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Atotalmixedration(TMR)isasinglefeedmixforcowsthatcombinesallforages,

grains,proteinfeeds, minerals,vitamins,andfeedadditivesformulatedtoaspecified

nutrientconcentration.FermentedTMRhasamoderateamountofmoisture,ahigher

lacticacidcontent(LAC),andproduceshigh-qualityTMRsilage.
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Atpresent,roughly63hundredmillionpeopleliveonEarth,andabout8hundred

million sufferfrom nutrientdeficiency orstarvation (Ishibashi,2007).Food

self-sufficiencyinJapanis40%(calorieconversion),muchlowerthanthatofAustralia

(230%),France(130%),theUnitedStates(119%),Germany(91%),theUnitedKingdom

(74%),and167Othernationsintheworld(Ishibashi, 2007).Astheproductionof

livestockhasincreased,andwithittheconsumptionofgrainsandothercrops,

competitionforfoodhasintensified.Becausetheanimalfeed-sufficiencyofJapanis

24.7% (totaldigestiblenutrient(TON)conversion;Ishibashi,2007),itisimportantto

improvefeedself-sufficiency.AlthoughtheoutputofassortedfeedinJapanhasbeen

about24milliontonsinrecentyears,Withaconsumptionextensionofanimalproducts,

increaslngtheproductionoffeedisalsonecessary.However,evenmostoftheraw

materialsusedforfeedproductionarecurrentlyimportedfromforeigncountries.Since
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thebovinespongiformencephalopathy("madcowdisease")epidemic,theinterestin

feedsafetyhasheightened.Therefore,ithasbecomemoreimportantthanevertodevelop

asafTeandrobustfeedself-sufficiencyprogram incountrieslikeJapan(Warrenand

Farrell,1990;Aguileraeta1.,1992;Gatel,1994;Hatanoeta1.,2002;StrubleandAomarl,

2003;Sato, 2005;SuzukiandKaiser,2005).Thedomesticproductionoffeedfor

domesticallyraisedanimalsisanobviouswaytoimprovelowfeedself-sufficiencyrates

(Oginoeta1.,2008).

Overthepastseveralyears, Japanhasexperiencedadecreaseinhumanrice

consumption,whilethegrain'simportanceforfeedhasincreased.Wholecroprice

(WCR)isasuitablefeedcropbecauseitcanwithstandthehighheatandrainofJapanese

summers.ThereisanincreaslnglevelofresearchinterestinJapanontheutilizationof

WCRasafeedforruminants,becausemorethan400,000haofpaddyfieldsarecurrently

unusedduetoproductionadjustments(ShioyaandCai,2004;Nishinoet_al.,2007).To

increasetheproductionofdomesticroughageinJapan,foragericeplantcropacreagewas

recentlyincreasedtomorethan5,000ha(Tobisaeta1.,2005),andforagericeforratoon

croppingcouldonedaybecultivatedintheKyushuregion(Kobayashieta1.,2007).

Expertshavedevelopedspecialharvestingmachinesaswellasspeciesadaptedtolocal

cultivationtechniquesandconditions.However,WCRsilageisapoor-qualityfeeddueto

lowLACresultingfromalowsolublecarbohydratecontent(Yoshidaeta1.,1987;Enishi

and Shijimaya,1998;Caieta1.,2003)･In addition,producing high-quality

self-sufTICiencyroughagerequiresthedevelopmentofarobustbreedaswellasefficient

culturing,harvesting,andpreparationtechniques(EnishiandShijimaya,1998;Islamet

a1.,2001,2004;Caieta1.,2003;Urakawaetal.,2004;Matsuyamaeta1.,2005,2006;

Tsurueta1.,2007).
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Theprocessingandmanufacturingofmanyfoodsandbeveragesproducelarge

quantitiesofediblebyproducts,andtheamounthasincreasedremarkablyinrecentyears.

InJapan,ca.11,314,000tonsoffoodby-productsweregeneratedin2002.However,only

about1.6%(182,000tons)wasusedasfeedand1.65% (187,000tons)ascompost,while

about45%(5,060,000tons)wasrecycled.Mostofitwasbumedordumpedintolandfalls

(XuandToyokawa,2005).Thisappearstobeawasteofpotentialresourcesandenergy.

However,demandisincreasingfortheefTICientuseoffoodby-productsduetoeconomic

andenvironmentalconcems,andbyproductssuchastofucake(TC),ricebran(RB),and

wetgreenteawaste(WGTW)arehighincrudeprotein,fattyacid,tannins,andvitamins

(Xuetal.,2001,2007;Amissaheta1.,2003;Kondoeta1.,2004a;deCamposeta1.,2007).

InJapan,morethan700,000tonsofTC,529,200tonsofRB,and100,000tonsofWGTW

areproducedannually(Kajikawa,1996;Xueta1.,2001;Kondoeta1.,2004a).Notonly

couldthesebyproductsbeusedasasourceofnutrientsforruminants,butuslngthemto

replaceimportedcommercialfeedstuffScouldsaveenergyontransportingimportsand

possiblyreducetheenvironmentalimpactofbumlngthemaswasteorburyingthemina

landfall(Furumoto,2002;I°e,2002;Ⅰshida,2002).

EnsilingWCRwiththesefoodby-productsintoaTMRcouldpotentiallyproduce

good-qualitysilagewithhighLAC.Unpalatablebyproductscouldalsopossiblybe

incorporatedintotheTMRiftheirodorsandnavorswerealteredbyfermentation.
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Thequalityofround-baledTMRsilagediffersdependingonthesourceTMRused｡

Forexample,Hiraokaetal.(2005)foundthatthedrymatterlossratewaslO% and3･4%

after24hunderaerobicconditionsforfreshandfermentedTMR,respectively.In

3



addition,moldproliferatedwithtimeinfreshTMRbutnotfermentedTMR,whichhada

freshmatter(FM)LAGof4.3%andapHof4.Goodfermentationqualityfacilitates

high-densityrollbalingofehoppedmaterial(ShitoandYamana,2002;2003).Inaddition,

TMRcanbefurtherimprovedbyusingaStrongVinylbagInsideatransbagduring

fermentationtoincreasede-aeration.Shioya(2008)combinedarollbalerandatransbag

toproduceahigh-qualityTMRsilagewithanFMLAGof1.9-3.5%andapHof4.04.5.

ThepreservationofTMRpreparedinatransbaglSSimilartocomsilagepreparedbyroll

baler(Nishinoeta1.,2004;Shioyaeta1.,2006)｡Resistancetodeteriorationa洗eropening

suchTMRsilageisaffectedbyitsmicrobial員ora(WangandNishino,2008a;b;in

press).

.M蕊A､J.こh用1血geS0M涙riL･rL';l馴雨q･iL･lritV:=i-pt

shioya(2008)foundthatcattleateonaverage4.3kgoffeedmadefromfermented

TMRcomparedto3.8kgforfreshTMR;theyalsogainedmorebodyweightandhad

lowerfreefattyacidlevelsintheirbloodonfermentedTMRthanfreshTMR.Yamamoto

etal.(2005)andShioya(2008)comparedWCRsilagemadefromfreshandfermented

TMR,andtheeffectsofeachoncowsinsummer.Bothstudiesreportednosignificant

differencesinthechemicalcompositionsandTDNsoffreshandfermentedTMR,and

bothfeedsresultedinnormalrumenNH3-Nandbloodureanitrogenlevels;however,

fermentedTMRhadahigherLAC,lowernonfibrouscarbohydratecontent,loweroverall

nonfibrouscarbohydratedigestibility,andsignificantlyhigherproplOnicacidlevelsbuta

significantlyloweraceticacid:propionicacidratio(A/P),whichcouldbeattributedtothe

higherLACoffermentedTMRthanfreshTMR･

Somefoodby-productssuchasTC,RB,andWGTWcontainprotein,fattyacid,and

4



functionalcomponentssuchascatechinsandvitaminsthatintheorycouldbeusedasfeed

forruminants(Belyeaeta1.,1989;Arosemenaeta1.,1995;Caieta1.,2001;Niwa,2001;

Imai,2002;Enishieta1.,2005).However,duetoothercomponents,suchastanninsin

WGTW,simplymixingthesebyproductswithfeedresultsinalow-qualityTMR(Reed,

1995;Erudeneta1.,2005).SuchmixesCanbeimprovedbyusingfermentedTMR.

Erudenetal.(2007)foundthatiactatingdairycowsexhibitedequalpreferenceforTMR

withoutbyproductsandT掴RwithuptolO% WGTW.Otherbyproductscanalsobe

effectivelyusedforfarmanimals(Shioya,2008).
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LivestockprovideaboutlO%oftheproteinand30%ofthecalciumneedsofpeople

inJapan(Shioyaeta1.,2007),andthelivestockindustryalsooffersotherresourcessuch

asanimalexcreta(Kanoeta1.,2000a,b),jobsinfarmingvillages,andtheefficientuseof

landviaself二sufflCientforageproduction(Shioyaeta1.,2007).Tobreakthecountry's

dependenceonimportedfeed,itisnecessarytodeveloparobustsystemofproducing

self-sufficientfeed.Somewaysthiscouldbeachievedincludeusingidlepaddyfieldsto

produceWCR, extendingdomesticricestraw production, expandinggrazinginto

abandonedfarmfields,anddevelopingtheuseoffTermentedTMR(Shioyaeta1.,2007).

However,fermentedTMRcurrentlycostsmorethanfreshTMR(Shioya,2008),dueto

mixerandlaborfeesassociatedwiththeformer.Tolowerthiscost,fermentedTMRcould

bepreparedusingSelf-sufficientforagefeedsuchasWCRincombinationwithfood

by-products.DuetothevariousbenefitsoffermentedTMR,asdescribedindetailabove,

thismethodisreceivingStronginterestfortheproductionofnewvarietiesofTMRsilage･

Ingeneral,TMRfeedprovidesruminantsastable,nutrient-balancedration,thereby
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facilitatlnggoodproductionandhealth.Selectiveconsumptionisminimized, and

accordingly,soistheriskofdigestiveupsets,asrumenpHisstabilizedanddigestion

optimized(Maltzeta1.,1992).Inaddition,TMRmixesreducetheworkoffeedingcows

andtherefわresavelaborcosts;providemorecontroloverandthusaccuracyintheamount

offeedused;andmakeiteasiertomonitorthedailyfeedintakeofcowsandensurethat

nutrientspecificationsaremet,whichcan increasemilkproduction(Maltzeta1.,1992).

Moreover,thehighcontentofvolatilefattyacid(VFA)infermentedTMR,betterrumen

fermentation,andbalanceofnutrientsleadstoimprovedmilkfatandotherimportant

livestockproducts(Orozco-Hernanoezeta1.,1995;Thomaseta1.,2001;Mironeta1.,

2007).
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Inruminants,fermentativedigestionbyruminalmicroorganismsproducesnotonly

energyandproteinfb∫tissuemetabolismbutalsomethane,carbondioxide,andammonia.

Methaneproductionisanenergeticallywastefulprocess, becausethegasmustbe

eructatedfromtherumen.Theenergylosttomethaneproductionrangesfrom2to12%

(JohnsonandWard,1996;Giger-ReverdinandSauvant,2000).Furthermore,methane

emissionbyruminantsisconsideredtheslnglelargestsourceofanthropogenicmethane

andthesecondmostimportantgreenhousegas(Mathisonetal･,1998)･Consequently,itis

necessarytounderstandthefactorsthatinnuenceentericmethaneproduction･Doingso

wouldnotonlyreduceuncertaintyaboutthecontributionofmethanetogreenhousegas

emissionsandhelpdevelopviablegreenhousegasreductionstrategleS,butalsoprovide

aneconomicbenefitbyleadingtogreaterenergy - u s e e fTICiencyo f th efeed.Thereis

increasedworldwideinterestinmitigatingtheimpactofruminant-producedmethane.
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Whilecarbondioxide(CO2)receivesthemostattentionasafactoringlobal

warming,thereareothergasestoconsider,includingmethane,nitrousoxide(N20),and

chloronuorocarbons(CFCs;Moss,eta1.,2000).Thewarmingroleofmethaneinthe

atmospherehasbeenknownsincethe1940S , whenMigeotte(1948)Observedstrong

absorptionbandsintheinfra-redreglOnOfthesolarspectrumattributabletothepresence

ofatmosphericmethane.LikeCO2,methanetrapsoutgoingterrestrialinfraredradiation,

butitdoesso20timesmoreeffectivelythanCO2(JohnsonandJohnson,1995).In

addition,itabsorbsradiationatwavelengthsof8-13トIm(Takahashi,2006),andtherefore

evenasmallincreaseinatmosphericmethaneconcentrationhasanextremelylarge

impactonglobalwamlng.AccordingtothelntergovemmentalPanelonClimateChange

(IPCC,1994),annualmethaneemissionsareabout535Tg,85Tgofwhichisproduced

byruminants.Astheworldpopulationcontinuestogrow,sodoesthedemandformeat,

milk,andotherproductsoflivestock,leadingtomoreruminant甲Oducedmethane.

lloJ･｡′),oiVjLLITILl-iiji剛は∵ll,:i ,,Ln"I.抽す購馴･l:ii:症.L3lLtH･'":jL;Hlll!ti:::'･l

Ruminantsandso-calledpseudo-ruminants(e.g.,Camelidae,somebirds)havelarge

anaerobicfermentationchambersatbothendsoftheirdigestivetract,whichgreatly

facilitatethedigestionofcarbohydratesandplantcellwails.Furthermore,microbial

proteinssynthesizedinthefore-Stomacharealsodigestedinthesmallintestine,and

provideuptomorethan50%oftheaminoacidsenteringthebloodstream(Mossetal･,

2000).

Fermentationofglucoseequivalentsreleasedfromplantpolymersorstarchisan

7



oxidative process under anaerobic conditions that occurs in the

Embden-Meyerhof-PamasPathway.Ⅰtreducescofactorssuchasnicotinamideadenine

dinucleotidereduced(NADH)(Fig.1), whichthenmustbere-oxidizedtoNADto

completesugarfermentation･NAB+isregeneratedbyelectrontransfertoacceptorsother

thanoxygen(CO2,Sulfate,nitrate, fumarate).Iftherequiredcofactorsarepresent,

electrontransport-linkedphosphorylationinsidemicrobialbodiesgeneratesadenosine

triphosphate(ATP)Viathenowofelectronsthroughmembranes(Erneeta1.,1986).The

productionofH2isathermodynamicallyunfavorableprocesscontrolledbyelectron

carriers(Wolin,1979).EventracesofH2inhibithydrogenaseactivity,butmoreH2is

toleratedifbacteriahaveferridoxin-linkedpyruvateoxidoreductases(MillerandWolin,

1973).AlthoughH2isamajorendproductoffermentationbyprotozoa,fungi,andpure

monoculturesofsomebacteria,itdoesnotaccumulateintherumenbecauseitis

immediatelyusedbyotherbacteriainthemixedmicrobialecosystem.Somephysical

associationsbetweenfermentativespeciesandH2 - u t i l i z ingspeciesmayfacilitate

interspeciestransferintherumen ,suchastheattachmentofmethanogenstotheexternal

pelliclesofprotozoa(Stummeta1.,1982)･Intherumen,methaneformationisthemajor

routeofhydrogenelimination,whichtakesplaceviathefollowingreaction(Mosseta1.,

2000):

CO2+4H2- CH4+2H20

Thetransferofhydrogentomethanogenshelpsdegradethecellwallcarbohydratesof

bacteria,fungi,andprotozoa(BauchopandMountfort,1981;UshidaandJouany,i996),a

processthathasbeenconfirmedinvivoingnotoxeniclambswithorwithout

methanogens(Fontyeta1.,1997).

8
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鼠usselandHoulihan,2003).
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Metabolichydrogeninthefbm ofreducedprotonscanalsobeusedduringthe

synthesisofVFA orincorporatedintomicrobialorganicmatter(Fig.1.1).The

stoichiometryofthemainanaerobicfermentationpathwayscanbesummarizedas

9



follows(Mosseta1.,2000):

H2畢Oducingreactions:

Glucose- 2pyruvate+2H2

Pyruvate+H20- acetate(C2)+CO2+H2

H2-utilizingreactions:

Pyruvate+2H2- PrOPionate(C3)+H20

Lactate+H2- PrOPionate(C3)+H20

2acetate(C2)+2H2- butyrate(C4)+2H20

ThemolarpercentageofVFAinnuencestheproductionofmethaneintherumen(Mosset

a1.,2000).Specifically,acetateandbutyratepromotemethaneproductionwhile

proplOnateformationisconsideredacompetitivepathwayforhydrogenuseintherumen.

Van KesselandRussell(1996),usingrumenfluidsampledfrom animalsfedon

roughage-baseddiets,showedthatruminalmethanogenslosttheabilitytotlSeH2atalow

pH,glVlngrisetofreeH2inthegasphasewhenpHwaslessthan5.5.Accordingly,1n

animalsonroughagediets,alowpHleadstoadecreaseinmethanogenesisindependent

ofproplOnateformation.InContrast, starch-fermentingbacteriacancompetewith

methanogensforH2usebyproducinglargeamountsofproplOnate;however, H2

accumulatesandproplOnatedecreasesdramaticallywhileacetateincreaseswhenthepH

reachesnon-physiologicalvaluesbelow 5･3(Russell, 1998).Thisindicatesthatthe

microbialecosystem involvedinproplOnateformationdiffersaccordingtodietary

conditions.ThecellulolyticbacteriaFibrobactersuccinogenesisthemajorPrOPIOnate

producerviathesuccinatepathwaylnanimalsfedroughagediets,whilelactateisthe

mainintermediateintheconversionofstarchtoproplOnate.Lacticbacteriatoleratelow

pHconditions,andthereforeareabletouseH2andcompetewithmethanogensevenin

10



unfavorablepHconditions.
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Ofthemanyalternativeapproachestoreducingmethane,bothintermsofreduction

peranimalandreductionperunitofanimalproduct,themostpromlSlngareasarethe

developmentofnewantimethanogeniccompoundsoraltemativeelectronacceptorsin

therumenandthereductionofprotozoaintherumen.

Directinhibition

Directinhibitionofmethanogenesisbyhalogenatedmethaneanaloguesandrelated

compoundshasbeendemonstratedbothinvitroandinvivo.Chloroform reduces

methanogenesisinvitroandinvivo(Clapperton,1974),butisobviouslynotsuitablefor

useinpractice.Recently,9,10-anthroqulnOnehasbeenshowntoinhibitmethanogenesis

inmixedrumenmicroorganismpopulationsinvitro(Garcia-Lopezeta1.,i996;Runget

a1.,1998)andtodepressmethaneproductioninlambsovera19-dayperiod.

Ionophores

lonophoricantibioticssuchasmonensindepressmethaneproductioninmixed

rumenmicrobepopulationsinvitro(VanNevelandDemeyer,1992).Thisdecreaseisnot

duetoadirecteffectoftheionophoresonmethanogenicbacteriabutratherduetoashi且

inthebacterialpopulationfrom gram-positivetogram一megativeorganismswitha

concurrentshininfermentationfromacetatetoproplOnate.

Alternativegrowthpromoters

IncreaslngawarenessOfantibioticresiduesinanimalproductsandthethreatof

bacterialantibioticresistanceinthewiderenvironmenthasledtoanincreasingInterestin

altemativestoantibioticsasgrowthpromoters.Martin(1998)suggestedthatdicarboxylic
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Organicacidssuchasmalatemayalterrumenfermentationinamannersimilarto

ionophoresandthataddingfumarate,aprecursorofproplOnate,tOrumen壷mulating

fermentorsleadstoanincreaseinproplOnateProductionwithastoichiometricdecreasein

methaneproduction(Lopezetal.,1999b).

Stimulationofacetogens

Analternativestrategytoreduceruminalmethanogenesisistore-channelsubstrates

formethaneproductionintoaltemativeproducts.Acetogenicbacteriainthehindgutof

mammalsandtermitesproduceaceticacidbyreducingCO2WithH2,andreductive

acetogenesisactsasanimportantH2Sinkinhindgutfermentation(DemeyerandDe

Graeve,1991).However,acetogensdepressmethaneproductionwhentheyareaddedto

rumennuidinvitro.Evenifastablepopulationofacetogenscarmotbeestablishedinthe

rumen,itmightbepossibletoachievethesamemetabolicactivityusingaCetOgenSaSa

dailyfeedadditive(Lopezeta1.,1999a).

Methaneoxidizers

Methane-oxidizingbacteriahavebeenisolatedfromawiderangeofenvironments,

includingtherumen,butstudieswith13cH4tracersSuggestthatoxidationofmethaneto

CO2isoflittlequantitativeimportanceintherumen(Valdeseta1.,1996).

DejTaunation

Methanogenicbacteriahavebeenobservedontheexteriorsurfaceofrumenciliate

protozoa(Vogelseta1.,1980)andasendosymbiontswithinciliates(Finlayeta1.,1994).

Theinclusionoffatinruminantdietsdepressesprotozoapopulations(Ikwuegbuand

Sutton,1982;Czerkawskieta1.,1995),andatlevelsabove0.5%drymatter(DM)Can

significantlyinhibitthebreakdownoffiberintherumen(Kowakyzcketa1.,1977;

MachmullerandKreuzer,1997).However,thedegreeofeffectvariesaccordingtothe
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typeoffatused(Machmullereta1.,1998).

Probiotics

Themostwidelyusedmicrobialfreedadditives(livecellsandgrowthmedia)are

basedonSaccharomycescerevisiae(SC)andAspergillusoryzae(AO)｡Theireffectson

rumenfermentationandanimalproductivityarewideranging(seereviewbyMartinand

Nisbet,1992).However,verylittleinformationisavailableontheireffectsonmethane

production.

Immunization

Shuetal.(1999)ShowedthatimmunizationcansuccessRlllyreducethenumbersof

streptococciandlactobacilliintherumen.

情o{:'3)1.b-je痛 :/･I.:=皿=TJ抽示ss仙 ミlき′

Theaimofthisdissertationwastodevelopahigh-qualityfeedproductforruminants

byutilizingself-sufficientfeedincludingWCRandfoodby-productstoprepareaTMR

silage,andtodeterminetheeffectsoffermentedTMRonmethaneproductioninthe

rumen.ThefollowlngObjectiveswereestablishedandexperimentallytestedviaaseries

ofeightdifferentexperiments(describedinChapters2-5):

(1)Toanalyzetheeffectsoffoodby-productsonthefermentationqualityofaWCR

T掴Rsilage,anditsdigestibility.

(2)ToquantifytheeffectsoffermentedWCRTMRonruminalfermentationand

methaneemission.

(3)TodeterminehowfermentedWCRTMRwithahighLACinhibitsmethane

proauction.

13
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ThetechnologynecessarytoprepareTMRwithabalanceofgrains,PrOteins,

minerals,andvitaminstomeetthenutrientrequirementsOfruminants,andfeeditto

animals,hasexpandedinJapan.Thoughsomestudieshaveinvestigatedtheeffectsof

foodby-productsonthefermentationqualityofWCRTMRsilageanditsdigestibility,

butnotrelatedmethaneemissionsinruminants･AlthoughWCRsilageistypicallyof

poorfoodqualitycomparedtootherforagecropssuchascomandgrass,becauseoflow

LAGduetoalow solublecarbohydratecontent(Yoshidaeta1.,1987;Enishiand

Shijimaya,1998;Cai,2001),alacticbacteriaadditiveexclusivelyforWCRhasbeen

developedandiscurrentlyinuse(Caieta1.,2003).Inaddition,addingfermentedjuiceof

epiphyticlacticacidbacteria(FJLB)improvesthefermentationqualityofWCRsilageby

increasingLAC(Hiraokaeta1.,2003,2006a,b).Accordingly,itisanticipatedthatifthese

twotypesoflacticbacteriaareusedtogether,theymayfurtherincreaseLACandsilage
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quality.Moreover,becausetheconversionoflacticacidtoproplOnateusesagreatdealof

H2,SuchanincreaseinLAGcouldalsohelpreducemethaneproduction.

Theobjectivesofthefirststudyweretoevaluatetheeffectsoffoodby-productsand

lacticacidbacteriaonfermentationqualityandinvitrodrymatter(DM)digestibility,

ruminalvolatilefattyacid(VFA),andmethaneproductionrelatedtoWCRTMRsilage.

,I)',TL!/jlL,酬FIi-{T･::壷l!…S鋸川前iV!lrq?I:71血oLIils

2.1.2.1.PreparationofWCRsilageandFJLB

WCR(Haenuki)wascultivatedusingconventionalmethodsinapaddyfieldonan

experimentalfarmatYamagataUniversity,Japan.WCRwasharvestedatthefull壷pe

stage,preparedintoaminirollbalesilage(50kg),andstoredoutdoors(9-32oC)for240

days.A鮎rfermentation,themoisturecontentwas65.8%,pHwas5.12,andtheFM

lacticacidandaceticacidconcentrationswere0.55%and0.09%,respectively.

FJLBwaspreparedaccordingtothemethodsdescribedbyTakahashietal.(2005).

Brie且y, 200gofcutWCRsilageweremaceratedin1Lofwaterbyadding2%

(weight/volume)sucrose,andpreservedanaerobicallyat30oCfor2days.Themacerate

wasthenfilteredthroughdoublecheeseclothandblendedwith2%(W/V)sucrose.

2.1.2.2.PreparationofWCRTMRsilage

WCRsilagewascuttoalengthof2cm.AsshowninTable2.1.1,TMRwas

preparedusingcompoundfeed(Kitanihon-kumiaiFeed,Yamagata,Japan);WCRsilage;

driedbeetpulp(Zennou, Tokyo);avitamin-mineralsupplement(SnowBrandSeed,

Iwate,Japan;vitaminA,5,000,000IU/kg;vitaminD3,1,000,000IU/kg;vitaminE,2

g/kg;vitaminK3,0.2g/kg;vitaminBl,0･5g/kg;vitaminB2,1g/kg;vitaminB6,0･1

g/kg;vitaminB12,0.001g/kg;nicotinicacid,6g/kg;cholinechloride,2g/kg;calcium
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pantothenate-D,10g/kg;Mn,0.16g/kg;Zn,0･7g/kg;Fe,0.55g/kg;Cu,0.14g/kg;I,0.33

g/kg;Co, 0.04g/kg;methionine,1g/kg;lidocainehydrochloride, 0.5g/kg);afわod

byproduet,eitherdryTC(Zennou,Tokyo, Japan;moisture,8.7%),RB(Yamagata

UniversityFarm , Yamagata, Japan),orWGTW (MarubishiFood, Yamagata,Japan;

moisture,82.8%);andlacticbacteria,bothLactobacillusplantarumChikuso-1(Snow

BrandSeed,Sapporo,Japan)andFJLB.Theingredientsandproportionsusedarelistedin

Table2.1.2.Ineachsilage,theproportionsofWCRsilage,feedconcentrate,driedbeet

pulp,andvitamin-mineralsupplementwerefixedat30%,25%,13.5%,andl｡5%of

TMRDM,respectively,whiletheremaining30%ofTMRDMconsistedofamixofTC,

RB ,andWGTW.Furthermore,experimentaltreatmentsincludedeitheranuntreated

controlgroup(nolacticbacteriaadded)ortreatedgroup(i.e.,LAB;lacticbacteriaadded).

TheLABgroupIncludedtheadditionofbothLactobacillusplantarumChikuso-1ata

rateof5mg/kg(5ppm)offreshTMR,andFJLBatarateof2%(V/W)offreshTMR.

TMR moisturewasadjustedwithwaterto65%.Silageswerepreparedusinga

smal l -scalesystemofsilagefTermentation.Approximately1kgTMRwaspackedinto

plasticfilmbags(HiryuBN弓2type,270mmx400mm;Asahikasei,Tokyo,Japan),and

thebagsweresealedwithavacuumsealer(SQ303;Sharp,Osaka,Japan).Threesilosper

treatmentwerepreparedandstoredinaroom(20-25oC)for60days.Thecontentsof

crudeprotein(CP)andTDNforWCRsilage,beetpulp,TC, RB ,andWGTW were

calculatedbasedontheStandardTablesofFeedCompositioninJapan(2001)andXuet

al.(2003).

2.1.2.3.Chemicalandmicrobialanalyses

TheWCRsilage, WGTW,andTMRsilagesweredriedinaforceddraftovenat

60oCfor48h,ground,andfilteredthrougha2-mmmeshscreenwithasamplemill(Foss
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Tecator;Akutalstuku,Tokyo,Japan)･Thecontentofmoisture,ash,nitrogen,etherextract,

andcrudefiberofWCR, feedconcentrate, beetpulp, TC, RB ,andWGTW were

determinedaccordingtoconventionalmethods(Horiieta1.,1971).Analysesofthe

neutraldetergentfiber(NDF)andaciddetergentfiber(ADF)contentsofWCR,feed

concentrate,beetpulp,TC,RB ,andWGTWwereconductedaccordingtoVanSoestetal.

(1991).Heat-StableamylaseandsodiumsulfitewereusedintheNDFprocedure,andthe

resultswereexpressedwithoutresidualash･ThefermentationproductsoftheWCRand

TMR silagesweredeterminedfrom cold-waterextracts.Wetsilage(50g)was

homogenizedwith200mlofsterilizeddistilledwaterandstoredat40Covemight(Caiet

a1.,1999).ThepHofbothsilageswasdeterminedusingaglasselectrodepHmeter(D-21;

Horiba,Kyoto,Japan),andLAGwasanalyzedfollowingBarkerandSummerson(1941)｡

敬)1atilebasicnitrogen(VBN)wasdeteminedasdescribedbyConway(1962).Silage

andruminalnuidsweresteam-distilledandtitratedusingSOdiumhydroxidetomeasure

totalVFA(Hamada,1971).DriedVFAsaltwasseparatedandquantifiedusinggas

chromatography(G-5000A;Hitachi,Tokyo,Japan)equippedwithathermalconductivity

detectorandaglasscolumn(UnisoleF-200,3.2mmx2.1m).Theanalyticalconditions

wereasfollows:columnoventemperature,140oC;injectortemperature,210oC;detector

temperature,250oC.Toassesssilagequality,Flieg'Sscoresweredeterminedbasedon

LACandVFA,andV-scoresweredeterminedbasedonNH3-N/totalN andVFA

concentrations(JapaneseGrasslandAgricultureandForageSeedAssociation,2001).

2.1.2.4.Culturesandincubations

TMRsilage,groundinto0.5mmpowder,wasusedassubstrateforinvitroCulture.

Twoadultsheep(averageinitialbodyweight,78.5kg)fittedwithrumencannulae

wereusedasdonorsofruminalnuid.Wetherswerefedbasaldietsof50%reedcanary
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grass (Phalaris arundinacea L.)hay and 50% commercialfeed concentrate

(Koushi-Ikusei-Special;Kitanihon-Kumiai-Feed, Miyagi,Japan)atmaintenanceenergy

level(20gDM/kgbodyweightdaily)andhadfreeaccesstocleandrinkingwater.

WetherswerefredoncedailyatO9･.00handwerecaredfbraccordingtotheanimalcare

anduseguidelinesoftheFacultyofAgriculture,YamagataUniversity.

Rumennuidwascollectedthroughtherumencannulae2hafterfeeding,divertedto

plasticbottles.The且uidswerethenfilteredthroughfourlayersofcheeseclothand

combinedonanequalvolumebasis･ThecompoundfiltratewasmixedwithCO2 - b u b b led

McDougaPsartificialsaliva(pH6.8;McDougal,1948)ataratioof1:4(V/V).Then50ml

dilutedrumen且uidweretransferredto128-mlserumbottlescontainlng0.5gofground

TMR,and且ushedwith02-freeCO2.Thetubeswerecappedwithabutylrubberstopper

andsealedwithanaluminumcap.Incubationwasdoneintriplicateat39oCfor6hina

waterbathwithareciprocalshaker(100strokes/汎in).

2.1.2.5.AnalysisofjTermentationproducts

Toterminatefermentationattheendofincubation,25トILofformaldehydesolution

(35%)wereinjectedintoserumbottles,whichwereimmediatelysealedandcooledat

roomtemperature.Thegassamplewascollecteduslnganairsyrlnge丘omtheserum

bottlesandinjectedintoagaschromatograph(GC323;GLSciences, Tokyo,Japan)

equippedwithathermalconductivitydetectorandstainlessusedsteelcolumn(WG-100

SUS1.8m x6.35mmOD(outerdiameter)),andthenmethaneproductionfromeach

serumbottlewasmeasured.Theanalyticalconditionswereasfollows･.columnoven

temperature,50oC;injectortemperature,50oC;detectortemperature,50oC･

2.1.2.6.1nvitrodrymatterdigestibilio),andtheproductionofmethaneandVFA

Separatesub-samplesofthesupernatantweretakentodeterminepHandVFA
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concentration.Thebottleswererinsedwithwarmwatertoremoveallsolidresidues.The

residueswereoven壷iedat60oCandstoredforfurtheranalysis.Then2gofdriedresidue

wereoven壷iedat1350CandstoredtodetemineDMdigestibility(Horiieta1.,1971).

2.1.2.7.Statisticalanalyses

Analyseswerecarriedoutusingthegenerallinearmodelprocedure(SASinstitute,

Cary, NC, USA).Dataonfermentativecharacteristics,invitroDM digestibility,and

ruminalmethaneandVFAproductionweresubjectedtoatwo-wayanalysュsOfvariance

(ANOVA)withLABandfoodby-productsasthetwofactors.Tukey'stestwasusedto

identifydifferences(P<0.05)betweenmeans.

:/i,｡!1,,3∴.FiJeSl吊寸S

2.1.3.1.FermentationcharacteristicsofWCRTMRsilage

ThefermentationcharacteristicsoftheWCRTMRsilagesareshown inTable2.1.3.

Therewerenotabledifferences(P<0.05)inpH, LAC,FM aceticacidlevels,and

W scoresamongLABandfoodbyproducttreatments.Furthermore,therewerenotable

interactiveeffects(P<0.05)betweenLABtreatmentsonpHandV-score.

ThepHoftheWCRsilagewas5･12andthoseofallTMRsilageswithfood

by-productswereunder3.8.TreatingTMRsilagewithLABfurtherreducedthemeanpH

(P<0.05).TheLACoftheWCRsilagewas0.5% andthoseofTMRsilageswithfood

by-productswere2.72-3.41% and2.92-3.68% forcontrolandLAB treatments,

respectively.LABtreatmentshadslightlyhigherLACsthancontrols(0.34%;P<0.05).

Aceticacidlevelswere0.18-0.28%and0.15-0.24%forLABandcontroltreatments,

respectively,andthemeanaceticacidlevelfわrLABtreatmentswas0.20%lower(P<

0.05)thanfわrcontroltreatments.Ⅰncontroltreatments,aceticacidlevelsvariedas
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followsaccordingtothefoodbyproductadded(i.e.,30%WGTW,30%TC,or30%RB):

0.28% ,0･24% ,andO･20%forWGTW,TC,andRB ,respectively.Although proplOnic

acidandbutyricacidweredetected, bothacidswereatnegligiblelevels.VBN

concentrationswere3.18｣を.39% and3.16｣i.26% forcontrolandLABtreatments,

respectively,anddidnotdiffersignificantly.TMRsilagewith30% WGTW hadthe

lowestlevels(P<0.05)amongthesilageswithorwithoutLAB.Furthermore,theFlieg's

scoresforallsilagesinbothtreatmentswere100orhigher,andtheV-scoresofsilages

withandwithoutLABwere99.7-100and99.3-100,respectively.

2.1.3.2.DMdigestibiliO,andtheproductionofmethaneandVFAofWCRTMRsilage

DMdigestibility,methaneproduction,andVFAconcentrationsinvitroa食er6hof

incubationofWCR TMR silagesareshowninTable2,1.4.Therewerenotable

differences(P<0.05)inallvariablesforsilageswithaddedfoodby-products,andinDM

digestibility,methane,andVFAssuchasaceticacid,proplOnicacid,isovalericacid,and

theA/PratiobetweensilageswithandwithoutLAB.Therewerealsosignificant

interactiveeffects(P<0.05)OnaceticacidandvalericacidbetweenLABandfood

by-productsforpHandV-score.

DMdigestibilityforsilageswithandwithoutLABwas33.9｣を3.6%and29.2｣を2.4%,

respectively,andwassignificantlyhigherforsilageswithLAB(P<0.05).Silageswith

30%RBwerethehighestamongLABandcontrolgroups,andweresignificantlyhigher

(P<0.05)thanthosewithlO%RBand20%WGTW.Methaneproductioninsilageswith

andwithoutLABwere10.1-14.6L/kgdigestibleDM(DDM)and11.8-16.4L/kgDDM,

respectively.ThemolarproportionsofaceticacidinsilageswithLABwerelower(P<

0.05)thaninsilageswithoutLAB, butdidnotdifferamongsilageswithoutLAB.

PropionicacidwashigherinLABsilages(P<0.05)thanno孔ABsilages;LABsilages
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withTC+RBhadhigherlevels(P<0.05)thanno-LABsilageswith30%WGTW orTC

+WGTW.ButyricacidinsilageswithandwithoutLABwas13.97-23.22m01%and

14.58-24.44m01%,respectively,anon-significantdifference.However,amongLAB

silages,thosewith30%TCorwithTC+RBhadlowerlevels(P<0.05)thanthosewith

30%WGTWorwithTC+WGTW.isovalericacidinsilageswithandwithoutLABwere

0.23-0.71m01% and0.34-1.04m01%,respectively,i.e｡,SlgnificantlylowerinLAB

silages(P<0.05).ValericaciddidnotdifferbetweenLABandno-LABsilages.TheA/P

waslower(P<0.05)inLABthaninno-LABsilages,butdidnotdifferamongno-LAB

silages.AmongLABsilages,thosewithlO%TCand20%RBhadalowerA/P(P<0.05)

thanthosewitheither20%or30%WGTW.TotalVFAdidnotdifferbetweensilages

withandwithoutLAB,butdidvaryaccordingtothecombinationoffoodby-products

used:silageswith30% TChadhigherlevels(P<0.05)thansilageswith30%RBor30%

WGTW,withorwithoutLAB.

:/1,｡llL0/:lJ rJ,iiS:TtrLISSloIC'r･j.L

Inrecentyears,advancesintheTMRfeedingsysteminthedairyindustryhaveled

toincreasinginterestinlocal, lo恥 COStfeedresources, includingvariousfood

by-products(Sekieta1.,2000;Gogaeta1.,2001)･Although somestudieshavefocusedon

WCRpreparation(Matsuyamaeta1.,2005,2006)andthefermentationqualityand

nutritivevalueofWCRsilage,nopreviousreportshaveexaminedhowaddingfわod

by-productsaffectsthefermentationquality, LAC,DM digestibility, andruminal

methaneandVFA productionofWCR TMR silage.Therefore,thepresentstudy

consideredthesecharacteristicsuslngfoodby-productssuchasTC, RB ,andWGTW

withorwithoutLAB(i.e.,LactobacillusplantarumChikuso-1,FJLB).FermentedTMR
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silagepreparedusingassortedfeedlosessomenutritionduringthefermentationprocess

buthasahigherfermentationquality;ltCan bepreservedforalongperiodoftime,

ruminantspreferitoverfreshTMRsilage,anditsdeteriorationandlipidoxidationcanbe

controlled･Thatis,itsutilityasafeedishigh,especiallyinthesummer(Shioyaeta1.,

2007).Usingfoodby-productsnotonlyreducesfeedcostsbutalsoimprovesfeed

self二sufFICiencyinJapan.BecauseChikuso-1andFJLBbothimprovesilagefermentation

(Caieta1.,2003;Hiraokaeta1.,2003;Takahashieta1.,2005),usingthetwotypesofLAB

jointlytopreparesilagefurtherpromoteslacticacidfermentationandsilagequality.

ThepresentexperimentclearlydemonstratedthatbothLABandfoodby-products

in且uencedthefermentationqualityofsilage.AllTMRsilageswerewellprepared,hada

lowpH,highLAG,lowNH3iN/totalnitrogen(TN),andhighFlieg'sscoresorV-scores.

Furthemore,addingLABledtoevenlowerpHandhigherLAGinT掴Rsilages.Thisis

becauseofthehighnonfibrouscarbohydrate(NFC)contentofbothfeedConcentrateand

beetpulp,whichsupplythenecessarycarbohydratesforLABfermentation,ensurlngthat

lacticacidfermentationcanprogresswiththeadditionofmoreLAB(Caieta1.,2003;

Hiraokaeta1.,2006b).Amongallsilages,thosewith30%TChadthehighestLAG.This

isbecauseTChas16%NFC,muchmorethanWGTW (9.5%);althoughRBhas16.7%

NFC,slightlymorethanTC,italsohasahighlevelofoxidationlipid,whichhinders

lacticacidfermentation(YokotaandOhshima,1997).Moisturecontentmayalsoaffect

thefermentationqualityofsilage.Inthepresentexperiment, moisturecontentwas

adjustedto65%,accordingtoXuetal.(2004b)｡Thisresultedinhigh-qualitysilage,and

thus65%moistureissuitableforlacticbacteriafermentation.

Sekietal.(2000)reportedthat15%foodbyproductperunitofDMwassuitablefor

preparingTMR.Ⅰnthepresentstudy,althoughfoodby-productswerecombinedat30%
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TMR(DM basis)forpreparingsilages,thecontentsofCPandTDNinsilageswere

12.8-17.0%and68.2-75.1%,respectively･AccordingtotheJapaneseFeedingStandard

forBeefCattle(Agriculture,Forestr'y,andFisheriesResearchCouncilSecretariat,MAFF,

2000),therequiredlevelsofCPandTDNforthefatteningprophaseofbeefcattleare

12.9-15｡7% and68-75% ,respectively,andthustheT掴Rsilagespreparedinthis

experimentwerepractical.

TheinvitroexperimentclearlyshowedthatDMdigestibility,methaneproduction,

andthemolarproportionofaceticacidandproplOnicacidwerein且uencedbybothLAB

andfoodby-products,andthattheA/PratiosinsilageswithLABwerelowerthanin

silageswithoutLAB.Thatis,DMdigestibilitywashigherinLABsilagesthanno-LAB

silages.ThepresenceofrelativelylargepopulationsofLABmayhavereducedtheactive

periodofothermicroorganismsintheinitialfermentationstage(CaiandOhmomo,1995),

leadingtothisresult.

BecauseRBisahigh-energyfeedthatmainlycontainsCPandetherextract(EE)

andhashighruminaldigestibility(EnishiandK.awashima,2003),T掴Rsilageswith30%

RBalsohadhigh invitrodigestibility･

Intherumen,theproductionofbothprop10nicacidandmethaneusesH2,andthus

propionicacidformationcanbeconsideredacompetitivepathwayforH2use(Leng,

1970;Mosseta1.,2000).Therefore,silageswithahighLACusealargeamountofH2tO

produceproplOnicacid, therebydecreasingmethaneproduction.Inthepresent

experiment,althoughtotalVFAdidnotdifferbetweensilageswithandwithoutLAB,

meanaceticacidlevelswerelowerinLABsilagesthanno-LABsilages,whilemean

proplOnicacidlevelswerehigherinLABsilages.ApreviousstudyfわundthatastheNFC

contentoffeeddecreases,totalVFAcontentalsodecreasesbuttheA/Pratioincreases
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(Batajooandshave,1994).Thepresentexperimentisinagreementwiththeseprevious

findings:WGTW silagehadlessNFCthaneitherTCorRBsilage,andalowertotalVFA

butahigherA/Pratio.

Addingfattofeedmayinhibitmethanogenactivityintherumen, whichintum

reducesmethaneproduction,althoughtheeffectdependsatleastpartlyonthefatsource

used(Dongeta1.,1997;Machmullereta1.,1998).However,theeffectsoffatonmethane

productionarenotlimitedtothosemediatedviarumenprotozoa,andlipidsinhibit

methanogensisevenintheabsenceofrumenprotozoa(Broudiscoueta1.,1990;Dohmeet

a1.,1999),possiblyduetothetoxicityoflongchainfattyacidstomethanogenicbacteria

(Prinseta1.,1972;Henderson,1973)･Inaddition,previousstudieshavereported

decreasedmethaneproductionbyruminantsfedfeedwithsa用.oweroil(Horiguchieta1.,

2002),sunnoweroil(McGinneta1.,2004),andcoconutoil(Jordaneta1.,2006).Free

laurieacidandsomelaurieacid壷choilsmayimproverumenfermentationofhigh-grain

diets(Yabuuchieta1.,2006).Inthepresentexperiment,ruminalmethaneproductionper

unitDDM tendedtodecreaseinsilageswithorwithoutLABinthefbllowlngOrder:

silageswith30% WGTW (15.8and14.6L/kgDDM),30% TC(12.8and12.8L/kg

DDM),and30%RB(11.8and10.1L/kgDDM).Therewasanotabledifferencebetween

silageswith30%WGTW andthosewith30%RB,likelybecauseofthehigherEEand

unsaturatedfattyacidlevelsinRB(YokotaandOhshima,1997),eachofwhichmay

depressmethanogenactlVltyandthereforemethaneproduction.SimilartoRB,thereare

largeamountsofunsaturatedfattyacidssuchasoleic,linoleic,andlinolenicacidsinTC,

whichismadeofsoybean(Kagawa,2005).However,methaneproductiondidnotdiffer

betweensilageswith30% TCand30% WGTW,likelyduetothelowerlevelsof

polyunsaturatedfattyacid(PUPA)inTCcomparedtoRB(Kagawa,2005).
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Usingfoodby-products(i･e｡,TC, RB ,andWGTW)clearlyimprovedthequalityof

WCRT掴Rsilage.Adding30% TCincreasedLAG;adding30%RBincreasedDM

digestibilityanddecreasedmethaneproduction;andaddingLABpromotedlacticacid

fermentationandDM digestibilityandreducedmethaneproduction.Futurestudies

shouldexaminethemoderatingeffectofWCRTMRsilagewithhighLAGonruminant

methaneproductionusingfeedingexperiments(invivo).

'J,.･.;･.tf;;,,Stl･l!;こ(情 -:I...,Z一:_i,

TMRsilageswerepreparedusingtofucake(TC),ricebran(RB),andwetgreentea

waste(WGTW)at10,20,and30%DM,respectively,WithWCRsilageandcommercial

formulafeed.Twentyexperimentalgroupswerepreparedwithorwithoutlacticacid

bacteria(Chikus0-1,5ppmFM,andfermentedjuiceofepiphyticlacticacidbacteria

[FJLB],2%FM).AllexperimentalsilagesweregoodqualitybecausepHvalueswereless

than3.8,andlacticacidcontentwasmorethan2.72%(FM).TheLACfor30%TCTMR

silagewashighestamongalltreatments.TheinvitroDMdigestibilityfor30%RBTMR

silagewashighestamongalltreatments,whilemethaneproductionperDDMfor30%RB

silagewaslowestamongtreatments.Inaddition,silagessupplementedwithlacticacid

bacteriahadlowerpH(P<0.05),higherLAC(P<0.05),higherinvitroDMdigestibility

(P<0.05),andlowermethaneproductionperDDM(P<0.05)thancontrols.
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甘地 且C2乱 射ChemicalcompositionofWCRS,concertrate,beetpulp,tofucake,ricebran

andgreenteagroundsusedinTMRIsilages
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lTotalmixedration.
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3Drymatter･
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6Crudefiber.

7Non-fibrouscarbohydrate(100-CP-EE-NDF-CA).

8crudeash.

9Aciddetergentfiber･

10Neutraldetergentfiber･

11Ⅵ仙olecroprlCeSilage･

12Formulafeed("KoushilkuseiSpecialMash"madebyZermo,TDN:70.0%,CP:12.0%in &eshmatter).

13Drytofucake･

14Ricebran.

15wetgreenteawaste･
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甘盈甑漫C2乱望｡IngreglentandnutrientcompositionofTMRIsilage

Mixingrationofmaterials
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1Totalmixedration.

2wholecropriceSilages･

3Drymatter･

4Formulafeed("KoushilkuseiSpecialMash"madebyZenno,TDN:70.0%,CP:12.0%in舟eshmatter).

5commercialvitamin-mineralsupplementproduct(Snowbrandseed,Iwate,Japan).

6DlytOfucake･

7Ricebran.

8wetgreenteawaste･

9crudprotein･

10TotaldigestiblenutrentS･
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甘盈甑且C2乱3◎FermentativecharacteristicsofTMRIsilages

Lactic Acetic Prop10nicButyric NHS-N
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取払且e望乱乳Measurementsofdrymatterdigestibility, methaneproductionandVFA

concentrationinvitroa触 6hoursincubationofTMR]silages
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2Drytofucake:Ricebran:Wetgreenteawaste･

3standarderrorofmeans.

4Drymatter･

5Digestibledrymatter･

6Aciticacid:ProplOnicacid･

qb,C,dMeansinthesamecolumnwithdif知 entsuperscriptsdiffersignificantly(P<0.05).
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ThereisagrowlngbodyofresearchinJapanontheutilizationofWCRasafeedfor

ruminants(Nishinoeta1.,2007)｡Thisisdueinparttothefactthat400,000haofpaddy

fieldsarecurrentlyunused,whileaboutaquarterofthedomesticroughagedemandis

suppliedbyimports,mainlyfromChina,Australia,andNorthAmerica(ShioyaandCai,

2004).Thepaddyfieldscouldserveasmanuredepositionsites,therebyrecyclinglocal

bio-resourcesandenhancingCropfarmlngandanimalhusbandry.AnumberofWCR

cultivarshavebeenbredexclusivelyasfeedforruminants.Theaveragecontentofcrude

proteinandmetabolizableenergyofonesuchcultivarwas60-70g/kg(DM)and8.3

MJ/kg(DM),respectively,equivalenttohayandsilagepreparedfrom late-harvested

grasses(ShioyaandCai,2004).Thecropisharvested(typicallyasround-balesilage)

aroundtheyellow-ripeStagetOmaximizetheyieldoftotaldigestiblenutrients.WCRis

usuallyinsufficientinsugarsandlacticacidbacteria(LAB;Caietal.,2003),andmay

producesilagesrichinethanolratherthanlacticacidsandVFA(Yamamotoeta1.,2004).

ThisCouldbeattributedtothestructureofthericeplant;thehollowstemmayincreasethe

airinasilo,facilitatingyeastgrowthespeciallyintheearlyensilingperiod(Shioyaand

Cai,2004).ThepreservationoHbragecropsassilagedependsontheproductionof

sufficientacidtoinhibittheactivityofundesirablemicroorganismsunderanaerobic

conditions.LABpresentinfわragecropsconvertsugarintolacticacidduringtheensiling
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process･ThisreducesthepHandpreservestheforage･However,thereissolittlesugar

andLABinforagecropssuchasWCRthatverylittlelacticacidisproduced(Caieta1.,

2003)andthepH doesnotbecomelow enoughtopreservesilage.Lactobacillus

plantarumChikuso-1hasgreatpotentialasaninoculantforpaddyriceforage(Caieta1.,

1999,2003;Cai,2001)｡

Furthermore,theuseoffermentationaidstoincreasetherateoffermentationof

ensiledforagecropshasbeenthesubjectofmanyinvestigations(e.g.,Allieta1.,1984).

Molasseshasbeenusedextensivelyasafermentationaid,asitprovidesfermentable

sugarsfortheproductionoforganicacids(Allietal.,1984),andsilagepreparedwith

molasseshasalowerpH, higherresidualwater-solublecarbohydratelevels,greater

quantitiesoflacticacid,lowerlevelsofvolatilenitrogen,decreaseddryDMloss,and

reducedlevelsofvolatilenitrogencomparedtosilagewithoutmolasses.Weinbergetal.

(2003)alsoreportedahighLAGinsilageensiledwithstrawandmolass_es.Moreover,

experiment1(describedabove)ofthepresentstudyshowedthatWCRTMRsilagewith

30%TChadthehighestLACamongallsilageswithfoodby-products.Therefore,adding

LAB,molasses,andTCshouldproduceaWCRTMRsilagewithanevenhigherLAG.

ThepurposeofthisexperimentwastostudytheeffectsofLABandmolassesonthe

fermentationqualityofTMRwithWCRandTC,anditsinvitroDM digestibility,

methaneemission,andruminalfermentation.

,'ノ',J)I::),/1tt/jL葺涌tT･.1･l･UIF･lIIs…両 良性輔㍉沌tTは

2.2.2.1.Silagepreparation

WCR(Haenuki)wascultivatedusingconventionalmethodsinapaddyfieldonan

experimentalfarm atYamagataUniversity,Japan,harvestedatthefulldpestage,andcut
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toalengthof2cm.AsshowninTable2.2.1,TMRwaspreparedusingcompoundfeed

(Kitanihon-KumiaiFeed, Yamagata,Japan);WCR;driedbeetpulp;avitamin-mineral

supplement(SnowBrandSeed,Iwate,Japan;vitaminA,5,000,000IU/kg;vitaminD3,

1,000,000IU/kg;vitaminE,2g/kg;vitaminK3,0.2g/kg;vitaminBl,0.5g/kg;vitamin

B2,1g/kg;vitaminB6,0.1g/kg;vitaminB12,0.001g/kg;nicotinicacid,6g/kg;choline

chloride,2g/kg;calciumpantothenate-D,10g/kg;Mn,0.16g/kg;Zn,0.7g/kg;Fe,0.55

g/kg;Cu,0.14g/kg;i,0.33g/kg;Co,0.04g/kg;methionine, 1g/kg;lidocaine

hydrochloride, 0.5g/kg);TC foodbyproduct(Zermo,Tsuruoka, Japan);molasses

(sugarcane;Dai-NipponMeijiSugarCo.,Tokyo, Japan), andLAB (Lactobacillus

plantarumChikusoJ;SnowBrandSeed,Sapporo,Japan).TheTMRingredientsand

proportionsareshowninTable2.2.2.Treatmentsincludedacontrolsilage(i.e.,neither

molassesnorLABadded)orasilagewithmolassesandLAB(M-LAB)addition,andthe

additionofTCat30%DM.Moisturewasadjustedwithwatertoapproximately65%.

SilageswerepreparedusingaSmal l-Scalesystemofsilagefermentation.Approximately

1kgTMRwaspackedintoplasticfilmbags(HiryuBN-12type,270mmx400mm;

Asahikasei,Tokyo,Japan),andthebagsweresealedwithavacuumsealer(SQ303;Sharp ,

Osaka,Japan).Atotalofthreesilospertreatmentwerepreparedandstoredinaroom

(20-25oC)for60days.ThecontentofCPandTDNforWCRsilage,beetpulp,andTC

werecalculatedaccordingtotheStandardTablesofFeedCompositioninJapan(2001).

2.2.2.2.Chemicalandmicrobialanalyses

TheTMRsilagesweredriedinaforceddra免ovenat60oCfor48handgroundinto

a2-mmpowderwithasamplemill(TossTecator;Akutalstuku,Tokyo,Japan).Moisture,

ash,nitrogen,EE,andcrudefiber(CF)contentofWCR,feedconcentrate,beetpulp,and

TCweredeterminedusingconventionalmethods(Horiieta1.,1971).Analysisofthe
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neutraldetergentfiber(NDF)andaciddetergentfiber(ADF)contentofWCR,feed

concentrate,beetpulp,TC,RB,andWGTWweremadefollowingVanSoestetal.(1991).

Heat-stableamylaseandsodiumsulfitewereusedintheNDFprocedure,andtheresults

wereexpressedwithoutresidualash.ThefermentationproductsoftheWCRandTMR

silagesweredeterminedusingcold-waterextracts.Wetsilage(50g)washomogenized

with200mlsterilizeddistilledwaterandstoredat4oCovemight(Caietal.,1999).The

pHoftheWCTandTMRsilagewasdeterminedusingaglasselectrodepHmeter(D-21;

Horiba,Kyoto, Japan).LacticacidwasanalyzedusingthemethodsofBarkerand

Summerson(1941).敬)1atilebasicnitrogen(VBN)wasdeteminedasdescribedby

Conway(1962).TomeasuretotalVFA,silageandruminalnuidweresteam-distilledand

titratedusingsodiumhydroxide(Hamada,1971).DriedVFAsaltwasseparatedand

quantifiedusinggaschromatography(G-5000A;Hitachi,Tokyo,Japan)equippedwitha

thermalconductivitydetectorandaglasscolumn(UnisoleF-200,3.2mmx2.1m).The

analyticalconditionswereasfollows:columnoventemperature, 140oC;injector

temperature,210oC;detectortemperature,250oC.Flieg'sscores,usedtoassesssilage

quality, weredeterminedfrom LACandVFA(JapaneseGrasslandAgricultureand

ForageSeedAssociation,2001).

2.1.2.4.Culturesandincubations

TheTMRsilages,groundinto0.5-mmpowders,wereusedassubstratesforinvitro

cultures.

Twoadultwethers(averageinitialbodyweight,78.5kg)fittedwithrumencannulae

wereusedasdonorsofruminalnuid｡Thewetherswerefedbasaldietsof50% reed

canarygrass(PhalarisarundinaceaL･)hayand50% commercialfeedconcentrate

(Koushi-Ikusei-Special;Kitanihon-Kumiai-Feed,Miyagi,Japan)atmaintenanceenergy1
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level(20gDM/kgbodyweightdaily)andhadfreeaccesstocleandrinkingwater.They

werefedoncedailyat09:00handwerecaredforaccordingtotheanimalcareanduse

guidelinesoftheFacultyofAgriculture,YamagataUniversity.

Rumennuidwascollectedthroughtherumencannulae2ha洗erfeedingand

divertedtoplasticbottles.Thesenuidswerefilteredthroughfourlayersofcheesecloth

andthencombinedonanequalvolumebasis.Thecompoundfiltratewasmixedwith

CO2-bubbled.McDougal'sartificialsaliva(pH6.8;McDougal,1948)ataratioof1:4

(V/V).Then50mldilutedrumennuidweretransferredto128-mlserumbottlescontaining

0.5ggroundTMR,andBushedwithO2jreeCO2.Thetubeswere仁appedwithabutyl

rubberstopperandsealedwithanaluminumcap.hcubationswereperformedintriplicate

at39oCfor6hinawaterbathwithareciprocalshaker(100strokes/min).

2.1.2.5.Analysisojfermentationproductions

Toterminatefermentationattheendofincubation,25トILofformaldehydesolution

(35%)wereinjectedintoserumbottles,whichwereimmediatelysealedandcooledat

roomtemperature.Gassampleswerecollectedbyairsyringefromtheserumbottlesand

injectedintoagaschromatograph(GC323;GLSciences,Tokyo,Japan)equippedwitha

thermalconductivitydetectorandstainlessusedsteelcolumn(WG-100SUS1.8mx6.35

mmOD),andthemethaneproductionineachserumbottlewasmeasured.Theanalytical

conditionswereasfollows:columnoventemperature,50oC;injectortemperature,50oC;

detectortemperature,50oC.

2.1.2.6.1nvitroDMdigestibiliO),andmethaneandVFAproduction

Separatesub-samplesofthesupernatantweretakentodeterminethepHandVFA

concentration.Thebottleswererinsedwithwarmwatertoremoveallsolidresidues,

whichwerethenoven-driedat600Candstoredforfurtheranalyses.Intotal,2gofdried
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residuewereoven-driedat1350CandstoredtodetermineDMdigestibility(Horiieta1.,

1971)｡

2.1.2.7.Statisticalanalyses

Analyseswereperformedusingthegenerallinearmodelprocedure(SASinstitute,

Cary,NC,USA).Dataonfermentativecharacteristics,invitroDM digestibility,and

ruminalmethaneandVFAproductionofTMRsilagesweresubjectedtoaone-way

ANOVA.Tukey'Stestwasusedtoidentifydifferences(P<0.05)betweenmeans.

二/JJit,o:I,:,I,irt'ttT73..LIL旺S

2.2.3.1.Chemicalcompositionofmaterialsandsilage

AsshowninTable2.2.1,thecontentofDM, CP, EE,NFC,ash,andNDFin

molasseswas72.7,4.3,0.7,83.6,11.4,and0%,respectively(WangandGoetsch,1998;

NationalAgriculturalResearchOrganization,2001)･TheWCRhadslightlylessorganic

matter(OM)andCPthantheyellow-dpe増tageWCRreportedbyCai(2003).The

ContentofCP,NFC,andNDFintheTCwas30.1,15.8,and37.7%,respectively.

Therewerenosignificantdifferencesinchemicalcompositionbetweenthecontrol

andM-LABsilages,althoughtheDM,CF,NFC,andNDFofthelatterwere3.1%higher,

1.2%lower,1.1%higher,and1.8%lower,respectively(Table2.2.3).

2.2.3.2.FermentationqualiO)

AsindicatedbythelowpHvalues(4.03and3.99)andNH3-N/TNcontent(2.83and

2.97%),highLAC(3.42and3.06%),andhighV-scores(99.8and99.8)forsilageswith

andwithoutM孔AB,thetwoTMRsilageswerewellpreserved(Table2.2.4).Although

thelevelsofmoisture,pH,aceticacid,proplOnicacid,butyricacid,andNH3-N/TN,and

theV -scores,didnotdiffersignificantly,LACdid(P<0.05;3.06and3.42%forcontrol
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andM-LABsilages,respectively).

2.2.3.3.1nvitroDMdigestibiliO)andproductionofmethaneandVFA

After6hofincubationofTMRsilages,invitroDM digestibilityandmethane

productionwere5.6%higherand2.0%lowerinM-LABsilage,respectively.Therewere

noothersignificantdifferencesamonganycharacteristics,althoughaceticandbutyrlC

acidlevelswerehigherandlower,respectively,inM孔ABsilage.

:).JJ,./:工 [M.S,町ISS,OLO![三i

Inthepreviousexperiment(describedabove),silageswith30%TChadthehighest

LAC.Therefore,tofurtherincreaseLAC,molasseswasusedincombinationwithTC.

Previousreportssuggestedthatmolassesisafermentablecarbohydrate(Maigaand

Schingoethe,1997),andmanyresearchers(McDonaldandTurves,1956;Archibaldeta1.,

1960;Allieta1.,1984)havereporteditssuccessfulusewithgrasssilage.Inaddition,

molassesisafoodbyproductofsugarbeetandsugarcaneproduction.Althoughmolasses

withhigh SolublecarbohydratesisusedasamajorenergySOurCeformeatormilk

production(Preston,1982;Yameta1.,1996;W礼ngandGoetsch,1998;Fadel,1999;

Arabaeta1.,2002;GranzinandDryden,2005;Shellitoeta1.,2006;SahooandWalli,

2008),ithasnotbeenusedasanadditivetoTMRsilagewithWCR.

Allietal.(1984)assessedtheeffectsofmolassesonthefermentationofchopped

whole-plantLeucaena.Silagesweretreatedwithmolassesatarateofeither2.25% or

4.5%freshweightand4.5%Leucaenaatthetimeofensiling,whichledtoincreasedrates

oflacticacidproduction,lowerpH,decreasedDM loss,andreducedlevelsofvolatile

nitrogen,comparedtoLeucaenatowhichnomolasseswasadded･Inthepresent

experiment,silagesweretreatedwithorwithoutmolassesattherateof4%freshweight.

36



Althoughtheadditionofmolassesdidnotslgnificantlyinnuencethechemical

compositionoftheWCRTMRsilage,itdidincreaseDM andNFCby3.06and3.56%,

respectively.SimilartoAllietal.(1984),thiswaslikelyduetoahighcontentof

water-SolublecarbohydratesthatdecreasedDMlossandaddedNFCtothesilage.

AddingmolassesdidnotdecreasepH,butdidsignificantlyincreaseLAC(P<0.05),

probablybecauseLABwasalsoaddedtothesilage, whichmayhaveledtothe

availabilityofmorefermentablesugarsforconversiontolacticacid,andalsodecreased

pH,therebyinhibitingtheactivityofotherbacteria(Cai,2001;Caieta1.,2003).Also

similartoAllietal.(1984),addingmolassesreducedtheNH3-Nofsilageby4.9%,

indicatingreducedproteolysIS,Whichcouldresultfromreducedactivityofyeastsand

mouldsaswellasreducedenzymeactivity(Lanigan,1961;Caipinteroeta1.,1969).

DM digestibilityishigherinsilagewithLABthanwithoutLABbecauseLAB

reducesDM lossinsilagefementation(Cai,2001;Caieta1.,2003)._Furthermore,

althoughtherearesomereportsthataddingmolasseshasnoeffectonDMdigestibilityin

ruminants(WangandGoetsch,1998;GranzinandDryden,2005),manymorestudies

(HatchandBeeson,1972;Cheneta1.,1981;Wingeta1.,1998;Fadeleta1.,2000;Shellito

eta1.,2006;SahooandWalli,2008)havereportedthatdietswithmolasseshavehigher

ruminalDM digestibility.Inthepresentexperiment, therewasanon-Significant

increasingtrendinDM digestibilitywithM-LABaddition.Althoughnotslgnificant,

methaneproductionandthemolarproportionofproplOnicaciddecreasedby2.0%and

increasedby1.4%,respectively,withM-LABaddition, whichseemstobeconsistent

withpreviousreports(Leng,1970;Mossetal･,2000)･Addingmolasses,whichhasahigh

sugarcontent,mayaugmentmethaneproductionintherumen(Hindrichseneta1.,2005),

explainingwhy,eventhoughthetwosilagesdifferedinLAC,therewasnonotable
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differenceinmethaneproduction･Asdietaryproportionsofsolublecarbohydratessuch

asmolassesincrease,thebacteriaandprotozoapopulationsshiftinproportiontotheVFA

produced(Wingeta1.,1998);forexample,sucrosereducesaceticacidandincreases

butyricacidinrumen且uid(WaldoandSchultz,1960),asdoesglucoseandfructosebut

notxyloseorarabinose(Sutton,1968)･Furthermore, reducingtheproportionof

propionateincreasesbutyrateviaarapidincreaseinlacticacidproduction(Kelloggand

Owen,1969).Sucroseandmolassesproducesimilareffects,andmolassesmayinnuence

fermentationpattemsviaitssucrosecontent, becausesucroseistheprimaryenergy

sourceinmolasses(KelloggandOwen,1969).Wingetal.(1998)foundthatwhen6%

molasses(FMbasis)wasaddedtodiets,ruminalaceticacidincreased,whilepropionic

acidandbutyricacidchangedonlyslightly.Inthepresentexperiment,adding4%

M-LAB (FM), increasedanddecreasedaceticacidandbutyricacid(P < 0.05),

respectively,andslightlyincreased(p-0･203)propionicacid.TheA/Pratiotendedto

increase(p-0.07)becauseofthehighproportionofaceticacid.

,I)II,:I,or/j｡S･'11!tni.n,ii:1g･Hry

ThepresentexperimentcomparedtheeffectsofM-LABonthequalityofWCR

TMRsilagesbymeasuringChemicalcompositionandorganicacids,anddeterminingln

vitroDM digestibilityandtheproductionofruminalmethaneandVFA.TMRsilages

werepreparedusingWCR,feedconcentrate,beetpulp,vitamin-mineralsupplement,and

TC,andthecakulatedcontentofCPandTDNwere16.4and75.1,respectively.Two

experimentalgroupswereprepared,namely,withorwithoutM-LAB(4%M;5Ppm

Chikus0-1).A洗er60daysoffermentation,therewerenonotabledifferencesinchemical

compositionbetweenthesilages,althoughtheDM andNFCofM-LABsilageswere
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3.1%and1.1%higherthanthoseofcontrolsilages,respectively.BothsilageshadlowpH

andNH3-N,highLAGandV-scores,andwereofgoodquality.M-LABsilagehadmore

lacticacid.A洗er6hincubationofT掴Rsilages,invitroDM digestibilityandmethane

productionofM-LABsilageswere5･6% higherand2･0% lowerthan silageswithout

M-LAB,respectively.TotalVFA andthemolarconcentrationofproplOnicacid,

isovalericacid,andvalericaciddidnotdifferbetweenthetwosilages,whileaceticacid

andbutyrlCacidwerehigherandlower,respectively,inM-LABsilage｡Addingmolasses

increasedtheLACofWCRTMRsilage,butthisdidnotsignificantlydecreaseruminal

methaneproductionorincreaseproplOnicacidcontent｡
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甘盈鮎且e2｡望乱 ChemicalcompositionofWCRl,concentrate,beetpulpandtofucakeused

inTMR2silages

WCR Concentrate3 Beetpulp DTC4 Molasses
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* NationalagriculturalResearchOrganization(2001).

**Wang,Z.S.andGoetsch,A.L.(1998).

1Wh olecroprlCe･

2Totalmixedration.

3Formulafeed("KoushiIkuseiSpecialMash"madebyZennowith120g/kgCPin&eshmatter),

4Dryto免ICake･

5Drymatter･

6crudeprotein･

7Etherextract.

8Nonfibrouscarbohydrate(100-CP-EE-NDト ash).

9Aciddetergentfiber1

10Neutraldetergentfiber･
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甘a馳温e望｡望｡望｡IngreglentandnutrientcompositionofTMRIsilage

Treatment

Control M-LAB

Ingredient

Molasses(%FM2)

Lacticacidbacteria(ppmFM)

wcR3(%DM4)

concentrate5(%DM)

vitamin-mineralsupplement6(%DM)

Beetpulp(%DM)

DTC7(%DM)

Nutrientcomposition

cp8(%DM)

TDN9(%DM)

5

5

0

5

1

3

0

3

りん

･････<
3

5

5

0

5

1

3

0

4

5

3

2

1

3

1Totalmixedration.

2Freshmatter.

3wholecroprice･

4Drymatter･

5Formulafeed("KoushiIkuseiSpecialMash"madebyZenno,TDN:70.0%,CP:12.0%in&eshmatter).

6commercialvitamin珊ineralsupplementproduct(Snowbrandseed,Iwate,Japan).

7Drytofucake･

8crudprotein･

9Totaldigestiblenutrents･
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甘盈払且C2｡望｡3｡ChemicalcompositionofTMRIsilage

Treatment

Control つんBALtM

p-value

DM4

Organicmatter(%DM)

CrudepI･Otein(%DM)

Etherextract(%DM)

Nitrogen免.eeextract(%DM)

Crudefiber(%DM)

NFC5(%DM)

Crudeash(%DM)

Aciddetergentfiber(%DM)

Neutraldetergentfiber(%DM)

9

6

3

｣

｣

7

9

4

0

4

5

2

5

5

7

5

0

7

0
ノ
1

3

0
ノ

ー

5

1

3

1

4

0

3

1

よU

5

5

0

7

2

∠U

7

つ
ん

5

5

7

4

つ
ん

7

0

0
ノ

3

0
ノ

1

5

1▲

3

2

3

5

0
ノ

′人U

O
ノ
′んU

7

5

0
ノ

0

5

8

1

2

.
1

5

6

8

.
1

7

6

1

0

0

0

0

0

0

0

0

0

0.6991

0.3579

0.7415

0.1112

0.6620

0.4160

0.4593

0.3579

0.4679

0.1389

lTotalmixedration.

2molasses↓acticAcidBacteria(Lactobacillusplantarum)

3standarderrorofmeans.

4Drymatter･

5Non-fiberouscarbohydrate(100-CP-EE-NDF-CA).
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甘組眺 望｡望｡乳FermentativecharacteristicsofTMRIsilages

Treatment

Control 2BAL中M

Pvalue

Moisture(%)

pH

Lacticacid(%FM4)

Aceticacid(%FM)

Propionicacid(%FM)

Butyricacid(%FM)

NH3-N/TN5(%FM)

Ⅴ -score

′hU

O
ノ

a

O
ノ

′hV
0
ノ

7

.
1

9

0

0

0

0

9

8

4

3

3

0

0

0

2

0
ノ

LU

3

つ
ん

0
ノ

3

0

0

4

0

0

0

史
U

8

3

4

3

0

0

0

2

0
ノ

′人U

Oノ

0

0

5

3

0

0

3

0

5

3

4

0

0

0

4

1

0
ノ

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0.6991

0.4860

0.0083

0.7415

NS6

NS

0.5970

0.7229

lTotalmixedration.

2molasses-LacticAcidBacteria(Lactobacillusplantarum).

3standarde汀OrOfthemean.

4Freshmatter.

5Totalnitrogen･

6Nosignificant･

a,bMeanswithinrowswithdifferentlettersdiffer(P<0.05).
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甘汲甑盈C2｡望｡S｡Measurementsofdrymatterdigestibility, methaneproductionandVFA

concentrationinvitroa洗er6hoursincubationofTMRIsilages

Treatment

Contro1 M_LAB2
sEM3 pvalue

DM4digestibility(%)

Methaneproduction(L/kgDDM5)

TotalVFA(m ol/dL)

Aceticacid(A)(mo1%)

Propionicacid(P)(mol%)

Butyricacid(mol%)

Isovalericacid(mol%)

Valericacid(mol%)

A/P6

a

a

5

/んU

O
ノ
0
ノ

5

3

′んU

7

3

1

4

2

0
ノ
0
ノ
q
ノ
3

7

0
ノ

2

0

5

よU

Q
ノ
0
ノ
0

つ
ん
0

4

1

3

3

1

.L

_､U

0

5

0

0
ノ

0

0

つム

′0

5

2

7

7

5

00

3

′0

0
ノ

4

0

5

00

0

7

0

2

0

4

1

3

4

｢1

7

8

4

5

4

5

5

0
0

1

∩

7

1

2

3

2

3

0

0

0

0

0

0

0

0

0

0

0

0

0.1950

0.4757

0.3974

0.02 28

0.2030

0.0189

0.6363

0 .2081

0.0 784

lTotalmixedration.

2molasses-LacticAcidBacteria(Lactobacillusplantarum)

3standarderrorofthemean.

4Drymatter･

5Digestibledrymatter･

6AceticacidノProplOnicacid･

a･bMeanswithinrowswithdifferentlettersdiffer(P<0.05)
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AlongwithadecreaseinriceconsumptionamongtheJapanesepeople,the

importanceofriceproductionforfeedhasincreasedintermsofpaddyfieldConservation

andlevelsoffeedself-sufficiency.Wholecroprice(WCR)isasuitablefeedcropbecause

itcanwithstandtheheatandrainofJapanesesummers,andharvestingmachinesaswell

asspeciesadaptabletolocalcultivationandclimateconditionshavebeendeveloped.

However, WCRsilageusedasfeedisofpoorqualityduetoitslowlacticacidcontent

resultingfromalowlevelofsolublecarbohydrates(Caieta1.,2003).

Manyfoodandbeverageby-productsresultfromprocessingandmanufacturing,but

mostisbumed, dumpedintolandfallsorusedascompost, whichleadstowasted

resources,andpossibleenvironmentalproblemsduetounsuitabledisposal.Demandis

increasingforefficientuseoffoodby-productsduetoeconomicandenvironmental

concems.Foodby-productssuchastofucake(TC),ricebran(RB)andwetgreentea

waste(WGTW)arehighincrudeprotein(McPhersonetal.),fattyacids,tanninsand

vitamins(Xueta1.,2001;Amissaheta1.,2003;Rondoeta1.,2004b;DeCamposeta1.,

2007;Xueta1.,2007).Notonlycouldtheseby-productsbeutilizedasasourceof

nutrientsforruminants,butuslngthemtoreplaceimportedcommercialfeedstuffTscould

saveenergylntransportation,andpossiblyreducetheenvironmentalimpactofburnlng

themaswasteorburyingthemlandfills.
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ⅠfWCRwereensiledwiththesefoodby-productsasaTMR,thissilagecouldhavea

highlacticacidcontentandbeofgoodquality,andunpalatableby-productscouldbe

incorporatedintotheTMRiftheirodorsandnavorswerealteredbyfermentation.

ResearchhasbeenlimitedoneffectsofaddedfoodbyoproductsinWCRTMRsilageon

silagefermentationandthefeedingvalueofthesilageforruminants.Ifaddedfood

by-productsresultinmoreheterolacticsilagefermentation,productionofshor t -Chain

antifungalvolatilefattyacids(VFA),alongwithlacticacid,Wouldbenefitsilage

fermentation quality and,Possibly, animalintake.Moreover, uslng these food

by-productsandWCRasfeedwouldbemoreefficient.

Theobjectiveofthisstudywastodeterminethefermentationcharacteristicsofa

TMRsilagepreparedfromWCRandvariousfoodbyやrOducts(i.C .,DTC,RB , WGTW)

andthenutritivevalueofthesilageforsheepasassessedbyintake,insitudegradation

andinvivodigestibility,preferenceandrumenfTermentation.

.:jo:),o馴9.1･'itLTH:,ll;ls紬正目tJlhIL潮TiOrlls

ThisanimalexperimentwasconductedwithpermissionfromtheCommitteeof

AnimalExperimentationundertheinstitutionalguidelinesforanimalexperimentsatthe

FacultyofAgriculture, YamagataUniversity,andaccordingtotheanimalcareanduse

guidelinesoftheNationalInstituteofLivestockandGrasslandScienceofJapan.

3.2.1.Silagepreparation

TheWCR(Haenuki)wascultivatedusingconventionalmethodsinthepaddyfield

oftheYamagataUniversityFarm ,harvestedatthefull-ripestageandcuttoalengthof2

cm.As shown in Table 3.1, TMR was prepared uslng a COmPOund feed

(Kitanihon-KumiaiFeed, Yamagata,Japan);WCR;driedbeetpulp;avitamin一mineral
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supplement(SnowBrandSeed,Iwate,Japan;vitaminA,5,000,000IU/kg;vitaminD3,

1,000,000IU/kg;vitaminE,2g/kg;vitaminK3,0.2g/kg;vitaminB1,0.5g/kg;vitamin

B2,1g/kg;vitaminB6,0.1g/kg;vitaminB12,0.001g/kg;nicotinicacid,6g/kg;choline

chloride,2g/kg;calciumpantothenate-D,10g/kg;Mn,0.16g/kg;Zn,0.7g/kg;Fe,0.55

g/kg;Cu, 0.14g/kg;I,0.33g/kg;Co,0･04g/kg;methionine, 1g/kg;lidocaine

hydrochloride, 0.5g/kg);andafoodby-product,eitherdrytofucake(DTC),RBor

WGTW.TheDTC(40kg)wasobtainedfromZenno,Tsuruoka,Japan;RB(40kg)was

obtainedfromYamagataUniversityFarm,Yamagata,Japan;andWGTW (160kg)was

obtainedfromacommercialbeveragefactory(MarubishiFood, Yamagata,Japan)and

transportedtothelaboratory.TheDTCandRBwerestoredatroomtemperaturefor2

days,whileWGTWwasstored(4oC)for2daysbeforebeingused.TheTMRingredient

proportionsareinTable3.2.Treatmentsincludedacontrolsilage(i.e･, nofood

by-productadded)andadditionofDTC,RBorWGTW at30%ofTMRDM each･

Moisturewasadjustedwithwaterto55%･TheensiledamountsofTMRwere100kg

eachindrumcansilosof200Linvolume(Minikon壷lo;KD-Service,Tokyo,Japan),and

thesameTMR wasensiledintwodrum cansilos, whichwerestoredoutdoors

(9oC-32oC)for60daysoffermentation.

3.2.2.Insituincubationstudy

3.2.2.1.AnimalsandjTeeding

TheinsitudegradabilitiesoffeedweremeasuredintwoJapaneseblacksteer(body

weight,418j=2.8kg)fittedwithrumencarmulae.Theanimalswerefred25% DM

commercialfeedconcentrate(Koushiikusei-Special;Kitanihon-Kumiai-Feed, Miyagi,

Japan),25%DMRB(YamagataUniversityFarm ,Yamagata,Japan),and50%DMreed

canarygrass(PhalarisarundinaceaL.)hayat1.4%bodyweight･Theanimalswerefed
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twicedaily,at09:00and16:00h,inequalamounts.Waterandmineralblocks(Koen-S,

NipponAenyakuKogyoCo.Ltd.,Fukushima,Japan)weremadeavailableatalltimes.

3.2.2.2.Nylonbagincubation

TheinsitudegradationofDM,CP,andNDFinWCRTMRsilageswithandwithout

foodby-productswasdetermined.Thesamplesweredriedinaforceddra允ovenat60oC

for48h,groundintoa2-mmpowder,andmixedintwodrumcansilosforeachtreatment.

Thesurfaceareaandporesizeofthenylonbagswere100mm x200mmand50pm,

respectively,andeachbagcontained5gofcompositesample.Fourteenbagsofeach

treatmentperanimalwereprepared.Bagswereincubatedineachanimal(inreverseorder

betweentheanimals)for3,6,12,24,48,and72h,andtwobagsofeachtreatmentwere

removedfrom eachanimalatacommontime.A洗erremoval,allnylonbagswere

immersedinicewaterfor10mintostopmierobialactivity.0-hbagswerewashedat39oC

for30mininawaterbathwithareciprocalshaker(100strokes/min).AllI?agswerethen

washedinawashingmachinefor10minandagitatedfor3minpr10rtOdraining.The

bagswerewashedagainbyhandwithcoldtapwaterandthendriedat60oCfb∫48h.

DriedsampleswereusedtoanalyzeDM,CP,andNDFcontent.Themeanofthe

measurementsfromtwobagsfromeachsteerwasusedtocalculatevaluesforruminal

disappearance.

3.2.3.Digestionstudy

FourSu銑)lksheep(26.9士 1.4kg)wereusedina4×4La血 squaredesign

experiment.Thesheepwereindividuallyhousedinmetaboliccagesandfedthefour

silagesat2.5%oftheirbodyweight(BW)onaDM basisoncedailyat09:00h.The

metabolizableenergymaintenancelevelwassetaccordingtoNutrientRequirementsof

Sheep(NRC,1985).Waterwasaccessibleatalltimes.A7daypreliminaryadjustment
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periodwasfollowedbya5dayperiodduringwhichallfTecesandurinewerecollected.

Thedigestibilityandnutrientcontentofeachfoodby-productwerecalculatedbythe

methodsofNationalAgriculturalResearchOrganization(2001).

BloodsampleswerealsoeolleetedbyvenlPunCtureOfjugularvein0,2and4ha氏er

themomlngfeedingonday120feachperiodandreceivedintoplainvacutainertubes

(VENOjectII;TERUMO, Tokyo,Japan).Hematocritvaluesweredeterminedin

duplicatebyusingmicro壷ematocrittubesandcentrifuginglna12000rpmCentrifuge

(HEMATOCRIT;KOKUSAN,Tokyo,Japan)for5min(DacieandLewis,1975)and

plasmawaspreparedbycentrifugation(12000rpm,20min,4oC)andstoreda巨 200C

untilglucoseandurea-Nweredetermined.

Ruminalnuidwassampledimmediatelybeforethemornlngfeedingandat2and4h

afterfeedingonDay130feachperiod.Ruminal且uidpHwasmeasuredimmediately,and

sampleswereseparatedfromfeedarticlesthroughtwolayersofgauze.Sampleswere

storedfrozen(T20oC)forlateranalysisofVFAandNH3-N.

3.2.4.PrejTerencestudy

FourSuffolksheep(27.4j=2.0kg)Wereusedtomeasuresilagepreference.Forfree

choice,twokindsofTMRwereputinseparatecontainersandsimultaneouslyofferedfor

15mintwicedailyat09:00and15:00h･Thequantitieswereadequatesothatasurplus

remaineda魚er15min.Refusalswereweighedafter15min,andintakequantitieswere

calculated｡Thisprocedurewasrepeatedfわreverycombinationoftwosilages.

3.2.5.Chemicalandmicrobialanalysis

TheWCR,WGTWandTMRsilagesandfecesweredriedinaforceddraughtoven

at60oCfor48handgroundtopassa2mmscreenwithasamplemill(FossTecator;

Akutalstuku,Tokyo,Japan).TheDM,CP,etherextract(EE),andashwereanalyzed
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accordingtomethods934｡01, 976･05, 920･39, and 942･05, respectively,ofthe

AssociationofOfficialAnalyticalChemists(AOAC,1990)｡Theorganicmatter(OM)

wascalculatedasweightlossuponashing.Neutraldetergentfiber(NDF)andacid

detergentfiber(ADF)WereanalyzedaccordingtoVanSoestetal.(1991).Heat-Stable

amylaseandsodiumsulphitewereusedintheNDFprocedure,andresultsareexpressed

withoutresidualash･UrinaryNwasdeterminedusingtheKjeldahlprocedurepreviously

describedbytheAOAC(1990)IThegrossenergy(GE)wasdeterminedbyusingan

automaticbombcalorimeter(CA-4PJ,Shimadzu,Kyoto,Japan).

Fermentationproductsofthesilagesweredeteminedfromcoldwaterextracts.Wet

silage(50g)washomogenizedwith200mlsterilizeddistilledwaterandstoredat40C

overnight(Caietal.,1999)･ThepHwasmeasuredusingaglasselectrodepHmeter

(HoribaD-21;Horiba,Kyoto,Japan).LacticacidandNH3-Nwereanalyzedaccordingto

Takahashietal.(2005).TheVFAwassteam-distilledandmeasuredqualitativelyand

quantitativelyusinggaschromatography(G5000-A;Hitachi, Tokyo,Japan)equipped

withathermalconductivitydetectorandaglasscolumn(UnisoleF-200,3.2mmx2.1m).

Theanalyticalconditionswereasfollows:columnoventemperature,140oC;injector

temperature,210oC;detectortemperature,250oC･Toassessthequalityofthesilage,we

calculatedtheFrieg'smarkfromthelacticacidandtheVFAconcentrationsandV-score

fromtheNH3-N/totalNandVFAconcentrations(Takahashietal.,2005).ThepH,VFA,

andNH3-N concentrationsinruminalnuidsamplesweremeasuredusingthesame

methodsasforTMRsilagefiltrates.

Glucoseandurea-NinserumweredeterminedbyuslngGlucoseC I I-testwoko

(WakoPureChemicalindustries, Osaka,Japan)andUrea-NBJteStWOko(WakoPure

ChemicalIndustries,Osaka,Japan).
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3.2.6.Calculationsandstatisticalanalysis

ValuesofruminaldisappearanceofDM,CP,andNDFversustimewerefittedtothe

exponentialequationofOrskovandMcDonald(1979):p-a+b(1-e~ct),wherePisthe

disappearancerateattimet,aistherapidlydegradableDM,CP,orNDFfractioninthe

rumen,cistherateconstantofdegradationofb,andtisthetimeofincubation.Curves

werefittedwiththeNuNprocedureofSAS(1988)toestimatetherapidly(a)andslowly

degradable(b)fractions,andrateofdegradation(C).Effectivedegradability(ED)was

calculatedasafunctionofthefractionalrateofdegradationandthefractionalrateof

passage(kp),assumingaconstantvalueofO･05h.1:ED-a+bl(bxc)/(C+kp)]･

ThechemicalcompositionandfermentativecharacteristicsofTMRsilages,andthe

estimatedconstantvaluesoftheexponentialequationandEDfromtheinsituincubation

experiment,wereanalyzedusingaOne-WayANOVA.Digestiondatawereanalyzedasa

4×4LatinsquareusingtheGeneralLinearModelprocedureofSAS(1995),withdiet,

period,andanimalincludedinthemodel･Tukey'stest(SAS,1995)was.usedtoidentify

differences(P<0.05)betweenmeans.

二IL｡::.15∴!:漣sll.!.HILLS

3.3.1.Chemicalcompositionofmaterialsandsilage

AsshowninTable3.1,theorganicmatter(OM)andCPoftheWCRwereallslightly

lessthanthoseintheWCR(HamasariandKusahonami)oftheyellow-ripestageas

reportedbyCai(2003).Amongthethreefoodby-products, DM andnonfibrous

carbohydrate(NFC)werelowestinWGTW.LevelsofCP,ADFom,andaNDFomin

DTCandWGTW werehigherthaninRB,whereaslevelsofEE, NFC,andcrudeash

werelower.
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NonotabledifferencesoccurredinDM orNDF,butCP,EEandgrossenergy

increased(P < 0.05)withadditionoffoodby-products(Table3.3), whereasNFC

decreased(P<0.05).TheADFomforWGTW silagewashigher(P<0.05)thanfわrthe

controHnaddition,OMandCPfbrbothDTCandWGTW silagewerehigher(P<0.05)

thanforRBsilage,whileEEforRBsilagewashigher(P<0.05)thanforeitherDTCor

WGTW silage.

3.3.2.FermentationqualiO)

Thesilageswerewellpreserved,asindicatedbylowpHvaluesandNH3⊥N/TN

contents,highlacticacidcontents,aswellashighFrieg'smarksandV-scores(Table3.4).

Althoughlevelsofmoistureandaceticacid,Frieg'smarks,andV-scoresdidnotdiffer,

pHvalues,lacticacidconcentrations,andNH3-N/TNcontentsdid(P<0.05),withpH

valuesrangingfrom3.93to4.04.Thelacticacidcontentsinthecontrol,DTC,RBand

WGTW silagewere2.44,3.27,3.08and2.49%,respectively.Thelacticacidcontentfbr

theDTCsilageinparticularwashigher(P<0.05)thanfortheWGTWsilageandcontrol.

TheNH3-NcontentwaslowestintheDTCandWGTW silages.ProplOnicandbutyric

acidswerefoundintracequantitiesineachofthefoursilages.

3.3.3.InsitudegradabiliO,

Thea,b,andcfractionsandEDdataarepresentedinTable3.5.TCotreatedsilage

hadaloweraandbofDMthancontrols,RB ,andWGTW(P<0.05);thefood-byproduct

treatmenthadnoeffectoncora+bofCP;andRB -treatedsilagehadahigherEDofDM

thantheTCandWGTW(P<0.05).TheaofCPwashighestinRB ,followedbycontrols,

TC,andWGTW,andtherewasasignificantdifferenceamongthefoursilages(P<0.05).

ThebofCPforbothRBandcontrolsilageswerelowerthanforTCorWGTWsilage(P

<0.05),andtheWGTWsilagewasthehighestamongthefoursilages(P<0.05).TheRB
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andWGTW silageshadalowercofCPthancontrols(P<0.05),andTCsilagehada

higherα+80fCPthancontrolsbutalowerEDofCPthancontrolsandRB(P<0｡05).

TC-treatedsilageshadalowerabuthigherbofNDFthancontrols,RB ,andWGTW (P<

0.05),andRBandWGTWsilagealsohadahigherbofNDFthancontrols(P<0.05).The

food-byproducttreatmentshadnoeffectoncora+b,althoughTCandWGTW silage

hadalowerEDofNDFthancontrols(P<0.05).

ThechangesinDM,CⅠ㌔andNDFdegradabilityoverincubationtimeareglVenin

Figure3.1.Allcomponentsinallsilagesrapidlydegradedintherumenforthefirst24h,

afterwhichtheytendedtodegrademoreslowlyuntil72h.Thedegradabilityofall

componentsofTCsilagewaslowerthancontrolsandRBsilagesat21hbutthereaRer

washigherthanRBandWGTW silage｡TheCPdegradabilityofWGTW silagewas

alwaysthelowestamongthefわursilages.

3,3.4,InvivonutrientdigestibiliO)andnitrogenretention

ApparentdigestibilityoftheDTCsilagewashigherthanboththeRBandWGTW

silages(Table3.6).RemarkabledifferenceswereobservedinDM,OM,CP,EE,CFand

NDFbetweentheDTCandRBsilages,andinthedigestibilityofallnutrientsexceptfor

CPbetweentheDTCandWGTWsilages.DigestibleCPwashigher(P<0.05)inboththe

DTCandWGTW silagesthanintheRBsilage,whiledigestibleenergywashigher(P<

0.05)inboththeDTCandRBsilagesthanintheWGTW silage.Totaldigestiblenutrients

(exceptfordigestibleCP)anddigestibleenergywerehigher(P<0.05)inboththeDTCandRB

silagesthanintheWGTWsilage.

TodeterminethedigestibilityofDTC, RB ,andWGTW,Wepreparedthecontrol

treatmentasabasaldiet.Theratioofconcentratetoforagewaslessthan60%(DM),but

CPcontent(11.5%DM)incontrolwasslightlylowercomparedwiththerequirements
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forsheep(NationalResearchCouncil,1985)｡Inthepresentstudy,notonlywasthe

digestibilityofDTChigherthanthatofRBandWGTW (Table3.7),butthedigestibility

oftheDTCsilagewashigherthanthatoftheRBandWGTW silages.

3.3.5.Nitrogenretention

NitrogenintakeoftheDTCsilagewashighestamongthethreefoodby-product

treatments(Table3.8),andtogetherwiththeWGTWsilagewashigher(P<0.05)thanin

theRBsilage.FecalexcretionofnitrogenwassimilaramongtheDTC,RB,andWGTW

silages,butaslgnificantdifBerencewasdetectedbetweentheWGTW silageandthe

control.UrinaryexcretionofnitrogenandnitrogenretentionintheDTC(7.44and6.19

g/day,respectively)andWGTW (5.78and6.45g/day,respectively)silageswerehigher

thanintheRBsilage(4.47and4.64g/day,respectively),buturinaryexcretionofnitrogen,

nitrogenretention,andallantoinwerenotsignificantlydifferentamongthetreatments

withaddedfoodby-products.

3.3.6.Ruminalfermentation

RuminalpHandVFAconcentrationswerenotaffectedbydietarysilage(Table3.9).

MolarproportionsofaceticacidintheDTCandRBsilageswerelower(P<0.05)than

thoseintheWGTWsilageorincontrolbeforefeeding.Twohoursa洗erfeeding,theDTC

silagehadlower(P<0.05)aceticacidconcentrationsthantheWGTW silageand,4h

aRerfeeding,theDTC, RBandcontrolsilageshadlower(P <0.05)aceticacid

concentrationsthantheWGTW silage.MolarproportionsofproplOnicacidintheRB

silagewerehigher(P<0.05)thanintheWGTWsilagebeforefeeding.Molarproportions

ofisobutyricacid,isovalericacid,andvalericacidweredifferedbeforefeedingamong

thefわurtreatments.Theratioofaceticacidtopropionicacid(A:P)oftheRBsilagewas

lower(P < 0.05)thanthatoftheWGTW silagebeforefeeding, buttherewasno
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differenceamongthefourtreatmentsafterfeeding.Beforefeeding,theDTCsilagehad

higher(P<0.05)NH3⊥NconcentrationsthantheRBsilageorcontrol,andtheWGTW

silagehadhigher(P<0.05)NH3-NconcentrationsthantheRBsilage.Although2ha鮎r

feeding,NH3-Nconcentrationsintherumen爵uidofsheepfedDTCsilagewerehighest

(P<0.05),theDTCsilagestillhadhigher(P<0.05)NH3三NConcentrationsthantheRB

silageandcontrol4ha鮎rfeedingandtheWGTWsilagehadhigher(P<0.05)NH3三N

concentrationsthanthecontrol.

3.3.7.Blood

Thehematocrit,glucose,andurea-NlevelsinthebloodplasmaofsteerfedTMR

silagesareshowninTable3.10.Neitherhematocritnorglucosewasnotablydifferent

amongthefoursilages.Urea-NforTC-treatedsilagewashigher(P<0.05)thanfor

controls,and2ha魚erfeedingwasthehighest(P<0.05)amongthefoursilages.Urea-N

forRBsilage2ha氏erfeedingwasalsohigherthanforcontrols,whereasthatforWGTW

silagewashigherthancontrolsbeforefeedingand2haRerfeeding.Hematocrit,glucose,

andureか Nwerealwayswithinnormalvaluesforsteer.

3.3.8.PrejTerence

WhentheDTCsilagewasfedtosheep,togetherwithRB ,WGTWorcontrolsilage,

therelativeintakeratioswere0.683,0.613and0.718(DM),respectively(Table3.ll).

Themeanrelativeintakeratiosforcontrol, DTC,RBandWGTW silagewere0.485,

0.671,0.397and0.447,respectively,andtherankorderofpreferencewasDTC,control,

WGTWandRBsilage.PreferencewashighestforDTCsilageandlowestforRBsilage･

:･_ti,凡 肋ioISJ:ili.lSS!30;!〕

Caietal.(2003)andEnnaharetal.(2003)reportedthatthelowcontentofsoluble
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carbohydrateinWCRresultedinpoorfermentationqualityofWCRsilagebecausethere

isnotenoughsolublecarbohydrateavailableforcompleteconsumptionofsugarby

actionoflacticacidbacteria,andyeastsareinhibited.Therefore,aneedexiststoimprove

thesolubleCarbohydrateContentofsilagematerialswithadditionoffoodby-products

andothermaterials,andtobetterunderstandtheensilingcharacteristicsofWCRTMR

silagewithaddedfoodby-products･Inthisway,currenttechnologiesCanbeusedtobetter

preparesilageandmoreefficientlyusefoodby-products.Havingstudiedthefeeding

techniquesofTCforTMRsilageofdairycows,Ide(2002)reportedthatthemixingratio

ofDTCinTMRissuitableatll%.YokotaandOhshima(1997)reportedthatNapier

grassensiledwith15%RBisagoodqualitysilage.Xuetal.(2007)reportedthatTMR

silagewith15%(DM)WGTWhasahigherlacticacidcontentthanthatwith10%(DM)

addedWGTW.Inthepresentstudy,foodby-productswereaddedat30% (DM),and

lacticacidcontentandCPrangedfrom2.44%(FM)to3.27%(FM)andll.5%(DM)to

15.3%(DM),respectively.

Caietal.(2001)andXuetal.(2003)reportedthatduringcommercialteaproduction,

tealeavesaresoakedin900Cwaterresultinginverylowlacticacidbacteria(LAB)and

water-SolublecarbohydratecontentsoftheWGTW.Thismightbeonereasonthatlactic

acidcontentintheWGTW silagewaslowerthanintheDTCorRBsilages.Takahashiet

al.(2005)reportedthatgooか qualitysilageisproducedfrom materialswithhigh

concentrationsofwater-solublecarbohydrates, andYang(2004)reportedthatthe

additionofNFCtoNapiergrassatensilingisbeneficialtosilagefermentationquality.in

thepresentstudy, NFCcontentinthecontrolwashigher,butlacticacidconcentration

lower,thanintheotherthreetreatments,suggestingthatfoodby-productsmighthave

somechemicalorbiologicaleffectonbacterialnoraduringensiling(Rondoetal･,2004)･

56



However,themechanismunderlyingthisphenomenonisnotclear.Daviesetal.(1998)

reportedthatherbageswithlowconcentrationsofwater-Solublecarbohydratesproduce

inferior-qualitysilagehavingahighNH3-Ncontent.Inthepresentstudy,althoughthe

controlcontainedthehighestNFCandlowestCPvalues,theNH3-Nratiointhecontrol

washigherthanintheDTCandWGTWsilages.Xuetal.(2007)reportedthatadditionof

WGTW toTMRsilagedecreasedtheNH3-N.However,thereasonwhytheNH3-N

contentintheDTCsilagewaslowerthaninthecontrolisnotclear.

RBdegradedquicklyintherumenbecauseitisahigh-energyfeedwithhighCPand

EEcontent(EnishiandKawashima,2003).Therefore,RB -treatedsilagehadthehighest

degradabilityforthefirst24h.ThereaRer,however, TC silagehadthehighest

degradability, whichisconsistentwiththeinvivoexperiment.In addition, the

degradabilityofWGTWsilagewaslowerthantheotherthreesilages,duetoitshighNDF

content(Xueta1.,2004a,2007).

TC-treatedsilageincreasedtheurea-NinthebloodofanimalsduetoitshighCP

content.However,urea-Nlevelsremainedwithinthenormalrangeforsteer(Kaneko,

1989).

Xuetal.(2001)reportedthatingestedTCwillnotalterruminalfermentation.

Forsteretal.(1993)reportedthatfactorsthatmightcontributetothedifferenceinOM

digestibilitybetweengroundcomandRBincludedietarylevelsoffatandstarchandlow

digestibilityofaNDFominRB.Belyeaetal.(1989)observedthatonly33.0%(DM)of

aNDFominRBwaspotentiallydigestedinvitro,whichcouldhaveaccountedformostof

thedifferenceinthedigestibilityofDM orOM betweenDTCandRB.Furthermore,

decreasesindigestibilityhavebeenrecordedafteradditionofsunnoweroiltothedietof

growingbeefcattle(McGinneta1.,2004),andJordanetal.(2006)observedadecreasein
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digestibilityofDM,OM,CPandgrossenergylnadietwithcopramealtreatment.Inour

study,thedigestibilityofRBandRBsilagewaslowerthanthatofDTCandDTCsilage,

respectively.ThesedecreasesoccurredbecauseofthehigherEEcontentinRB(McGinn

eta1.,2004;Jordaneta1.,2006)thaninDTC･Inaddition,thehighcontentoffattyacidsin

RB(WarrenandFarrell,1990),andthegreaterabundanceoffattyacidadsorptionsitesto

feedparticleswithdietsthatlimitadherencetomicrobialCells,mightalsobereasonsfor

theadverseeffectsoffatondigestibilityofRBandRBsilage(Ohajurukaeta1.,1991).

AlthoughthereasonforthelowerdigestibilityofWGTWandWGTWsilagecomparedto

DTCorDTCsilageisunclear,itmaybethehigheraNDFomcontentinWGTWthanin

DTC(Xueta1.,2004a).Furthermore, Xuetal.(2007)reporteddecreasesinCP

digestibilityduetoadditionofWG･TW.However,lnOurStudy,thedigestibilityofCPin

theWGTW silage,togetherwithDTCorDTCsilage,washigherthanfわrRBorRB

silage.

Inourstudy,ruminalpHwassimilarinsheepfedthefoursilages,althoughboth

DTCandWGTWhadhighercontentsofCPthanRBandthecontrol.Thisisconsistent

withresultsbylpharraguerreetal.(2005),whoreportedthatvaryingtheCPcontentof

thedietofdairycowsdoesnotaffectruminalpH,butincreasesinCPinthedietcause

increasesinruminalNH3-Nconcentrations,whichwasalsoobservedinthesheepfedthe

DTCsilageinthepresentstudy･AlthoughCPcontentintheWGTWsilagewassimilarto

thatintheDTCsilage, NH3-Nconcentrationsintheruminalnuidofsheepfedthe

WGTWsilageweredifferentfromthoseinthesheepfedtheDTCsilageduetodecreases

inCPdigestibilityattributabletotanninsintheWGTW fe;a(McSweeneyeta1.,2001).

NodifferenceswereobservedinconcentrationsoftotalVFAintheruminal且uidamong

thefoursilages,whichisnotconsistentwithresultsoflpharraguerreetal･(2005),who
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reportedthattheconcentrationofVFAintheruminalnuidincreaseswithahighCP

contentinthediet･GiventhisstableruminalpH,andVFAconcentrations,onemaythink

thatruminalconditionswerenotaffectedbythelacticacidconcentrationsinourfour

silages･Ipharraguerreetal.(2005)reportedthatmolarproportionsofacetateand

prop10natearenotaffectedbytheconcentrationofdietaryCP.Inotherexperiments,

increasingtheCPcontentinthedietconsistentlyenhancedtheconcentrationofNH3｣ヾ in

therumen,butnotthemolarproportionsofbranched-chainVFA(Cunningham etal.,

1996).Inourstudy,4hafterfeeding,theaceticacidconcentrationforWGTW was

highest,whichmighthavebeenattributabletothehighfibercontentofWGTW.Thisis

consistentwithMelaku(2004),whoreportedthatthehighfibercontentofLablab

purpureus,andgradedlevelsofLeucaenapallida4203,contributetothehighermolar

proportionofacetatecomparedtogradedlevelsofSesbaniasesban1198.Chanetal.

(1997)reportedthatruminalpHisuna飴ctedbyfatindiets,butthatconcentrationsof

NH3-Nandbutyrateinruminal且uidareincreasedbysupplementalfat.Inourstudy,the

concentrationofisobutyricacidintherumina用uidforRBsilagewashigherthanforthe

othersilagesbeforefeeding,andthedifferencebetweentheRBandtheWGTW silages

andconcentrationsofNH3⊥Nintheruminal且uidofsheepfedtheRBsilagewashigher

thanfわrthecontrol.ThismayhaveoccurredbecauseofthehigherEEcontentintheRB

silage.Ajisakaetal.(2002)reportedthatmolarproportionsofaceticacidremain

unchangedwithadditionofmedium-chainfattyacid-cyclodextrin, whereasthoseof

proplOnicacidincrease.Inthepresentstudy,highmolarproportionsofproplOnicacid

occurredintheruminalnuidofsheepfedtheRBsilagebeforeanda洗erfeeding,and

therewasadifferencebetweentheRBandWGTW silagesbeforefeeding.Moreover,

highmolarproportionsofisovalericacidandvalericacidoccurredintheruminalnuidof
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sheepfedtheRBsilage.Busquetetal.(2005)reportedthatgarlicoildecreasesacetate

acidandincreasesproplOnicacid,causingadecreaseintheA:Pratio.Ⅰnthepresentstudy,

lowA:Pratiosofruminal且uidinsheepfedtheRBsilageoccurredbeforefeeding,but

onlybetweentheRBandWGTWsilages.

BecauseDTChadahigh CPcontent,itwasconsideredthatthehighCPcontentin

theDTCtreatedsilageincreasedtheurea-Ninbloodofanimal,butitwaswithinnormal

range(Kaneko,1989).

Foodselectionbyruminantsmayinvolveinteractionsamongthesensesofsmelland

tasteaswellassatietyandmalaise(Provenza,1995).Differencesinanimalagealso

innuencepreference(Nombekelaeta1.,1994).Asourstudyusedanimalsofthesameage

andspecies,differencesarlSlngfromageandspeciesshouldhavebeenavoided,since

Baumontetal.(2000)reportedthattherelationshipbetweenthenutritivevalueofforages

andvoluntaryintakeiswellestablished･Hadjigeorgiouetal.(2003)foundthatgoats

preferredgrasseswithhigherdigestibility,butloweraNDFom, ADFom andlignln･

Alonso-Dl'azetal.(2008)reportedthatgoatsappearedabletodiscriminateamongfeeds

toselectthosewithhigherdigestibility,andthatgoatsmighthaveevolvedtheabilityto

detectandselectmoredigestiblefeedstooptimizetheirnutrientintakerateand,

consequently,reducepredationexposure.Inparticular, differencesinchemicaland

physicalcompositionmayaffectthetasteandtextureofthefood,andthuspreference

(Nombekelaeta1.,1994).ConcentrationsofNH3⊥Nandbutyricacidinsilagenegatively

impactthevoluntaryintakeofgrasssilagefedtogrowingcattle(KrizsanandRandby,

2007).Inourstudy,DTCsilagewasthemostpreferredbecauseitwasthemostdigestible

ofthefoursilages.ThelowerdigestibilityofDM, OM andaNDFom,andhigher

concentrationofNH3-NintheRBsilage,mighthavecontributedtothelowpreference
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forthissilage.ThehigherADFom,lowerdigestibiiityofADFomandaNDFom,and

lowerDEintheWGTW silagemightexplainwhythepreferenceforWGTWsilagewas

lowerthanthatforDTCorcontrolsilage.

:-1jo:'_六滴LL二ェ仙=溝昭′

Foursheepwereusedina4×4Latinsquaredesignexperimenttostudyfermentation

quality, digestibility,andpreferenceofawholecroprice(WCR)totalmixedration

(TMR)silagewithfoodby-products.Experimentaltreatmentsincludedcontrolsilage

(i.e.,nofoodby-product)and30%eachofTMR(DM)asdrytofucake(DTC),ricebran

(RB)orwetgreenteawaste(WGTW).Silagesensiledfb∫60dayswerewellpreserved

withlowpH(<4.06)andNH3三Ncontents,andhighlacticacidcontent.Ahigher(P<

0.05)contentoflacticacidwasobservedintheDTCsilage｡Ⅰnaddition,comparedtothe

control,theDTCandRBtreatmentsincreasedtheCP,EEandGEcontentsofthesilages,

andWGTWtreatmentsincreasedtheCPandADFomcontentsofthesilages.PrefTerence

wasaffTectedbyinclusionoffoodby-products.ThemeanrelativeintakeofTMRforthe

control,DTC,RBandWGTW silageswere0.485,0.671,0.397and0.447,respectively.

Comparedtothecontrol,theDTCtreatmentincreasedsilagepreference,whileRBand

WGTW treatmentsdecreasedsilageprefTerence.Nodifferenceswereobservedamong

treatmentsinruminalpHortotalvolatilefattyacidconcentrations,butruminalNH3-N

contentwashighestintheDTCsilage(p-0.0191)2ha氏erfeeding.Themolar

proportionofaceticacidinruminalnuidwashighestfortheWGTW silage(p-0.0004)

4ha洗erfeeding.MolarproportionsofproplOnicacidandisobutyricacidinruminalnuid

werehigherfortheRBsilage(p-0.0277andP-0･0368,respectively)thanforthe

WGTW silagebeforefeeding,andthemolarproportionsofisovalericacidandvaleric
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acidinruminal爵uidwerehigherfortheRBsilage(p-0.0183andP-0.0113,

respectively)thanforeithertheWGTWorcontrolsilagebeforefeeding.Amongthethree

foodby-products,thedigestibilityofDTCwashighest.Findingssuggestthatfood

by-productscanbeusedinWCRTMRsilage,andthatthesilagescanbeofgoodquality,

andthatsilagewithaddedDTChashighdigestibilityandgoodpreference.
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甘汲鮎温C3乱 ChemicalcompositionofWCRl,concentrate,beetpulp,tofucake,ricebran,

andgreenteagroundsusedinTMR2silages

WCR Concentrate3 Beetpulp DTC4 RB5 wGTW6
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1wbole'croprice.

2Totalmixedration.

3Formulafeed("KoushiIkuseiSpecialMash"madebyZenno,TDN:70.0%,CP:12.0%in&eshmatter).

4Dryto氏lCake･

5Ricebran.

6wetgreenteawaste･

7Drymatter･

8Crudeprotein･

9Etherextract.

10Nitrogen-&eeextract･

ilcrudefiber.

12Nonfibrouscarbohydrate(100-CP-EE-NDF-CA).

13crudeash.

14Aciddetergentfiber･

15Neutraldetergentfiber･
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甘鼠払且e3｡2◎ingredientproportionsandnutrientcompositionofTMRIsilage

Treatment

Control

Ⅰngredient

wcR2(%DM3)

concentrate4(%DM)

vitaminsupplement5(%DM)

Beetpulp(%DM)

DTC6(%DM)

RB7(%DM)

wGTW8(%DM)
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lTotalmixedration.

2wholecroprice･

3Drymatterl

4Formulafeed("KoushilkuseiSpecialMash"madebyZenno,TDN:70.0%,CP:12.0%in丘･eshmatter).

5commercialvitamin-mineralsupplementproduct(Snowbranseed,Iwate,Japan).

6Drytofucake･

7Ricebran.

8wetgreenteawaste･

9crudprotein･

10Totaldigestiblenutrents･
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甘盈甑且C3｡乱ChemicalcompositionofTMRIsilage

Treatment

Contro1 3約2CTD W.ITGW

sEM5 pvalue

DM6(%)

Organicmatter(%DM)

Crudeprotein(%DM)
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lTotalmixedration.

2Drytofucake･

3Ricebran.

4wetgreenteawaste･

5standarde汀OrOfmeans.

6Drymatter･

7Nonfiberouscarbohydrate(100-CP-EE-NDF-CA).

a･b,cMeanswithinrowswithdifferentlettersdiffer(P<0.05).
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甘貌甑且e3◎乳FermentativecharacteristicsofTMRIsilages
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lTotalmixedration.

2Drytofucake･

3Ricebran.

4wetgreenteawaste･

5standarderrorofthemean.

伝freshma仕er.

7Totalnitrogen･

8Nonslgnificant･

a,b,cMeanswithinrowswithdifferentlettersdiffer(P<0.05).
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甘盈馳且e3｡5◎ConstantvaluesoftheexponentialregressionequationforpredictiontheDMl,

cp2andNDF3degradabilityofTMR4silages･

Treatment

control DTC5 RB6 wGTW7

sEM8 pvalue
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Figure3･1･Evolut)onwLttllnCubat10ntlnleOrttledtynlatter(DM),crudeproleln(CP)

andneullaldergenttiber(NDF)degradab】】llyorTMRs]1agesDTC,dlytOruCake,RB,

neeblan,WGTW,wetgreenteawaste
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甘盈恥且C3｡69Nutrientdigestibility,nutrientcontent,andnitrogenretentionintheTMR

silagefedtowethersl

Treatment

control DTC2 RB3 wGTW4
sEM5 pvalue
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甘飽甑且e3◎7｡DigestibilityandnutrientcontentofDTC,RB ,andWGTW

DTCI RB2 wGTW3 sEM4 pvalue

Apparentdigestibility

Drymatter(%)

organicmatter(%DM5)

Crudeprotein(%DM)
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lDrytofucake･

2Ricebran.
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5Drymatter･

a･b,cMeanswithinrowswithdifferentlettersdiffer(P<0.05).
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甘汲甑且e3鳳NitrogenretentionintheTMRIsilagefedtowethers

Treatment

control DTC2 RB3 -aTGW

sEM5 pvalue

Nitrogenintake(g/day)

Fecalexcretionofnitrogen(g/day)

Urinaryexcretionofnitrogen(g/day)

Nitrogenretention(g/day)

Nitrogenretention(%)

Allantoin(g/day)

10.48c 17.36a 13.64b
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甘盈甑漫C3｡軌pH,volatilefattyacid(VFA),andammonia-Ninrumennuidofsheepfed

TMRIsilage

Hoursafter Treatment

feeding Control DTC3 RB4 wGTW5

Pvalue
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甘盈甑温C3｡且OoHematocrit,glucoseandurea-NinbloodplasmaofsheepfedTMRIsilage

Treatment
Hoursa洗erfeeding

control DTC2 RB3 GTG4

sEM5 pvalue
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甘汲甑且C3◎狙◎Therankorderofpalatabilityfromtherelativeintakerationofdrymatter

amongthefourTMRIsilagesfedtowethers
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