
'JI31'Jl鞘血 再

:iiT'lF加:i-S甘 裾 lL冊:.(雨 も‖l1LViir浩 C,:.L'.I.;((.:･.蝮 p,tsllltLLL'},ili一雨二榊 ･･･.LL桐油 &1!l

拝:TL･.;I:購 tl止痛 願い(,"'繭 qB,fLl:･甑 r:i.itiL!=転相 ddlt:tlt･,i.b･tiI･t8,.:,.D･tt:損Ⅷ昔.Itt･F.ri雨 滴S泳ぐ3･ン書It･I"I.:･i

… 満 :!t::JlLS.!巨用刷 馴 (ll,!世･iDtlij.utii,I:.;;:jtit.JJ]:'.Elifr,H,L油町 (_O

･J･Llt,.上:I;rli,li汗Lb抽lLTt:dl.義,SDI.LR

Thereisalargeandgrowingbodyofevidencethatmostoftheclimaticwarming

observedoverthelast50yearsisattributabletohumanactivity(IPCC,2001).This

increaseintheEarth'saveragetemperatureisconsideredoneofthemostimportantglobal

environmentalissues.Methaneisanimportantgreenhousegas,Secondonlytocarbon

dioxideinitscontributiontoglobalwamlng.Permolecule,methaneisapproximately30

timesmorepotentasagreenhousegasthancarbondioxide,butithasarelativelyshort

atmosphericlifetimeofapproximately10yearscomparedtomorethan200yearsfor

carbondioxide(Moss,1993).Reducinggreenhousegasemissionsremainsatoppriority

forstemmingglobalwarming(Mathisonetall,1998;Mossetall,2000).Theworld

populationofruminantsisamajorsourceOfmethane,contributingapproximately15%of

thetotalatmosphericmethanenux(Sahooeta1.,2000)･Methaneproductionoccurs

duringmicrobialfermentationoffeedwithintherumenandrepresentsalossin

productiveenergyfb∫theanimal(BeaucheminandMcGinn,2005)amountingtoupto

nearly12%oftotalenergyintake(JohnsonandWard,1996;Giger-ReverdinandSauvant,

2000;Johnsoneta1.,2000).Dietcompositionortypeandtheleveloffeedintakecanhave

amajoreffectonmethaneproduction(JolmsonandJohnson,1995;Mosseta1.,2000;
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Benchaaretal･,2001)･Theforage-to-feedconcentrateratio(F/C)oftherationimpacts

rumenfermentationandhencetheacetate-to-propionateratio(A/P)declineswiththeF/C

ratio(Mossetal.,2000).Thus,high-concentratedietsshouldreducemethaneproduction

(FaheyandBerger,1988).JohnsonandJohnson(1995)reportedamethaneenergylossof

6-7%grossenergyintakewhenforageswerefedatthemaintenanceplaneofnutrition;

thisdecreasedto2-3%whenhighograinconcentrateswereofferedatnearadlibitum

intakelevels.Asimilareffectwasreportedforgrasssilagesupplementedwithbarley

(Mosseta1.,1995).A dietthatishighingrainorsupplementedwithsoluble

carbohydratesshi且sthefermentationpattemintherumenandresultsinamorehostile

environmentformethanogenicbacteria,whichincreasesthepassagerateoffわod,reduces

ruminalpHandcertainpopulationsofprotozoa,andinhibitsoreliminatesruminal

ciliatesandmethanogenicbacteria(VanSoest,1982).Asimilarreportshowedthatalow

rumenpHl･egulatesmethaneproduction(Lamaeta1.,1998).Inaddition,overafinalpH

rangeof6.5to5.3,methaneproductionishighlycorrelatedwithAノP(Russell,1998).

Manystudieshaveinvestigatedhowtoinhibitmethaneproductionbyruminantsto

helpaddressglobalclimatechange(e･g･,Mosseta1.,2000).Directinhibitionof

methanogenesisbyhalogenatedmethaneanaloguesandrelatedcompoundshasbeen

widelydemonstratedinvitro(VanNevelandDemeyer,1995;McCrabbeta1.,1997;

Kungeta1.,1998)butfurtherinvivotestingisessential.Ionophoricantibioticssuchas

monensindepressmethaneproductioninvitro(VanNevelandDemeyer,1992);however,

long-terminvivotrialshaveshownthatthisinhibitiondoesnotpersist(Runplereta1.,

1986).Malate,whichisconvertedtopropionateviafumarate,alsostimulatespropionate

productionandinhibitsmethanogenesisinvitro(MartinandStreeter,1995),butactually

increasesmethaneproductionunderrumen-simulatingconditions,althoughthiswas
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largelyexplainedbythestimulationoffiberdigestion,andthemethaneproducedperunit

drymatterdidinfactdrop(Carroetall,1999).Bacteriathatcarryoutreductive

acetogenesishavebeenisolatedfromtherumen(Morvaneta1.,1994),buttheyarefewin

number,andattemptstoincreaseacetogenesishavenotbeensuccessful,largelybecause

reductiveacetogensunderrumen-likeconditionsareunableto competewith

methanogeniearchaea(Demeyeretal･,1996;Nolleteta1.,1997,1998).A

methane-oxidizingbaeteriumwasisolatedfromthegutofyoungpigs;itdecreased

methaneaccumulationwhenaddedtorumen且uidinvitro(Valdeseta1.,1997);however,

thevalidityofthisapproachinvivohasyettobetested.Infusingtherumenofsheepwith

puresaponin(LuandJorgensen,1987)orfeedingthem saponin-containingplants

(Teferedegneeta1.,1999)decreasesprotozoapopulations;however,evenifapractical

onjarm methodtoremoveprotozoafrom therumencanbefound,theeffectsof

defaunationonmethaneemissionscannotbeconsideredinisolation(Mosseta1.,2000),

asrumenciliateprotozoaplayanactiveroleinruminalfiberbreakdown(Coleman,1986)

andthusdefaunationmayadverselyimpactfiberdigestion(JouanyandUshida,1999).

Thus,defaunationtodecreasemethaneproductionwouldhavetobebalancedagalnStthe

effectsonfiberandproteinmetabolism.HoriguchiandTakahashi(2001)reportedthat

supplementingfeedwithrapeseedoilreducedmethaneemissionsbysheep.Similarly,

includingfatinthedietmarkedlydecreasesmethaneproduction,buttheeffectdepends

onthefatsourceused(Machmullereta1.,1998);moreover,theeffectsoffatonmethane

productionarenotlimitedtothosemediatedviaprotozoa,i.e.,lipidsinhibit

methanogenesisevenintheabsenceofrumenprotozoa(Dohmeeta1.,1999),possibly

duetothetoxicityoflong-chainfattyacids(Henderson,1973)IInaddition,fatmay

significantlyinhibitfiberbreakdownintherumen(MachmullerandKreuzer,1997),the
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severityofwhichalsodependsonthefatused(Machmullereta1.,1998).Both

SaccharomycescerevisiaeyeastandAspergillusoryzaefungihavebeenshowntoboth

decrease(Frumholtzeta1.,1989;Mutsvangwaeta1.,1992)andincrease(Martinand

Nisbet,1990)methaneproduction.

Treatingstrawwithureaand/Oramixtureofureaandcakiumhydroxidefollowed

bystoragecanreducemethaneproductionperkgdigestedOM andincreaseenergy

balance(Sahooeta1.,2000).Sunnoweroil,ionophores,andpossiblysomeyeastproducts

maydecreasemethaneenergylossincattle, butoilsupplementationimpairsfiber

digestibility(McGinneta1.,2004).Hindrichsenetal.(2005)showedthatlowenteric

methanogenesisassociatedwithhighRberexcretiondoesnotinevitablyleadto

compensatoryincreasesinmethaneemissionduringslurrystorage.Jordanetal.(2006)

showedthatalthoughcoconutoiトーreateddietsdecreasemethane,theyalsodecrease

digestibility,resultinglnanextendedfinishingtimewithimplications_forlifetime

methaneemissions.(Nkrumahetal.,2006)foundthatresidualfeedintake(RFI)was

correlatedwithdailymethaneproductionandenergylostasmethane,andthatmethane

productionwas28%and24%lowerinlow-RFIanimalsthanhigh-andmedium-RFI

animals,respectively.Essentialoilsappeartohavenoeffectonmethaneemissions,

whereasfumaricacidmayimproveruminalfermentationbutdoesnotleadtoa

measurablereductioninmethaneemissions(BeaucheminandMcGinn,2006).However,

SomelaurieacidoilsreducemethanogenesisandincreaseVFAproduction,especiallyin

culturewithgroundcom(Yabuuchieta1.,2006)･Ⅰngeneral,researchonmethanogenesis

hasclearlyrevealedthatmethaneproductionintherumenisarathersensitiveprocess

thatcaneasilybeinhibitedbyseveraladditives(VanNevelandDemeyer,1996)･Still,no

slngleadditiveorinterventionthatisunequlVOCallyeffectivehasyetbeenidentified,Land
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theshortcomingsOfeachpossibleinhibitorarewideranging,from havingonlya

temporaryeffecttobeingtoxictotheanimal,leakedintotheenvironment(aproblem

only ifthe inhibitorisnotbiodegradable), having low digestibility (lipid

supplementation),ornotbeingpractical(defaunation;VanNevelandDemeyer,1996).

Therefore,theidealmethaneinhibitormustbeextremelyspecificwithpersistentand

long-lastingaction,harmlesstotheanimal,andmustnotleavebehindresiduesinedible

products(VanNevelandDemeyer,1996)･

Asalreadymentioned,theinhibition ofmethaneproduction isnormally

accompaniedbyanincreaseinpropionateproduction(Wolin, 1975).Furthermore,

propionateproductionuseshydrogenandlacticacid(Mosseta1.,2000)｡Tbdate,the

effectoffermentedTMRonmethaneproductionintherumenhasnotbeeninvestigated

invivo,althoughithasbeenfoundthatahighLACdietleadstolowmethaneproduction

invitro(Caoet.al.,inpress,a).

TheobjectivesofthisexperimentweretoevaluatetheeffectsofTMRwithahigh

LAGonthedigestibility,fermentationcharacteristics,ruminalmethaneproductionand

energyloss,andbloodcharacteristicsofsheep･

亙､一),｡iV摘抽l,:Il<31!1〇相調 ltV,:雨ih:od.ls

TheanimalexperimentwasconductedwithpermissionfromtheCorr皿itteeof

AnimalExperimentationundertheinstitutionalguidelinesfb∫animalexperimentsatthe

FacultyofAgriculture,YamagataUniversity･

4.2.1.PreparationofWCRsilageandTMR

WCR(Haenuki)wascultivatedusingconventionalmethodsinapaddyfieldonan

experimentalfarm atYamagataUniversity, Japan , harvestedatthefull-ripestage,
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preparedintoaminirollbalesilage(50kg),andstoredoutdoors(9-32oC)for240daysof

fementation.A免erfermentation,thecharacteristicsoftheWCRsilagewereasfollows:

DM,45･6%;pH4･53;LAC,1･41%;aceticacid,1･40%;NH3-N/TN ,6･81%;Flieg'sscore,

36.8;andV-score,89.6.

Thesilagewascuttoalengthof2cm･AsshowninTable4･1,TMRwasprepared

usingcompoundfeed(Kitanihon-kumiaiFeed,Yamagata,Japan);WCRsilage;dried

beetpulp(Zennou,Tokyo);avitamin-mineralsupplement(SnowBrandSeed,Iwate,

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

vitaminK3,0.2g/kg;vitaminBl,0･5g/kg;vitaminB2,1g/kg;vitaminB6,0.1g/kg;

vitaminB12, 0.001g/kg;nicotinicacid, 6g/kg;cholinechloride, 2g/kg;calcium

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;1idocainehydrochloride,0.5g/kg);andRB

(YamagataUniversityFarm,Yamagata, Japan).Experimentaltreatmentsincluded

controls(i.e.,nolacticbacteriaaddedandnotfermented)orfermentedTMRsilage

(FTMR;lacticbacteriaaddedandfermented)WiththeadditionofLactobacillus

plantarumChikuso-1(SnowBrandSeed,Sapporo,Japan)atarateof5mg/kg(i.e.,5

ppm)offreshTMR.TheTMRingredientsandproportionsarelistedinTable4.2.CPand

TDNcontentforthetwoTMRwerecalculatedaccordingtoStandardTablesofFeed

CompositioninJapan(2001)(NationalAgriculturalResearchOrganization,2001).The

proportionsofWCRsilage,feedconcentrate, driedbeetpulp,andvitamin-mineral

supplementwerefixedat30%,25%,13･5%,and1･5%ofTMRDM,respectively,andthe

remaining30%ofTMR(DM)andtheRBweremixed･TheFTMRsilagewasadjusted

withwaterto55%moisture,and100kgwereensiledintwodrumcansilosof200L

volume(Minikon-silo;KD-Service,Tokyo,Japan).ToproducefreshTMR,WCRsilage
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wasseparatedfromtheotheringredients,ensiledintwodrumcansilosalone,andthe

feedconcentrate, beetpulp,vitamin-mineralsupplement,andRBweremixedand

ensiledinaseparatedrumcan.Thesampleswerestoredoutdoors(9-32oC)for60days,

andthesameproportionswerefedtoanimals.

4.2.2.Feedingofanimalsandexperimentaldesign

FourSuffolksheep(49.5士3.2kg)wereusedina2(treatments)×2(periods)

cross-overdesignexperiment.Thesheepwereindividuallyhousedinmetaboliccages

andfedTMRat2%bodyweight(BW)onaDM basisoncedailyat09:00h.The

metabolizableenergymaintenancelevelwassetaccordingtoNutrientRequirementsof

Sheep(NRC,1985).Waterwasaccessibleatalltimes.A7-daypreliminaryadjustment

periodwasfollowedbya5-dayperiodduringwhichallfecesandurinewerecollected.

BloodsampleswerealsocollectedbyvenlPunCtureOfthejugularveinbeforethe

morningfeedingandat2and4hafterthemormngfeedingonday120feaqhperiod,and

storedinvacutainertubes(VENOjectII;TERUMO,Tokyo,Japan).Hematocritvalues

weredeterminedinduplicateusingmicro-hematocrittubesandcentrifuginglna12,000

rpmcentrifuge(HematoGritKokusanCo･,Okusan,Tokyo,Japan)for5min(Dacieand

Lewis,1975)andplasmawaspreparedbycentrifugation(12,000rpm,20min,4oC)and

storeda巨20oCumtillateranalysisOfglucoseandurea-N.

Ruminalnuidwassampledimmediatelybeforethemomlngfeedingandat2and4h

a洗erfeedingonday130feachperiod.Ruminal且uidpHwasmeasuredimmediately,and

sampleswereseparatedfromfeedarticlesthroughtwolayersofgauze.Sampleswere

frozen(-20oC)forlateranalysisofVFAandNH3-N.

4.2.3.Methaneemissionfromexpiratorygas

A5-dayfecesandurinecollectionperiodwasfollowedbya2-dayperiod(excluding
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thecalibrationtimerequiredforanalyzers)duringwhichtimeairwascollectedfora

periodof24h(from09:00hfeedingtonextday09:00feeding).Expiratorygaswas

collectedusingaheadhood-typerespirationchamber(85cmwidex45cmdeepx90cm

tall;Nishidaeta1.,2007),dehydrationdevice,gaspump(85-95L/min;JP-80Vacuum

pump;TokyoDeodorant,Tokyo,Japan),gas爵owmeter(N6LPG;AichiTokeiDenki,

Nagoya,Japan),samplingbag(60L),andvinylhose(Ⅰ.D.,20mm).Thechamberhada

hingeddoorthroughwhichfeedandwaterwereprovided,andafanwasinstalledto

circulateairthroughouttherespirationchamber.Eachendwasfittedwithadditional

individualchambersfordehydration,Connectedtothedevicebyahose.Thedehydration

device,whichwasconnectedtoagaspumpbyahose,filteredmoisturefromthechamber

air,andthegaspumpmovedtheairfromthechamberintoagas封.owmeter(viaahose)

andatthesametimehelpedprovidefreshairintothechamber.Thegasnowmeter

measuredthetotalvolumeofairleavingthechamberfor24handwascPnneCtedtoa

samplingbagbyahosefittedwithacontrolvalvesothatthecollectedairsamplewasless

than60Lfわr24h.Foursamplingbagsofexpiratorygaswerecollectedandanalyzedfわr

methanecontent｡

4.2.4.Chemicalanalysis

TheWCRTMRsilagesandfecesweredriedinaforceddra允ovenat60oCfor48h

andgroundintoa2-mmpowderwithasamplemill(FossTecator;Akutalstuku,Tokyo,

Japan).TheDM,CP,EE,andashwereanalyzedaccordingtomethods934.01,976.05,

920.39,and942.05,respectively,oftheAssociationofOfficialAnalyticalChemists

(AOAC,1990).Theorganicmatter(OM)wascalculatedasweightlossuponashing.

Neutraldetergentfiber(NDF)andaciddetergentfiber(ADF)Wereanalyzedaccordingto

VanSoestetal.(1991).HeaトstableamylaseandsodiumsulfitewereusedintheNDF
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procedure, andtheresultswereexpressedwithoutresidualash.UrinaryN was

determinedusingtheKjeldahlproceduredescribedbytheAOAC(1990).Grossenergy

(GE)wasdeterminedusinganautomaticbombcalorimeter(OSK150,0gawaSampling,

Tbkyo,Japan).

ThefermentationproductsofthesilagesweredeterminedusingCOld-waterextracts.

Wetsilage(50g)washomogenizedwith200mLsterilizeddistilledwaterandstoredat

4oCovemight(Caieta1.,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;injecior

temperature,210oC;detectortemperature,250oC.Toassesssilagequality,-wecalculated

Flieg'sscoresfrom thelacticacidandVFAconcentrationsandV-scoresfrom the

NH3-N/totalNandVFAconcentrations(Takahashieta1.,2005).ThepH, VFA,and

NH3-Nconcentrationsinruminal且uidsamplesweremeasureduslngthesamemethods

asfわrtheT掴Rsilage蝕rates.

Serumglucoseandurea-NweredeterminedusingtheglucoseCIITest-wakokit

(WakoPureChemicallndustries,Osaka,Japan)andureかNBTest-wako(WakoPure).

Cholesterol, glutamic oxaloacetic transaminase (GOT),and glutamic pyruvic

transaminase(GPT)WeredeterminedusingthecholesterolETest-wako(WakoPure),

andtransaminaseCIITesGwakokits(WakoPure).

Gassampleswereanalyzed(HoriguchiandTakahashi,2001)formethanebygas

chromatography(G-5000A;Hitachi,Tokyo,Japan)･Theanalyticalconditionswereas
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follows:columnoventemperature, 80oC;1njeCtOrtemperature, 100oC;detector

temperature,110oC.

4.2.5.Calculationsandstatisticalanalysis

Theenergylostasmethanewascalculatedasthetotalmethaneproducedinlitersper

dayatstandardtemperatureandpressure(STP)×9.45keal/L(Brouwer,1965).

Chemiealcomposition,pH,organicacids,andNH3-N/TNwereanalyzedusinga

one-wayANOVA.Digestionandmethaneemissiondatawereanalyzedasa2×2Latin

squareusingtheGeneralLinerModelprocedureofSAS(1995),withdiet,period,and

animalincludedasfactors.Tukey'stest(SAS,1995)wasusedtoidentifydifferences(P<

0.05)betweenmeans.

趨◎3｡汲es覗且食S

4.3,1.Chemicalcomposition

ThechemicalcompositionandGEcontentofTMRarelistedinTable4.3.DM,OM,

nitrogenjreeextract(NFE),andNFCwerelowerbutEE,CF,crudeash(CA),andGE

werehigherinFTMR(P<0.05)thanincontrols･Therewerenosignificantdifferencesin

CP,ADF,andNDFbetweenthetwoT掴Rsilages.

4.3.2.pHandorganicacidcontent

FTMRsilagehadlowerpHandhigherLAC,aceticacid,andNH3-N/TNcompared

tocontrols(Table4.4).AsindicatedbythehighFlieg'sscoresandV-scores,thesilage

wasgoodquality.

4.3.3.Nutrientdigestibility andnitrogenretention

Nutrientdigestibility,nutrientcontent,andnitrogenretentioninthetwoTMR

silagesareshowninTable4.5.TheapparentdigestibilityofFTMRwashigherthan
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controlTMR,andtherewereremarkabledifferencesinCP,EE,CF,NDF,andGE.DM,

OM,andADFalsotendedtobehigherinFTMR(p-0.0518,p-0.0650andP-0.0741,

respectively).TDN,digestiblecrudeprotein(DCP),anddigestibleenergy(DE)were

higherinFTMR.Therewasnosignificantdifferenceinnitrogenretention,nitrogen

intake,orallantoinlevelsbetweenthetwoTMRsilages,althoughfecalandurinary

excretionofnitrogenweresignificantlylowerandhigherforFTMR,respectively.There

wasnosignificantdifferenceinDMintakepermetabolicbodyweightbetweenthetwo

T掴Rsilages.

4.3.4.RuminaljTermentation

TheruminalpHofthecontrolandFTMRgroupswere6.64-7.28and6.40-7.20,

respectively;thedifferencewasnon-significantbeforeand4ha洗erfeeding(Table4.6)

butsignificantlyhigherinFTMR2haRerfeeding.TotalVFAdidnotdifferbetweenthe

twosilagesbeforefeeding,butwassignificantlyhigherinFTMR2and4ha洗erfeeding.

ThemolarproportionsofaceticacidinFTMRwerenotaffectedbydietaryTMR,but

tendedtoincreasebeforeand4hafterfeeding(p-0.0761andP-0.0714,respectively).

ProplOnicacidwassignificantlyhigherinFTMR2hafterfeeding,whileisobutyricacid

wasnotaffectedbydietaryTMR.Althoughbutyricaciddidnotdifferbetweenthetwo

silagesbeforefeeding,itwassignificantlylowerinFTMR2and4haRerfeeding.

isovalericacid,valericacid,andtheA/PratiowerenotaffectedbydietaryTMR.NH3-N

concentrationdidnotdifferbetweenthetwosilagesbeforefeeding,butwashigherin

FTMR2and4hafterfeeding.

4.3.5.Energyintakeandmethaneemission

TherewasnoslgnificantdifferenceindailyGEintakebetweenthetwoTMRsilages

(Table4.7).Comparedtocontrols, FTMR sign漬cantlydecreaseddailymethane
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emissionpersheepby25.1%,perDM (L/kg)intakeby24.7%,perdigestibleDMby

28.4%,andpermetabolicBWby25･5%･FTMRalsoslgnificantlydecreasedthedaily

energylostasmethanepersheepby25･1%,perkgmetabolicBW by25.4%,andper

percentGEintakeby25.9%｡

4.3.6.Bloodcharacteristics

TheblooddataareshowninTable4.8.Hematocrit,Glucose,urea-U,GOT,andGPT

were30.44-36.00%,57.04-66.40mg/dL,13.06-16.43mg/dL, 45.31-53.78,and

4.79-6.09,respectively;nonewasaffectedbydietaryTMR.Althoughglucosewas

significantlylowerinFTMRbeforefeeding,therewasnosignificantdifferencebetween

thetwoT掴R2and4haRerfeeding.

/il..,.,工fli)lnIS(rI;lilSS･:厄I:!･.

Themainlossesinlow-DMsilagesareassociatedwiththefermentationprocessand

efnuentloss(Hameleerseta1.,1999).Hameleersetal.(1999)reportedDMlossesof

0.16-0.06forcropswithaDMrangeof200-350g/kg,andthattossescausedbythe

fermentationprocessvariedfrom0.10toO･05ataDMrangeof200｣を50g/kg.Inthe

presentexperiment,DM ContentwaslowerinFTMRthanincontrols,becauseboth

moisture(55%)andOMwerelowerintheFTMR.Inaddition,FTMRhadahigherLAC,

andlacticacidwasextractedoutofthesampleandmixedwithEE,resultinglnahigher

EEcontent(9.4%)thanincontrols(7.4%).Duringfermentation,evenasmallamountof

water-SolublecarbohydratedegradedbylacticbacteriacoulddecreaseNFEandNFC

levels(CaiandOhmomo,1995;Caieta1.,2001,2003).However,Shioya(2008)reported

noslgnificantdifferencesinNFCbetweenfreshandfermentedTMRsilage.Inthe

presentexperiment,FTMRhadalowerDMandNFCbuthigherGEthanControls.This
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couldbeattributabletothehigherEE,CF,andNDFcontentsinFTMR.

Topreparehigh-qualityTMRsilage,WeaddedLAB(Cai,2001;Caieta1.,2003).As

indicatedbythelowpH,highLAC,andhighFlieg'sscoresandV-scores,theTMRsilage

wasofgoodquality.Thisisconsistentwithapreviousstudy(Shioya,2008)thatshowed

thatTMRsilagehasalowpH,highLAC,andlowbutyrlCacidlevels.Inthepresentstudy,

theWCRsilagehadasmallamountoforganicacids(i.e.,lacticacid,aceticacid,

propionicacid,andbutyricacid)andNH3 - N . T herefore,theFTMRhadasignificantly

higherLAGthancontrols.

Shioya(2008)reportedthattheDMintakeforFTMRsilagewashigherthanfor

freshTMR(i.e.,notfermented),andthatruminantspreferredFTMRsilage,whichwas

alsomoredigestible,althoughtherewerenosignificantdifferencesinTDNorGEloss

amongtreatments.Inthepresentexperiment,FTMRsilagehadmoreEEandGEwithCF

andNDFbutlessNFCthancontrols;atthesametime,thereweresignificantincreasesin

theapparentdigestibilityofCP, EE, CF,NDF, andGEandanincreasing(but

non-significant)trendintheapparentdigestibilityofDMandOM(p-0.0518andP-

0.0650,respectively).ThisisconsistentwitharecentreportthatthedigestibilityofNDF

significantlyincreasedasNDFincreasedandNFCdecreasedinTMRmadewithcassava

(KanjanapruthipongandBuatong,2004)･Inaddition,FTMRhadmorenutrients,TDN,

DCP,andDE,andresultedinlessfecalexcretionofnitrogenandallantoinbuthigher

urinaryexcretionofnitrogen.TherewasnoslgnificantdifferenceinDMintakebetween

thetwoTMRsilages,incontrasttothefindingsofShioya(2008).

Er蔦eetal.(1982)foundthatruminalpHvariedfromgreaterthan7tolessthan5as

VFAproductiondecreasedfrom80to50mmoles/day.RuminalpHhasbeenimplicated

inthedevelopmentofbloating(JonesandLyttleton,1972),andthereisaninverse

87



relationshipbetweenruminalpHandgasproduction(Waghom,1991).Inaddition,pH

valuesbelow6increasethestabilityoffoam,whichinterfereswiththenormaleructation

ofgasesandtherefore,Contributestothefrothybloat(Gutierrezeta1.,1963;McArthur

andMiltimore,1969).Furthermore,gasintherumenformsbubblesthatrisethroughthe

rumencontentsandcoalescetoformadorsalgaspocketintherumen(ClarkeandReid,

1974).Consequently,alowruminalpHshouldincreasebloatsusceptibilitybyincreasing

theproductionandentrapmentofgasintherumen(Bretschneidereta1.,2007).indeed,

Bretschneideretal.(2001)reportedthatcornsilagefedbeforegrazingatlevelsofintake

rangingfrom0.5to1kgofDM/100kgBW decreasedtheincidenceofpasturebloatin

cattle.Inthepresentexperiment,ruminalpHwasalwayswithinthenormalrangefor

sheep(RussellandHino,1985).AlthoughruminalpHwassignificantlylowerforFTMR

2ha洗erfeeding,therewerenosignificantdifferencesbetweenthetwosilagesbefore

feedingor4ha洗erfeeding.TotalVFAincreasedby5.55-8.84mmol/dLand5.92-12.72

mmol/dLincontrolsandFTMR,respectively,frombeforefeedingto2hafterfeeding,

butslightlydecreased4ha洗erfeeding･FTMRhadhighertotalVFA2and4hafter

feeding,andtheconsumptionOffermentablecarbohydratesledtoamarkedpostprandial

decreaseinruminalpH(Nocek,1997;Chaucheyras-Durandetal｡,2008).FTMRhad

morefermentablematterduetoitshighnutritivedigestibility,whichledtomoreVFA

andalowerpH.SimilartototalVFA,themolarconcentrationsofaceticacidand

proplOnicacidinbothcontrolsandFTMRalsoincreasedfrombeforefeedingto2and4h

a鮎rfeeding,althoughaceticacidlevelswereslightly(non壷gnificantly)higherin

FTMRbefore(p-0.0761)and4ha鮎r(p-0･0714)feedingthanincontrols,and

proplOnicacidwasslightlyhigherinFTMR2hafterfeeding･Thismighthavehappened

because,a洗erfeeding,theNFC,feedconcentrate,oreffectivefibermayhavebeen
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degradedbybacteriaintoproplOnicacid,therebydecreasingruminalpHandtheA/P

ratio;atthesametime,lacticacideitherfromtheFMTRorviabacterialfermentationin

therumenmayhaveusedhydrogenfromthefermentationreactiontofurtherincrease

propionicacid(Lamaeta1.,1998;Russell,1998;Mosseta1.,2000).Similartoprevious

studies(Lanaetal.,1998;Russell,1998),ruminalpHinthepresentexperimentdeclined

insheepfedFTMRfrom7.2beforefeedingto6.33at2hafterfeedingand6.40at4h

afterfeeding,whiletheA/Pratiodeclinedasmuchas12.2%beforefeedingand14.6%4

ha洗erfeeding,likelybecausethehighCF,NDF,andfibercontentsallproduceacetic

acid(Russell, 1998).Kin etal.(2006)foundthatfeedingwormwood(Artemisia

montana)silageinsteadofficestrawincreasedDM,OM,CP,EE,andNDF,aswellas

ruminalproplOnicandbutyricacid.Incontrast,thepresentstudyshowedthatfeeding

FTMRsilageinsteadofnon-fermentedTMRalsoincreasedruminalproplOnicacidbut

decreasedruminalbutyrlCacid2and4hafterfeeding.SimilartototalVFA,theNH3iN

concentrationincontrolsandFTMRincreased2ha洗erfeeding,andtendedtodecline

between2and4ha氏erfeeding.NH3-Nproductionwashigher2and4hafterfeedingln

FTMRthanincontrols, possiblyduetoitshigherCPdigestibility.Inaddition,

KanjanapruthipongandBuatong(2004)reportedthataceticacid,propoinicacid,theA/P

ratio,andfiberdigestibilityallsignificantlyincreaseWithanincreasingCOntentOf

nonjorageNDFfromcassavaresidues･

Therearetwoknownmechanismsfortheconversionoflacticacidorpyruvicacidto

propionicacid(Leng,1970).Whenlactateacidissecondarilyfermentedintherumenby

lactate-utilizingbacteriasuchasMegasphaeraelsdenii,Selenomonasruminantium,and

Veillonellaparvula,propionateisgenerallyproducedasamajorproduct(Dawsoneta1.,

1997;RussellandWallace,1997)andthiscanreducemethanogenesisbecauseelectrons
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areusedduringprop10nateformation.Ifhydrogenisthenusedtoconvertlacticacidto

propionicacidintherumen(Mosseta1.,2000),thehydrogenwi一ldecrease,whichinモum

willinhibittheconversionofhydrogenandCO2tOmethane.Russell(1998)reportedthat

overapHrangeof6.5to5.3,methaneproductionishighlydirectlycorrelatedwiththe

A/Pratio.Inthepresentexperiment,theruminalpHofsheepfedFTMRdeclinedfrom

7.20beforefeedingto6.33at2ha鮎rfeedingand6.40at4ha鮎rfeeding,whiletheA/P

ratioalsodecreasedbyupto14.6%,indicatingthatthehigherLAGoftheFTMRdiet

mayhaveledtotheproductionofproplOnicacidand,accordingly,loweredmethane

production｡

Manystudieshavereportedlowerplasmaglucoseconcentrationsinanimalsfed

restrictivelyfermentedsilage(Smitheta1.,1993;MiettinenandHuhtanen,1997;

Heikkilaeta1.,1998)orinthosethatexhibitedincreasedruminalbutyrate(Huhtanenet

a1.,1993;MiettinenandHuhtanen,1996).Foranimalsfedsilage-based~diets,aclose

relationshipexistsbetweenmeanrumenmolarprop10nateProportionsandmeanplasma

glucoseconcentrations(Shingfieldeta1.,2002).However,despitethepossibilitythat

dietsbasedonrestrictivelyfermentedsilagesareprobablymorelimitedinglucosesupply

thanextensivelyfermentedsilages,itappearsthatruminantscanadjusttoalowersupply

bymoreefficientlyextractingglucosefrom arterialbloodsupplies(Miettinenand

Huhtanen,1997).Inthepresentexperiment,allbloodcharacteristicstestedfellintothe

normalrangeforsheep(Kaneko,1989).Therewerenodifferencesbetweensheepfed

differentsilages,exceptforglucose, whichwaslowerinFTMR-fedsheepthanin

controlsbeforefeeding.Itisnotclearwhythistrendwasobserved,butitcouldbelinked

tothehigherLACinducedbyFTMRfeed,andthecorrespondinglowerconcentrationsof

butyricacidbuthigherconcentrationsofproplOnicacid2and4hafterfeeding.
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TheeffectsoffermentedTMRsilageonthenutritivevalue,nitrogenretention,

ruminalfermentation, methaneproduction,andplasmaparametersoffeedwere

evaluated.FourSuffolksheep(49.5j=3.2kg)wereusedina2(treatments)×2(periods)

cross-overdesignexperiment.ExperimentaltreatmentsincludedcontrolTMR(i.e.,not

fermented)orfermentedTMRsilage(FTMR)･Eachcontainedcompoundfeed, WCR

silage,driedbeetpulp,avitamin-mineralsupplement,andRB.WCRsilage(Haenuki)

wascultivatedusingCOnVentionalmethodsinapaddyfield,harvestedatthefull-ripe

stage,preparedintoaminirollbalesilage(50kg),storedoutdoors(9-32oC)for240days

offermentation,andcuttoalengthof2cm.FTMRwasadjustedwithwaterto55%

moisture,andthenensiledindrumcansilosforfermentation.TopreventcontrolTMR

fromfermentlng,WCRsilagewaskeptapartfromtheotheringredientsandensiledalone

indrumcansilos.TheotherIngredientsweremixedandensiledinseparatedrumcans.A

digestiontrialwasconductedtoinvestigateapparentdigestibility,nitrogenretention,

ruminalfermentationcharacteristics,andplasmaparametersovera5-daytestperiod.For

2daysofthetestperiod,aheadhood-typerespirationchamberwasusedtomeasure

methaneproduction.FTMRhadsignificantlylower(P<0.05)DM,OM,NFE,andNFC

butsignificantlyhigherLAC,EE,CF,ash,andGEthancontrols･Apparentdigestibility

ofCP,EE,CF,NDF,andGEwashigherfわrFTMR.,whichalsohadhigherTDN,DCP,

andDElevels.TherewerenosignificantdifferencesinruminalpHbetweenTMRtypes

beforefeedingor4hafterfeeding,althoughpHwassignificantlyhigherinFTMR2h

afterfeeding.TotalVFAandNH3-NwashigherandbutyrlCacidwaslowerforFTMR2

and4hafterfeeding,whileproplOnicacidwashigheronly2haRerfeeding.FTMR
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Significantlydecreaseddailymethaneemissionspersheepby25.1%anddailymethane

energylostasapercentofGEintakeby25･9%･FTMRhadlowerglucosebeforefeeding,

whileailplasmaparametersremainedwithinthenormalrangeforsheep.Theseresults

show thatfementedTMR silagewithWCR andfoodby-productshadhigher

digestibilityandresultedinlowermethaneproductionthannonjermentedTMR,andwas

alsoasafefeedforruminants.
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甘汲甑且e乳飢Chemicalcompositionandgrossenergyofwholecropricesilage(WCRS),

feedconcentrate,vitamin∵mineralsupplement(VMS),beetpulp,andricebranusedin

thetotalmixedration(T掴R)

WCRS Concentratel vMS2 Beetpulp Ricebran

DM3(%)

Organicmatter(OM;%DM)

Crudeprotein(CP;%DM)

Etherextract(EE;%DM)

Nitrogen-&eeextract(%DM)

Crudefiber(%DM)

NFC4(%DM)

Crudeash(CA;%DM)

Aciddetergentfiber(%DM)

Neutraldetergentfiber(%DM)

Grossenergy(MJ/kgDM)
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lFormulafeed("KoushiIkuseiSpecialMash"madebyZenno,TDN:70.0%,CP:12.0%in&eshmatter).

2com ercialvitamin一mineralsupplementproduct(Snowbrandseed,Iwate,Japan).

3Drymatter･

4Nonfibrouscarbohydrate(100-CP-EE-NDF-CA).
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甘盈払且e乳望◎IngredientproportionsandnutrientcompositionofTMRl

Treatment

Control

Ingredient

wcR.S3(%DM4)

concentrate5(%DM)

vitamin-mineralsupplement6(%DM)

Beetpulp(%DM)

RB7(%DM)

Nutrientcomposition
cp8(% DM)
TDN9(%DM)

5

0

5

1

4

0

3

2

1
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5

0

5

1

4
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1

3

lTotalmixedration.

2Fementedtotalmixedration.

3wholecroprlCeSilage･

4Drymatter･

5Formulafeed("KoushiIkuseiSpecialMash"madebyZenno,TDN:70.0%,CP:12.0%infreshmatter).

6commercialvitamin-mineralsupplementproduct(Snowbrandseed,Iwate,Japan).

7Ricebran.

8crudeprotein･

9Totaldigestiblenutrients･
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甘盈鮎且e乳3｡ChemicalcompositionandgrossenergyofTMRl

Treatment

Control つムRMTF

sEM3 pvalue

DM4(%DM)

Organicmatter(%DM)

Crudeprotein(CP;%DM)

Etherextract(EE;%DM)

Nitrogen-&eeextract(%DM)

Crudefiber(%DM)

NFC5(%DM)

Crudeash(CA;%DM)

Aciddetergentfiber(%DM)

Neutraldetergentfiber(NDF;%DM)

Grossenergy(MJ/kgDM)
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0.0411 <0.0001

0.0146 0.0006

0.1325 0.2139

0.0168 0.0001

0.2577 0.0076

0.1274 0.0310

0.5515 0.0177

0.0146 0.0006

0.7246 0.5592

0.5227 0.0656

0.0004 0.0006

lTotalmixedration.

2Fementedtotalmixedration.

3standarde汀OrOfthemean.

4Drymatter･

5Nonfibrouscarbohydrate(100-CP-EE-NDF-CA).

a,bMeanswithinrowswithdifferentlettersdifferatP<0.05.
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甘盈b且e掴¢FermentativecharacteristicsofTMRl

Treatment

Control 2RMTF

Pvalue

Drymatter(%)

pH

Lacticacid(%DM4)

Aceticacid(%DM)

Propionicacid(%DM)

Butyricacid(%DM)

NH3-N/TN5(%)

Flieg'sscore

V-score
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<0.0001

0.0090

0.0502

0.4297

<0.0001

lTotalmixedration.

2Fermentedtotalmixedration.

3standarderrorofthemean.

4Drymatter･

5Totalnitrogen･

a･bMeanswithinrowswithdifferentlettersdifferatP<0.05.
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甘盈甑且e乳5｡Nutrientdigestibility,nutrientcontent,andnitrogenretentionintheTMRlfed

towethers

Treatment

control FTMR2
sEM3 pvalue

DMintake(g/kgBWO･75/day)

Apparentdigestibility

Drymatter(%)

Organicmatter(%)

Crudeprotein(%)

Etherextract(%)

Nitrogen一食eeextract(%)

Crudefiber(%)

NonfTlbrouscarbohydrate(%)

Aciddetergentfiber(%)

Neutral.detergent恥er(%)

Grossenergy(%)

Nutrientcontent

Totaldigestiblenutrients(%DM4)

Digestiblecmdeprotein(%DM)

Digestibleenergy(MJ此gDM)

Nitrogenretention

Nitrogenintake(g/day)

Fecalexcretionofnitrogen(g/day)

Urinaryexcretionofnitrogen(g/day)

Nitrogenretention(g/day)

Allantoin(g/day)
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lTotalmixedration.

2Fementedtotalmixedration.

3standarde汀OrOfthemean.

4Dryma他 ･･

a･bMeanswithinrowswithdifferentlettersdifferatP<0.05.
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甘盈触盈e乳6｡pH,volatilefattyacid(VFA),andammonia-Nofrumen且uidofsheepfed

TMRl

Treatment
Hoursa洗erfeeding

Control 2良MTF

Pvalue

TotalVFA(mmol/dL)

Aceticacid(A)(mol%)

Propionicacid(P)(mol%)

Isobutyricacid(mol%)

Butyricacid(mol%)
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NH3-N(mg/dL)

02
4

02
4

0つ
ん

4

02
4

0つ
ん
4

0りん
4

0つム
4

02
4

02
4

0つム
4

4

5

5

3

3

3

a

a

a

a

a

a

a

a

8

1

4

5

4

4

7

7

3

0
ノ

5

2

よU

3

3

0

0
フ

2

0
ノ
1

4

8

5

5

3

7

′0

4

7

3

2

7

6

5

8

7

8

.
1

6

7

0

0

4

4

4

4

8

｣

4

3

9

3

.
1

0

4

4

3

6

7

9

7

/んU

′0

5

00

00

7

3

1

3

7

00

3

0

0

4

3

5

5

1

0

1

1

11

1

11

1

5

00

5

l

1

5

5

5

3

3

3

b

b

b

b

b

b

LU

l､U

O

3

0

つ
ん

つ
ん
2

00

1

0
ノ
4

4

3

7

1

0
ノ
2

′人U

5

1

0
ノ

5

7

1

3

4

0

4

0
ノ

3

0

2

3

4

9

7

6

6

6

0

6

2

3

7

4

4

4

6

7

｣

8

｣

3

6

4

6

4

4

0

3

2

7

よU

よU

5

つ
ん

1

0

4

5

1

0
ノ
00

2

0

0

4

00

0
ノ

5

つ
ム

2

1

1

1

1

1

1

5

父
U
′人U

0
ノ

よU

l

つ
ム

0
ノ
4

3

′0

0

00

4

1

5

7

0

4

3

4

7

0

0
ノ

0

5

2

1

2

5

つ
ム

00

8

0

0

1

3

7

7

00

4

1

0
ノ

5

2

0

0

1

0
ノ

7

つ
ん

3

7

4

1

3

1

1

1

0

4

5

′んU

0

0

0

0

0

0

O

2
,

1

1

0

1

-

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

1

11

0.5760

0.0039

0.1751

0.4675

0.0134

0.0386

0.0761

0.6944

0.0714

0.5045

0.0296

0.8621

0.6548

0.9035

0.71日

0.9863

0.0042

0.0255

0.5237

0.1626

0.1511

0.9324

0.4248

0.0755

0.2363

0.6828

0.3028

0.4000

0.0055

0.0071

1Totalmixedration.

2Fementedtotalmixedration.

3standarderrorofthemean.

4Aceticacid/prop10nicacidratio･
a,bMeanswithinrowswithdifferentlettersdifferatP<0.05.
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甘盈甑温e乳7｡Energy､intake,methaneemission,andheatproductionofsheepfedTMRl

T∫eatment

control FTMR2
sEM3 pvalue

Grossenergy(GE)intake

(kJ/day)
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lTotalmixedration.

2Fermentedtotalmixedration.

3standarde汀OrOfthemean.

4Drymatterintake･

5Digestibledrymatter･

a,bMeanswithinrowswithdifferentlettersdifferatP<0.05.
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甘盈払且e乳8｡Hematocrlt,glucose,urea-N,cholesterol,GOTl,andGPT2inbloodplasmaof

sheepfedfermentedorunfermentedTMR3

Treatment
Hoursa洗erfeeding

Control FTMR4
sEM5 pvalue

Hematocrit(%)

Glucose(mg/dL)

Ureanitrogen(mg/dL)

GOT(IU/L)

GPT(IU/L)
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0.4674

0.4330

0.3992

0.0092

0.3537

0.8798

0.5283

0.5708

0.1035

0.4462

0.6447

0.6482

0.2231

0.7229

0.8326

1Glutamicoxaloacetictransaminase.

2Glutamicpyruvictransaminase･

3Totalmixedration.

4Fementedtotalmixedration.

5standarderrorofthemean.

a,bMeanswithinrowswithdifferentlettersdifferatP<0.05.

100



刷は駆;L-(F;i:I:t'il

･･I:･･'j･,'L･･i-..･t.Pi;:''L･!'iI'･'J'･7･町mL品LL症t,C偏,lJ;.･lJ･抽机､･i'脚 点描川''.i1(tLS-1I.川 畑油 1砧 .iLF･tS-1.肌 ､冊･CS.k,:..:;

恒 ､小満.症 ･rt･･h'･Lb;(.L,h･111'Ltr:再 〔雨 二itL-･L';rl正雄･I;‖･tu;.l'lLlkJ=‖:=lHlpuii{tn:

,(_i(,I.Li,,臣LL:I:i.:(,皿II.帖T:ull.:I馴ュ

Many studieshavedescribedthemodification ofmethaneproductionby

manipulatingfeedrationswithoutuslngadditives.Forexample,BlaxterandClapperton

(1965)showedthatmethaneproduction(kJperlookJinfeed)decreasedsimplyby

feedingmore.Atamaintenance-levelfeedingrate,methaneproductionincreaseswith

increasingapparentdigestibility,buttheoppositeistruewhenfeedingatlevelsthree

timesmaintenance(VanNevelandDemeyer,1996).Structuralcarbohydratessuchas

celluloseandhemicelluloseyieldmoremethaneperunitfermentedsubstrate(Holterand

Young, 1992), whileusingmorefeedconcentratelowerspHintherumenandthus

inhibitsmethanebacteria(DemeyerandHenderickx,1967).Decreasedmethanogenesis

isaccompaniedbyhighermolarproportionsofproplOnate, inagreementwith

interspecieshydrogentransferreactions(VanNeveleta1.,1974).Takingintoaccount

thisrelationship,anyinterventionatthedietarylevel(rationcompositionandfeeding)

ShouldshiftVFAproportionsintherumeninfavorofproplOnateandthusresultinlower

methaneproductionperunitoffeedfermented(VanNevelandDemeyer,1996).Sucha

decreasedacetateoto-propionate(A/P)ratiocanbeinducedbyseveralinterventions,such

asincreasingtheproportionofeasilyfermentablecarbohydratesbydecreasingroughage

amountsinthediet(Oshioeta1.,1987;Cecavaeta1.,1990);physicallygrindingor

pelletingroughageorheat-treatinggrain(Zirm,1987;Mooreeta1.,1992);1esseningthe
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frequencyoffeeding,whichtendstoincreasemolarproportionsofpropionate(Suttonet

a1.,1986);orfeedingmorehayconcentrate-baseddiets(JentschandHoffmann,1994).It

haslongbeenrecognizedthataddingcerealgrainstoruminantdietshelpsdecrease

methaneandincreaseproplOnateProduction,althoughthecauseofthisfermentationshi且

isnotclear(VanKesselandRussell,1996).Somestarch-fermentingruminalbacteria

produceproplOnate,butstarchfeedingcanalsodecreaseruminalpH,leadingtoamarked

shi氏inruminalbacteria;moreover,methanogenesisisp壬もdependent,andnomethane

maybedetectedatpHvalueslessthan6.0(Van醍.esselandRussell,1996).Recentreports

(DemirelandScherer,2008)havesuggestedthattherolesofacetotrophicand

hydrogenotrophicmethanogensareofparamountimportanceintheanaerobicconversion

process,nomatterwhattypeofsubstrateisbeingdigested,butthattheoptimumpHrange

foracetotrophicmethanogensisbetween6･6and7･3,andacetotrophicmethanogensare

stronglyinhibitedbelowapHof6.2.

Theresultsdescribedinchapter2and4showedthatinvitromethaneproduction

decreaseswhenrich-lacticacidwholecroprice(WCR)totalmixedration(TMR)silage

isincubated,andthatsheepfredfermentedTMR(FTMR)silageatmaintenancelevel

exhibitlowermethaneproductionregardlessofthegreaterapparentdigestibilityofthe

FTMR.However,thecausesofthesefermentationshiftsareunclear.Therefore,the

objectivesofthefollowlngexperimentsweretoexaminetheeffectsofpHandLACon

theA/Pratioandmethaneproductioninvitro･

∫.工:/,0IVjiT笥抽I流 甜S削捕酬t,:豆言卜101Iiis

5.2.1.Incubatiolltrial1

Thisexperimentevaluatedtheeffectsofaddinglacticacidorstarchoninvitrodry

102



digestibilityandmethaneproductioninWCRTMRsilage.

5.2.1.1.Donorwethers

Twoadultwethers(averageinitialbodyweight,78.5kg)fittedwithrumencarmulae

wereusedasdonorsofruminal員uid.Theanimalswerefedbasaldietsof50%reed

canarygrass(PhalarisarundinaceaL.)hayand50% commercialfeedconcentrate

(KoushiJkusei-Special;Kitanihon-Kumiai-Feed, Miyagi, Japan)atamaintenance

energylevel(20gDM/kgbodyweightdaily)andhadfreeaccesstoCleandrinkingwater.

Theywerefedoncedailyat09:00handwerecaredforaccordingtotheanimalcareand

useguidelinesoftheFacultyofAgriculture,YamagataUniversity.

5.2.1.2.Invitroincubations

TMRsilagespreparedasdescribedinChapter1(TC:RB:WGTW-10%:10%:10%)

wereusedassubstratesforinvitrocultures.TMRsilagesweregroundtopassthrougha

0.5-mmfilter.

Rumen爵uidwascollectedthroughrumencannulae2ha洗erfeedinganddiverted

intoplasticbottles｡Thenuidswerefilteredthroughfourlayersofcheeseclothandthen

combinedonanequalvolumebasis.ThecompoundfiltratewasbubbledwithCO2tOkeep

itanaerobic,andstoredat390Cinawaterbath.Thecompoundfiltratewasusedto

inoculatethefermentors.

ThebufferwasCO2 - b u b b ledMcDougaPsartificialsaliva(pH6.8;McDougal,

1948).Theexperimenttreatmentsconsistedofcontrols(noadditions)andsilagewith

eitherlacticacid,starch,orlacticacid+starchadded.

ThecompoundfiltratewasmixedwithMcDougal'sartificialsalivaataratioof1:4

(V/V).Then50mldilutedrumennuidweretransferredto128-mlserumbottlescontaining

0.5ggroundTMR(control),5%lacticacid,5%starch,or5%lacticacidandstarch(all
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pereentagesofFM),and且ushedwith02-freeCO2.Thetubeswerecappedwithabutyl

rubberstopperandsealedwithanaluminumcap.Incubationwasdoneintriplicateat

39oCfor6hinawaterbathwithareciprocalshaker(100strokes/min).

5.2.1.3.1hvitromethaneproduction

Toterminatethefermentationbybacteriaattheendofincubation, 25汁Lof

formaldehydesolution(35%)wereinjectedintoserumbottles,whichwereimmediately

sealedwithrubberstoppersandthencooledatroomtemperature｡Gassampleswere

collectedbyairsyringefromtheserumbottlesandinjectedintoagaschromatograph

(GC323;GLSciences,Tokyo,Japan)equippedwithathermalconductivitydetectorand

stainlesssteelcolumn(WG-100SUS1.8m x6.35mm OD(outerdiameter)),and

methaneproduction丘omeachserumbottlewasmeasured.Theanalyticalconditions

wereasfollows:columnoventemperature,50oC;injectortemperature,50oC;detector

temperature,50oC.

5.2.1.4.InvitroDMdigestibiliOJandVFAproduction

Separatesub-samplesofthesupematantweretakentodetemineVFAconcentration.

Thebottleswererinsedwithwan watertoremovesolidresidues.Theresidueswere

thenoven壷iedat600CandstoredforAlrtheranalysis.Atotalof2gdriedresiduewas

oven壷iedat1350CandstoredforlateranalysisofDMdigestibility(Horiietal.,1971).

TomeasuretotalVFA,ruminalnuidwassteam-distilledandtitratedusingsodium

hydroxide(Hamada,1971).ThedriedVFAsaltwasseparatedandquantifiedusinggas

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

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

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

temperature,250oC.
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5.2.2.incubationtrial2

ThisexperimentevaluatedtheeffectsofruminalpH(adjustedusingphosphoricacid

buffer)andfermentedTMRsilagewithahighLAGoninvitroDMdigestibility,ruminal

fermentation,andmethaneemission.

5.2.2.1.Donorwethers

Thetwowethersdescribedin5.2.1.1wereused.

5.2.2.2.1nvitroincubations

Non-fermentedWCRTMR(control)orfermentedWCRTMRsilage(FTMR),

preparedasdescribedinChapter4,wereusedassubstratesforinvitrocultures.TheTMR

silagesweregroundtopassthrougha0.5mmfilter.

Therumen且uidwascollectedandtreatedasdescribedin5.2.1.2.Inthisexperiment,

McDougal'SartificialsalivawasreplacedwithphosphatebufYTerswithpHvaluesadjusted

to5,6,and7,respectively.Topreparephosphatebuffersolution,0.947%Na2HPO4(A)

and0.906%KH2PO4(B)werefirstprepared.ThepH5buffer(1000ml)consistedofA

(10ml)andB(990ml);pH6buffer(1000ml)consistedofA(120ml)andB(880ml);

andpH7buffer(1000ml)consistedofA(611ml)andB(389ml).Thethreephosphate

bufferswerestoredat40Cuntiluse.

Thecompoundfiltrateofrumen盈uidwasmixedwiththethreebuffersataratioof

1:4(V/V),respectively.Serumbottles(128ml)with0.5ggroundcontrolTMRor0.5g

groundFTMRwere且ushedwith02-freeCO2,respectively,50mldilutedrumennuid

wereadded,andthenthetubeswereimmediatelycappedwithabutylrubberstopperand

sealedwithanaluminumcap.IncubationwasdoneinsIXPlicateat39oCfor6hinawater

bathwithareciprocalshaker(100strokes/min).
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5.2.2.3.InvitromethaneproductionandruminalpH

Toterminatethefermentationbybacteriaattheendofincubation, 25pLof

formaldehydesolution(35%)Wereinjectedintotheserum bottles, whichwere

immediatelysealedwithrubberstoppersandthencooledatroomtemperatureuntil

methanemeasurementsweretaken.ThefinalpHofthethreeserumbottlesofgaswas

measuredusingaglasselectrodepHmeter(HoribaD-21;Horiba,Kyoto,Japan).Gas

sampleswerecollectedbyairsyringefromtheserumbottlesandinjectedintoagas

chromatograph(GC323;GL Sciences, Tokyo, Japan)equippedwithathermal

conductivitydetectorandstainlesssteelcolumn(WG-100SUSl｡8mx6.35mmOD

(outerdiameter)).Theanalyticalconditionswereasfollows:columnoventemperature,

50oC;injectortemperature,50oC;detectortemperature,50oC.

5.2.2.4.AvitroDMdigestibiliO)

Separatesub-samplesofthesupematantweretakentodetermineVどAconcentration.

Thebottleswererinsedwithwarmwatertoremovesolidresidues.Theresidueswere

thenoven壷iedat600Candstoredforfurtheranalysis.Atotalof2gdriedresiduewas

oven壷iedat1350CandstoredforlateranalysisofDMdigestibility(Horiieta1.,1971).

5.2.3.Incubationtrial3

ThisexperimentevaluatedtheeffectsofthepHofrumen且uidtakeneitherbeforeor

a洗erfeeding,andtheeffectsofhigh-LACFTMRsilage,oninvitroDMdigestibility,

ruminalfermentation,andmethaneemission.

5.2.3.1.Donorwethers

Thetwowethersdescribedin5.2.1.1wereused.

5.2.3.2.Invitroincubations
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Non-fermentedWCRTMR(control)orfermentedWCRTMRsilage(FTMR),

preparedasdescribedinChapter4,wasusedasthesubstrateforinvitrocultures.The

T掴Rsilagesweregroundtopassthrougha0.5-mmfilter.

Toobtainrumen且uidwithdifferentpHvalues,sampleswerecollectedthroughthe

rumencannulaebeforefeedingand2and4ha洗erfeeding,divertedintoplasticbottles,

andfilteredthroughfourlayersofcheesecloth.Thetwofiltrateswerethencombinedon

anequalvolumebasis.ThethreeresultingcompoundfiltrateswerebubbledwithCO2tO

keepthemanaerobicandstoredat390Cinawaterbath･Thethreecompoundfiltrates

wereusedtoinoculatethefermentors｡ThebufferwasCO2-bubbledMcDougal's

artificialsaliva(pH6.8;McDougal,1948).

ThethreecompoundfiltratesweremixedwithMcDougal'sartificialsalivaataratio

of4:1(V/V),respectively.ThepHvaluesofthethreedilutedrumennuidswere7.08

(beforefeeding),5.86(2hafterfeeding),and6.56(4ha洗erfeeding).Then50mlof

●●
dilutedrumennuidweretransferredto128-mlserumbottlescontalnlng0.5gground

controlorFTMR,and且ushedwith02-freeCO2.ThetubeswereSappedwithabutyl

rubberstopperandsealedwithanaluminumcap.IncubationwasdoneinsIXPlicatefor

everytreatmentat39oCfわr6hinawaterbathwithareciprocalshaker(100strokes/汎in).

5.2.3.3.1nvitromethaneproductionandruminalpH

Toterminatefermentationbybacteriaattheendofincubation, 25トILof

formaldehydesolution(35%)Wereinjectedintotheserum bottles, whichwere

immediatelysealedwithrubberstoppersandthencooledatroomtemperatureuntil

methanemeasurementsweretaken.ThefinalpHvaluesofthethreesampleswere

measuredusingaglasselectrodepHmeter(HoribaD-21;Horiba,Kyoto,Japan).Gas

sampleswerecollectedbyairsyrlngefromtheserumbottlesandinjectedintoagas
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chromatograph(GC323;GL Sciences, Tokyo, Japan)equippedwithathermal

conductivitydetectorandstainlesssteelcolumn(WG-100SUS1.8m x6.35mmOD

(outerdiameter)).Theanalyticalconditionswereasfollows:columnoventemperature,

50oC;injectortemperature,50oC;detectortemperature,50oC.

5.2.3.4.InvitroDMdigestibiliO)andVFAproduction

Separatesub-samplesofthesupematantweretakentodetermineVFAconcentration.

Thebottleswererinsedwithwarmwatertoremovesolidresidues.Theresidueswere

thenoven-driedat600Candstoredforfurtheranalysis｡Atotalof2gdriedresiduewas

oven-driedat1350CandstoredforlateranalysisofDMdigestibility(Horiietal.,1971).

TomeasuretotalVFA,ruminalnuidsweresteam-distilledandtitratedusingSOdium

hydroxide(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.

5中豊｡乳Sを飽食畳S鮎a且盈弧盈且yses

Analyseswereconductedusingthegenerallinearmodelprocedure(SASinstitute,

Cary,NC,USA).TheinvitroDMdigestibility,ruminalmethane,VFAconcentrations,

andA/Pratiointrial1weresubjectedtoaone-wayANOVA,whileinvitroDM

digestibilityandruminalpHintrial2weresubjectedtoatwo-wayANOVA,andinvitro

DMdigestibility,ruminalpH,methaneproduction,VFAconcentrations,andA/Pratio

weresubjectedtoatwo-wayANOVA｡Tukey'Stestwasusedtoidentifydifferences(P<

0.05)betweenmeans.

108



lI_;J::;∴RだS両iLC.

5.3.1.Incubationtrial1

TheadditionoflacticaciddidnotaffectinvitroDMdigestibilityofTMR(Table

5･1), methaneproductionperdigestibleDM (L/kgDDM),totalVFA,aceticacid,

propionicacid,orA/Pratio,whiletheadditionofstarchsignificantlyincreased(P<0.05)

theinvitroDM digestibilityofTMR andVFA content, anddecreasedmethane

production(L/kgDDM)andmolarconcentrationsofvalerieacid.Similarly,theaddition

oflacticacid+StarchalsoincreasedDMdigestibilityandVFAconte鴫 anddecreased

methaneproduction(L/kgDDM).

However,becauseneithertheadditionofstarchorlacticacid+starchaffectedeither

prop10nicacidortheA/Pratio,theseresultsdonotillustratetheeffectsofhigh-LAC

TMR onDM digestibiiity,A/P, ormethaneproduction.Therefore,-thefollowing

experimentwasconducted.

53.2.Incubationtrial2

Methanewasnotdetectedinallbuffertreatments,andthereforeVFAconcentration

couldnotbedetemined.

BufferpHsignificantlyaffectedtheinvitroDMdigestibilityandfinalruminalpH

(Table5.2).DietdidnotaffectinvitroDMdigestibility,buthadasignificantaffecton

finalruminalpH.Therewerenointeractionsbetweenbufferanddiet.WhenbufferpH

was7,theDMdigestibilityofFTMRwashigherthancontrols.FinalruminalpHwas

higherforFTMRthancontrolsforallbuffertreatments.

However,becausemethanewasnotdetectedinanybuffertreatment,theseresultsdo

notillustratetheeffectsofhighoLACTMRonDMdigestibility,A/Pratio,Ormethane
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production.Therefore,thefollowingexperimentwasconducted.

5.3.3.Incubationtrial3

As showninTable5･3,theinitialpHofthemixedruminal且uidsignificantly

affectedtheinvitroDM digestibility,methaneproduction(L)perkgDM, methane

production(L)perkgDDM,finalpH,totalVFA,andpropionicacidconcentration.The

dietalsoremarkablyaffectedtheinvitroDMdigestibility,methaneproduction(L)perkg

DM,methaneproduction(L)perkgDDM,totalVFA,aceticacid,propionicacid,valeric

acid,andtheA/Pratio,andtherewasasignificantinteractioneffectbetweenpHanddiet

onmethaneproduction(L)perkgDM.

WheninitialpHwas7.08,thefinalpHforcontrolsandFTMRwere6.47and6.54,

respectively;totalVFAconcentrationwashigherforFTMR,butDM digestibility,

methaneproduction,andA/Pratiodidnotdiffersignificantlybetweenthetwosilages,

althoughFTMRincreasedDMdigestibilityby4.2%anddecreasedmethaneproduction

andtheA/Pratioby5.2%and6.7%,respectively.WheninitialpHwas6.56,thefinalpH

forcontrolsandFTMRwere6.34and6･38;FTMRincreased(butnotsignificantly)DM

digestibilityby9.6%,significantlydecreasedmethaneproduction(L)perkgDMandper

kgDDM,andslightlydecreased(butnotsignificantly)theA/Pratioby2.3%.When

initialpHwas5.86,DMdigestibilityandmethaneproductionwerelowerbuttotalVFA

andproplOnicacidwerehighercomparedtotheotherbuffers.Althoughtherewereno

significantdifferencesinDM digestibilityandmethaneproduction(L)perkgDM

betweencontrolsandFTMR,theFTMRincreasedDM digestibilityby14.2% and

decreasedmethaneproduction(L)perkgDMby11.5%,decreasedmethaneproduction

(L)perkgDDM,decreasedaceticacidandA/Pratio,andincreasedpropionicandvaleric

acids,comparedtocontrols.
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Lacticacidisanimportantintermediateofcarbohydratefermentationintherumen

ofgrain-fedanimals,andinanimalsofferedsilageitmaymakeupasmuchas15%of

consumedDM(Gilleta1.,1986).Thebiochemicalpathwaysfortheconversionoflactate

toacetate,propionate,andbutyratearewelldocumented(Baldwineta1.,1962),butthe

factorsthatdeterminetherelativeamountsoflactatethataremetabolizedbythe

individualpathwaysarenotwellunderstood(Gilleta1.,1986).Bothbacterialspeciesand

rumenpHmayinnuencetherelativeamountofindividualVFAproduced(VanKessel

andRussell,1996;Lamaeta1.,1998;Russell,1998).Furthermore,ruminallacticacid

maybeabsorbed(WaldoandSchultz, 1956)andcouldthuscontributetoglucose

metabolism(Gilletal.,1986).Theefficientutilizationofdigestionendproductscanbe

significantlyinnuencedbythenatureoftheVFAproducedandabsorbedinrelationtothe

relativeabundanceofgluconeogenic(propionate)andnon-gluconeogenic(acetateand

butyrate)precursors(MacRaeandLobley,1982).Therefわre,dependingonitsmetabolic

fateintherumen,lacticacidarlSlngfromgrasssilagemayhaveasignificanteffectonthe

overallefficiencyofenergyutilizationinsilagediets(Gilletal.,1986).Acetateisthe

majorend-productoflactatemetabolism,butadiethighincarbohydrateorlactateorboth

increasespropionateproduction(Baldwineta1., 1962).However,propionateisthe

principalendproductoflactatemetabolisminruminantsfedgrasssilage(Chamberlainet

a1.,1983).Furthermore,whenhighstarchdietsarefedtoruminants,Streptococcusbovis

o氏enpredominatesintherumenandproduceslactateasthemajorfermentationproduct

(AsanumaandHino, 2002).Whenlactateissecondarilyfermentedintherumenby

lactate-utilizingbacteriasuchasMegasphaeraelsdenii,Selenomonasruminantium,and
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Veillonellaparvula,propionateisgenerallyamajorproduct(Dawsoneta1.,1997;Russell

andWallace, 1997),andthismayreducemethanogenesisaselectronsareusedfor

propionateformation(AsanumaandHino,2002).

Inincubationtrial1,althoughlacticacid,starch,orlacticacid+Starchweredirectly

infusedintorumen且uidandincubatedtogetherwithTMR,neitheraceticacidnor

proplOnicacidorbutyricaciddifferedamongthefourtreatments.Thisresultisnot

consistentwithpreviousstudies(Baldwineta1.,1962;Dawsoneta1.,1997;Russelland

Wallace,1997;AsanumaandHino,2002).Comparedtocontrols,incubationwithlactic

aciddidnotaffectDM digestibility,methaneproduction,ortotalVFAconcentration.

However,addingeitherstarchorlacticacid+StarchincreasedDMdigestibilityandtotal

VFAconcentration.Theseresultsareconsistentwithpreviousstudies(Cameroneta1.,

1991;Knowltoneta1.,1998;Reynoldseta1.,2001;BechmantandWeiss,2005)showing

thatstarchincreasesDMdigestibilityandtotalVFAproductionbutdecreasesmethane

productionandthatwhenruminantseathigh-starchdietstheirrumenhasloweracetate

buthigherpropionateconcentrations(Silveiraeta1.,2007).Therefore,toinvestigatethe

effectofpHandahigh-LACdietontheA/Pratioandmethaneproduction,incubation

trial2wasconducted.

王nincubationtrial2,controlTMRandhigh-LACFTMRwereincubatedinrumen

且uidwiththreedifferentpHvalues,respectively,butmethanewasnotdetectedinany

treatment.Phosphatemayhaveinhibitedmethaneproduction.

Therefore,incubationtrial3usedrumennuidscollectedbeforefeedingand2and4

ha洗erfeedingtoobtainsampleswithhigh,low,andintermediatepH,respectively.

Althoughtheamountofprotozoaorbacteriamaydifferamongrumennuidscollectedat

differenttimes,anysuchdifferenceshouldnotaffectthecomparisonbetweencontrol
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T掴RandFTMR.Comparedtocontrols,FTMRsilageincreasedDMdigestibilityinall

treatments,consistentwithpreviousreports(KanjanapruthipongandBuatong, 2004;

Shioya,2008).Whenhayorcrackedcornwasincubatedwithrumennuidobtainedfrom

ruminantsfed90%feedconcentrate,pHdecreasedto6.5-5.3(Russell,1998),theA/P

ratiodecreased(Lamaeta1.,1998;Russell,1998),andmethaneproductionwashighly

correlatedwithA/PbutdependentonpHandsubstrate.Inthepresentexperiment,when

theinitialpHwas7.08,thefinalpHforcontrolsandFTMRwere6.47and6.54,

respectively;FTMRdidnotsignificantlyincreaseproplOnicacidordecreaseeitherthe

A/Pratioormethaneproduction.WhentheinitialpHwas6.56,thefinalpHforcontrols

andFTMRwas6.34and6.38,respectively,similartopreviousreports(Lamaeta1.,1998;

Russell,1998),andalthoughFTMRdecreasedmethaneproduction,itdidnotdecrease

theA/Pratio.Wheninitial pH was5.86, FTMRsignificantlydecreasedmethane

production(L)perkgDDM,aceticacidconcentration,andA/Pratio,andincreasedthe

concentrationsofproplOnicacidandvalericacid･Thiswasagainlikelyduetothe

productionofproplOnatebylactate-utilizingbacteria,whichreducemethanogenesisby

usingelectrons(Dawsoneta1.,1997;RussellandWallace,1997).

r/_;∴;I,3Li31;hL･T!)"li(':i:-'さ′

AddinglacticaciddidnotaffecttheinvitroDMdigestibility,methaneproduction,

andtotalVFAconcentration,whileaddingeitherstarchorlacticacid+Starchincreased

invitroDM digestibilityandtotalVFA.Phosphatemightinhibitmethaneproduction･

TheFTMRsilageincreasedtheinvitroDMdigestibilitylnalltreatmentsanddecreased

theA/Pratioandmethaneproduction,which,however,wasalsoaffectedbyruminalpH･
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Table5.1.Measurem enisofdryma舶erdigestibility,methaneproduciion,andVFAconcentraiiominvitroa鮎r6hofincub融ionof

TMRIsi且age

Treatment

ConけoI Lacticacid hCraHHHh
S

Lactic acid +
Starch

Pvalue

DM3digestibiiity(%)

Methaneproduction(L及gDDM5)

TotalVFA(mmol/dL)

Aceticacid(mol%)

Propionicacid(mo1%)

互sobutyricacid(mol%)

Butyricacid(mol%)

Isovalericacid(mol%)

Valericacid(mol%)

/_I/.I1

a

b

a

b

4

0

.
1

4

2

9

6

4

4

4

2

8

5

5

4

6

0

2

2

3

L

3

1

4

3

-
I

LU

a

ち

a

7

2

rJ

1

9

00

′b

つ
]
5

0ノ
0

2

1

4

5

5

7

0

1

1

1J

1

4

1

4

3

1

0

00

4

1

7

へJ

lヽ
J

7

00

4

.
4

｣

.
0

.
8

.
4

｣

.
7

.
4

.
0

.
0

0

0

0

0

0

0

0

0

0

0

<0.0001

0.0003

<0.0001

0.705

0.4475

0.2833

0.8903

0.466

0.0257

0.8989

1Totalmixedration

2standarderrorofthemean

3Drymatter

4Aceticacid/prop10nicacidratio

a,bMeanswithinrowswithdif,ferenHettersdifferatP<0.05



Table5.2.Measureme血sofdrymatterdigesiibi糎 andruminalpHinvitroafter6hofincubaiionofTM二RIsi且ages

Bufferp著せ:5 BufferpH:6 BufferpH:7

con徳o旦 FTMR2 contro1 FTMR ControI FTMR

Effects

Buffer TMR BufferxTMR

DM3digestibiiity(%) 33.94 35.44 30.12 32.08 40.75a 44.25b 1.36 0.0002 0.1648 0.8644

p銅 4･97a 5106b 5･13a 5･22b 5･62a 5･69b o･02 <0･0001 <0･0001 0･8715

lTota且mixedration

2Fermentedtotalmixedration

3standarderrorofmeans

4Drymatter

a,bMeanswithinrowswithdifferent旦ettersdifferatP<0.05



Table5.3.Measurementsof.drymatierdigestibi且ity, methaneproduction,andVFAconcentraiioninvitroa鮎r6hof-incubaiiomof

TMRIsilages

pH:7.08 p銅:5･86 pH:6･56 _つ Ef'fects
sEM3

control FTMR2 controI FTMR Control FTMR pH TMR pHxTMR

DM4digestibility(%)

Methaneproduction(i/kgDM)

Methaneproduction(L/kgDDM5)

pH

TotalVFA(mmol/dL)

Aceticacid(A)(mol%)

Propionicacid(P)(mol%)

BuQrricacid(mol%)

Ⅰsovaiericacid(mol%)

Valericacid(mol%)

/_/Ph

50.82 52.93

8.75 8.63

17.23 16.34

6.47 6.54

6.60a 7.06b

44.39 42.63

32.93 34.01

18.54 17.48

2.25 3.19

1.66 2.36

1.35 1.26

36.77 41.98

4.07 3.6

ll.15a 8.58b

5.66 5.62

8,53 8.42

46.35b 42.98a

35.43b 36.98a

15.40b 16,93a

0.79 0.71

1.94b 2.41a

1.31b 1.16a

46.26 50.70 1.62

7.59a 6.53b o.14

16.48a 12.90b o.49

6.34 6.38 0.05

7.47 7.69 0.06

44.63 45.10 0.51

34.91 35.99 0.33

17.24 15.94 0.63

0.69 0.70 0.42

2.40 2.27 0.15

1.28 1.25 0.03

<0.0001 0.0169 0.6575

<0.0001 0.009 0.031

<0.0001 0.0001 0.0721

<0.0001 0.6323 0.5521

<0.0001 0.0046 0.0036

0.1057 0.0104 0.0307

0.0001 0.0019 0.7889

0.1026 0.6901 0.2048

0.0130 0.5898 0.6934

0.2584 0.0435 0.1200

0.I444 0.0046 0.2024

*Ruminalnuidwasobtained免･omtworuminailyFIStulatedsheepbeforethemommgfeedingand2and4ha鮎Tfeeding･

lTotalmixedration

2Fermentedtotalmixedration

3standarderrorofmeans

4Digest豆bledrymatter

5Digestibledrymatter

6Aceticacid/proplOnicacidratio

a,bMeanswithinrowswithdifferentlettersdif:feyatP<0.05
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AnobviouswaytoimproveJapan'slowfeedself-sufficiencyrateisbyproducing

ratherthanimportingfeedfordomesticallyraisedanimals(Oginoeta1.,2008).Therefore,

utilizingWCRandfoodby-productstoprepareTMRsilagewouldhelpaddressthis

matter.Inaddition,itwouldalsoretumintousecurrentlyabandonedpaddyfieldsand

decreasewasteandpollution,asmostfoodby-productsarepresentlyburned,dumped

intolandfalls,Orreleasedintothelocalenvironment(Kondoeta1.,2004a;Xuetal.,

2007a;Xueta1.,2007b;Xueta1.,2008).Furthermore,TMRsilagemayalleviateenergy

costsassociatedwithdryingandtransportingwetbyproductsandfacilitatepreservation

insilosregardlessofthecompositionofbyproducts(Imai, 2000).FeedingTMRto

ruminantsalsostabilizesrumenfunctionandhelpspreventself-selectionbytheanimals

(Coppocketal.,1981).TheuseofTMRsilagealsoreduceslaborcosts,asmeasuringand

mlXlngfeedrationsisnotnecessary.Moreover,unpalatablebyproductsmaybe

incorporatedintorations, becausethefermentationprocessduringensilingo鮎n

improvesodorandnavor.Inaddition,TMRsilageappearstoresistaerobicdeterioration

afterasufficientensilingperiod(WangandNishino,2008b).

Thepresentseriesofstudiesevaluatedtheeffectsoffoodby-productsonthe

fermentationcharacteristicsofWCRTMRsilage,andthenutrientdigestibility,nitrogen

retention,ruminalfermentationcharacteristics,methaneproduction,andanimalplasma

parametersrelatedtovarioussilagesincludinghigh-LACFTMRsilage｡
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WCRisusuallyinsufficientinsugarsandlacticacidbacteria,andthusWCRsilage

typicallyhasalowLAG ,complicatingitslongotermstorage,whichlargelydependson

lacticacidfermentation(Caieta1.,2003).WCRsilagewitheitherChikus0-∫0rFJLB

addedhasbetterfermentationcharacteristics(Caieta1.,2003;Hiraokaeta1.,2003;

Takahashieta1.,2005),especiallywhenthetwotypesofLABareusedincombination.In

addition,addingNFC-richfoodby-productsmayImproveNFC-deficientWCR.

Thefirstexperiment,describedinChapter2,clearlydemonstratedthatbothLAB

andtherationformulaoffoodby-productssignificantlyin且uencedthefermentation

qualityofWCRTMRsilage.Althoughallsilageswerehighquality,withlowpH,high

LAG,lowNH3-N/TN,andhighFlieg'sandV-scores,addingLABdecreasedpHand

increasedLAC,Consistentwithpreviousreports(Caieta1.,2003;Hiraokaetal.,2006b).

Ofthevariousbyproductrationformulasinvestigated,theadditionof30%TCincreased

LAGthemost,likelybecauseTChasmoreNFCthanWGTW,andRBhasalargeamount

ofoxidationlipid,whichpreventslacticacidfermentation(YbkotaandOhshima,1997).

Moisturecontentmayalsohaveamajoreffectonfermentationquality,andXuetal.

(2004b)foundthatadjustingthemoisturelevelto65%ledtothebest-qualityTMRsilage.

Similarly,Sekietal..(2000)reportedthatasuitableproportionoffoodbyproductfor

qualityTMRis15%perDMofTMR.However,totakefulladvantageofthebenefitsof

foodby-products, thestudiespresentedhereinpreparedTMR silageswith30%

by-productsperDMofTMR;thecontentofCPandTDNmettherequirementsforthe

fatteningprophasebeefcattle(JapaneseFeedingStandardforBeefCattle;Agriculture,

Forestry,andFisheriesResearchCouncilSecretariat,MAFF,2000).

Experiment2,describedinChapter2,assessedtheeffectsofpreparingWCRTMR
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withmolassesandLABonLAG ,ruminalfermentation, andmethaneproduction･

Molassesisafermentablecarbohydrate(MaigaandSchingoethe,1997)thathasbeen

usedsuccessfullywithgrasssilage(Archibaldeta1.,1960;Allieta1.,1984;Wuismanet

a1.,2006;WangandNishino,2008b).WCRTMRsilagewithmolassesandLAB

increasedLACandreducedNH3-Nconcentration,Consistentwithpreviousreports(Alli

eta1.,1984;Cai,2001;Caieta1.,2003).

応･J･'J,く,抽雨r･ut-?両dl頓 :31:廿甜 吋

Inexperiment1and2,describedinChapter2,TMRsilagewithLABorLABand

molassesincreasedinvitroDM digestibility,likelybecausethehighlevelsofLAB

shortenedtheactivityperiodofothermicroorganismsintheinitialstageoffTermentation,

therebydecreasingDMloss(CaiandOhmomo,1995;Caieta1.,1999;Cai,2001;Shioya

andCai,2004;Hiraokaeta1.,2005,2006a,b).Theseresultsareinagreementwith

previousstudiesshowingimprovedCFandADFdigestibilities(Takahashieta1.,2005);

improvedapparentdigestibilitiesofDM,OM,CF,andNFEofalfalfa(Caoeta1.,2002);

andincreasedinsituDMdisappearanceincropsilage,stoversilage,andWCRsilage

withtheadditionofLAB(Yamamotoeta1.,2004).

Rationformulaalsohadaneffect･Similartothefirstexperimentassesslngrationvs.

fermentationquality,TMRsilageswith30%RBledtothebestresults,increaslngDM

digestibilitya洗er6hincubation.ThiswaslikelyduetothehighCPandEEcontentofRB

andbecauseitisahigh-energyfeed(WarrenandFarrell,1990;Forstereta1.,1993;

YokotaandOhshima,1997;Amissaheta1.,2003;EnishiandKawashima,2003).

However,inexperiment2,describedinChapter3,TMRsilageswith30%TCincreased

nutrientdigestibilityinvivo,whileinaninsituincubationexperiment,TMRsilagewith
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RBexhibitedmoreDM,CP,andNDFdegradationthanT掴Rwith30% TC.These

resultsshowthatTMRsilageswith30%RBhadhigherinvitroDMdigestibilitybut

lowerinvivonutrientdigestibilitythanTMRwith30%TC(Caoetal.,inpress,b).

if;Jふ い1柚 to･Y:F,･-り雄 由 誹 o油

Ⅰnexperiment2,describedinChapter3,althoughnitrogenintakeforTMRsilages

withTCandWGTW washigherthanf♭rRBorcontrolsilages, basedonurinary

excretion,nitrogenretentiondidnotdifferamongthesilages(Caoetal.,inpress,b).In

experiment1,describedinChapter4,animalsthatateFTMRexcretedlessfecalnitrogen,

butmoreurinarynitrogen,andthereforeFTMRsilagealsodidnotaffectnitrogen

retention,Consistentwithsomepreviousreports(Takahashieta1.,2005;Horiguchiand

Takahashi,2007).However,Caoetal.(2002)reportedthatalfalfTaT掴Rsilagewithout

LABincreasednitrogenretention.
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lnvitroincubationexperimentsinChapter2ShowedthatalthoughT掴Rsilagewith

LABdidnotaffecttheconcentrationoftotalVFAintherumen,itdecreasedaceticacid

andincreasedproplOnicacid.Thisissimilartopreviousreportsshowingatendencyfor

increasedpropionicacidincows1or2ha鮎rfeedingonalfTalfasilagewithLAB(Caoet

a1.,2002);increasedpropionicacidbutdecreasedA/PratioinsheepfedWCRsilagewith

LAB(Takahashietal.,2005);andincreasedpropionicacidbutunaffectedtotalVFA2h

a鮎rfeedingongreensoybeanstoversilagewithLAB(HoriguchiandTakahashi,2007).

IncreasesinproplOnicacidconcentrationsinrumen幻uidmightbeattributabletohigh

LACsinsilage,becausewhenpHisappropriate,rumenmicronoraconvertlacticacidto

propionate(Baldwineta1.,1962;Leng,1970;VanKesselandRussell,1996;Lamaeta1.,

1998;Russell,1998;Mosseta1.,2000;Takahashieta1.,2005).However,Weinbergetal.
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(2003b)foundthatsilagewithLABincreasedtotalVFAconcentrationsinrumen且uid

comparedtosilagewithoutLAB,whileWeinbergetal.(2004)foundthatallsilages(with

andwithoutLAB)hadaConsistenteffectontotalVFAcontentcomparedtodietswithout

silage,andthatLABpassedfromsilagesamplestorumen且uidinvitroandpersisted.

WCRTMRsilagewithM-LABincreasedaceticacidanddecreasedbutyrlCacid,but

despiteahighLAC,didnotaffecteitherprop10nicacidconcentrationsortheA/Pratio.

Wingetal.(1998)reportedsimilarresultswithadietthatincluded6% molasses.

However,WaldoandSchultz(1960)reportedthatadietwithmolassesreducedacetic

acidandincreasedbutyricacid.WhyM-LABinthepresentstudyincreasedaceticacid

anddecreasedbutyricacidisnotclear.

Inexperiment1,describedinChapter4,FTMRdecreasedruminalpH2ha洗er

feedingbutremainedwithinthenormalrange(RussellandHino,1985).Thecontentof

totalVFAincreasedforbothcontrolsandFTMRfrombeforefeedingto2ha鮎rfeeding,

butthenslightlydecreased4ha洗erfeeding.FTMRincreasedtotalVFAconcentrations2

and4hafterfeeding.TheconsumptionOfreadilyfermentablecarbohydratesgenerally

leads to a marked postprandial decrease in ruminal pH (Nocek, 1997;

Chaucheyras-Durandeta1.,2008),andtheFTMRlikelyhadmorefermentablematterdue

toitshighnutritivedigestibility,resultinglnagreaterVFAandlowerpH.Similartototal

VFA,themolarconcentrationsofaceticandproplOnicacidalsoincreasedforboth

controlsandFTMRfrombeforefeedingto2and4ha洗erfeeding;however,bothacids

tendedtoincreasemoreforFTMRthanforcontrolsbeforefeedingand4haRerfeeding.

Thismayhaveoccurredbecauseafterfeeding,theconcentrate,NFC,and/oreffective

fiberfromthefeedmayhavebeendegradedbybacteria,producingprop10nicacidand

loweringruminalpH,whichintum,a洗erreaching5.3(Russell,1998)or5.7(Lamaetal.,
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1998),decreasedtheA/Pratio(Lamaeta1.,1998;Russell,1998).Atthesametime,lactic

acideitherfromtheFMTRorfrombacterialfermentationmayhaveconvertedhydrogen

topropionicacid(Mosseta1.,2000).Ⅰnaddition,FTMRwithahighfibercontent(e.g.,

CF,NDF)producesmoreaceticacidthanalow-fiberdiet(Russell,1998),whichcould

explainwhyFTMRhadatendencytoincreaseaceticacidcomparedtocontrols.Feeding

wormwood(Artemisiamontana)silageinsteadofricestrawmayincreaseruminal

propionicandbutyricacid(Rimeta1.,2006).Incontrast,thepresentstudyshowedthat

feedingFTMRsilageinsteadofnon-fermentedTMRincreasedruminalproplOnicacid

butdecreasedruminalbutyricacid2and4ha洗erfeeding.Thereasonforthisisnotclear.

Finally,similartototalVFAcontent,NH3-NconcentrationforbothcontrolsandFTMR

increased2ha洗erfeedingandtendedtodeclinefrom2to4hafterfeeding;however,

FTMRledtomoreNH3-Nproductionthandidcontrolfeed2and4haRerfeeding,

possiblyduetoitshigherCPdigestibility.
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Bothmethaneandprop10nicacidproductionintherumenusehydrogenandthuscan

beconsideredcompetitivepathwaysforhydrogenuse(Leng,1970;Mosseta1.,2000).

LacticacidconvertshydrogenintoproplOnicacidandthushigherLACsleadtolower

hydrogenlevels(Baldwineta1.,1962;Gilleta1.,1986).Inaddition,secondary

fermentationoflactateintherumenbylactate-utilizingbacteriaproducesproplOnate

(Dawsoneta1.,1997;RussellandWallace,1997),whichmayreducemethanogenesisas

electronsareusedforproplOnateformation･Ruminalmethaneproductionmayalso

contributetohydrogenconcentration(DemirelandScherer,2008).Therefore,in

experiment1,2and3,describedinChapters2,4,and5,respectively,thehigh互ACTMR
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decreasedruminalmethaneproductionbecausehydrogenwasusedbylacticacidto

producepropionate.However,atalowpH(6.5-5.3), methaneproductionishighly

correlatedwiththeA/Pratio,i.e.,whenpHdecreasedtheA/P,methaneproductionis

inhibited.Theresultsofexperiment3,describedinChapter5,areinagreement:atan

initialpHof5.86,moreproplOnateWasProduced,andboththeA/Pratioandruminal

methaneproductiondecreased｡
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Inexperiment2,describedinChapter3,WCRTMRsilagewithfoodby-products

didnotaffecttheplasmaconcentrationsofhematocritandglucose.ForsilageswithTCor

WGTW,thiswaslikelyduetotheirhighCPcontent, whichincreasesurea-N

concentrationsasitisdigested.AlthoughsilagewithRBhadCPlevelssimilartothosein

controls,itsCPwashighlydegradedduringtheprimaryStagesOffermentation.Several

studieshavereportedlowerplasmaglucoseconcentrationsincowsfedrestrictively

fermentedsilagecomparedtohigh 1actatesilage(Smitheta1.,1993;Miettinenand

Huhtanen,1997;Heikkilaeta1.,1998).Foranimalsfedsilage-baseddiets,aclose

relationshipexistsbetweenrumenmolarproplOnateProportionsandplasmaglucose

concentrations(Shingfieldeta1.,2002)･Inexperiment1,describedinChapter4,there

werenodifferencesinplasmaparametersbetweencontrolsandFTMR,exceptfor

glucose,whichwaslowerinsheepfedFTMR･Whythisoccurredinthepresentstudyis

notclear,andpreviousstudiesareinconsistent.Forexample,Shingfieldetal.(2002)

foundthatruminantsfedsilagehadlowerplasmaglucoseconcentrationsthananimalsfed

hay-baseddiets,whileseveralotherreports(Smitheta1.,1993;MiettinenandHuhtanen,

1997;Heikkilaeta1.,1998)showedthatruminantsfedhigh-1actatesilagehadhigher

123



plasmaglucoseconcentrations.Nonetheless,alloftheplasmaparametersinthepresent

studieswerewithinthenormalrange(Kaneko,1989).
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Itisincreasinglyimportantforcountriestodevelopanefficientwaytoproduceand

utilizedomesticfeed,toimprovethefeedself-sufficiencyratefordomesticallyraised

animalsandreducenegativeenvironmentalimpacts.Therefore,theaimsofthepresent

studiesweretoinvestigatehow(1)addingfoodby-productsandlacticacidbacteria

affectsthefermentationqualityofWCR TMR silageanditsinvitrodigestion

characteristics, ruminalfermentation,andmethaneemissions;(2)adding food

by-productsaffectstheinsitudegradationcharacteristicsandinvivonutritivevalueand

ruminalfe-entationofWCRTMRsilage;(3)fTermentedTMRaffectsnutritiveva_lue,

ruminalfermentation,andmethaneemissions;and(4)WCRTMRsilagesuppresses

methaneemissioninvitro.
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Twolaboratoryexperimentswereperformedtoexaminehowtherationformulaof

foodby-products(i.e.,TC,RB,andWGTW)withorwithoutLABandwithorwithout

molassesplusLAB(M-LAB)wouldaffectthefermentationcharacteristics,ruminal

fermentation,andmethaneemissionsofWCRTMRsilage.Inexperiment1,TMRsilages

wereprepareduslngthefollowingfoodby-productsat30%TMRofDM:TC,RB,and

WGTWatarationformulaof10,20and30%,respectively.Eachsilagealsocontained
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WCR,feedconcentrate,beetpulp,andavitamin一mineralsupplementat30,25,13.5,and

1･5%TMRofDM,respectively･Tensampleswerepreparedwithandtensampleswere

preparedwithoutLAB(Chikus0-1,5ppmFM,andFJLB,2%FM)｡Inexperiment2,

TMRsilageswerepreparedwithTC,WCRsilage,feedconcentrate,beetpulp,anda

vitamin-mineralsupplementat30,30,25,13･5,and1.5%TMR.Oneadditionalsample

waspreparedwithandonesamplewithoutM-LAB(M,4%;Chikus0-1,5ppm).A洗er60

daysoffermentation,allexperimentaltreatmentsinexperiment1werehighquality,with

lowpHvalues(<3.8)andhighLAG(>2.72%FM).TheLACfor30%TCTMRsilage

wasthehighestamongtreatments.The30%RBTMRsilagealSohadthehighestinvitro

DM digestibilityandlowestmethaneproductionperDDM.Allsilagessupplemented

withLABhadaslgnificantlylowerpH,higherLAG ,higherinvitroDMdigestibility,and

lowermethaneproductionperDDMthancontrolsilages.

Inexperiment2,therewerenonotabledifferencesinchemicalcompositionbetween

silageswithandwithoutM孔AB.BothsilageshadlowpHandNH3-Ncontentandhigh

LACandV-scores,indicatinggoodquality.LACwassignificantlyhigherinsilagewith

M-LABthanwithoutit｡ComparedtoTMRsilagewithoutM-LAB,TMRsilagewith

M-LABhad5.6% higherand2.0% lowerinvitroDM digestibilityandmethane

production,respectively.TotalVFAandthemolarconcentrationsofproplOnlC,isovaleric,

andvalericaciddidnotdifferbetweenthetwosilages,whileaceticandbutyricacidwere

significantlyhigherandlower,respectively,forM-LABsilage.Theresultsdemonstrate

thathigh-qualityWCRTMRsilagecanbepreparedfromfoodby-productssuchasTC,

RB,andWGTW.Allsilagespreparedwith30%TChadhighLAC.Allsilagesprepared

with30% RBhadhighDM digestibilityandlowmethaneproduction.AddingLAB

alwayspromotedlacticfermentationandhinderedmethaneproduction,andledtohigh
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DDM.AddingM-LAB furtherincreasedLAC andaugmentedfermentation, and

althoughthehighLAGdecreasedruminalmethaneproductionandincreasedproplOnic

acid,thechangeswerenotslgniflCant.Furtherstudiesarerequiredtodeterminehow

high -LACWCRTMRsilagedepressesmethaneproductioninruminantsinvivo,using

feedingexperiments.
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Foursheepwereusedina4×4Latinsquaredesignexperimenttostudythe

fermentationquality, digestibility, andpreferenceofWCRTMRsilagewithfood

by-products.Experimentaltreatmentsincludedcontrolsilage(nofoodby-products)and

silagespreparedwitheitherTC,RB ,orWGTW,allat30%TMRofDM.Silagesensiled

for60dayswerehighquality,withlowpH(<4.06)andNH3三NcontentandhighLAC.

TCsilagehadsignificantlymorelacticacidthancontrols.TCandRBtreatmentsledto

moreCP,EE,andGE,whileWGTW treatmentincreasedCPandADF.Preferencewas

alsoaffectedbyfoodby-products.Themeanrelativeintakeofcontrol,TC,RB,and

WGTW silageswere0.485, 0.671,0.397,and0.447,respectively.Animalspreferred

silagesinthefbllowlngOrder:withTC,control,withRB ,withWGTW.Therewereno

differencesinruminalpHortotalVFA,butruminalNH3-NwashighestinTCsilage(p-

0.0191)2haRerfeeding.Themolarproportionofaceticacidinruminalnuidwashighest

forWGTW silage(p-0.0004)4ha氏erfeeding.Propionicandisobutyricacidwere

higherforRBsilage(p-0.0277andP-0.0368,respectively)thanforWGTW silage
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beforefeeding,andisovalericandvalericacidwerehigherforRBsilage(p-0.0183and

P-0.0113,respectively)thanforeitherWGTWorcontrolsilagebeforefeeding.Among

thethreefoodby-products, TCwasthemostdigestible.RBsilagehadfasterinsitu

degradationthancontrol, TC,andWGTW silage.Thesefindingssuggestthatfood

by-productscanbeusedtomakehigh-qualityWCRTMRsilage,andthatsilagewithTC

ismoredigestible,andispreferredbyruminants.
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FourSu魚)lksheep(49.5士3.2kg)wereusedina2(treatments)×2(periods)

cross-overdesignexperiment.ExperimentaltreatmentsincludedeithercontrolTMR(not

fermented)orFTMRsilage.BothTMRcontainedWCRsilage,compo這ndfeed,dried

beetpulp,RB,andavitaminニmineralsupplement.WCR(Haenuki)silagewascultivated

usingCOnVentionalmethodsinapaddyfield,harvestedattheful l-ripestage,prepared

intoaminirollbale(50kg),storedoutdoors(9-32oC)for240daysoffermentation,and

cuttoalengthof2cm.FTMRsilagewasadjustedwithwaterto55%moisture,and

ensiledindrumcansilosforfermentation.TopreventthefermentationofcontrolTMR,

theWCRsilagewaskeptapart丘omtheotheringredientsandensiledinaseparatedrum

cansilo.Theotheringredientsweremixedandensiledinanotherdrumcan.Adigestion

trialwasConductedtoinvestigateapparentdigestibility,nitrogenretention,ruminal

fermentationcharacteristics,andplasmaparametersovera5-daytestperiod.For2days

ofthetestperiod,aheadhood-typerespirationchamberwasusedtomeasuremethane
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production･FTMRsilagehadasignificantlylowerDM,OM,NFE,andNFCbuthigher

EE,CF,ashcontent,GE,LAG ,TDN,DCP,DE,andapparentdigestibilityofCP,EE,CF,

NDF,andGEthancontrolT掴R.RuminalpHdidnotsignificantlydifferbetweenthe

TMRbeforefeedingor4ha鮎rfeedingbutwashigherforFTMR2ha免erfeeding.

FTMRhadmoretotalVFAandNH3-Nbutlessbutyricacid2and4hafterfeeding,and

lessproplOnicacid2ha鮎rfeedingthancontrols.FTMRsignificantlydecreaseddaily

methaneemissionspersheepanddailymethaneenergylostasapercentofGEintakeby

25.1%and25.9%,respectively.FTMRhadsignificantlylessglucosebeforefeedingthan

controls;however,allplasmaparameterswerewithinthenormalrange.Theseresults

showthatFTMRWCRsilagewithfoodby-productsreducestheenergylosttomethane

production,hashighdigestibility,andissafeforruminants.
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IncubatingsilagewithlacticaciddidnotaffectinvitroDMdigestibility,methane

production,ortotalVFAconcentration.However,addingeitherstarchorlacticacid+

StarchincreasedinvitroDMdigestibilityandtotalVFAconcentration.Phosphatemight

inhibitmethaneproduction.TMR silageincreasedinvitroDM digestibilityand

decreasedtheA/Pratioandmethaneproductioninalltreatments.However,ruminalpH

mayalsoaffectmethaneproduction.

Inconclusion,theseresultsfromaseriesofexperimentssuggestthatWCRFTMR

preparedwithfoodby-productsisusefulasafeedforaruminantanimal,andthatWCR

FTMRisahighqualityfeedwithbothhighlacticacidcontentandhighnutritivevaluefor
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aruminantanimal,andthatthehigh孔ACTMRcanefficientlydecreaseruminalmethane

productionbecausehydrogenwasusedbylacticacidtoproduceproplOnate.
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要約

食品残液などの未利用資源を家畜用飼料として有効利用することが地球環境

保全の立場からも注目されている｡また,日本において,荒廃が進んでいる水

田の利用を図るためと飼料自給率向上のために飼料イネサイレージ (WCRS)を

家畜 (午)用飼料として利用する技術が急速に普及している｡さらには,各種

食品残液由来の粗飼料と濃厚飼料を混合して乳酸発酵させて利用する発酵 TMR

の調製と給与技術が開発されているが,実用レベルでの技術までには達してい

ないと判断される｡ そこで,本研究では飼料イネと食品残液等を活用した新し

いタイプの発酵 TMRの調製と発酵晶質の向上,および発酵 TMRを反勿家畜に

給与した場合の第-胃内で消化特性,特に,消化率の改善とメタンガス生成の

抑制に関する知見を得ることを目的とした｡そのために,(1)食品残液と乳酸

菌の利用が飼料イネ TMRの発酵晶質改善並びにinvitroによる乾物消化率およ

びメタンと揮発性脂肪酸生成に及ぼす影響,(2)食品残液を利用した飼料イネ

発酵 TMRのinsituによる乾物消失率およびinvivoによる飼料消化率と噂好性,

第-胃内容液および血液性状に及ぼす影響,(3)ヒツジにおける飼料イネ発酵

TMRの給与が第-胃内容液性状および呼気からのメタン放出量に及ぼす影響,

(4)飼料イネ発酵 TMRの invitro法によるメタン生成抑制するメカニズムを

検討した｡

1｡食品残液と乳酸菌の利用が飼料イネ甘鯛汲サイレージの発酵晶質改善並びに
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in摘FOによる乾物消化率およびメタンと揮発性脂肪酸生成に及ぼす影響

本研究では食品残液と乳酸菌を利用して調製した飼料イネTMRサイレージが,

発酵晶質,invitro培養での乾物消化率,メタン生成および揮発性脂肪酸濃度に

及ぼす影響について検討した｡試験 1は,トウフ粕,米ヌカおよび緑茶殻を乾

物当たり10,20および30%の割合で組み合わせを変えて,配合飼料 (25%),ビ

ー トパルプ (13.5%)および WCRS(30%)に混合し,乳酸菌 (畜草 1号 5ppm

(FM))および付着乳酸菌事前培養液 2% (FM))の添加,無添加による計 20

処理区の飼料イネ発酵TMRをパウチ法により調製し,60日間室温で貯蔵した後

開封した｡試験 2は,トウフ粕,配合飼料,ビー トパルプおよび WCRSをそれ

ぞれ乾物当たり30,25,13｡5および30%の割合で混合し,乳酸菌(畜草1号 5ppm

(FM))と糖蜜 (4% (FM))の添加および無添加の 2処理とした｡試験 lにお

いて,飼料イネ発酵TMRのp削ま,全ての処理区で3.8以下,乳酸含量は2.72%

(FM)以上の良質のサイレージに調製出来た｡また,トウフ粕を30% 配合する

と乳酸含量は,高くなった｡米ヌカを 30%配合すると乾物消失率は高く,単位

可消化乾物量当たりのメタン生成量は低くなった｡さらに,乳酸菌を添加する

と,pIHま低く(P<0.05),乳酸含量とinvitroによる乾物消化率は高く(P<0.05),

単位可消化乾物量当たりのメタン生成量が低くなった (p<0.05)｡ 試験2におい

て,化学成分は処理区の間に有意差が認められなかった｡全てのTMRのpHお

よび揮発性塩基態窒素含量が低く,乳酸含量が高い良質なサイレージを調製出

莱,乳酸菌と糖蜜を添加すると乳酸含量は更に高くなった (p<0.05)｡ 乳酸菌と

糖蜜の添加はinvitro乾物消化率を5.6%高くし,メタン放出量を2.0% 減少させ

132



た｡また,揮発性脂肪酸総量, プロピオン酸および吉草酸濃度は処理区に差が

なかったが,乳酸菌と糖蜜無添加区に比べて添加区は,酢酸が高くなり(P<0.05),

酪酸が低くなった (P<0.05)｡ 以上のことから,食品残液を利用した良質な飼料

イネ発酵TMRを調製出来た｡トウフ粕を30%配合すると乳酸含量は,高くなり,

米ヌカを 30%配合すると乾物消化率は高く,単位可消化乾物量当たりのメタン

生成量は低くなった｡また,乳酸菌を添加すると,p‡射ま低く,乳酸含量と乾物

消化率は高く,単位可消化乾物量当たりのメタン生成量が低くなった｡

2｡食品残液を利用した飼料イネ発酵甘M鼠のE.nSidEgによる乾物消失率ならびに

invivoによる成分消化率と噂好性,第一胃内容液および血液性状に及ぼす影響

ヒツジを4頭用いた,食品残液を利用した飼料イネ発酵 TMRの成分消化率,

噂好性および第-胃内容級性状,ならびに牛におけるinsitu消化特性について検

討した｡発酵TMRの調製に用いた飼料および試験処理は飼料イネ,市販配合飼

料およびビー トパルプに食品残液であるトウフ粕,米ぬかおよび緑茶殻をそれ

ぞれ乾物あたり30%配合した 3つ種類の試験区,および食品残漆を利用しなか

った対照区を設定し,ヒツジ4頭を用いて4×4のラテン方格法による消化試験

を実施した｡飼料イネ発酵TMRのpHは,全ての処理区で4.06以下,乳酸含量

は2.4% (FM)以上の良質のサイレージに調製出来た｡トウフ粕を利用したサイ

レージは乳酸含量が高く (P<0.05),ヒツジに給与すると,成分消化率が高くな

る傾向を示し (P<0.05),噂好性も良くなった｡しかし,米ヌカおよび緑茶殻を

利用したサイレージは対照区に比べてCPとEEの消化率が高くなったが,噂好
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性が低下した｡第一胃内容液の pHおよび vFA総量は,処理区の間に有意差が

認められなかった｡食品残液単味のinvivo消化率は,トウフ粕が最も高かった｡

牛におけるinsitu培養試験により,DM,CPおよび中性デタ-ジェント繊維の

消失率は,投入から20時間まで,米ヌカを利用した発酵TMRが高かったが,

その後,トウフ粕を利用した発酵TMRが高くなった｡

3.ヒツジにおける飼料イネ発酵甘鯛鼠の給与が第一胃内容液性状および呼気か

らのメタン放出量に及ぼす影響

本研究では,飼料イネ発酵TMRの給与が第一胃内容液性状および呼気からの

メタン放出量に及ぼす影響を検討した｡試験処理は米ヌカ,市販配合飼料およ

びビー トパルプをWCRSに配合して60日間貯蔵した発酵TMRを試験区とし,

米ヌ力,市販配合飼料およびビー トパルプをヒツジに給与する直前に,WCRS

に配合したフレッシュTMRを対照区とし,ヒツジを4頭用いた反転法により消

化試験と呼吸試験を実施した｡給与飼料の乳酸含量は,発酵TMR7.34%(DM)

とフレッシュTMRO.55%(DM)より著しく高かった (p<0.05)｡ 一般成分の中

で,DM,有機物,可溶無窒素物および非構造性炭水化物は発酵 TMRがフレッ

シュTMRより低かったが (p<0.05),EE,CF,AshおよびGEは発酵TMRが

フレッシュTMRより高かった (P<0.05)｡ 消化試験により,フレッシュTMR

に比べて,発酵TMRのCP,EE,CF,NDFおよびGEの消化率,可消化養分総

量,可消化粗タンパク質およびDEが増加した (P<0.05)｡ また,呼気試験によ

り,発酵 TMRはフレッシュTMRより-日当たりメタン放出量が25.1%減少し
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(p<0.05),メタンからのエネルギー損失量を25.9%減少した (p<0.05)｡

4｡飼料イネ発酵 甘鯛鼠の8.nViiPVP法によるメタン生成抑制するメカニズムの検

討

本研究では,飼料イネ発酵 TMRをinvitro法により第一胃内容液で培養 して

メタン生成の抑制に関するメカニズムを検討した｡試験 1において, 乳酸添加

による乳酸含量の違いが飼料イネ発酵 TMRの invitroメタン生成に及ぼす影響

を検討した｡乳酸だけの添加では可消化乾物当たりのメタン生成量,VFAおよ

びプロピオン酸濃度に影響しなかったが,デンプンおよびデンプン+乳酸を添

加すると,DM消化率および VFA総量が増加し,可消化乾物当たりメタン生成

量が減少した｡しかし,デンプンおよびデンプン+乳酸の添加はプロピオン酸

濃度に影響しなかった｡そのために,試験 2において,リン酸バッファーを利

用したpHの違いがinvitroメタン生成に及ぼす影響を検討した｡その結果,6時

間培養したすべての処理でメタンを検出出来なかった｡試験 3において,飼料

の給与前,給与後2,4時間に採取したルーメン液のpH (7.08,5.86および6.56)

の違いが発酵 TMRの invitroメタン生成に及ぼす影響を検討した｡培養開始時

点のpHが 5.86および6.56ども,発酵TMRはフレッシュTMRよりメタン生成

量が低くなったが (p<0.05),培養開始時点pHが 5.86の時,6時間培養後 pH

が 5.6であり,発酵TMRからプロピオン酸生成を増加させ,酢酸 :プロピオン

酸比が減少した｡これらの結果から,第-胃内で,発酵TMRに含んでいる乳酸

からプロピオン酸を生成するとき水素を取り込み,メタン生成を抑制するには
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5.6程度の低いpHが必要だと推測された｡

以上の結果から,食品残液を利用した飼料イネ発酵TMRは反勿家畜用飼料と

して有益であり,乳酸発酵を促進させて消化率と栄養価を向上させることが分

かった｡また,地球温室効果ガスである第一胃からのメタンガスの生成を抑制

する効果があり,そのメカニズムの一端を明らかに出来たo
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