱandȱ9.1%)ȱandȱBȱpomacesȱ(60.6%ȱandȱ7.7%)ȱandȱlowerȱ
inȱSȱpomaceȱ(52.8%ȱandȱ0.40%).ȱIDFȱcontentȱwasȱsimilarȱinȱallȱtheȱpomacesȱ(51.7–52.9%).ȱConsideringȱ
polyphenolsȱ content,ȱ procyanidinsȱwereȱ theȱmostȱ abundantȱ polyphenolsȱ inȱ allȱ theȱ pomaces.ȱ Inȱ
particular,ȱ Aȱ pomaceȱ showedȱ theȱ lowestȱ polyphenolsȱ concentrationȱ (8.43ȱmg/g),ȱ composedȱ byȱ
procyanidinsȱ (6.75ȱmg/g),ȱquercetinȱglucosidesȱ (0.83ȱmg/g),ȱphlorizinȱ (0.55ȱmg/g)ȱandȱchlorogenicȱ
acidȱ(0.26ȱmg/g).ȱTheȱpolyphenolsȱwereȱmoreȱthanȱ3ȬfoldȱhigherȱinȱBȱpomaceȱthanȱinȱAȱpomaceȱ(26.7ȱ
mg/g)ȱcontainingȱprocyanidinsȱ(22.5ȱmg/g),ȱanthocyaninsȱ(3.74ȱmg/g)ȱandȱmyricetinȱglycosidesȱ(0.34ȱ
mg/g).ȱ Sȱ pomaceȱ showedȱ theȱ highestȱ concentrationȱ ofȱ polyphenolsȱ (28.9ȱ mg/g)ȱ composedȱ byȱ
procyanidinsȱ (15.8ȱmg/g),ȱ ellagitanninsȱ (11.2ȱmg/g)ȱ andȱ smallȱ contentȱ ofȱ tiliroside,ȱ ellagicȱ acid,ȱ
quercetinȱglycosidesȱandȱanthocyaninsȱ(0.85,ȱ0.57,ȱ0.27,ȱandȱ0.14ȱmg/g,ȱrespectively).ȱ

Tableȱ2.ȱNutrientȱcompositionȱandȱpolyphenolsȱcontentȱofȱtheȱfruitȱpomaces.ȱ

ȱ AppleȱPomaceȱ BlackcurrantȱPomaceȱ StrawberryȱPomaceȱ
Dryȱmatterȱ(%)ȱ 92.4ȱ 93.7ȱ 93.2ȱ
Crudeȱashȱ(%)ȱ 1.10ȱ 3.89ȱ 8.01ȱ

Crudeȱproteinȱ(%)ȱ 6.64ȱ 15.5ȱ 16.4ȱ
Crudeȱfatȱ(%)ȱ 2.63ȱ 13.8ȱ 10.4ȱ
Crudeȱfibreȱ(%)ȱ 22.0ȱ 19.8ȱ 31.4ȱ
Macroelements:ȱ ȱ ȱ ȱ

Caȱ 0.09ȱ 0.36ȱ 0.37ȱ
Kȱ 0.23ȱ 0.39ȱ 0.15ȱ
Pȱ 0.16ȱ 0.33ȱ 0.43ȱ
Mgȱ 0.04ȱ 0.17ȱ 0.10ȱ
Naȱ <0.01ȱ <0.01ȱ <0.01ȱ

Fibreȱ(%)ȱ ȱ ȱ ȱ
Totalȱdietaryȱfibreȱ 60.8ȱ 60.6ȱ 52.8ȱ

Insolubleȱdietaryȱfibreȱ 51.7ȱ 52.9ȱ 52.5ȱ
Solubleȱdietaryȱfibreȱ 9.10ȱ 7.70ȱ 0.40ȱ
Polyphenolsȱ(mg/g)ȱ ȱ ȱ ȱ
Totalȱpolyphenolsȱ 8.43ȱ 26.7ȱ 28.9ȱ
Anthocyaninsȱ 0.00ȱ 3.74ȱ 0.14ȱ

Chlorogenicȱacidȱ 0.26ȱ 0.00ȱ 0.00ȱ
Ellagicȱacidȱ 0.00ȱ 0.00ȱ 0.57ȱ
Ellagitanninsȱ 0.00ȱ 0.00ȱ 11.2ȱ
Agrimoniinȱ 0.00ȱ 0.00ȱ 4.19ȱ

Myricetinȱglycosidesȱ 0.00ȱ 0.34ȱ 0.00ȱ
Kaempferolȱglycosidesȱ 0.00ȱ 0.00ȱ 0.04ȱ

Kaempferolȱ 0.00ȱ 0.03ȱ 0.06ȱ
Quercetinȱglycosidesȱ 0.83ȱ 0.00ȱ 0.27ȱ

Quercetinȱ 0.03ȱ 0.06ȱ 0.00ȱ
Phloridzinȱ 0.55ȱ 0.00ȱ 0.00ȱ
Tilirosideȱ 0.00ȱ 0.00ȱ 0.85ȱ

FlavanȬ3Ȭolsȱ 6.76ȱ 22.5ȱ 15.8ȱ
Procyanidinsȱ 6.75ȱ 22.5ȱ 15.8ȱ
Freeȱcatechinsȱ 0.02ȱ 0.01ȱ 0.03ȱ
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2.3.ȱSlaughteringȱProceduresȱ

Theȱtrialȱlastedȱ35ȱdays.ȱAtȱdayȱ35,ȱ6ȱbirds/treatmentȱ(1ȱbird/replicate)ȱwereȱselectedȱonȱtheȱbasisȱ
ofȱpenȱaverageȱliveȱweight,ȱtaggedȱandȱfastedȱforȱ8ȱh.ȱTheȱbirdsȱwereȱelectricallyȱstunnedȱ(400ȱmA,ȱ
350ȱHz),ȱhungȱonȱaȱshackleȱlineȱandȱexsanguinatedȱbyȱaȱunilateralȱneckȱcut.ȱAfterȱaȱ3ȱminȱbleedingȱ
period,ȱtheȱbirdsȱwereȱscaldedȱatȱ61ȱ°Cȱforȱ60ȱs,ȱdefeatheredȱinȱaȱrotaryȱdrumȱpickerȱforȱ25ȱs,ȱandȱ
manuallyȱevisceratedȱ(nonedibleȱviscera:ȱfullȱcrop,ȱproventriculus,ȱsmallȱintestineȱandȱcaeca).ȱ

2.4.ȱCarcassȱTraitsȱandȱMeatȱQualityȱParametersȱ

Weightsȱ ofȱ breast,ȱ thigh,ȱ shank,ȱ gizzard,ȱ liver,ȱ heartȱ andȱ abdominalȱ fatȱwereȱ immediatelyȱ
recordedȱafterȱslaughteringȱandȱexpressedȱasȱrelativeȱweightȱofȱtheȱcarcassȱ(%).ȱSamplesȱofȱchickenȱ
leftȱbreastȱmuscleȱ(2.5ȱcmȱ×ȱ2.5ȱcmȱ×ȱ2.5ȱcm)ȱwereȱfreezeȬdried,ȱmilledȱtoȱaȱfineȱpowderȱandȱstoredȱatȱ
ƺ80ȱ°Cȱuntilȱfurtherȱanalysis.ȱ

Afterȱ24ȱhȱofȱchilling,ȱmeatȱqualityȱparametersȱ(pH,ȱcolour,ȱfatȱandȱleanȱratio)ȱwereȱdeterminedȱ
onȱtheȱPectoralisȱmajorȱmuscles.ȱToȱpreventȱmuscleȱsurfaceȱdryingȱafterȱslaughtering,ȱbreastȱmusclesȱ
wereȱindividuallyȱstoredȱinȱplasticȱbagsȱatȱ4ȱ°Cȱuntilȱmeatȱqualityȱanalysis.ȱTheȱpHȱofȱbreastȱmusclesȱ
wasȱmeasuredȱusingȱ aȱTestoȱLtd.ȱ 206ȬpH2ȱmeterȱ (TestoȱLtd,ȱPruszkow,ȱPoland).ȱTheȱHunterȱL*ȱ
(lightness,ȱaȱlowerȱvalueȱindicatesȱaȱdarkerȱcolour),ȱa*ȱ(redness,ȱaȱhigherȱpositiveȱvalueȱindicatesȱaȱ
higherȱcontributionȱofȱredness)ȱandȱb*ȱ(yellowness,ȱaȱhigherȱvalueȱindicatesȱaȱhigherȱcontributionȱofȱ
yellowness)ȱvaluesȱwereȱdeterminedȱonȱtheȱmedialȱsurfaceȱofȱeachȱrightȱbreastȱmuscleȱimmediatelyȱ
afterȱremovalȱusingȱaȱMiniScanȱXEȱPlusȱcolourȱdifferenceȱmeterȱ(HunterȱAssociatesȱLaboratory,ȱInc.,ȱ
Reston,ȱVA,ȱUSA).ȱThreeȱmeasurementsȱforȱeachȱparameters/animalȱwereȱperformedȱandȱtheȱaverageȱ
valueȱwasȱ recorded.ȱTheȱ fatȱ andȱ lean/fluidȱmassȱ ofȱ breastȱmuscleȱwasȱdeterminedȱ shortlyȱ afterȱ
dissectionȱbyȱtimeȬdomainȱnuclearȱmagneticȱresonanceȱusingȱtheȱminispecȱLFȱ90IIȱanalyserȱ(Bruker,ȱ
Karlsruhe,ȱGermany).ȱ

2.5.ȱSerumȱBiochemicalȱParametersȱ

Bloodȱsamplesȱwereȱcollectedȱatȱslaughtering,ȱbeforeȱstunningȱfromȱtheȱwingȱveinȱofȱ36ȱbirdsȱ(6ȱ
birds/diet).ȱAnȱ aliquotȱ ofȱ 2.5ȱmLȱwasȱ placedȱ intoȱ heparinȱ tubes.ȱ Subsequently,ȱ theȱ tubesȱwereȱ
centrifugedȱ atȱ 380ȱ gȱ forȱ 10ȱ minȱ andȱ theȱ obtainedȱ serumȱ wasȱ storedȱ atȱ ƺ80ȱ °C.ȱ Theȱ alanineȬ
aminotransferaseȱ (ALT),ȱ aspartateȬaminotransferaseȱ (AST),ȱ gammaȱ glutamylȱ transferaseȱ (GGT),ȱ
alkalineȱ phosphataseȱ (ALP),ȱ triglycerides,ȱ HDLȱ (highȬdensityȱ lipoprotein)/nonȬHDLȬcholesterol,ȱ
creatinine,ȱuricȱ acid,ȱCa,ȱPȱ andȱMgȱ concentrationsȱ inȱ serumȱwereȱ estimatedȱusingȱ aȱbiochemicalȱ
analyserȱ (Pentraȱ C200,ȱ HORIBA,ȱ Tokyo,ȱ Japan).ȱ Theȱ atherogenicȱ indexȱ ofȱ plasmaȱ (AIP)ȱ wasȱ
calculatedȱasȱfollows:ȱlog(triglycerides/HDL)ȱasȱreportedȱbyȱFernándezȬMacíasȱetȱal.ȱ[18].ȱ

2.6.ȱAntioxidantȱParametersȱ

Indicatorsȱofȱantioxidantȱactivityȱwereȱevaluatedȱinȱbreastȱmuscle,ȱliverȱandȱserum.ȱPhotochem®ȱ
apparatusȱ(AnalytikȱJena,ȱLeipzig,ȱGermany)ȱwasȱusedȱtoȱevaluateȱtheȱantioxidantȱcapacityȱofȱwaterȬ
solubleȱsubstancesȱ (ACW)ȱandȱ theȱantioxidantȱcapacityȱofȱ lipidȬsolubleȱsubstancesȱ (ACL)ȱusingȱaȱ
photoluminescentȱ (PCL)ȱmethodȱ basedȱ onȱ theȱ scavengingȱ activityȱ againstȱ theȱ superoxideȱ anionȱ
radicalȱ[19].ȱPCLȱACWȱandȱPCLȱACLȱkitsȱwereȱobtainedȱfromȱAnalytikȱJenaȱAgȱ(Jena,ȱGermany).ȱ

Ferricȱ reducingȱ antioxidantȱpotentialȱ (FRAP)ȱ assayȱwasȱ carriedȱoutȱ accordingȱ toȱmicroplateȱ
methodȱdescribedȱbyȱHorszwaldȱandȱAndlauer,ȱ[12]ȱandȱtheȱresultsȱwereȱexpressedȱasȱmilligramȱofȱ
Troloxȱperȱgramȱofȱdryȱmatterȱofȱbreast/liverȱorȱmilligramȱofȱTroloxȱperȱmillilitreȱofȱserum.ȱ

Additionally,ȱthiobarbituricȱacidȱreactiveȱsubstancesȱ(TBARS)ȱ levelsȱwereȱdeterminedȱinȱliverȱ
forȱmeasuringȱlipidȱperoxidationȱaccordingȱtoȱtheȱmethodȱdescribedȱbyȱOgnikȱandȱWertelecki,ȱ[20].ȱ
Resultsȱwereȱexpressedȱinȱmicromoleȱofȱmalondialdehydeȱ(MDA)ȱperȱkilogramȱofȱtissue.ȱTheȱreducedȱ
glutathioneȱ(GSH)ȱandȱoxidizedȱglutathioneȱ(GSSG)ȱconcentrationsȱwereȱalsoȱdeterminedȱinȱliverȱbyȱ
anȱenzymaticȱrecyclingȱmethodȱdescribedȱbyȱRahmanȱetȱal.ȱ[21].ȱ
 ȱ
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2.7.ȱHistopathologicalȱInvestigationsȱ

Theȱ slaughteredȱ birdsȱ (6/diet)ȱwereȱ submittedȱ toȱ anatomopathologicalȱ examination.ȱ Liver,ȱ
spleen,ȱthymusȱandȱbursaȱofȱFabriciusȱwereȱcollectedȱandȱfixedȱinȱ10%ȱbufferedȱformalin,ȱembeddedȱ
inȱparaffinȱwaxȱblock,ȱsectionedȱatȱaȱthicknessȱofȱ5ȱΐm,ȱmountedȱonȱglassȱslidesȱandȱstainedȱwithȱ
haematoxylinȱ andȱ eosin.ȱ Theȱ observedȱ histopathologicalȱ alterationsȱ wereȱ evaluatedȱ usingȱ aȱ
semiquantitativeȱ scoringȱ systemȱ (absent—0,ȱmild—1,ȱmoderate—2,ȱandȱ severe—3).ȱAllȱ theȱ slidesȱ
wereȱblindlyȱevaluatedȱbyȱtwoȱdifferentȱpathologists.ȱ

2.8.ȱStatisticalȱAnalysisȱ

Individualȱbirdsȱwereȱconsideredȱasȱexperimentalȱunitsȱtoȱanalyseȱmeatȱquality,ȱbloodȱandȱtissueȱ
antioxidantsȱparameters.ȱRȱsoftwareȱ(versionȱ4.0.2,ȱRȱFoundationȱforȱStatisticalȱComputing;ȱVienna,ȱ
Austria)ȱwasȱusedȱ toȱperformȱ theȱShapiro–Wilkȱ testȱ inȱorderȱ toȱ checkȱ theȱnormalityȱofȱ theȱdataȱ
distributionȱbeforeȱstatisticalȱanalyses.ȱDataȱwereȱdescribedȱbyȱmeanȱandȱstandardȱdeviationȱ(SD).ȱ
BivariateȱanalysisȱwasȱperformedȱbyȱKruskal–WallisȱandȱoneȬwayȱANOVAȱ tests.ȱDataȱwereȱalsoȱ
analysedȱ byȱ aȱ robustȱ twoȬwayȱ ANOVAȱ testȱ (methodȱ ofȱ trimmedȱmeans)ȱ inȱ orderȱ toȱ evaluateȱ
separatelyȱ theȱ effectȱ ofȱ dietȱ (A,ȱ Bȱ andȱ S),ȱ dosageȱ (Hȱ orȱ L)ȱ andȱ interactionȱ betweenȱ them.ȱ Theȱ
interactionsȱbetweenȱtheȱlevelsȱofȱtheȱfixedȱfactorsȱwereȱevaluatedȱbyȱrobustȱpairwiseȱcomparisons.ȱ
TwoȬwayȱANOVAȱresultsȱwereȱdiscussedȱonlyȱwhenȱaȱsignificantȱdifferenceȱwasȱfoundȱamongȱtheȱ
treatmentȱ groupsȱ byȱKruskal–Wallisȱ orȱ oneȬwayȱANOVAȱ test.ȱ pȱ valuesȱ ǂȱ 0.05ȱwereȱ consideredȱ
statisticallyȱsignificant.ȱ

3.ȱResultsȱ

3.1.ȱCarcassȱTraitsȱandȱMeatȱQualityȱParametersȱ ȱ

Theȱ appliedȱ dietaryȱ treatmentsȱ didȱ notȱ affectȱ eitherȱ theȱ carcassȱ traitsȱ orȱ theȱmeatȱ qualityȱ
parametersȱ(Tableȱ3).ȱHowever,ȱaȱslightlyȱsignificantȱdifferenceȱregardingȱfatȱtissueȱcontentȱandȱleanȱ
tissueȱandȱ fluidȱcontentȱwasȱ recordedȱamongȱ theȱ treatmentȱgroupsȱ (pȱ=ȱ0.068).ȱ Inȱ fact,ȱ theseȱ twoȱ
parametersȱwereȱinfluencedȱbyȱfruitȱpomacesȱ(pȱ=ȱ0.008):ȱA,ȱBȱandȱSȱdietsȱincreasedȱfatȱtissueȱcontentȱ
andȱdecreasedȱleanȱtissueȱandȱfluidȱcontentȱofȱmeatȱcomparedȱtoȱcontrolȱdiet.ȱ

ȱ
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3.2.ȱSerumȱBiochemicalȱParametersȱ

DataȱregardingȱserumȱbiochemicalȱparametersȱareȱreportedȱinȱTableȱ4.ȱ
Consideringȱ serumȱ lipids,ȱ triglyceridesȱ showedȱ significantȱdifferencesȱ amongȱ theȱ treatmentȱ

groupsȱ(pȱ<ȱ0.001),ȱdependingȱonȱfruitȱpomacesȱ(pȱ<ȱ0.001).ȱInȱfact,ȱA,ȱBȱandȱSȱgroupsȱshowedȱlowerȱ
serumȱ triglyceridesȱwhenȱ comparedȱ toȱ controlȱ group.ȱMoreover,ȱ alsoȱAIPȱ significantlyȱ differedȱ
amongȱtheȱgroups,ȱbeingȱgreaterȱinȱcontrolȱgroupsȱthanȱinȱfruitȱpomaceȱdietsȱ(pȱ<ȱ0.001).ȱ

Regardingȱrenalȱfunction,ȱcreatinineȱlevelsȱwereȱsignificantlyȱlowerȱinȱBH,ȱBL,ȱSHȱandȱSLȱgroupsȱ
comparedȱtoȱcontrolȱ(pȱ=ȱ0.05).ȱTheȱtwoȬwayȱANOVAȱshowedȱthatȱcreatinineȱlevelsȱwereȱinfluencedȱ
byȱfruitȱpomacesȱ(pȱ=ȱ0.021):ȱchickensȱfedȱwithȱBȱandȱSȱdietsȱshowedȱlowerȱserumȱcreatinineȱcomparedȱ
toȱCȱgroups.ȱ

Finally,ȱALTȱ showedȱaȱ slightlyȱ significantȱdifferenceȱ amongȱgroupsȱ (pȱ=ȱ 0.061),ȱdueȱ toȱ fruitȱ
pomaceȱ(pȱ=ȱ0.021).ȱInȱfact,ȱAȱandȱBȱdietsȱpresentedȱaȱlowerȱASTȱactivityȱthanȱCȱgroup.
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3.3.ȱAntioxidantȱParametersȱ

Serum,ȱbreastȱandȱliverȱantioxidantȱparametersȱareȱsummarizedȱinȱTableȱ4ȱandȱTableȱ5.ȱ
Inȱ serum,ȱACWȱ andȱACLȱ showedȱ significantȱ differencesȱ amongȱ theȱ groupsȱ (pȱ <ȱ 0.001).ȱ Inȱ

particular,ȱACWȱdependedȱonȱpomaceȱ(pȱ=ȱ0.008)ȱandȱdosageȱ(pȱ=ȱ0.004),ȱbeingȱgreaterȱinȱAȱpomaceȱ
thanȱinȱC,ȱBȱandȱSȱgroupsȱandȱinȱHȱdietsȱthanȱinȱLȱdiets.ȱInȱaddition,ȱALCȱdependedȱonȱpomaceȱ(pȱ=ȱ
0.003)ȱandȱinteractionȱbetweenȱpomaceȱandȱdosageȱ(pȱ=ȱ0.027),ȱbeingȱlowerȱinȱBȱandȱSȱgroups.ȱ

Inȱ breast,ȱACWȱ andȱACLȱ significantlyȱdifferedȱ amongȱ treatmentsȱ (pȱ =ȱ 0.019ȱ andȱ pȱ =ȱ 0.029,ȱ
respectively),ȱdependingȱbothȱonȱpomaceȱ(pȱ=ȱ0.007ȱandȱpȱ=ȱ0.008).ȱInȱfact,ȱACWȱwasȱhigherȱinȱBȱandȱ
SȱdietsȱcomparedȱtoȱC,ȱwhereasȱACLȱincreasedȱinȱSȱdietȱcomparedȱtoȱtheȱotherȱtreatments.ȱ

Inȱliver,ȱACLȱshowedȱsignificantȱdifferencesȱamongȱtreatmentsȱ(pȱ<ȱ0.001),ȱdependingȱonȱpomaceȱ
(pȱ=ȱ0.001),ȱdosageȱ(pȱ=ȱ0.036)ȱandȱtheȱinteractionȱbetweenȱthemȱ(pȱ=ȱ0.043).ȱParticularly,ȱACLȱwasȱ
greaterȱinȱBȱandȱSȱgroupsȱcomparedȱtoȱCȱandȱinȱHȱdosageȱcomparedȱtoȱL.ȱInȱaddition,ȱGSSGȱandȱ
GSH/GSSGȱwereȱ significantlyȱdifferentȱamongȱ theȱ experimentalȱgroupsȱ (pȱ=ȱ0.003ȱandȱpȱ<ȱ0.001,ȱ
respectively),ȱdependingȱbothȱonȱpomaceȱ(pȱ=ȱ0.052ȱandȱpȱ=ȱ0.017)ȱandȱinteractionȱbetweenȱpomaceȱ
andȱdosage.ȱAllȱtheȱfruitȱpomacesȱgroupsȱpresentedȱaȱhigherȱGSH/GSSGȱratioȱthanȱC,ȱwhileȱGSSGȱ
concentrationȱwasȱlowerȱinȱAȱgroupȱthanȱinȱtheȱotherȱdiets.ȱ

3.4.ȱHistopathologicalȱInvestigationsȱ

Histopathologicalȱ alterationsȱwereȱ identifiedȱ inȱ allȱ theȱorgansȱ forȱ allȱ theȱdietaryȱ treatments.ȱ
SpleenȱshowedȱmildȱwhiteȱpulpȱhyperplasiaȱandȱbursaȱofȱFabriciusȱshowedȱfromȱmildȱtoȱmoderateȱ
follicularȱdepletion.ȱMildȱtoȱsevereȱvacuolarȱdegenerationȱandȱmildȱlymphoidȱtissueȱactivationȱwasȱ
observedȱinȱliver.ȱNoȱalterationsȱwereȱobservedȱinȱthymus.ȱNoȱsignificantȱdifferencesȱwereȱobservedȱ
amongȱtheȱdietaryȱtreatmentsȱonȱtheȱevaluatedȱparametersȱ(pȱ>ȱ0.05)ȱ(Tableȱ6).ȱ

ȱ
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4.ȱDiscussionȱ

Fruitȱpomacesȱhaveȱbeenȱ shownȱ toȱhaveȱbeneficialȱ antioxidantȱ activityȱ andȱ theyȱ canȱ enrichȱ
animalȱproductsȱwithȱhealthȬpromotingȱbenefitsȱforȱconsumers.[9,13].ȱTheȱcurrentȱstudyȱevaluatedȱ
whetherȱfruitȱpomacesȱdietsȱcanȱhaveȱbeneficialȱeffectsȱonȱmeatȱquality,ȱserumȱparametersȱandȱredoxȱ
statusȱofȱbroilers.ȱ

Inȱtheȱpresentȱexperiment,ȱdietaryȱcrudeȱfibreȱcontentȱwasȱlevelledȱoutȱatȱ3.2–3.3%ȱandȱ3.9–4.0%ȱ
inȱLȱandȱHȱtreatments,ȱrespectively.ȱThisȱisȱinȱaccordanceȱwithȱtheȱrequirementsȱforȱcrudeȱfibreȱinȱ
broilerȱ[22]ȱasȱhigherȱfibreȱconcentrationȱmayȱcauseȱnegativeȱconsequencesȱonȱgrowthȱperformances,ȱ
reducingȱproteinȱandȱ fatȱdigestibilityȱ[23].ȱRegardingȱpolyphenolsȱcontent,ȱAȱpomaceȱshowedȱ theȱ
lowestȱcontent,ȱwhereasȱitȱwasȱmoreȱthanȱ3ȬfoldȱhigherȱinȱBȱandȱSȱpomaces.ȱEachȱpomaceȱalsoȱdiffersȱ
inȱ termsȱofȱmajorȱphenolicȱcompoundsȱamounts.ȱ Inȱ fact,ȱAȱpomaceȱwasȱricherȱ inȱprocyanidins,ȱBȱ
pomaceȱ inȱprocyanidinsȱandȱanthocyanins,ȱwhereasȱ inȱSȱpomace,ȱprocyanidinsȱandȱellagitanninsȱ
wereȱtheȱdominantȱfractions.ȱThisȱisȱinȱaccordanceȱwithȱpreviousȱworksȱinvestigatingȱtheȱphenolicȱ
compoundsȱcontentȱinȱfruitȱpomacesȱ[24,25].ȱ

ThereȱisȱnoȱdoubtȱthatȱdietaryȱpolyphenolsȱshowedȱantiȬROSȱactivityȱbutȱalsoȱnegativeȱeffectsȱ
onȱ nutrientȱ digestibility,ȱwhenȱ providedȱ atȱ relativelyȱ highȱ amounts,ȱ haveȱ beenȱ describedȱ [26].ȱ
Nyamambiȱetȱal.ȱ[27]ȱreportedȱthatȱdietaryȱcondensedȱpolyphenolsȱmayȱeasilyȱdiminishȱtheȱactivityȱ
ofȱ smallȱ intestinalȱ mucosalȱ enzymes,ȱ thusȱ depressȱ theȱ digestionȱ rateȱ ofȱ dietaryȱ proteinȱ andȱ
carbohydrates.ȱAȱsignificantȱdecreaseȱinȱintestinalȱproteinȱdigestibilityȱwasȱreportedȱalsoȱinȱbroilersȱ
fedȱdietsȱcontainingȱmoreȱthanȱ2.5ȱmg/gȱofȱgrapeȱpolyphenolsȱextractȱ[28].ȱInȱtheȱpresentȱexperiment,ȱ
theȱhighestȱtotalȱpolyphenolȱconcentrationȱwasȱnotedȱinȱtheȱstarterȱperiodȱBHȱdietȱ(1.37ȱmg/g)ȱbutȱitȱ
didȱnotȱexceedȱtheȱ2.5ȱmg/gȱofȱdiet.ȱ

Inȱtheȱpresentȱstudy,ȱnoȱeffectȱonȱcarcassȱtraitsȱandȱmeatȱqualityȱwasȱobserved.ȱSimilarȱfindingsȱ
wereȱreportedȱbyȱJuskiewiczȱetȱal.ȱ[29]ȱinȱfruitȱpomacesȬfedȱturkeys.ȱOnȱtheȱcontrary,ȱMazurȬKuïnirekȱ
etȱal.ȱ [30]ȱreportedȱanȱhigherȱcontentȱofȱbreastȱmuscleȱonȱ theȱcarcassȱandȱaȱ lowerȱcontributionȱofȱ
yellownessȱ(b*)ȱinȱtheȱbreastȱmusclesȱofȱbroilersȱfedȱwithȱpolyphenolsȬenrichedȱdiets.ȱJiangȱetȱal.ȱ[31]ȱ
alsoȱfoundȱanȱincreasedȱpHȱandȱanȱincreasedȱL*ȱofȱmeatȱcolourȱinȱbroilerȱfedȱwithȱsoybeanȱisoflavoneȱ
richȱinȱpolyphenols.ȱHowever,ȱA,ȱBȱandȱSȱdietsȱslightlyȱincreasedȱfatȱtissueȱandȱdecreasedȱleanȱtissueȱ
andȱfluidȱcontentȱofȱmeatȱcomparedȱtoȱcontrolȱdiet.ȱThisȱslightlyȱincreaseȱinȱtheȱfatȱtissueȱpercentageȱ
shouldȱ beȱ regardedȱ asȱ nutritionallyȱ advisableȱ asȱ theȱ intramuscularȱ fatȱ positivelyȱ affectȱ flavourȱ
perception,ȱgenerationȱandȱstabilityȱ[32].ȱ

Theȱ availableȱ literatureȱ showedȱ thatȱ dietaryȱ plantȱ polyphenolsȱ addedȱ asȱ fibreȬboundȱ
compoundsȱ orȱ purifiedȱ extractsȱ couldȱ beȱ consideredȱ asȱ potentȱ antioxidantȱmoleculesȱ inȱ animalȱ
nutritionȱ [4].ȱHowever,ȱ thereȱ isȱ noȱ doubtȱ thatȱ theȱ applicationȱ ofȱ dietaryȱ polyphenolsȱmustȱ beȱ
judiciousȱasȱproȬoxidativeȱactionȱofȱlowȬmolecularȬweightȱcompoundsȱhasȱalsoȱbeenȱreportedȱ[33].ȱ
Inȱ theȱpresentȱ study,ȱ theȱdietaryȱapplicationȱofȱ threeȱ fruitȱpomacesȱwasȱaccompaniedȱbyȱhealthȬ
promotingȱchangesȱofȱdifferentȱantioxidantȱmechanismsȱinȱserum,ȱbreastȱandȱliver.ȱInȱserum,ȱACWȱ
dependedȱonȱpomaceȱ(pȱ=ȱ0.008)ȱandȱdosageȱ(pȱ=ȱ0.004),ȱbeingȱgreaterȱinȱAȱpomaceȱandȱinȱHȱdiets.ȱInȱ
addition,ȱALCȱdependedȱonȱpomaceȱ(pȱ=ȱ0.003)ȱbeingȱgreaterȱinȱAȱandȱCȱgroups.ȱInȱbreast,ȱACWȱandȱ
ACLȱwereȱinfluencedȱonlyȱbyȱpomaceȱ(pȱ=ȱ0.007ȱandȱpȱ=ȱ0.008).ȱInȱfact,ȱACWȱwasȱhigherȱinȱBȱandȱSȱ
diets,ȱwhereasȱACLȱincreasedȱinȱSȱdietȱcomparedȱtoȱtheȱotherȱtreatments.ȱ

Inȱliver,ȱACLȱdependedȱonȱpomaceȱ(pȱ=ȱ0.001),ȱdosageȱ(pȱ=ȱ0.036)ȱandȱtheȱinteractionȱbetweenȱ
themȱ(pȱ=ȱ0.043),ȱbeingȱgreaterȱinȱBȱandȱSȱgroupsȱandȱinȱHȱdosageȱcomparedȱtoȱL.ȱRegardingȱGSSGȱ
andȱGSH/GSSG,ȱallȱtheȱfruitȱpomacesȱgroupsȱpresentedȱaȱhigherȱGSH/GSSGȱratioȱthanȱCȱwhileȱGSSGȱ
concentrationȱwasȱlowerȱinȱAȱgroupȱthanȱinȱtheȱotherȱdiets.ȱThisȱisȱinȱaccordanceȱwithȱJankowskiȱetȱ
al.ȱ[9]ȱthatȱobservedȱanȱincreasedȱserumȱACLȱandȱACWȱinȱturkeysȱfedȱAȱandȱSȱdiets.ȱOnȱtheȱcontrary,ȱ
Vossenȱetȱal.ȱ [34]ȱshowedȱnoȱsignificantȱ influenceȱonȱserumȱantioxidantȱstatusȱ inȱbroilerȱchickensȱ
receivingȱdietaryȱantioxidantȱsupplementationȱfromȱgrapeȱseedȱorȱtomato.ȱMoreover,ȱLeskovecȱetȱal.ȱ
[35]ȱ foundȱnoȱdifferencesȱ inȱACWȱactivityȱ inȱserumȱandȱbreastȱ inȱchickensȱ fedȱwithȱaȱ linseedȱoilȬ
enrichedȱdiets,ȱwhereasȱtheyȱrecordedȱanȱincreaseȱinȱACLȱbreastȱactivity.ȱTheȱheterogeneityȱofȱtheseȱ
resultsȱpresentedȱinȱliteratureȱcanȱbeȱdueȱtoȱtheȱfactȱthatȱdifferentȱknownȱandȱunknownȱsynergisticȱ
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effectsȱ ofȱ fatȬȱ andȱ waterȬsolubleȱ antioxidantsȱ couldȱ indirectlyȱ affectȱ theȱ oxidativeȱ statusȱ whenȱ
supplementsȱcontainingȱmultipleȱantioxidantsȱareȱprovidedȱtoȱanimalsȱ[34].ȱ

Consideringȱtheȱoverallȱantioxidantȱactivity,ȱitȱisȱinterestingȱtoȱnoteȱthatȱfruitȱpomacesȱgenerallyȱ
increasedȱACWȱand/orȱACLȱactivityȱ inȱserum,ȱmeatȱandȱ liver,ȱ i.e.,ȱappleȱdietȱshowedȱtheȱgreatestȱ
effectȱinȱserumȱandȱliver,ȱwhereasȱblackcurrantȱandȱstrawberryȱdietsȱshowedȱtheȱgreatestȱeffectsȱinȱ
meatȱandȱ liver.ȱRegardingȱcelluloseȱ level,ȱ itȱ showedȱ littleȱ influenceȱonȱantioxidantȱparametersȱ inȱ
serumȱandȱliver,ȱwhileȱitȱseemedȱtoȱnotȱmodifyȱmeatȱACWȱandȱACL.ȱAsȱtheȱcelluloseȱlevelsȱseemedȱ
toȱhaveȱ littleȱeffectsȱonȱserumȱandȱ tissueȱantioxidantȱparameters,ȱLȱcelluloseȱshouldȱbeȱpreferableȱ
consideringȱthatȱhighȱlevelsȱcouldȱimpairȱnutrientȱdigestionȱ[23].ȱ

Allȱtheȱaforementionedȱchangesȱinȱserumȱandȱtissuesȱantioxidantȱactivityȱshouldȱbeȱattributed,ȱ
atȱ leastȱpartially,ȱ toȱphenolicȱmetabolitesȱ thatȱareȱableȱ toȱ infiltrateȱhydrophobicȱareasȱ (suchȱasȱ theȱ
lipidȱ bilayersȱ ofȱ cells)ȱ andȱ hydrophilicȱ areasȱ (e.g.,ȱ bloodȱ serum)ȱ [24,25].ȱ Asȱ theȱ hydrophobicȱ
propertiesȱvaryȱamongȱtheȱdifferentȱphenolicȱcompoundsȱ[36],ȱdifferencesȱinȱtheȱrelativeȱabundanceȱ
ofȱeachȱpolyphenolȱmightȱbeȱtheȱreasonȱforȱvariationsȱinȱtheȱantioxidantȱeffectsȱofȱA,ȱBȱandȱSȱdiets.ȱ
Serumȱ biochemicalȱ parametersȱwereȱ alsoȱ positivelyȱmodulatedȱ byȱ fruitȱ pomaces.ȱ Inȱ particular,ȱ
triglyceridesȱandȱAIPȱdependedȱonȱ fruitȱpomacesȱ (pȱ <ȱ 0.001),ȱbeingȱ lowerȱ inȱA,ȱBȱ andȱSȱgroupsȱ
comparedȱ toȱC.ȱThisȱ isȱaȱpositiveȱ findingȱandȱ itȱ isȱ inȱaccordanceȱwithȱ literature,ȱasȱMeydaniȱandȱ
Hasanȱ[37]ȱreportedȱthatȱanthocyaninsȱextractedȱfromȱblueberryȱcouldȱlowerȱserumȱtriglyceridesȱandȱ
leptinȱ level,ȱanȱhormoneȱ thatȱreducesȱ triglyceridesȱ formationȱ inȱvariousȱorgansȱbyȱ increasingȱfreeȱ
fattyȱacidsȱoxidationȱandȱdecreasingȱitsȱesterification.ȱItȱhasȱbeenȱalsoȱsuggestedȱthatȱfruitȱpomacesȱ
areȱrichȱsourcesȱofȱPUFAs,ȱlikeȱlinoleicȱacidȱandȱ΅Ȭlinolenicȱacids,ȱwhichȱmayȱadditionallyȱcontributeȱ
toȱ theȱ lipidȬloweringȱactivityȱofȱ theȱpomaceȱdietsȱobservedȱ inȱ theȱpresentȱexperimentȱ [1,29].ȱFruitȱ
pomaces,ȱparticularlyȱBȱandȱSȱdietsȱalsoȱreducedȱbloodȱcreatinineȱ levelȱcomparedȱ toȱCȱ (p=ȱ0.021).ȱ
Evenȱ ifȱ allȱ groupsȱ showedȱ normalȱ creatinineȱ level,ȱ anȱ increaseȱ inȱ dietaryȱ fibreȱ intakeȱ hasȱ beenȱ
reportedȱtoȱreduceȱbloodȱcreatinineȱlevelsȱinȱhumansȱ[38].ȱItȱcouldȱbeȱhypothesizeȱthatȱalsoȱinȱpoultry,ȱ
higherȱlevelȱofȱdietaryȱfibreȱcouldȱincreaseȱcreatinineȱdegradationȱbyȱbacterialȱcreatinaseȱthroughoutȱ
theȱbowelȱandȱthusȱpotentialȱlossȱtoȱtheȱcreatinineȱpoolȱ[38].ȱ

Finally,ȱfruitȱpomacesȱdietsȱdidȱnotȱsignificantlyȱinfluenceȱeitherȱtheȱdevelopmentȱorȱtheȱseverityȱ
ofȱ theȱhistopathologicalȱalterationsȱdetectedȱ inȱ theȱbroilerȱchickensȱofȱ theȱcurrentȱ research.ȱTheseȱ
resultsȱseemȱtoȱsuggestȱthatȱtheȱappliedȱfruitȱpomacesȱdietaryȱinclusionȱshowedȱnoȱnegativeȱeffectȱonȱ
animalȱhealth.ȱ

5.ȱConclusionsȱ

Inȱ conclusion,ȱ dietaryȱ applicationȱ ofȱ apple,ȱ blackcurrantȱ andȱ strawberryȱ pomacesȱ couldȱ
strengthenȱserumȱandȱ tissueȱantioxidantȱactivityȱalongȱwithȱ improvingȱ theȱserumȱ lipidȱprofileȱ inȱ
broilersȱwithȱnoȱnegativeȱeffectsȱonȱmeatȱqualityȱandȱcarcassȱtraits.ȱCelluloseȱlevelȱdidȱnotȱinfluenceȱ
antioxidantȱ parametersȱ inȱmeat,ȱ suggestingȱ thatȱ lowerȱ levelȱ ofȱ celluloseȱ shouldȱ beȱ preferredȱ inȱ
poultryȱdietȱinȱorderȱtoȱavoidȱnegativeȱeffectsȱonȱnutrientȱdigestibility.ȱHowever,ȱtheȱpresentȱstudyȱ
hadȱseveralȱlimitationsȱconcerningȱlowȱstatisticalȱpowerȱdueȱtoȱtheȱsmallȱsampleȱsize.ȱFurtherȱstudiesȱ
withȱaȱhigherȱnumberȱofȱanimalsȱseemȱnecessaryȱtoȱbetterȱunderstandȱwhichȱdosesȱandȱwhichȱfruitȱ
pomacesȱshouldȱbeȱmoreȱsuitableȱforȱpoultryȱnutrition.ȱ
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