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RESUMO GERAL

A cana-de-aclcar é uma forrageira com alta prodaiile por hectare.
Em algumas situacdes a ensilagem ¢é preferivel &gae a colheita diaria da
forragem. A ensilagem da cana-de-acUcar resultal@s perdas de matéria seca
(MS) com consequente reducdo na qualidade nutdtiola silagem. Os
objetivos desse estudo foram selecionar cepas ciérizss do acido latico e
avaliar a adicdo de glicerina acrescida de metamab com uma levedura
metilotréfica visando reducdo das perdas de MS,honel da qualidade
nutricional e microbiolégica e aumento na estahdil aerdbia da silagem de
cana-de-acgUcar. O primeiro experimento avaliou £eplvagens de bactérias do
acido latico (BAL) na melhoria da qualidade nutical da silagem da cana-de-
acucar. As cepakactobacillus hilgardiiUFLA SIL51 e 52 se destacaram das
demais por reduzir, em média, 29,3% as perdas derv&lacao ao tratamento
sem inoculante. Além de reduzir a populacdo dedignas e a concentracdo de
etanol na silagem, as silagens tratadas com esg@s @presentaram maior
concentracdo de 4cido acético e 1,2 propanodigtogulacdo com cepas de
plantarum reduziu a qualidade da silagem. O segundo expetrimavaliou
cepas selvagens de BAL em relacdo a melhoria dibikdade aerdbia de
silagem de cana-de-aclcar, as espécies de levgaassntes na silagem apds a
exposicdo aerdbia foram identificadas. A inoculacam as cepas de BAL
modificou a diversidade de espécies de leveduras apertura dos silos. As
leveduras Candida diversa, C. ethanolica, Hanseniaspora ojant
Issatchenkia orientalis, Pichia fermentans, P. kadzevii, P. manshurica
Schizosaccharomyces pombe, Debaryomyces etchéllgijpsaccharomyces
bailii foram identificadas nas silagens. O tratamento asnsepas. hilgardii
UFLA SIL51 e 52 resultaram em silagens com tempesiatmais baixas e que
permaneceram mais tempo sem aquecimento. O tere@imento avaliou
niveis de inclusdo de glicerina acrescida de métardo L. hilgardii UFLA
SIL52 na reducdo de perdas e aumento na qualidadgladyem de cana-de-
acucar, e o efeito d& methanolicdCYC 1381, na reducéo da concentragdo de
metanol presente na glicerina durante a ensilageutilizacdo de 4% (matéria
fresca) de glicerina juntamente com hilgardii UFLA SIL52 melhorou a
qualidade da silagem pela reducéo na concentragfibrd e etanol, reducdo na
perda de MS, aumento na concentracao final derglieeconsequente aumento
na densidade energética da silagem. Esses adi@mnbém aumentaram a
estabilidade aerébia. Nas condigbes do experimemtd. methanolica
NCYC1381 ndo reduziu a concentracdo de metandlaggem.

Palavras-chaveb. hilgardii. L. plantarum. L. brevisLeveduras. Inoculantes
microbianos em silagem. Glicerina.



GENERAL ABSTRACT

Sugar cane is a forage plant with high productipity hectare. In some
situations, the ensilage is preferred comparethéodiily forage harvest. Sugar
cane ensilage results in high dry matter (DM) lessith a consequent reduction
in the nutritional quality of the silage. The olijees of this study were to select
strains of lactic acid bacteria and to evaluate dddition of glycerin plus
methanol along with a methylotrophic yeast aimingreducing DM losses,
improving nutritional and microbiological qualitynd increasing aerobic
stability of sugar cane silage. The first experitnemaluated wild strains of
lactic acid bacteria (LAB) in improving the nutatial quality of cane sugar
silage. TheLactobacillus hilgardiiUFLA SIL51 and 52 strains stood out from
the others for reducing, in average, 29.3% of tiM IDsses compared to the
treatment without the inoculant, in addition toueithg yeast population and the
ethanol concentration in the silage. Silages tteatith these strains presented
the highest concentration of acetic acid and 1lghgmediol. The inoculation
with L. plantarum strains reduced silage quality. The second exmgerim
evaluated wild strains of LAB regarding the imprment of the aerobic stability
of sugar cane silage, identifying the yeast spepiesent in the silage after
aerobic exposure. Inoculation with LAB strains ofpeah the diversity of yeasts
species after silo opening. The yeasfandida diversa, C. ethanolica,
Hanseniaspora opuntiae, Issatchenkia orientalis,chizi fermentans, P.
kudriavzevii, P. manshurica Schizosaccharomyces bppnDebaryomyces
etchellsii, Zygosaccharomyces bailiere identified in the silages. The treatment
with theL. hilgardii UFLA SIL51 and 52 strains resulted in silages Witiver
temperatures and which remained unheated for aetopgriod. The third
experiment evaluated inclusion levels of glycerimspmethanol and of..
hilgardii UFLA SIL52 in the reduction of losses and in thelity increase of
sugar cane silage, and the effecPoimethanolicaNCYC 1381 in reducing the
methanol concentration present in the glycerinrdpensilage. The use of 4%
(fresh weight) of glycerin along with. hilgardii UFLA SIL52 improved silage
quality by reducing fiber and ethanol concentratima DM loss, increasing the
final glycerol concentration, resulting in an inase in the energy density of the
silage. These additives also increased aerobidistakinder the conditions of
the experiment, th€. methanolicaNCYC1381 did not reduce the methanol
concentration in the silage.

Keywords: L. hilgardii. L. plantarum. L. brevis.Yeasts. Silage microbial
inoculums. Glycerin.
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PRIMEIRA PARTE

1 INTRODUCAO

A utilizacdo da cana-de-acuc&accharunspp.) como forrageira para
alimentacdo de ruminantes alia o conhecimento gepadh industria alcool-
acucareira na selecdo e cultivo desta planta aupéodanimal. A cana é muito
eficiente em sua capacidade de converter luz sofaienergia para producéo
animal por unidade de area, o que reduz seu cespradiucdo por unidade de
matéria seca (MS). A ensilagem da cana permitdheit® de grandes areas em
curto periodo, diminuindo o tempo de uso de maokta-e maquinario para
colheita, o que pode facilitar o0 manejo na fazeadaossibilitar o uso dessa
forrageira durante todo ano. No entanto, a ensitade cana-de-acgucar resulta
em altas perdas de MS em razdo da fermentacaolieécata sacarose por
leveduras.

A utilizacao de aditivos vem sendo empregada cgjetiob de melhorar
caracteristicas fermentativas das silagens. A Iagéo com cepas de bactérias
selecionadas pode modificar o padrdo de fermentagéasilo resultando em
silagens de melhor qualidade nutricional e micrdigica. A utilizacdo do
glicerol resultante da producdo de biodiesel podenpensar, de forma
econdmica, essa perda energética durante o proakssensilagem dessa
forrageira.

Desde a década de 80 inoculantes microbianos siizadds como
culturas iniciadoras em silagens. Os resultadosadigdo de inoculantes
microbianos em silagens sdo, em geral, positivodjoea na literatura sejam
encontrados trabalhos onde a adicdo de inoculadtegenha efeito, ou seja,
prejudicial a fermentacdo da silagem. Os efeitosndaulacdo com espécies

bacterianas sdo atribuidos ao maior crescimentqpma@uciao de metabdlitos
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pela espécie inoculada. De acordo com Avila ef28i11) e Muck (2008) entre

os fatores que determinam o sucesso da aplicacdmicterganismos nas

silagens, a compatibilidade entre o microrganisma ganta forrageira é de
suma importancia. Assim microrganismos isoladosmbiente onde eles serdo
utilizados como culturas iniciadoras, no caso, dippa silagem, tém maior

chance de apresentar resultados favoraveis qudilidados como inoculante.

Nesse cenério a selecdo de cepas bacterianasasaladpropria silagem tem
grande potencial biotecnolégico para o desenvolvtmeale novos produtos.

Apesar desse potencial, a sele¢cdo de cepas pal@gens utilizando critérios

bem definidos, é pouco realizada.

O aumento da producéo e da demanda por combusditerisativos aos
combustiveis fésseis tem impactado ndo somenteodugfio agricola, mas
também a producdo animal. No Brasil, maior prodat®rbicombustiveis do
mundo, com uma produgdo de 200 milhdes de litrosf@mreiro de 2013
(AGENCIA NACIONAL DO PETROLEO, GAS NATURAL E
BIOCOMBUSTIVEIS - ANP, 2013), a grande producioresiduos decorrente
deste processo é um dos principais problemas diugio de biodiesel. Alguns
desses residuos, no entanto, tém grande potermial gerem utilizados na
alimentacao animal.

O glicerol é um subproduto da transesterificacdordedleo e um dos
produtos secundarios obtidos durante a producébiatkesel. Pelas técnicas
para producdo de biodiesel, atualmente utilizadada 100 kg de biodiesel
produzido gera aproximadamente 10 kg do subpragligerina bruta, contendo
guantidades variaveis de glicerol e alcool, normeali® metanol
(SANTIBANEZ; VARNERO; BUSTAMANTE, 2011). O glicerotesidual da
producdo de biodiesel, denominado glicerina bréitegntaminado por residuos

dos produtos utilizados na sua extra¢do. Dentresggdutos, 0 metanol € o
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contaminante mais indesejavel devido a sua toxmga animais (NIE et al.,
2007).

A resposta em consumo e desempenho de ruminantesate glicerol
purificado como um suplemento energético (BODARS#! al., 2005;
DEFRAIN et al., 2004; FISHER et al., 1973), ou coumo substituto do milho
(CARVALHO et al.,, 2011; DONKIN et al.,, 2009; PARSGN SHELOR;
DROUILLARD, 2009; SHIN et al., 2012) tem sido reldbs. Entretanto, pouco
€ conhecido sobre o efeito da glicerina acresc@eetanol sobre o padrao de
fermentacdo, a microbiota e as perdas fermentativaante a ensilagem da
cana-de-agUcar. Redugéo na concentracdo de FDMensw na concentragéo
de MS e na estabilidade aerébia foram observadosilgem de cana-de-
acucar e milho tratada com glicerina (DIAS JUNIORak, 2010; GOMES,
2013; KREMPSER et al., 2011; OLIVEIRA et al., 201Em silagem da cana-
de-acgucar aditivada com glicerina contendo metaaofdicdo de leveduras
metilotréficas, que sdo capazes de utilizar metammoho fonte de energia,
poderia reduzir, de forma econdémica, a concentragimetanol, enquanto o
valor energético da glicerina compensaria as peeti@sgéticas que ocorrem
durante a fermentacdo da cana-de-ac(Righia methanolicad@ uma levedura
capaz de metabolizar metanol (HARTNER; GLIEDER,&00

Diante da opc¢éo de utilizar glicerina na dieta denais ruminantes, a
adicdo desse aditivo na silagem facilita o mandijpeatar, uma vez que a
aplicacdo da glicerina na silagem evita a necedsida armazenamento desse
aditivo na fazenda, evita a necessidade de inghiiraditivo liquido na dieta e
possibilita a compra de lotes homogéneos de dliaerA observacdo de
resultados promissores da utilizacdo de glicerima pa ensilagem da cana-de-
aclcar sugere que avaliagbes com glicerina aceestddmetanol devem ser

conduzidas. Os efeitos desse aditivo sobre a mateota ensilagem devem ser
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bem elucidados, bem como a presenca do metanabreyw ldesse processo
fermentativo.

O primeiro objetivo desse estudo foi selecionarasepelvagens de
bactérias do acido latico em relagéo a reducdperas de MS, a melhoria na
gualidade nutricional e ao aumento da estabilidedébia, para serem utilizadas
como inoculantes em silagem de cana-de-agUcar.rearsegunda avalia¢éo, foi
utilizada a melhor cepa selecionada nos dois exgetos iniciais juntamente
com a adicdo de diferentes doses de glicerina cdeesle metanol, uma
levedura metilotrofica foi inoculada para reduzicencentracdo de metanol

durante a ensilagem da cana-de-agucar.
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2 REFERENCIAL TEORICO

2.1 Producéo de silagem de cana-de-agUcar

A ensilagem da cana-de-acUcar resulta em vantagpagacionais
relativamente ao corte diario. A cana-de-agucarepsdr considerada uma
forrageira adequada para ensilagem, por possuie@dn relativamente alto de
MS, baixa capacidade de tamponamento e teores adiexjude carboidratos
sollveis (CHOs) (ZOPOLLATTO; DANIEL; NUSSIO, 200%ntretanto, uma
diferenca importante entre a cana-de-acUcar e Sutfarrageiras
tradicionalmente utilizadas para ensilagem, conmilloo e o sorgo, é a natureza
guimica dos seus CHOs. A cana-de-acUcar apreskottear de carboidratos
ndo fibrosos (CNF) na forma de sacarose, um didsi&ca constituido por
glicose e frutose. Este tipo de carboidrato pafagerecer o desenvolvimento
de leveduras durante a ensilagem (WOOLFORD, 1%®4)eduras convertem a
sacarose em etanol, €6 agua, um exemplo tipico de fermentacdo alcodlica,
que aumenta a perda de MS e de energia na silaggiNG JUNIOR;
STANLEY, 1982).

No Brasil, muitas pesquisas vém sendo direcionadasdusca pela
melhoria da qualidade e reducgdo nas perdas de MSilagem de cana-de-
acucar (AVILA et al., 2009; BORGATTI et al., 2012ARVALHO et al., 2012;
NOVINSKI et al., 2012). A perda de MS durante anfentacdo de silagens
representa o consumo de compostos fermentesciessres na forragem por
microrganismos. A perda de MS também pode ocormer lgiviagdo de
efluentes, que ocorre principalmente quando adeira é colhida com baixa
concentracdo de MS. Esse tipo de lixiviagdo € coamtienvisualizado durante a
ensilagem de cana-de-acglcar. As perdas de MS atgesilde cana variam de
8,1 a 35,3% (ZOPOLLATTO; DANIEL; NUSSIO, 2009) eramito as perdas de
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MS em silagem de milho situam-se entre 5 e 14% (BRR; KIM;
ADESOGAN, 2011). Esse tipo de perda durante aagesih representa perda de
componentes nutricionais e consequentemente, pemiedmica para o

produtor.

2.2 Producéo de biodiesel

A pesquisa na busca de fontes alternativas de iandegivadas de
matérias primas renovaveis € impulsionada por dat@condmicos, politicos,
sociais e ambientais relacionados a crescente ypag@o mundial com uso de
combustiveis fosseis. Nesse cenario, umas dasaliers promissoras para
substituir o 6leo diesel derivado do petréleo éiadiesel, um combustivel
produzido por fontes renovaveis de energia. Oibsad pode ser produzido a
partir de gordura animal ou 6leo vegetal presentevérias espécies vegetais
brasileiras como mamona, dendé, girassol, babatmap algodao, coco, pinhao
manso, amendoim, soja e milho. Assim, o Brasil setata com grande
potencial para a producdo de biocombustiveis. Ebi,28 producao brasileira
de biodiesel foi de 2,7 bilhdes de litros e comeprmmuto foi gerado 273
milhdes de litros de glicerina (ANP, 2013).

A producao de biodiesel pode ser feita por dife®processos, sendo a
transesterificacao alcodlica via catalitica a neaipregada (KRAUSE, 2008). A
transesterificacdo consiste na reacdo quimicaetnal gordura com um mono-
alcool de cadeia curta (metanol ou etanol), nagpigs de um catalisador (acido
ou basico), levando a formacgéo de mono-ésteredi€isiel) e glicerina (glicerol
bruto) (MA; HANNA, 1999). Cada 100 kg de biodiesptoduzido gera
aproximadamente 10 kg do subproduto glicerina brewatendo quantidades
variaveis de glicerol e &lcool, normalmente meta{@ANTIBANEZ;
VARNERO; BUSTAMANTE, 2011).
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O crescimento na producgdo de biodiesel com conségE@mento na
producdo de glicerina bruta aumenta a disponildidalesse co-produto,
reduzindo seu valor no mercado. O excedente derglac ndo purificada
representa um problema para industria podendo icaésas prejuizos caso seja
liberado no meio ambiente. A glicerina bruta tra#ras problemas como
residuos e impurezas e um processo de purificagimeso. Deste modo, a
glicerina bruta ndo pode ser utilizada por indéastque requerem um composto
mais puro como, por exemplo, a alimenticia, a fadntica e a de cosméticos.
Portanto novas formas de utilizacdo da gliceringedeser estudadas. Por ser
fonte de energia, um possivel destino para a gl&ebruta resultante da
indUstria do biodiesel é seu uso na composicaoeatasdanimais e sua adicdo

em silagens.

2.3 Aditivos utilizados para melhoria do processo fermetativo de silagens

Os aditivos para silagem tém sido desenvolvidos @awar sobre o
processo fermentativo, visando melhorar o valoritied, reduzir a produgéo de
etanol e as perdas de MS, controlar o crescimemomicrorganismos
indesejaveis e favorecer o crescimento de micrasgws dos géneros
Lactobacillus, Enterococcus, Pediococcus e Propiacierium, além de
aumentar a estabilidade aerdbia da silagem de dmvagticar (AVILA et al.,
2009; CARVALHO et al., 2012; FREITAS et al., 2006)s aditivos de silagens
podem ser classificados em cinco principais catagorestimulantes de
fermentacao, inibidores de fermentacdo, inibidatesdeterioracdo aerobica,
nutrientes e absorventes (MCDONALD; HENDERSON; HEBR991). Os
aditivos devem ser seguros quanto ao seu manumsgionizar a ocorréncia de

patégenos e serem economicamente viaveis (HENDER$E98).
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A utilizacdo de aditivos em uma fermentagéo nadrotada como a de
silagens implica em resultados de dificil previsfima vez que a fermentacéo é
conduzida por uma microbiota extremamente varidvelacordo com Avila et
al. (2011), a qualidade da fermentacéo é influelacizelo tipo e pela quantidade
de acidos formados, que depende das condi¢des em sjlagem foi produzida
e especialmente da populagdo de microrganismosrmiess Por isso o tipo de
aditivo mais utilizado em silagens séo os aditinosrobianos (MCDONALD;
HENDERSON; HERON, 1991; MUCK, 2013)A utilizacdo de aditivos
microbianos visa favorecer o crescimento de cepg®ecfficas que sao
inoculadas nas silagens, fazendo com que a ferg&nt&eja dominada por tal
microrganismo inoculado. Se a cepa inoculada filer@samente selecionada
para a forrageira em que esta sendo inoculadapailagdo provavelmente
implicard em respostas positivas. Em razdo dasteaisticas fermentativas da
silagem de cana-de-acgucar, a utilizacdo de adiivibexdamental para redugéo

das perdas de MS e melhoria da qualidade fermeatati

2.3.1 Aditivos microbianos

Os aditivos microbianos sdo classificados comomestintes da
fermentacao ou inibidores da deterioracdo aeréb@empregados por meio da
adicdo de culturas bacterianas, sdo os aditivos mdizados e estudados
(MCDONALD; HENDERSON; HERON, 1991; MUCK, 20130s produtos
comercializados, atualmente, incluem bactériascdati homofermentativas,
heterofermentativasPropionibacteriumou a sua associacdo. Os efeitos da
inoculagdo com espécies de bactéria do acido 1§Beéd ) sdo atribuidos ao
aumento da populacdo desses microrganismos narmilag alta producéo de

acidos, a aceleracdo do estabelecimento da anesepbao aumento na
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concentracdo dos acidos acético e propidnico ghermfungos filamentosos e
leveduras e a producéo de bacteriocinas (DUNIERE ,e2013).

Com o objetivo de promover a acidificacdo maisdapla silagem sao
referidas as espéci&nterococcus faeciunLactobacillus caseilLactobacillus
plantarum Lactobacillus buchnefi Pediococcus pentosaceuknterococcus
hirae, Propionibacterium freudenreichiic ADESOGAN et al.,, 2003;
ARRIOLA; KIM; ADESOGAN, 2011; AVILA et al., 2009; @I, 1999;
CARVALHO et al., 2012; KUNG JUNIOR; RANJIT, 2001¢om objetivo de
aumentar a estabilidade aerobia, ja foram utiligaals espécieRediococcus
cerevisiae Propionibacterium acidipropioni¢ci Pediococcus pentosaceus
Lactobacillus buchnerfFILYA; SUCU, 2007; FILYA; SUCU; KARABULUT,
2004; HIGGINBOTHAM et al., 1998; REICH; KUNG JUNIQR2010;
SCHMIDT; KUNG JUNIOR, 2010). Para reduzir o creseito ou a atividade
metabdlica de microrganismos indesejéveis existalmathos com as espécies
Enterococcus faeciumPediococcus pentosaceukactobacillus plantarum
Lactobacillus case(MARCINAKOVA et al., 2008; STEIDLOVA; KALAC,
2004).

Entre os fatores que determinam o sucesso da ¢gdicade
microrganismos nas silagens, citam-se a compalioié entre a planta
forrageira e o microrganismo (AVILA et al., 2011UGK, 2008), a habilidade
de crescimento da bactéria na massa de forrageminecalacdo de uma
populacdo suficiente em relacdo a epifita da femagAVILA et al., 2011;
ZOPOLLATTO; DANIEL; NUSSIO, 2009). Em relacdo a ouwacdo de
silagens com BAL, o uso de cepas heterofermentatgtd associado a maior
estabilidade aerdbia das silagens, enquanto oaiseghs homofermentativas é
relacionado a uma maior producdo de Acido laticoeaores valores de pH
(MCDONALD; HENDERSON; HERON, 1991).
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Leveduras sdo microrganismos indesejaveis durarfiggnzgentacdo da
silagem, uma vez que perdas fermentativas saoumab a esse grupo de
microrganismo (CARVALHO et al, 2012; ZOPOLLATTO; ADIEL,;
NUSSIO, 2009). A falta de conhecimento relacionato espécies e ao
metabolismo das leveduras envolvidas no processensidagem de diferentes
forrageiras, principalmente forrageiras tropicampitas vezes resulta no
insucesso da tentativa de se reduzir a populags® dgupo de microrganismo.

Em determinadas condi¢bes, leveduras podem seéradds como
inoculantes em silagens com objetivos especifigdamoto et al. (1999),
Kitamoto, Ohmomo e Nakahara (1993) e Lowes eP8I0Q) estudaram a adicao
de leveduras ou produtos de seu metabolismo palzorae caracteristicas de
silagens. A leveduraVilliopsis mrakiiproduz uma substancia téxica (HMK) a
outras leveduras. Lowes et al. (2000) utilizaramgeme dessa levedura para
promover uma expressdo heter6loga dessa toxinaAgmergillus niger.O
Aspergillus nigeffoi cultivado e a toxina liberada em sua formaaatio meio de
cultivo. A acéo dessa toxina no aumento da edabié aerébia de silagem de
milho foi avaliada. Apés 72 h de exposicdo ao hgeovou-se menor valor de
pH, maior valor de MS, menor populacdo de levederdsactérias do acido
acético, quando comparada com a silagem contralamiito et al. (1999)
avaliaram a estabilidade aerébia de silagem deoniilbculada com cepa de
Kluyveromyces lactisPCK27 geneticamente modificada, a qual ficou
incapacitada de utilizar o acido latico. Em estutidsoratoriais aK. lactis
PCK27 inibiu o crescimento d&ichia anémalaos autores atribuem tal fato ndo
somente ao efeito competitivo mas também a umeeipeotletal produzida.
Nesse mesmo experimento, 0s autores obtiveramtadssl divergentes da
inoculagdo da levedur&K. lactis PCK27, em experimentos com silos

laboratoriais. Tal fato é atribuido a ampla divdmgie de microrganismos
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associados a deteriorac@o aerébia. Os autoresesugenecessidade de novas
avaliacoes.

Em silagem de cana-de-acUcar aditivada com glizdsiita contendo
metanol, a adicdo de leveduras metilotréficas, €a, scom capacidade para
utilizar metanol como fonte de energia, poderiaizado nivel de contaminacéo
com 0 metanol ao mesmo tempo em que o valor emaygdha glicerina
compensaria a perda energética durante a fermentdacéana-de-aclcar. Nesse
caso, a espéciBichia methanolicaNCYC1381 seria aplicada como potencial
utilizadora do metanol (HARTNER; GLIEDER, 2006),eqé um contaminante
indesejavel na glicerina bruta. Essa levedura @&piax de utilizar a sacarose e o

acido latico como fonte energética.

2.3.1.1 Selecao de microrganismos para inoculacéo em silage

A selecdo de microrganismos para serem utilizadmsoc culturas
iniciadoras em diversos alimentos e bebidas comwege vinho, queijo,
iogurte, vinagre etc., é realizada com eficiénomlenga data (BOKE; ASLIM;
ALP, 2010; CAMPOS et al., 2010; STEGER; LAMBRECHTZ00). Para o
processo de ensilagem a selecao de culturas iaieisehao é tdo comum, ainda
que a pesquisa por cepas especializadas tenha taglmemos Ultimos anos
(AVILA et al., 2009; CHEN et al., 2012; DOGI et,a2013; LIU et al., 2012;
SAARISSALO et al., 2007).

Embora a maioria dos resultados da inoculacdoldgesis com cepas
microbianas sejam favoraveis, existem dados quéramogjue a inoculacéo de
determinadas cepas pioram ou ndo tem efeito solyeakdade da silagem
guando comparada com a silagem sem inoculacdo YEREHMIT; KUNG
JUNIOR, 2006; ZOPOLLATTO; DANIEL; NUSSIO, 2009). Ax et al. (2011)

ressaltam que o efeito positivo de inoculantesrdara fermentacdo da silagem
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depende de vérios fatores relacionados com a plamtageira e com as
condi¢bes de ensilagem. E ainda que, durante edselle cepas destinadas a
ensilagem deve ser considerado: a origem do manismo, caracterizacdo
fisiolégica e identificacdo, definicdo das carastesas avaliadas na pré-selecéo,
avaliacdo do microrganismo em pequena e grandéaesqzor fim a avaliacdo
do microrganismo em diferentes culturas. Sendo guoe dos fatores que
determinam o sucesso da inoculacdo € a compagithdidentre planta e
microrganismo (KLEINSCHMIT; KUNG JUNIOR, 2006; MUGRO008).

E importante ressaltar que no processo de seleg@ephs ndo devemos
dirigir o foco da pesquisa para uma determinad&cispuma vez que novas
espécies podem apresentar resultados positivos owuoolantes em silagens.
Embora microrganismos da mesma espécie apreseatastaristicas similares,
diferencas entre cepas da mesma espécie sdo atmeiVILA et al., 2010;
SAARISSALO et al., 2007). Esses fatos justificasebecéo de microrganismos
para cada forrageira em particular. Devendo-se iderss, no processo de
selecdo, as caracteristicas e os problemas fertinestde cada forragem.

Entre as caracteristicas ideais requeridas em ooulemte microbiano
para o processo de ensilagem, deve-se observatapa@idade de promover
uma fermentacdo adequada, com rapida e eficiesidagquo pH, capacidade de
competir com a microbiota epifitica da forrageitex, rapido crescimento em
condicBes de baixo pH e baixa difusdo de oxigéréo, ser patogénica, ndo ser
resistente a antibidticos, possuir a capacidadesaeeviver durante todo o
processo fermentativo, melhorando a estabilidadé&b#e inibir o crescimento
de microrganismos patogénicos e deterioradoresildges (AVILA et al.,
2011; DOGI et al.,, 2013; MCDONALD; HENDERSON; HERQN991;
SAARISSALO et al., 2007).
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2.3.1.Jtillizacdo e selecdo de inoculantes microbianos esitagem de cana-
de-acucar

Como referido anteriormente, a principal dificuldagla ensilagem da
cana-de-agUcar sdo as altas perdas de MS que racdurante a fermentagéo
dessa forrageira. Assim diversos estudos relacamadensilagem da cana-de-
acucar sao focados em melhorar caracteristicagfeativas.

O inoculante microbiano mais utilizado em silageencdna-de-agucar
no Brasil € composto por cepas heterofermentatibaigiatérias da espécle
buchneri (ZOPOLLATTO; DANIEL; NUSSIO, 2009). A menor utikdo de
cepas heterofermentativas facultativas ou homofetatigas em silagem de
cana-de-acUcar € resultado de um menor nimercspestas favoraveiguando
esse grupo de microrganismo é empregado (AVILA.e2810; VALERIANO
et al.,, 2009; ZOPOLLATTO; DANIEL; NUSSIO, 2009). Odiferentes
compostos produzidos por bactérias heterofermeagatobrigatorias podem
explicar essas diferengas nos resultados. Entiralzslhos revisados, o aumento
na concentracdo de &cido acético é a principatetif@ em relacdo a silagem
controle, quando cepas heterofermentativas obrigatéo utilizadas (AVILA
et al., 2009, 2010; PEDROSO et al., 2011). O aeicitico é considerado um
fungicida (DANNER, 2003; MOON, 1983) provavelmemi@usa uma reducao
na populacdo de leveduras na silagem. As levedi@ia® principal grupo de
microrganismos associados a perda de MS em silaggnecana-de-aclcar
(KUNG JUNIOR; STANLEY, 1982). Outros metabdlitosoduzidos por esses
microrganismos inoculados também influenciam a éeacao. Entretanto, ndo
foram encontrados trabalhos que avaliam outros buoktas além dos &cidos
latico, acético, propidnico e butirico e etanolglagem de cana-de-acucar.

Diante dos melhores resultados apresentados pelalatdo com cepas
heterofementativas, Avila et al. (2009) isolararpasedas espéciés buchneri,

L. brevise L. plantarumda propria silagem de cana-de-aclUcar. A cepa
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buchneriSIL 72 foi avaliada juntamente com uma cepa corakdi mesma
espécie. A inoculacdo com a cepa selvagem e capaaomercial resultou em
silagens de melhor qualidade. A silagem tratada aamapa selvagem resultou
em uma concentracdo, significativamente maior, digloapropibnico, um
resultado positivo e pouco comum para as condige®nsilagem. Outros
trabalhos foram conduzidos avaliando as cepas gaigaisoladas por esses
autores (AVILA et al., 2010, 2012; CARVALHO et a2012; VALERIANO et
al., 2009), sendo os melhores resultados observadws a inoculagdo da
silagem de cana-de-agucar, com cepas heterofertimanstdNas avaliagdes onde
a cepa selvagem SIL 72 foi comparada com cepas rc@iseos resultados
promovidos pela cepa selvagem foram iguais ou methque os das cepas
comerciais, evidenciando a necessidade de pesgeimabusca de novas e

melhores cepas destinadas a ensilagem da canaiche-ac

2.3.2 Outras classe de aditivos

Além dos aditivos microbianos diversos outros tiges aditivos tém
sido empregados na ensilagem com diferentes obgetiComo aditivos
inibidores da fermentacéo e inibidores da deteg@maaerobia sdo citados os
acidos organicos e a amdnia. Os acidos organianautiizados tanto como
antimicrobianos quanto como acidificadores. Em desturealizados por Moon
(1983), foi verificado que os acidos acéticos epi@micos sdo melhores
inibidores do crescimento das leveduras que o détdm e que as misturas de
acidos laticos, propibnico ou acético desempenham afeito inibitorio
sinergistico. O uso de acidos ndo tamponados & guesistente em virtude do
alto custo, dos danos causados ao maquinario saode acidentes durante o
manuseio. A avaliacdo de &cido propidnico foi camthude forma experimental

com objetivo de reduzir a populacdo de levedurasilErpem de cana-de-agucar.



24

Esse acido foi eficiente em reduzir a populacatededuras e de clostridios nas
silagens de cana-de-agucar (CARVALHO et al., 2082amdnia foi aplicada
em silagem de grao umido de milho (DIAZ et al., 20% a uréia aplicada em
silagem de trigo (BAL; BAL, 2012) e em silagem dana-de-aclcar
(BORGATTI et al.,, 2012) com o0 objetivo de reduzaveéduras e fungos
filamentosos e controlar perdas fermentativas. Araantetraformato (aménia +
acido férmico) foi recentemente utilizada como agextidificador. O benzoato
de sddio, propionato de sédio, nitrito de sédio exametilenotetramina
(hexamina) foram aplicados como agentes antimiarmis (CONAGHAN;
OKIELY; O'MARA, 2012). O cloreto de sodio tambérenh sido aplicado em
silagens para controlar crescimento microbianamcalmente na superficie de
silos trincheira (BAL; BAL, 2012; NERES et al., Z)1

Aditivos alcalinos sé&o utilizados para melhorar aseficientes de
digestibilidade de forrageiras, palhas e residup&aas (BAL; BAL, 2012;
BORGATTI et al.,, 2012; CARVALHO et al., 2012). Adiificativa para a
utilizacdo de bases esta no fato da lignina de igeas ser susceptivel a
hidrélise provocada por alcalis em ligacdes covakerdo tipo éster entre a
lignina e a parede celular (SOEST, 1994). Entradisvos alcalinos utilizados
em silagens no ultimo ano, podem ser citados: kidodde sédio, calcério, cal,
cal hidratada, bicarbonato de sddio (BAL; BAL, 20B®ORGATTI et al., 2012,
CARVALHO et al., 2012).

Existem ainda as enzimas, geralmente extraidas iderganismos,
usadas com a finalidade de aumentar a disponitdidie CHOs e aumentar a
digestibilidade da fibra (KUNG JUNIOR; STOKES; LIRQ03). A aplicacéo de
enzimas fibroliticas solubiliza os carboidratos sprées na parede celular,
fornecendo substratos para fermentacdo (DEHGHANII.et2012). Tal fato é
principalmente vantajoso em forrageiras que conb@ixa concentracdo de

CHOs e alta concentracdo de proteina, com altorpadepdo. As principais
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enzimas utilizadas como aditivos em silagens, timdlano, foram: xilanase,
glucanase, B-glucanase, B-glucosidase, pectinase, celulase, hemicelulase e
amilase, sendo estas aplicadas isoladamente oorgunto (DEHGHANI et al.,
2012; FUGITA et al., 2012). Os resultados do us@&memas sdo dependentes
da(s) enzima(s) aplicada e da forrageira. Em gmuatento na producédo de
acidos, reducdo do pH e da concentracdo de nitimgémoniacal sdo
observados (DEHGHANI et al., 2012).

Os aditivos classificados como nutrientes séo adémos a foragem no
momento da ensilagem. Entre eles, podem ser ci@adanbnia anidra, ureia,
melaco, graos de destilaria, milho moido, polpaceit minerais e misturas entre
eles. Esses aditivos séo utilizados com a finatiddal suprir nutrientes para os
microrganismos durante a fermentagdo ou suprir ©snaEs que serdo
alimentados com essa silagem. Assim, aditivosent#s sdo mais utilizados em
silagens de forrageiras que apresentam problemaferdeentacdo por ter
contetdo baixo de carboidratos, como é o casolagess de capins tropicais.
Aditivos nutrientes também sao utilizados em sil@geas quais ocorrem muitas
perdas durante a fermentacéo, como a silagem dadeaaclcar, e em silagens
de forrageiras com alto poder tampéo, como de lagpsas (MCDONALD;
HENDERSON; HERON, 1991). Entre os trabalhos rewisados aditivos
nutrientes que foram recentemente utilizados eagesils sdo: melaco e farinha
de mandioca em silagem de capim Napidtenpisetum purpureym
(BUREENOK et al., 2012). Os graos de destilariafiorutilizados em silagem
de festucaKestuca arundinacgae em silagem de palha de cevaHarfleum
vulgare (YUAN et al., 2012). A sacarose foi utilizada sitagens de gramineas
e leguminosas tropicais (HEINRITZ et al., 2012)ne sillagem de trigo (BAL;
BAL, 2012). A casca de soja e graos de milho foaalicionados em silagem de
Tifton 85 Cynodonspp) (NERES et al., 2013).
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Como aditivo em silagem, a glicerina seria clasatfa como aditivo
nutriente. A atuacéo sobre o substrato disponiged prescimento microbiano
pode alterar o perfil fermentativo da silagem, edddo a perda de MS durante o
armazenamento e aumentando o contetdo de enerfparaigem. A utilizacdo
de glicerina bruta como aditivo em silagem serii@ feom o intuito de modificar
a fermentacdo, promover o metabolismo de contan@eadessa glicerina e
utilizar o glicerol residual do processo de ensitagcomo fonte de energia para

animais ruminantes.

2.3.2.1Glicerina

Glicerina € o nome comercial de um liquido viscasoplor, inodoro,
higroscépico e com sabor adocicado, quimicamerfieide como glicerol ou
propano-1,2,3-triol, de férmula ;85(OH);. O termo é muito utilizado na
literatura como sindnimo de glicerol, apesar daegiha ser composta por
propor¢des variaveis de glicerol e outros compo&otermo glicerol aplica-se
somente ao composto puro, enquanto o termo glacaptica-se a purificacdo de
compostos comerciais (MORRISON, 1994). O glicerolc@nsiderado um
ingrediente seguro para alimentacdo animal (FOOD DANDRUG
ADMINISTRATION - FDA, 2006). O valor energético dglicerina bruta é
proporcional a concentracao de glicerol e ditawsdar comercial (LAMMERS
et al., 1991). A concentracdo de glicerol na ginzerbruta, originaria do
processo de producéo de biodiesel, € variavel i@ de contaminantes dessa
glicerina bruta deve ser considerado. A purificap@de resultar em produtos
com até 99% de glicerol, no entanto o processaudéigacdo é oneroso e pode
tornar inviavel o uso desse subproduto na aliméotagimal.

A reacdo de transesterificagcdo é reversivel, oohléoadicionado em

excesso para deslocar a rea¢do no sentido dostpsodds alcoois utilizados
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podem ser metanol, etanol, propanol ou butanol.efanol € o principal alcool
utilizado devido a reducédo no tempo de reacao,r ey recuperacdo ser mais
simples e acessivel economicamente que os out§ia( COOPER; WEBER,
2012). O teor de metanol é particularmente impotetanvariavel, dependendo
da induastria produtora e da matéria prima empregadaroducdo de biodiesel
(THOMPSON; HE, 2006). Variacdes de 0,006 a 14,98%mndtanol na glicerina
produzida nos EUA foram revisadas por Shurson et(24112). No Brasil,
concentracBes de 0.27 a 2,23% foram observadasm@stras de diferentes
industrias por Silva et al. (2011), Teixeira (20E3¢acaroni (2010). Alguns
paises tém estabelecido um nivel méximo permitielangtanol na glicerina
destinada a alimentacédo animal: 0, 015% nos EUAasiB 0,01% no Canada;
0,2% na Alemanha e 0,5% na Unido Européia (HANSENMIle 2009). As
manifesta¢cbes clinicas da intoxicagdo por metamdlém distirbios visuais,
depressdo do sistema nervoso central, com disfuresratéria e acidose
metabdlica (NIE et al., 2007).

2.4 Glicerina na alimentacéo animal

O glicerol tem sido utilizado para tratamento deaoSe em bovinos
desde a década de 50 (JOHNSON, 1954). Entretamtdados sobre inclusdes
de glicerol puro ou glicerina bruta em dietas deifms sdo inconsistentes.
Observam-se variagfes de acordo com a dieta, dasegrodutiva do animal e
com a qualidade da glicerina utilizada. Em umaiagab de doses de glicerol
adicionado a dieta para vacas em lactagéo, Domkih €009) constataram que
niveis de até 15% (% da MS da dieta) de glicerindfipada (99,5) foram
adequados. Aumento em producédo de leite e efelice doalanco energético

positivo foi relatado por Bodarski et al. (2005hu@g et al. (2007), Fisher et al.
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(1973) e Shin et al. (2012) concluiram que teoliegéticos de até 10% de
glicerol podem ser usados para vacas em lactacao.

Respostas negativas também sao observadas. Defraah (2004)
avaliaram a suplementacdo de glicerina bruta noslidd anteriores a data
prevista do parto até 21 dias pés-parto. Essesesubbservaram que a glicerina
foi depressora de consumo, induziu menor teor deogg plasmética e
aumentou a concentracdo ruminal de butirato quaodtparada ao amido de
milho. Wang et al. (2008) observaram que a proddi@ia de gordura no leite
tendeu P<0,10) a ser mais baixa nas vacas alimentadas toenodj durante os
primeiros 42 dias de lactacdo e a producdo de ipeoteendeu F<0,09) a
decrescer linearmente com 0 aumento da quantidadgiakrol suplementado.
Zacaroni (2010) avaliou a resposta de vacas le#tedr substituicdo total de
milho grdo moido fino por glicerina bruta; a in@dosdietética de glicerina
representava 12,3% da MS. A dieta com glicerinaizieda producéo de leite
(P=0,01). O autor ressalta que, a inclusdo de 12,8%liderina bruta a dieta
total pode ter sido alta demais. Possiveis efeigbstérios do metanol residual
da glicerina bruta podem ter induzido a respostmtia a este tratamento. O
estudo de estratégias viaveis economicamente pdizir a concentracdo de
metanol na glicerina bruta destinada a alimentagdional também € uma
alternativa para o uso desse co-produto. Uma opefia a metabolizacdo do
metanol por microrganismos metilotroficos duranteracesso fermentativo da
silagem.

O uso de glicerina como aditivo em silagem € aipdaco estudado.
Dias Junior et al. (2010) avaliaram a adicdo deegha purificada (10% matéria
fresca — MF) juntamente com os inoculantes micraisacomerciais Biomax
LB (Chr Hansen, Milwaukee, EUA, composto por cepkes Lactobacillus
plantarum, Enterococcus faeciuelL. buchner), Kera-Sil Cana (LNF Latino

Americana, Bento Gongalves, RS, composto por ce@ak. plantarum e
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Propionibacterium acidicipropionigie uma cepa de buchnerilUFLA SIL 72)
isolado de silagem de cana-de-aglcar (AVILA et 2009). A inclusdo de
glicerol foi efetiva em reduzir o teor de fibra etatergente neutro (FDN) e
aumentar o teor de MS das silagens, demonstrandonse estratégia para
compensar a perda energética na ensilagem da@araitores observaram que
a inoculacdo da silagem cdmbuchneri(UFLA SIL 72)foi efetiva em reduzir
a perda de MS na silagem de cana de 31,2% no oo glicerol para
15,7% no tratamento com glicerol e com esse inatelag<0,01). Foi
observada reducédo na perda de MS nao-fibrosa trataenento, sem afetar a
perda de FDN, resultando em silagens com menod&efDN.

InclusGes de 0, 5, 10, 15 e 20% (MF) de gliceriamipurificada na
silagem de milho e de cana-de-aclcar foram avaipda Gomes (2013). O
autor observou aumento na concentracdo de MSentgs digestiveis totais,
matéria mineral, CNF e reducé@o na concentracdoDi¢, Fibra em detergente
acido, proteina bruta e extrato etéreo a medidaaguelusdo da glicerina foi
maior nas silagens de cana-de-acucar e milho. Sleslagens também foi
observado aumento na digestibilidadevitro da MS (DIVMS) (P<0,05) nas
silagens com 15 e 20% de glicerina em relacdo a@ssncom 0, 5 e 10%. A
glicerina melhorou a estabilidade aerdbia, mantendbl e temperatura baixos.
Durante exposi¢do aerébia de silagens de milhadastcom 5, 10 ou 15% de
glicerina foi observado aumento da estabilidadelaer (OLIVEIRA et al.,
2011) e reducdo nas populacdes de BAL, fungos didosos e leveduras
(KREMPSER et al., 2011).

2.5 Metabolismo de glicerol por microrganismos

O glicerol é uma fonte de carbono assimilavel pmtérias e leveduras
sob condicdes aerdbicas e anaerdbicas (GANCEDO; EDO; SOLS, 1968;
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TACCARI et al., 2012). A assimilacdo de glicerolvelve o transporte passivo
(GANCEDO; GANCEDO; SOLS, 1968) e transporte atidEYES, 2004) por
meio da membrana plasmatica. O crescimento de rgamsmos em fontes de
carbono alternativas aos carboidratos, como exeroplglicerol, requer a
capacidade de sintetizar hexoses (gliconeogénesessarias para a producao
de varios componentes celulares (MOAT; FOSTER; SRBER, 2002;
WALKER, 1998).

A metabolizacdo desse composto € dependente ddig@es de cultivo
e da cepa utilizada (TACCARI et al., 2012). Emsefatores que influenciam o
metabolismo de glicerol, o fornecimento de oxigéaigprovavelmente o de
maior importancia devido as reacfes de oxidacdedacBo que alteram os
produtos finais do metabolismo (POLADYAN et al.,12). O suprimento
limitado de oxigénio durante a fermentacao do ghickavorece a producéo de
1,3-propanodiol, etanol e acido acético (XIU et 2007; ZHAO; CHEN; YAO,
2006). Condicdes adversas de temperatura e pHragetxpressao de genes que
codificam a sintese de enzimas responsaveis peidatsmo de fontes de
carbono como o glicerol (BARBIRATO; SOUCAILLE; BORE, 1996;
GONZALEZ et al., 2008; POLADYAN et al., 2013). Asag metabdlicas para
utilizacdo do glicerol sdo semelhantes para lewderbactérias resultando na
producdo de acidos organicos, carotendides, lipfdewobiano e biomassa
microbiana (PASTERIS; SAAD, 2009; TACCARI et alQ12).

Até hoje foram relatadas trés vias para metabdlzagde glicerol: a
principal via envolve a enzima glicerol quinase tpsforila o glicerol a glicerol
3-P; um gliceraldeido 3-P desidrogenase oxida aeglideido 3-P a
dihidroxiacetona-P (GANCEDO; GANCEDO; SOLS, 1968ASERIS;
SAAD, 2009). Uma segunda via envolve a enzima glicdesidrogenase que
oxida o glicerol a dihidroxiacetona, que ¢é fostmd por uma dihidroxiacetona

quinase resultando em dihidroxiacetona-P. A dihideetona-P é um
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importante intermediario para gliconeogénese, assimo para obtencdo de
varios compostos por meio de vias oxidativas. [Beesites compostos estdo o0s
acido citrico, acido succinico, &cido acético, adittmico, 4cido latico e etanol
(BARBIRATO; SOUCAILLE; BORIES, 1996; PASTERIS; SAAD2009).
Uma terceira via envolve a enzima glicerol desafat Por meio desta enzima,
o glicerol é desidratado a 3-hidroxipropionalde(@d1PA). O 3-HPA pode ser
transformado em acroleina por desidratacdo quisvbacondi¢des acidas ou
sob altas temperaturas. O 3-HPA também pode seridedpela enzima NADH
dependente 1,3-propanodiol desidrogenase a 1,2upodpl ou pode ser
oxidado a acido 3-hidroxipropiénico (PASTERIS; SAAIDO09).
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2.5.1 Bactérias

Cepas de BAL heterofermentativas das espécidsevis, L. buchneri,

L. collinoidese L. reuteri podem utilizar o glicerol como um aceptor final de
elétrons na co-fermentacdo anaerdbia com glicosKESSON, 2004).
Algumas cepas de. brevisfermentam glicose deficientemente em condi¢bes
anaerobicas. Entretanto, outras cepas fermentaoosgli se glicerol for
adicionado. Os produtos da co-fermentacdo saotdactaetato, COe 1,3-
propanodiol. Nesse caso, o NADH formado duranterméntacdo da glicose
nao € re-oxidado pela via do etanol, mas sim atilip glicerol como aceptor
final de elétrons. O glicerol é primeiramente dedambdo a 3-
hidroxipropionaldeido (3-HPA) e posteriormente &da a 1,3-propanadiol por
uma NAD' 1,3-propanodiol desidrogenase (AXELSSON, 2004).

L. reuteri fermenta glicose tendo lactato, acetato, etanGOg como
produtos finais, mas, mudancas na propor¢do pai® acatato/ menos etanol
ocorrem quando glicerol € adicionado (TALARICO kf 4990). A mesma via
para reducdo de glicerol a 1,3-propanodiol querecemL. brevismostrou-se
funcional emL. reuteri (SCHUTZ; RADLER, 1984). Entretanto, algumas
diferencas na resposta a presenca de glicerol esfr@s espécies podem ser
notadas. Células em repouso ldebrevis metabolizando glicerol acumularam
1,2-propanodiol, enquantd. reuteri sob essas condicdes acumularam e
excretaram o intermediario 3-HPA (SCHUTZ; RADLERS#). Esse composto
€ um potente antimicrobiano, denominado reuteB#&STERIS; SAAD, 2009).
Na presenca de glicerol, cepasldérevis e L. collinoidesambém fermentam o
lactato formado inicialmente a partir da glicosacgtato, etanol, CQe 1,3-
propanodiol (CUNHA; FOSTER, 1992). A formacédo d2-gropanodiol a partir
da fermentacdo do glicerol também foi observada emerobactérias
(GONZALEZ et al.,, 2008). A producdo de 1,3-propadnbda partir da
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fermentacdo anaerdbia do glicerol também foi olaskxvemL. diolivorans
sendo a maior producdo observada em meio contefidod de glicose para 1
mol de glicerol e suplementado com vitamina @FLUGL et al., 2012).

A adicdo dd.. coryniformis394 em silagem de palha de arroz contendo
1% de glicerol resultou em silagens com menoresreal de pH, menores
populacdes de BAL e de clostridios e maior conegéty de 3-HPA quando
comparada com silagens tratadas cam rhamnosuse glicerol ou L.
coryniformes sem glicerol (TANAKA et al.,, 2009). Em vinho, ap&s
fermentacdo alcodlica, quando os acglcares se esgataglicerol pode ser
utilizado por BAL para manter sua viabilidade. Dependo de como esse
glicerol é utilizado, ele pode ser responsavelmodificacfes na qualidade do
vinho. A cepa dd.. hilgardii X;B isolada de vinho foi capaz de degradar o
glicerol e produzir 3-HPA e acido acético (PASTERERAAD, 2009), ambos
compostos indesejaveis durante a vinificacdo, podiEsejdveis durante a

ensilagem.

2.5.2 Leveduras

Em microrganismos eucariéticos, o glicerol constitu principal
composto regulador de variagfes de atividade da aguambientes altamente
osmofilicos (BRISSON, 2001; WANG et al., 2001).r@nsporte do glicerol por
meio da membrana celular constitui a primeira etage@ seu metabolismo.
Gancedo, Gancedo e Sols (1968) observaram queembi@se Candida utilis
cresce mais rapidamente gBaccharomyces cerevisaendo como fonte de
carbono o glicerol. Esse fato foi atribuido & mdiarilidade de difusdo do
glicerol pela membrana plasmaticaGleutilis. Varias espécies de leveduras dos
génerosCandida, Pichia, SaccharomycesTorulopsisassimilam glicerol por

meio da enzima glicerol-quinase na via fosforiktivEspécies do género
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Hansenula assimilam glicerol pela via fosforilativa e oxidati (TANI;
YAMADA, 1987). A expressao de enzimas dessas viaspémida durante o
crescimento celular em substratos fermentescivaamoc glicose, mas
desregulado quando glicerol ou etanol é utilizadma@ a principal fonte de
carbono (GRAUSLUND; RONNOW, 2000).

2.6 Metabolismo de metanol por leveduras

Leveduras metilotréficas sdo leveduras capazesaeaimetanol como
Unica fonte de carbono, um ndmero limitado de eepéce leveduras
apresentam essa caracteristica. Inicialmente, iecagfib biotecnoldgica dessas
leveduras ficou limitada a producéo de biomasgmsteriormente observou-se
gue elas eram excelentes hospedeiras para prodiecooteinas heterdlogas
(HARTNER; GLIEDER, 2006). Essas leveduras forameoksdas dentro de
quatro génerosHansenula Pichia, Candida e Torulopsis (HAZEU; DE
BRUYN; BOS, 1972), sendo as espéci®chia pastoris Hansenula
polymorpha (Pichia angust® Candida boidinii e Pichia methanolica os
representantes mais importantes (CEREGHINO; CREXBQY).

Diferentes espécies de leveduras metilotroficdzatn uma mesma via
para catabolizar metanol, essa via é fortementdadg em nivel de transcricao
(ELLIS et al., 1965; ROGGENKAMP et al., 1984). Comma parte da via de
utilizacdo de metanol acontece nos peroxissomo®rreocuma grande
proliferacdo dessas organelas sob inducdo de nheta@opasso inicial no
metabolismo do metanol é a oxidacdo desse compdstanaldeido e peréxido
de hidrogénio por uma alcool oxidase. O peréxiddiideogénio, que é toxico
para as células, é quebrado em oxigénio e aguagtalases. O formaldeido
pode ser tanto oxidado por duas reacdes subsegudateehidrogenases ou

assimilado no metabolismo celular pela condensacio xilulose 5-P. Esta
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Ultima reagdo de condensacdo peroxisomal é cataligar uma transquetolase
chamada dihidroxiacetona sintase, que convertéubpsé 5-P e o formaldeido
em compostos de 3C. Desses compostos, a dihidetsiza e o gliceraldeido 3-
P sdo, posteriormente, metabolizadas no citosd.rBacdes de dehidrogenases
conhecidas como via dissimilativa, o formaldeidage com a glutationa
formando S-hidroximetilglutationa que é oxidada dunas reacdes consecutivas
(glutationa e NAD dependente formato dehidrodrogenase) formandaddidie
carbono. Em geral, a expressédo dos genes que megslaias de metabolismo
do metanol é reprimida pela glicose e etanol efoente induzida pelo metanol
(HARTNER; GLIEDER, 2006).
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ABSTRACT

BACKGROUND: The aim of this study was to screen new strairaaifc acid
bacteria (LAB) from sugar can&#&ccharunspp.) silage with different ensilage
times. Fourteen wild LAB strains were evaluated.eSeh strains were
characterised biochemically (APl 50 CHL, BioMériguand identified by
sequencing of 16S rRNA.

RESULTS: The isolates were identified asctobacillus plantarumL. brevis
andL. hilgardii. Different fermentation profiles were observed amstrains of
the same species. The silages inoculated withlantarumspecie showed the
highest yeast population, ethanol concentrationdigdnatter loss. The silages
inoculated withL. brevisUFLA SIL 17 and UFLA SIL 24 and.. hilgardii
UFLA SIL 51 and UFLA SIL 52 strains showed smaltiey matter (DM) loss
and neutral detergent fibre (NDF) content. Thegsita inoculated withL.
hilgardii UFLA SIL 51 and UFLA SIL 52 strains resulted in 5&¥d 94% more
acetic acid and 1,2-propanediol, respectively, wbempared with inoculated
silage.

CONCLUSION: Inoculation withL. plantarumstrains was not beneficial for
sugar cane silage. Obligatory heterofermentatix@ins showed better silage
quality. L. hilgardii (UFLA SIL 51, UFLA SIL 52) strains are promisingrfuse

in sugar cane silage.
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INTRODUCTION

Many factors contribute to the success of the mhtiermentation of
carbohydrate-rich foods, such as the fermentatiosugar cane Saccharum
spp.), traditional forage used in animal feed, tyaim Brazil. One of the main
difficulties with the conservation of this forage silage is the control of growth
of yeasts. Excessive yeast growth results in hégésrof dry matter (DM) loss.
The metabolic activity of lactic acid bacteria (LABlays a key role during the
fermentation of the silage and is chiefly respolesibr overall silage qualit$.

Each grass species has its own chemical chastatsrisuch as quality
and quantity of carbohydrates, protein, fibre attttocompounds that interfere
with the fermentation process, thus favouring dentgoups of microorganisms
able to utilise the available substrates. For tlason, the evaluation of
microorganisms destined for ensilage from differenltures should consider
these characteristiés> ® The compatibility between the forage and the itenau
strain used is a determining factor in the sucoéssing microbial additivé.In
the case of sugar cane ensilage, there are stddieenstrating differences in
the efficiency of inoculants containing LAB fromffdirent species or even
different strains of the same spedies.

The presence of epiphytic microorganisms alsouérftes silage
fermentation and LAB are naturally present on thdase of forage cropsin

most forage crops, this population is initially Idwt rapidly increases over the
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course of the fermentatidn” However, the use of microbiological additives may
promote the dominance of LAB and control the growth undesirable
microorganism$ in addition to promote a faster decrease in pHiecaThe
selection of microorganisms specialised for ensilaf each forage specie has
garnered interest among researchers and compamiéscpg microbiological
additives® ®Despite the great potential for LAB use as stastétures in silage,
the results of using these inoculants have beetrax@rsial depending on the
substrate used and the parameters evaldaiebherefore, it is important the
study the action of inoculants throughout the fertaton process.

The objective of the present study was to scrémins of LAB isolated
from sugar cane silage, with particular interestim species that are capable of
reducing DM loss, and thus maintain the nutritizdue of forage. The strains
were identified at the biochemical and moleculaveleusing 16S rRNA
sequence analysis. The chemical and microbiologioahposition and silage

fermentation characteristics were also studied.

MATERIALS AND METHODS
Biochemical and molecular characterisation of the tilised additives

The new strains were isolated from sugar cangesilaelected through
laboratory tests (Avila et al. unpublished data) Belong to a culture collection

of the Laboratory of Microbial Physiology and Geogtat Department of
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Biology / Federal University of Lavras (UFLA). Claaterised strains belonging
to the genusactobacilluswere evaluated for the production of metaboliaew)
the strains with the highest production of lactiida acetic acid and propionic
acid were selected for evaluation in PVC silos.

The strains were biochemically characterised eyuse of APl 50 CHL
kits (BioMérieux). Gas production was evaluatedMRS (De Man Rogosa
Sharpe) broth (Oxoid CM361, Basingstoke, Hampshiagland}’. These
strains were also identified by sequencing thei® tBNA. Each isolate was
grown in MRS agar plates during 24h at 30°C antbctadd with a sterile pipette
tip and resuspended in 40 ul of PCR buffer. To@a@hithe DNA template the
suspension was heated for 10 min at 95°C, and 2vad used in PCR
experiments to amplify the full-length 16S regidm approximately 1500-bp
fragment of the 16S rRNA was amplified using thewiard primer 27f
(5’AGAGTTTGATCCTGGCTCAG3) and the reverse primer 512r
(5’ACGGCTACCTTGTTACGACT?3'). The PCR products wereegsienced
using an ABI3730 XL DNA Analyzer (Applied Biosystem Foster City,
California, CA). The sequences were compared td3beBank database using
the BLAST algorithm (National Center for Biotechogy Information,

Maryland, USA).
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Forage and ensilage conditions

The silages were made in three different days,eath day one
replication of each treatment (different straing atifferent time of silage
fermentation) were made. In each day, fresh-cutaisugane that was
approximately 12 months old, was manually harvestad chopped (PP-47,
Pinheiro, Itapira, SP, Brazil) to a length of 10 mixperimental silos (mini-
silos) were used in the form of PVC tubes 10 cnméier and 60 cm length.
The tubes were sealed with tight lids containingn&n valves for gas release.
Three silos were prepared for each evaluation #2y30, 61 and 126 days) with
one of the 14 strains plus a control treatment. @ inoculants were pre-
cultured in the laboratory and on the ensilage wWaye enumerated on MRS
agar. The inoculation concentration was of 1.8 %cf0 g* of fresh mater (FM).
The inoculants were mixed with deionised water apdayed in the forage,
resulting in an application volume of 14.3 L tforiThe same volume of pure
distilled water was added to the control treatm@nseparate sprayer was used
for each treatment to avoid cross-contaminatiochEdo was packed with 3 kg
of wet forage to achieve a packing density of apipnately 666 kg rif of FM.
The weight of empty and full silos was recordede FHos were sealed, stored at
room temperature (25°C + 1.5°C) and protected Bonlight and rain. After 12,

30, 61 and 126 days of ensilage, the full siloseweeighed and opened. The
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loss of DM was calculated using weights of the Ddntents of fresh forage and

silage.

Analytical procedures

To obtain the aqueous extract, a 25-g sampleeshfforage or sugar
cane silage was blended in 225 mL of 0.1% sterigptqme water and
homogenised in an orbital shaker for 20 min. Thegbtldach sample was then
determined (DIGIMED® DM 20 Potentiometer, Digicromstrumentos, SP,
Brazil). Aqueous extracts (2 mL) were acidified lwitO uL of 50% (vol/vol)
H,SO, and frozen prior to analysis of fermentation enodpcts. The acidified
agueous extracts were analysed for acetic acidyribuacid, propionic acid,
lactic acid, ethanol and 1,2-propanediol by highfgmenance liquid
chromatography according the method described byalt® et al” The DM
contents of each sample was determined using adataft oven at 55°C for 72
h. Dried samples were ground in a Wiley-type grinttheough a 1-mm screen.
DM at 105°C was determined according AOAC (1890eutral detergent fibre
(NDF) was analysed using the sulphite method asritbesl by Van Soestt
al.'?, using an Ankom 200 Fiber Analyzer (Ankom Techmi#s, Macedon,
NY). Water soluble carbohydrates (WSC) were analyseing the phenol

method*®
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Microbiological analyses

The other portion of agueous extracts was usedefarmmeration of
microorganisms. Sequential ten-fold dilutions werepared to quantify the
microbial groups. Yeasts and filamentous fungi wemamerated on Dichloran
Rose Bengal Chloramphenicol Medium (DRBC, Difco;ct®a Dickinson,
Sparks, MD, USA). The plates were incubated at 28tC72 h. Yeasts were
distinguished from filamentous fungi by colony apmnce and cell
morphology. For enumeration of LAB, pour plating@®eMan Rogosa Sharpe
agar plus nystatin (4 mL1) was used. The plates were incubated at 30°C2for 7
h. Colonies were counted on plates containing amuim of 30 and a maximum

of 300 cfu.

Statistical analysis

The experiment was carried out in randomised ldpaach block
corresponds to a day of silage production. Thetrtreats were assigned in a
factorial arrangement, consisting of 15 experimgid$ LAB strains and a
control without inoculant) and four silage fermdiua periods (12, 30, 61 and
126 days). For each inoculant, there were prepagedilos (three replications
and four opening days), totalling 180 experimentats. The data were analysed

by SISVAR ®, by a model containing the fixed effedf blocks, inoculants,
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days of ensilage and the interactions between rtbeulants and the days of
ensilage. The means were compared using Scott-kasit

The principal component analyses (PCA) were perdarmising the
software XLSTAT 7.5.2 (Addinsoft's, New York, N.YU.S.A.) for grouping
data of the fermentation products, DM loss, DM &OF with evaluated
strains. The data utilized in the PCA analysis wetated to the average results

of all ensiling periods evaluated.

RESULTS
Biochemical characteristics and molecular identifiation of strains

The characteristics, identification and APl 50 CHBioMérieux)
fermentation patterns of selected strains are shiawhables 1 and 2. The.
brevisUFLA SIL 33, UFLA SIL 17, UFLA SIL 24, UFLA SIL 2%nd, UFLA
SIL 27 andL. hilgardii, UFLA SIL 51 and UFLA SIL 52 strains produced gas

when cultivated in MRS broth.
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Table 1. Properties and identification of the lactic acakcteria (LAB) strains

evaluated.
Strain Involved Gas ~ Biochemical _ Molecular
acid production identification identification

UFLASIL19 Lactic - L plantarum99,9% - {E?é'é%&”s%?%%
UFLASIL32  Lactic - L. plantarum99,9% '-'(ﬁ'l\"jl‘rz“f‘é;;“fi‘;/f’
UFLA SIL 33  Lactic + L. brevis96,3% IEF?;\;I;%O/;)
UFLA SIL 34  Lactic - L. plantarum99,9% L(ﬂﬁgtféggnfi;/"
UFLASIL17  Acetic + L. brevis99,8% 'Z'F?ég‘ggz’/l")
UFLA SIL 24  Acetic + L. brevis99,9% tp\?éez\ggigtyf)
UFLASIL25  Acetic + L. brevis96,3% tp\?éez\ggigyf)
UFLASIL27  Acetic " L. brevis96,3% 'E'F?;‘;igigf’/l")
UFLASIL 35  Acetic - L. plantarum99,9% L(ﬂﬁgtféggnfi;/"
UFLA SIL 41 Propionic - L. plantarum99,9% L(Eﬁgtfé;rgnfi;/"
UFLA SIL 42 Propionic - L. plantarum99,6% L(Eﬁgtféggfi;/"
UFLASIL 46 Propionic - L. plantarum99,6% L'(ﬁ',\";l‘rz‘tf‘éggnfj‘;/f’
UFLASIL51 Propionic  + L. buchnerio9,8% '-('th\i/'lgalr%g%?;/)‘)
UFLA SIL 52 Propionic + L. buchneriog,8% L hilgardii 99%

(HM217953.1)

*Involved acid in the screening process based oprb@uction of metabolites in sugar
cane broth (Avila et al unpublished data);

2 From MRS broth;

$Sequencing of 16S rRNA,;

“The number in parentheses refers to the accessmt@kn-Bank.

All strains of the evaluated lactic acid bacterierevable to ferment L-

arabinose, D-ribose, D-glucose, D-fructose and Mewa. None of the strains
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produced acid from glycerol, erythritol, D-arabirp$.-xylose, D-adonitol, L-
sorbose, dulcitol, inositol, inulin, starch, glyesg xylitol, D-lyxose, D-tagatose,
D-frucose, L-frucose, D-arabitol and L-arabitol. Ang the strains identified as
L. plantarum UFLA SIL 19, UFLA SIL 32, UFLA SIL 34, UFLA SIL B and
UFLA SIL 41 fermented a higher number of carbohyesaTable 2). Among
these carbohydrates, the sucrose, that is the ozabbohydrate present in the
sugar cane. The strains UFLA SIL 42 and UFLA SIL, 4Bo identified a%.
plantarum were able to ferment 21 carbohydrates, but ditl presenting
fermentation positive results for sucrose, metiiyhmannopyranoside and D-
rafinose.

The strains identified ak. brevisalso showed differences in use of
carbohydrates, but none produced positive sucresaehtation results (Table
2). The strains UFLA SIL 17 and UFLA SIL 24 werdealo use, respectively,
twelve and fifteen carbohydrates and were difféeaded only by the ability to
use potassium gluconate, potassium 2-ketoglucoraatd potassium 5-
ketogluconate. The remaining evaluated straind..obrevis fermented eight
carbohydrates and were differentiated from therabains by the incapacity to
produce acid from methyb-xylopyranoside, D-mannitol, methyb-
glucopyranoside, N-acetylglucosamine, potassiumcayiate, potassium 2-

ketogluconate and potassium 5-ketogluconate.
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The strains UFLA SIL 51 and UFLA SIL 52 were biontieally
identified asL. buchneri(99.8%) and were able to ferment eleven different
carbohydrates, including sucrose (Table 2). Thestigins were also identified
by the sequencing of the 16S region of the rRNAdafirm the biochemical
identification. The sequencing results identifibé strains UFLA SIL 51 and
UFLA SIL 52 asL. hilgardii (98%). In the identification of other 12 straitise

sequencing results confirmed the biochemical ifieation.



Table 2. Fermentation patterns (evaluated using API 50 Gtfibs; BioMerieux) of lactic acid bacteria strasmsluated.

UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA

Item SIL SIL SIL SIL SIL SIL SIL SIL SIL SIL SIL SIL SIL SIL
19 32¢ 33% 34¢ 171 24% 25% 27% 35¢ 41e 42¢ 466 51* 52*

D-Galactose + + + + + + + + + + + + - -
D-Glucose + + + + + + + + + + + + + +
D-Fructose + + + + + + + + + + + + + +
D-Manose + + - + - - - - + + + + - -
L-Rhamnose w w - w - - - - - w w w - -
D-Manitol + + - + + + - - + + + + _
D-Sorbitol + + - + - - - - + + + + - -
Methyl-aD- _ + + } + R R R R + + R - - R
Mannopyranoside
Methyl-aD- } i} w i} + + w - - - + + - -
Glucopyranoside
N- . + + w + + + w w + + + + - -
Acetylglucosamine
Amygdalin - - - - - + + + + R R
Arbutin + + - + - - - - + + + + - -
(I:Eifrc;l:gn ferric + + w N i i w ) N . . . ) )
Salicin + + - + - - - - + + + + _ _
D-Celobiose + + - + - - - R + + + + R R
D-Maltose + + + + + + + + + + + + + +
D-Lactose + + - + - - - _ + + + + ) )
D-Melibiose + + + + + + + + + + + + - -
D-Saccharose + + - + - - - - + + - - + +
D-Trehalose + + - + - - - R + + + + R R
D-Melezitose + + - + - - - - + + + + + +
D-Rafinose + + - + - - - - + + - - + +
Gentiobiose + w - + - - - - w + + + _ _

¥9



D-Turanose + + - + - - - - + + . . - i
Potassium

w w w w w + w w w w - - + +
Gluconate
Potassium 2- } ) i} } ; i _ _ _ , . - - -
Ketogluconate
Potassium 5-

- - w - w + w w - - - - + +

Ketogluconate

'+ = Positive reaction; — = negative reaction; and weakly positive reaction. All strains gave négatesults for glycerol,
erythritol, D-arabinose, L-xylose, D-adonitol, L¥bose, dulcitol, inositol, inulin, starch, glycogesylitol, D-lyxose, D-tagatose,
frucose, L-frucose, D-arabitol, L-arabitol.

¢ L. plantarumspeciet L. brevisspecie* L. hilgardii specie

<9
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Fresh forage

The characteristics of the sugar cane prior toetiglage are shown in
Table 3. LAB, filamentous fungi and yeasts wereeobsd in the forage at
population levels of 7.51, 5.07 and 5.72 log cfuog forage, respectively. The
average density obtained after the sealing of the-silos was 634 kg i of
fresh forage.

Table 3. Chemical and microbial composition of fresh whplant of sugar

cane.
ltem Mean / Standard deviation
Lactic acid bacteria (log cfu'gresh forage) 7.51+ 0.617
Yeasts (log cfu §fresh forage) 5.72 £0.186
Filamentous fungi (log cfubfresh forage) 5.07 £ 0.153

pH 5.75 + 0.046

Dry matter (DM) (g kd) 282 +1.17

Neutral detergent fibre (g KdpM) 480 + 1.78

Water soluble carbohydrates (g'KgM) 247 £0.92

Density (kg n?) 634.1 +19.9

"Each mean wasbtained in nine replicates.

Chemical composition of the silages and fermentatévloss

The addition of different strains influence@l<€ 0.01) the concentrations
of DM, NDF and the losses of DMP(< 0.01) (Table 4). The silages inoculated
with theL. hilgardii UFLA SIL 51 and UFLA SIL 52 andl.. brevisUFLA SIL

24 and UFLA SIL 17 strains resulted in the loweMt @sses. These strains also
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presented the highest concentrations of DM andldivest concentrations of
NDF. In these variables also occurred modificatidngng the ensilage dayP (

< 0.01). However during the ensilage period, albgg#s showed similar
behaviour (non-significant interaction between fdmtors). The concentration of
DM decreased, while those of NDF and the losseBMfincreased from the
twelfth to the sixty-first day of fermentation. Ote sixty-first day, the

concentrations of these variables stabilised (FAgand 1B).

No significant difference in pH values of the gida was observed
between the inoculated straiid £ 0.98). Thus, the modifications that occurred
throughout the fermentation time were similar betwéhe silages, in which the
pH was stable until the 61th day of fermentatiommnfrthe 61th to the 126th day
of fermentation, an increase in pH was observegl (ET).

When WSC concentration was examined, a significatéraction
between the factors strains and days of ensilBge.01) was observed (Table
5). The differences between the strains were obgemntil day 30 of ensilage.
At twelve days, the lowest concentration of WSC whserved in the silages
treated with the. hilgardii UFLA SIL 51and UFLA SIL 52 strains and the
highest concentration was observed in the silageuilated with the straif.

plantarumUFLA SIL 19 strain (Table 5).
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Table 4. Dry matter (DM), neutral detergent fibre (NDF) ab¥ loss (DML)

(DM basis) of sugar cane silages with novel inoatda

DM NDF DML

Inoculants

g kg' DM % of ensiled DM
Control 263 b 571b 16.4 ¢
UFLA SIL 19 250 ¢ 623 a 21.3a
UFLA SIL 32 250 c 631 a 21.2 a
UFLA SIL 33t 270 a 576 b 146 ¢
UFLA SIL 34 248 ¢ 651 a 229 a
UFLA SIL 17 270 a 556 b 13.1d
UFLA SIL 24t 275 a 569 b 12.5d
UFLA SIL 25¢ 267 b 565b 142 c
UFLA SIL 27 271 a 570 b 13.9c
UFLA SIL 35 251c 638 a 21.4 a
UFLA SIL 41¢ 250 c 639 a 20.5a
UFLA SIL 42 255 ¢ 630 a 18.4 b
UFLA SIL 46¢ 253 ¢ 642 a 18.6 b
UFLA SIL 51* 274 a 578 b 11.4d
UFLA SIL 52* 269 a 590 b 11.8d
SEM { 2.21 7.81 0.89

Probability for the effects contained in the model.

Inoculants (1) <0.01 <0.01 <0.01
Days of ensilage (DE) <0.01 <0.01 <0.01
| x DE 0.37 0.58 0.77

"For each column, means values with different stettrs are significant at P <
0.05 by Scott—Knott test.Standard error of the mearsl. plantarumspecie t
L. brevisspecie, *L. hilgardii specie.
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Throughout the ensilage, the highest average losks88SC occurred
from 12 to 30 days (52.6%). From the 61th and 128ths of fermentation,
there was no difference between the WSC concemtiathf the silages and the
WSC disappearance were of 42% (Table 5).

There was a interactiorP (< 0.01) between the added strains and the
days of ensilage in regards to the concentratibeshanol, 1,2-propanediol and
of lactic, acetic, propionic and butyric acids. Teeception was for thé.
hilgardii UFLA SIL 51 and UFLA SIL 52 strains, which showemM rates of
ethanol throughout the fermentation, the silagestéd with the other strains and
the control silage resulted in an increase in thareol concentration during the
ensilage period. Ethanol concentration was the masstanding differences
between silages after the thirtieth day of fermeémta On the 126th day of
ensilage, the strains UFLA SIL51 and UFLA SIL52 wkd the lowest

concentrations of ethanol.



Table 5. Effects of inoculation with different strains aofidifferent days of ensilage on the concentratioinsater

soluble carbohydrate (WSC), ethanol and lactic ac&ligar cane silages.

Days of Inoculants (strains)
E“S”ag o UFLA _ UFLA _ UFLA _ UFLA _ UFLA _ UFLA _ UFLA _ UFLA _ UFLA _ UFLA _ UFLA _ UFLA _ UFLA _ UFLA
SIL19¢  SIL32¢  SIL33f SIL34¢  SIL17f  SIL24f SIL25%  SIL27¢  SIL35¢  SIL4le  SIL42¢  SIL46¢  SIL51*  SIL52*
WSC (g kg* of DM)
12 136.2bA 171.4aA 1485bA 110.3cA 128.8bA 1053cA 1096 117.3cA 113.1cA 1445bA 1387bA 1345bA BMWA 755dA 66.7dA
30 78.1 aB 88.1 aB 728aB 33.4bB 695aB 49.8bB7.4aB 349bB 46.7bB 73.1aB 60.2 aB 56.6aB 868. 41.2bB 38.2bB
61 253aC 33.6aC 323aC 232aB 21.8aC 255a.5aC 30.8aB 24.0 aC 246 aC 31.6 aC 254aC 2axl. 234aB 21.1aB
126 13.1aC 14.1 aC 14.6 aC 13.1aB 14.2 aC 13.7 a2.0 aC 13.3aB 13.8 aC 135aC 13.8 aC 159aC .5a2 20.9aB 19.4 aB
Inoculants Days of ensilage Inoculants x Days aflage SEM
Level of significance
<0.01 <0.01 <0.01 7.56
Ethanol (g kg™ of DM)
12 26.7 bB 48.9 aC 514 aC 19.3bB 73.8 aC 23.2 aB7.0 bB 11.2 bB 18.1 bB 61.5aC 45.2 aC 55.2aB 38€ 27.9aA 35.7 aA
30 46.6 dB 90.1cB 1133bB 735cA 1645aB 3B5d46.1dB 853cA 70.1cA 1314bB 148.0aB 857cB174bB 38.6dA 38.2dA
61 137.1bA 189.3aA 210.1aA 87.2cA 217.8aA A2 944cA 889cA 102.7cA 1858aA 2083 aA B3IA 1804aA 399dA 444dA
126 104.2 cA 174.0aA 1715aA 723cA 207.1aA 18R 80.2 cA 77.3 cA 77.2cA 200.5aA 137.6bB B38A 144.1bB 324dA 36.0dA
Inoculants Days of ensilage Inoculants x Days sflage SEM
Level of significance
<0.01 <0.01 <0.01 14.14
Lactic acid (g kg* of DM)
12 17.2cB 42.6 aB 41.8aA 30.1bA 40.8aA 28.4 bE28.2 bB 275bA 29.8bA 34.1bB 40.1 aA 33.8bB 13B 316 bA 32.0bA
30 25.2bB 41.4 aB 239bB 285bA 383aA 254bR7.2bB 273bA 29.0bA 420aA 426aA 383aB 53B 324bA 31.0bA
61 46.6 aA 55.3 aA 51.8aA 345bA 485aA 355bA36.4bA 36.8bA 357bA 43.7aA 479aA 481aA T48A 346bA 31.0bA
126 48.6 aA 47.1 aB 43.8aA 29.6bA 458aA 36.9bAB75bA 339bA 345bA 48.1aA 42.3 aA 54.7 aA .048A 30.0bA  27.6 bA

1L



Inoculants Days of ensilage Inoculants x Days aflage SEM
Level of significance

<0.01 <0.01 <0.01 3.30

" For each row, mean values with different lowerdegters are significant at P < 0.05 by Scott—Knest. For each column, mean
values with different capital letters are signifitat P < 0.05 by Scott—Knott tedtStandard error of the means of two-way
interactions (inoculants and days of ensilage). plantarumspeciet L. brevisspecie, *L. hilgardii specie.

ZL
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The silages inoculated witlh. plantarum strains produced higher
quantities of lactic acid than the silages ino@dawithL. brevisandL. hilgardii
strains (Table 5). In the silages inoculated wlith $trains UFLA SIL 33, UFLA
SIL 34, UFLA SIL 25, UFLA SIL 27 and UFLA SIL 41,tal2 days of
fermentation, the concentration of lactic acid mehknd did not increase until
the 120th day. However, for other silages, the entration increased at varying
rates.

With the exception of the silages treated with ltheglantarumUFLA
SIL 34, UFLA SIL 27, UFLA SIL 35, UFLA SIL 42, UFLASIL 46 andL.
brevisUFLA SIL 27 strains, the presence of acetic acidhia silage increased
showing the highest values observed after 126 dadyensilage (Table 6).
Considering all periods evaluated, the highest amer of acetic acid
concentrations were observed in the silages inteilavith thel. hilgardii
UFLA SIL 51 and UFLA SIL 52 strains, followed byetlsilages inoculated with
L. brevisUFLA SIL 33, UFLA SIL 25, UFLA SIL 24, UFLA SIL 2and UFLA

SIL 17.



Table 6. Effects of inoculation with different strains aofldifferent days of ensilage on the concentratioinacetic

acid, propionic acid, 1,2 propanediol and butyditlan sugar cane silages.

Inoculants (strains)

Days of ctr UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA
ensilage SIL19¢ SIL32¢ SIL33% SIL34¢ SIL17% SIL24% SIL25% SIL27% SIL35¢ SIL4le SIL42¢ SIL46¢ SIL51* SIL52*
Acetic acid (g kg* of DM)
12 33bB 1.6bB 1.6 bB 7.5aB 1.8 bA 7.3aB 6.6 aB 73aB 4an 14bA  14bB 2.6 bA 2.1 bA 7.6 aB 8.4 aB
30 2.8bB 2.0 bB 2.0bB 9.0 aB 3.3bA 5.0 bB 70aBll5aB 104aA 22bA 2gpB 2.6 bA 2.1 bA 128aB 12.2aB
61 9.7 bA 6.0 aB 3.9cB 9.8 bB 41cA 10.5bA 198 10.6bB  9.9bA 33cA 36cB 8.9 bA 3.2 CcA 19.7aA  225aA
126 10.9bA 11.1bA 9.2cA 20.3aA 7.3cA 12.9 bA 0.2aA 15.7 aA 13 bA 58CA 133DbA 5.8 CA 6.9 cA 215aA 20.6 aA
Level of significance Inoculants Days of ensilage Inoculants x Daysnsflage SEM
<0.01 <0.01 <0.01 1.92
Propionic acid (g kg* of DM)
12 4.0 aA 24 aA 4.3 aC 35aB 5.1aA 3.7aB 3.4aA3.1aB 3.4 aB 4.3 aB 4.4 aB 3.2aA 3.8aA 4.2 aA 5ah
30 1.8cA 25cA 5.5bB 6.5 aA 6.3 aA 4.8bB 4.8 bA 6.9 aA 6.5 aA 6.2 aA 7.0 aA 2.8CcA 4.0cA 4.6 bA .7 BA
61 3.1cA 3.4 cA 7.6 aA 7.4 aA 5.4 bA 6.5 aA 3.4cA 52bA 5.2 bA 6.4 aA 6.6 aA 3.3cA 3.5CA 40cA .14A
126 3.3aA 2.7 aA 1.9aD 1.8 aB 1.8 aB 1.4 aC AQa 19aB 1.8 aB 1.8aC 3.3aB 2.9aA 2.8 aA 2.2aB2.0aB
Level of significance Inoculants Days of ensilage Inoculants x Daysnsflage SEM
<0.01 <0.01 <0.01 0.63
1,2 propanediol (g kg' of DM)
12 0.5aA 0.5aA 0.3 aA 0.4 aA 0.5aA 0.5aA 0.4aA 34&A 0.4 aA 0.5aA 0.5aA 0.5aA 0.5aA 0.7 aD dnl
30 0.3cA 0.5cA ,0.5cA 0.5cA 0.5cA 0.4 cA 0.4cA .5@A 0.5cA 0.5cA 0.6 cA 0.6 cA 0.5cA 145bC .3aC
61 1.7cA 0.5cA 0.6 cA 0.6 cA 0.6 cA 0.7 cA 05cA 6@A 0.6 cA 0.6 cA 0.7 cA 0.6 cA 0.6 cA 32.8bA 32A
126 2.6 cA 0.5cA 0.5cA 0.6 cA 0.6 cA 0.7 cA 05cA OLA 0.5cA 0.6 cA 0.7 cA 0.7 cA 0.7 cA 30.3bB B4B
Level of significance Inoculants Days of ensilage Inoculants x Daysnsfilage SEM
<0.01 <0.01 <0.01 0.78
Butyric acid (g kg™ of DM)
12 0.8 aA 0.9 aA 1.2aB 0.8 aB 1.5aB 1.0aB 1.2aB laB 1.2 aB 0.7aC 1.3aB 1.0aA 2.4 aB 1.3aB aAl
30 0.4 aA 0.9 aA 15aB 21aB 2.1aB 15aB 1.3aB 9aB 25aB 1.8aC 1.8aB 0.4 aA 0.9 aB 1.3aB aA5

V.



61 0.0 bA 0.0 bA 3.3aA 25aB 4.9 aA 23 aB 26aB 6&B 3.6 aB 3.5aB 3.2aB 0.4 bA 1.9bB 1.2bB  HA3

126 0.0 dA 0.0 dA 5.3 bA 7.0 bA 5.9 bA 5.1 bA 5.1bA 3BA 6.7 bA 9.9 aA 7.0 bA 0.9dA 5.5 bA 5.4 bA 3R
Level of significance Inoculants Days of ensilage Inoculants x Dayseriilage SEM
<0.01 <0.01 <0.01 0.76

" For each row, mean values with different lowerdasers are significant at P < 0.05 by Scott—Krett. For each column, mean values with
different capital letters are significant at P €®by Scott—Knott testStandard error of the means of two-way interacti@ireatments with the
strains and days of ensilage).. plantarumspecie t L. brevisspecie, *L. hilgardii specie.

S/
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The concentration of propionic acid was variableotighout the
ensilage period for each strain (Table 6). Analysine averages of all of the
periods of evaluation, the silages treated withlthplantarumUFLA SIL 41,
UFLA SIL 32, UFLA SIL 35, UFLA SIL 34, and.. brevisUFLA SIL 17,
UFLA SIL 33, UFLA SIL 25 and UFLA SIL 27 strainssgted in the highest
concentrations of propionic acid (Table 6). In gahethe presence of 1,2-
propanediol in the silage was low and there wassigmificant difference
throughout the ensilage, except in the silages$edeaith thel. hilgardii UFLA
SIL 51 and UFLA SIL 52 strains. In these silagdse toncentration of the
metabolite increased from the thirtieth day of kg and was significantly
higher (Table 6).

During the ensilage period, no increase was obseirvthe butyric acid
concentration in the control silage and in theggtatreated with the UFLA SIL
19, UFLA SIL 42 and UFLA SIL 52 strains. The rema silages showed
increased butyric acid concentration. At 126 ddysrsilage, butyric acid was
not detected in the control silage or in silageatied with thelL. plantarum

UFLA SIL 19 strain.

Microbial population of the silages
There was a significant interaction between thdofacinoculants and

ensilage daysR < 0.01) in regards to LAB population (Fig. 2). Ad and 61
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days of ensilage, the greatest populations wererebd in the silages treated
with the L. hilgardii UFLA SIL 51 and UFLA SIL 52 strains, followed byeh
control silage. At 126 days of ensilage, a change abserved. The UFLA SIL
51 and 52 strains showed a great decrease in LABlation when compared to
the remaining silage. The silages treated withURr&A SIL 32, UFLA SIL 27
and UFLA SIL 46 strains resulted in an increas¢him populations of LAB at
126 days, while the silages with the remainingissraesulted in population
decrease from the twelfth day of fermentation.

There was no interaction between days of ensiegeadded strains on
the yeasts populatiorP(= 0.23). The addition of the new strains signifiban
modified the populations of yeasts in the silagBs<( 0.01). The silages
inoculated with thel. hilgardii and L. brevisstrains showed the lowest yeast
population, while silages treated with plantarumstrains showed the highest
yeast population (Fig. 3). During the fermentatjperiod, the population of
yeasts decreased from the thirtieth dBy<(0.01) (Fig. 1C). The presence of

filamentous fungi was not observed in the silages.
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Multivariate analyses

In order to obtain a better view of the relatiopshéetween the DM loss,
NDF, DM, fermentation products and the strain irlatad in silage, the average
of data from Tables 4, 5 and 6 were subjected itwcipal component analysis
(PCA). Figure 4 shows the biplot of PCA. The fi(BC 1) and second (PC 2)
principal components explain 58.6% and 19.9%, sy, of the total
variance.

A plot of the results (Fig. 4) shows the formatimfrtwo groups. One of
the groups is located on the negative part of ifs factor, and includes the
silages inoculated with obligatory heterofermentatiof L. brevis and L.
hilgardii strains; the other group is closely related topbsitive part of the axis,
and includes the silages treated with facultateetofermentativé. plantarum
strains.

Component 2 allowed for the differentiation of thiéages inoculated
with L. brevisstrains from the silages inoculated with hilgardii strains. The
obligatory heterofermentative strains were coreglatith high concentration of
acetic acid, 1,2-propanediol, DM and LAB populati@nithin this group the..
hilgardii UFLA SIL 51 and UFLA SIL 52 showed the highest py@panediol
production. High concentration of ethanol, NDF, timcacid and yeasts
population were correlated with high DM loss, dndplantarumstrains were

correlated with these variables (Fig. 4).
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Figure 4. Principal component analysis (PCA) of the ferméataproducts, dry
matter (DM), DM loss (DML), neutral detergent f0(NDF), water soluble
carbohydrates (WSC) population of lactic acid baatéLAB) and yeasts in
sugar cane silage treated with wild strains of LAB.

DISCUSSION
Among the studied strains, UFLA SIL 19, UFLA SIR,3JFLA SIL 34,

UFLA SIL 35, UFLA SIL 41, UFLA SIL 42 and UFLA SI46 were identified

asL. plantarum UFLA SIL 33, UFLA SIL 17, UFLA SIL 24, UFLA SIL 2 and
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UFLA SIL 27 were identified ak. brevis These species are commonly found in
silages and have been previously identified and aseinoculants in sugar cane
silage$ ° and other forage$:* **Two strains (UFLA SIL 51 and UFLA SIL 52)
were identified a4.. hilgardii. There were no data found in the literature about
the isolation, identification or use of these spedis a starter culture in forage
silages. There are reports on the occurrencelL.ofhilgardii in lactic
fermentations under acidic and anoxic conditiomsely resembling those that
prevail in silage and where several other spediésctobacillusare present..
hilgardii has been found during vinification and wine stet%g’in sugary kefir
grains® and during ricotta cheese natural fermentatidreinl et al® verified
that the metabolism of both hilgardii andL. buchneriare similar and possess
the ability to degrade lactic acid and form acetiid and 1,2-propanediol in
anaerobic conditior®.

The initial grouping of strains, based on the tgpecid produced, did
neither relate to further strain identification torthe carbohydrate fermentation
standards. As shown in Tables 1 and 2, straineeofame species may produce
different types of acid, as main products of thaaielism, as well as different
fermentation standards. These inconsistencies eaattbbuted to the fact that
physiological properties are based on phenotypicession possibly influenced
by regulation, whereas the PCR methods are stiietbed on DNA sequente.

Thus, bacteria of the same species can produagge i different enzymes that
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influence its ability to use different substrat€his also explains the divergence
in the relationship between the biochemical idératfon and the identification
through the 16S rRNA sequencing of two evaluategirst. The strains UFLA
SIL 51 and UFLA SIL 52 were biochemically identdieas L. buchner]
however, the results of the sequencing indicatey tiere strains of the species
L. hilgardii. The fact that these strains are physiologicalyl aenetically
correlated® ?* #can also explain the ambiguity in the identificatioThe
fermentative variety of the studied strains confinine need to select inoculants
not only by species but also by strain, as obsebyelvila et al®

The DM, WSC and NDF content in sugar cane priartsilage found in
this study was low but within the range of obsedorat reported previously in
the literature: > ' These characteristics are appropriate to providadequate
fermentation, mainly due to the high concentratbroluble carbohydrates. The
LAB count found in fresh sugar cane (7.51 cfuog forage) of the present study
was above that observed by Aviéa al® ® and Carvalht al” This epiphytic
microbiota of LAB, naturally present in forage csojg responsible for silage
fermentation and also influences silage qualitye Population of yeasts and
filamentous fungi found was within the variationsdebed in the literature for
this type of foragé.>’

DM losses during the fermentation of sugar canestifute the main

problem involved in the ensilage of this forageughthis should be the main
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characteristic evaluated in the selection of inaouktrains for the culture. The
L. brevisUFLA SIL 17 and UFLA SIL 24 and.. hilgardii UFLA SIL 51 and
UFLA SIL 52 strains showed, simultaneously the bresults, i.e. lower DM
losses, higher DM concentrations and lower NDF eafrations. These strains
presented obligatory heterofermentative metabolisvhgrein they were able to
produce gas during the growth in MRS broth (TableHeterofermentative LAB
can use both pentoses and hexoses to obtain efiedgy.contrast to
homofermentative metabolism these LAB produce iditamh to lactic acid,
ethanol and acetic acfdiWeak organic acids, such as acetic acid, actHibiin
the growth of yeast$; >>which are main responsible for the DM losses igasu
cane silages. As a consequence of the inoculatittintirese strains, the silages
resulted in lower DM losses (Table 5). IncreaseDM losses and NDF and
decrease in DM concentration throughout sugar fermeentation are common
characteristics during ensilajdn the present study, the increase in the DM
losses and in the NDF concentrations and the deeieahe DM concentrations
were more intense until the sixty-first day of dexpe. At this point, a
stabilisation was observed as evaluated and cosfirat 126 days of ensilage
(Fig. 1).

The decrease in the concentration of carbohydiduesg the ensilage
in all silages occurred quickly (Table 5). By th2tl day of fermentation, 50%

of the WSC were consumed and by the 126th day,ucopton reached 94%.
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Pedroscet al' also observed a decrease in WSC concentratidmeibeginning
of the fermentation of this forage. In the silagesculated with the.. hilgardii
UFLA SIL 51 and UFLA SIL 52 strains, the utilizati@f carbohydrates present
in the forage occurred more swiftly than in theagéds inoculated with the
remaining LAB strains and in the control silage.aAsonsequence, at 12 days of
fermentation, a lower concentration of carbohydrafEable 5) and a higher
LAB population (Fig. 2) was recorded in the silage=ated with these strains.
Despite the swifter initial use of WSC in the begig, its concentration in the
silages treated with these strains was not diftedrem the control silage and the
silages treated with the other strains at the dérahsilage process. These results
are different from the results obtained by Awiiaal? who observed different
concentrations of residual WSC in sugar cane slagth or without inoculants.
In their study, the WSC concentrations of the sfagnoculated withL.
buchneri,at 90 days of fermentation, was higher (18.5 g)kban in the non-
inoculated silages (12.7 g Ky

As a consequence of the lower population of ygargtsent in the silages
inoculated with the UFLA SIL 51 and UFLA SIL 52 a@ims, a lower
concentration of ethanol was also observed in thdsges (Table 5). During the
ensilage, the concentration of ethanol increaseddl isilages, with the exception
of those with the UFLA SIL 51 and UFLA SIL 52 smmai The presence of

ethanol in the silages is undesirable; despite ¢bimpound being a source of
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energy for ruminant§ it also indicates the growth of the yeasts and Db.
Although the heterofermentative LAB produce ethangdasts are mainly
associated with the presence of this metabolitsuigar cane silagés? The
higher concentration of ethanol, observed in tHagses inoculated with..
plantarum strains possibly resulted from the fermentative activifyyeasts in
those silages. The yeast population in those silagas higher than in the
control silage (Fig. 3).

Silages inoculated with. plantarumshowed lower concentrations of
acetic acid compared to silages inoculated witkroétrmentative strains (Table
6). This fact may have favoured the yeasts growtteraction between yeasts
and Lactobacillus in silages has not been previously described. Kewe
interactions of this type wherein LAB and yeastsiiact beneficially have been
observed in other types of fermentatt8ri” ?® *The lack of competition for the
main carbon source appears to be one of the piisitegufor the stability of
LAB/yeast associations in food fermentatiéhBead cell lysis also guarantees a
supply of amino acids. The interaction between tgeasd bacteria involves
stimulation or inhibition and the specific modeimteraction is dependent on the
type of yeasts as well as bactéfia.

The presence of lactic acid in the silage is carsid an indicator of
fermentation, but not necessarily an indicator wfcgessful fermentation. For a

successful fermentation, values above 30 § B! are typically desired! In
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the silages treated with tHe plantarum L. brevis UFLA SIL 33 andL.
hilgardii UFLA SIL 51 and UFLA SIL 52 strains this conceninat was
achieved by day 12 of fermentation, while the aansilage resulted in only
17.2 g kg' DM by that day (Table 5). At the 126th day of éaupe, the highest
concentrations of lactic acid were observed in ghage inoculated with the
strains identified a&. plantarum(UFLA SIL 19, UFLA SIL 32, UFLA SIL 34,
UFLA SIL 35, UFLA SIL 41, UFLA SIL 42 and UFLA SI46). The specié.
plantarumis classified as having a facultative heterofertaive metabolism.
The species is able to ferment hexoses and pentasest constitutively
expresses aldolase and phosphoketolase enZyrhestic acid is the main
product formed when the glycolytic pathway is uggdLAB to obtain energy
from hexose$® The L. brevis and L. hilgardii strains have an obligate
heterofermentative metabolism, that is, they made af the pentose phosphate
pathway and, thus, proportionally produce smallsandities of lactic acid than
L. plantarum

Weak organic acids such as, propionic, acetickangric acids, inhibit
the growth of yeasts and filamentous fuffgi®® However, the presence of
butyric acid in silage is undesirable becauseduces the acceptability of the
feed, and the consequent decrease of the intakaddition to its association
with fermentations by pathogenic bacteria of @stridium genus? The

increase in the butyric acid concentration as altre$ the inoculation with LAB
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13 observed

strains was previously observed by Carvatial.” Corsettiet a
that LAB species produce butyric acid during thenientation of carbohydrates.
The decarboxylation of 2-oxo acids and deaminatioamino acids are the two
possible routes for producing butyric, n-valerid gmopionic acids among these
genera’ Concentrations of butyric acid lower than 25 ¢ kaf DM in silages
are tolerablé? Thus, the concentrations of butyric acid obserivethe present
study may be considered low (Table 6). The silagested with the obligatory
heterofermentative strains showed the highest cirateons of acetic acid. In
particular, those silages treated with thehilgardii UFLA SIL 51 and UFLA
SIL 52 strains resulted in 55% more acetic acia tthe silages treated with the
remaining strains and control experiment. Somegahliry heterofermentative
LAB and other facultative heterofermentative stsailo not express or express
in a constitutive way acetaldehyde dehydrogenasgchwis one of enzymes
responsible for the reduction of acetyl-CoA intbaatol. Thus, the production of
ethanol is practically null in this group of LABand, consequently, there is an
increase in the concentration of acetic acid asah fermentation product.

The increase in acetic acid concentration throughioe fermentation
can be also resulted from the anaerobic conveisidhe lactic acid into acetic
acid and 1,2-propanediol, generally related to HpeciesL. buchneri*
According to the proportions of the lactic and &cedcids, and the 1,2-

propanediol observed in the silages treated wighstinains UFLA SIL 51 and
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UFLA SIL 52 (Tables 5 and 6), this conversion can ibferred. The LAB
degradation of the lactic acid may be associatdt thie preservation of cell
viability’, and also explains why the concentration of laaticl was lower and
the concentration of 1,2-propanediol and acetid a@s higher in the silages
inoculated with the strains UFLA SIL 51 and UFLALSB2 than that of the
control silage.

With the exception of the silages treated with sheinsL. hilgardii
UFLA SIL 51 and UFLA SIL 52, the concentration oRJpropanediol in the
silages was low and similar to levels observedhi d¢ontrol silage (Table 6).
The formation of the 1,2-propanediol is initiateg the conversion of lactate
into lactaldehyde by a lactaldehyde dehydrogen@ke. second step of 1,2-
propanediol formation is the conversion of lacthlge into 1,2-propanediol.
This step is catalysed by a putative lactaldehyettuctasé' This metabolic
pathway has been described for the buchneriand L. hilgardii species,
suggesting that the inoculated microorganisms rhase acted in an efficient
manner during the fermentation.

The concentration of propionic acid in the differesilages did not
showed large variation, even in the silages treatitk the L. plantarum L.
brevis and L. hilgardii strains that showed a greater production of thid ac
during pre-selection screening. In the case ofgs8anot inoculated with

Propionibacterium the presence of propionic acid may also be astautiwith
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the epiphytic presence af diolivorans’, which is able to use 1,2-propanediol
to produce propionic acid.

The silages inoculated with UFLA SIL 51 and 52utesd in higher
LAB populations until the sixty-first day of fermetion. The WSC
concentrations in the silages treated with thigis¢ralso decreased more rapidly
in the beginning of the fermentation, which coimddwith the high LAB
population observed in the same period. As thasénstwere able to ferment
the sucrose (Table 2), it is likely that they uieid carbohydrate to sustain their
growth, without requiring previous metabolic progsieg by other
microorganisms. The filamentous fungi populationgrev lower than the
detectable minimum in all the silages (< 2 log gft). This is agreement with

the results of a study by Avilat al® °

who did not observe the presence of
filamentous fungi after the sugar cane ensilage. ifhibition of fungal growth
can occur due to low oxygen and evaluated condé@rigaof lactic and acetic
acid or via through the actions of bacteriocinsdpiced by LAB present in the
silages®

The correlation among high ethanol and NDF conegiotr with the
highest DM loss in sugar cane silage has been wdbén others studi€sThis
study was the first to observe that in sugar calages lower DM loss were

correlated with the highest concentrations of I@pnediol and acetic acid.

Unlike observed in this study (Fig.4), in cdtmand gras® ** silages with high
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concentration of 1,2-propanediol and acetic acidevassociated with high DM

loss.

CONCLUSION

Inoculation with the new wild strains exerted ugfhce over the
microbiological and chemical compositions of thdages. The different
behaviours of the strains during carbohydrate fatat®on and throughout the
ensilage period reinforce the need to use spegtifiins selected for each forage
plant. The clustering of the strains accordingi® hain acid produced was not
related with the best results. Therefore, straivag produce the same acid did
not always present the same characteristics duhirgensilage. The use of
facultative heterofermentative LAB, particularlyetlspecied.. plantarum,was
not beneficial for the sugar cane ensilage. Inghesatments, the highest DM
losses, ethanol concentrations and yeast poputativere observed. The
presence of ethanol, latic acid and yeasts populatiere more associated with
higher DM loss among all variables evaluated. S®ilagoculation with
obligatory heterofermentative strains producedbibst results. In particular, the
L. hilgardii UFLA SIL 51 and UFLA SIL 52 strains showed superniesults,
reducing 29% the DM losses compared to uninoculsiege. This strains are

promising for use as microbial inoculant in sugane silages.
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Abstract

The aims of this study were to investigate the gkanthat occur in
sugar caneJaccharunspp.) silage after aerobic exposure, to identigy major
species of yeasts associated with the aerobicidetéon process and to select
lactic acid bacteria (LAB) strains that can imprdte aerobic stability of this
silage after silo opening. Fourteen wild LAB stmlmelonging td_. plantarum
L. brevisandL. hilgardii were evaluated. Samples of sugar cane silage were
collected 0, 96 and 216 h after aerobic exposute Themical data and
temperatures were evaluated. The yeast speciesiassbwith the aerobic
deterioration of silage have been identified. Timiss tested were able to
modify the fermentative, chemical and microbiol@jigparameters and the
diversity of yeasts species of silage after aerekfiosure. It was not possible to
observe any association between the facultativebligatory heterofermentative
fermentation patterns and the increased aerohidistaof silage. The aerobic
stability were more correlated with high aceticdaand 1,2-propanediol
concentrationThe Lactobacillus hilgardiiUFLA SIL 51 and UFLA SIL 52
strains, which are obligatory heterofermentativegnmte an increase in the
aerobic stability of silage.

Key Words: Yeasts, Lactobacillus hilgardij L. brevis L. plantarum

fermentation products.
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Introduction

There are a number of features required for anulamt strain in the
ensiling process; the inoculant strain should Be hpromote a rapid decline in
the pH value, reduce the dry matter (DM) loss, iservthroughout the
fermentation process, and improve the aerobiclgtaby inhibiting the growth
of spoilage microorganisms in silage after thessdoe opened (Saarisabal,
2007). Homofermentative lactic acid bacteria (LABjve been selected to
increase lactic acid concentration in the silo, betobic stability may be
impaired because lactic acid can be easily oxidizegleasts when the silage is
exposed to air (Pahlowt al, 2003). Heterofermentative LAB has attracted
attention as an alternative additive to inhibitodoéc deterioration (Danneat al,
2003; Driehuiset al, 1999; Avilaet al, 2009). The heterofermentative species
Lactobacillus hilgardii recently isolated from sugar can8a¢charumspp.)
silage (Avilaet al, 2013) may be a novel option to improve the aerstability
in the silage of this forage. In environments riohorganic acids and under
aerobic conditions yeasts are more resistant thiz@r anicroorganisms. Yeasts
can use a wide range of organic substances asrcadonces, including lactate,
acetate, citrate, malate, succinate, propionate ethdnol (McDonald et al.,
2001; Pahlowet al, 2003). When silage deteriorates, its nutritiomalue is
reduced because of the loss of fermentation predtitht are potentially

digestible substrates (Wilkinson and Davies, 2@a&yiel et al, 2013). Animal
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health and the quality of milk may be adverselyeetfd as a result of the
development of undesirable microbial spores (Paldbwl, 2003) and toxins
(Borreani and Tabacco, 2010). Deteriorated silaage rieduced palatability and
may be refused by animals. The yeast species iaddlv aerobic deterioration
in sugar cane silage are not known. Because themecbrrelation between the
yeast population in silage and the loss of aershability (McDonaldet al,
1991; Pahlowet al, 2003; Wilkinson and Davies, 2012), it is necegda
distinguish the major yeast species present duhi@egxposure of silage to air.
This study aimed to investigate the changes tbatiroin sugar cane

silage with or without microbial inoculants afterabic exposure, to identify the
major yeasts species associated with the aeroléciaiation process of these
silages and to select bacterial strains that cqmawe the aerobic stability after

silo opening.

Materials and Methods
Forage and ensiling conditions

The wild LAB strains isolated from sugar cane slagere identified
according to Avilaet al, (2013). The strains termed UFLA SIL 19, UFLA SIL
32, UFLA SIL 34, UFLA SIL 35, UFLA SIL 41, UFLA Sll42 and UFLA SIL
46 of theL. plantarumspecies; UFLA SIL 33, UFLA SIL 17, UFLA SIL 24,

UFLA SIL 25 and UFLA SIL 27 of thd.. brevisspecies; UFLA SIL 51 and
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UFLA SIL 52 of theL. hilgardii species; and a control treatment without
inoculants were evaluated. The silages were matitefigish-cut sugar cane that
was approximately 12 months old. The silages weaglanin three different
days, in each day one replication of each treatmht strains were made. In
each day, the sugar cane was manually harvestechapged (PP-47, Pinheiro,
Itapira, SP, Brazil) to a length of 10 mm. Expenita silos (mini-silos) were
used in the form of PVC tubes 10 cm diameter andnlength. The tubes were
sealed with tight lids containing Bunsen valvesdas release. Three silos were
prepared for each of the fourteen strains pluscthrdrol treatment. The new
inoculants were pre-cultured in the laboratory amml,the ensiling day, were
enumerated on De Man Rogosa Sharpe agar (Oxoid CMBE&singstoke,
Hampshire, England). The inoculation concentratiars of 1.8 x 10 cfu g*
fresh matter (FM). The inoculants were mixed wittiothized water and sprayed
onto the forage, resulting in an application volunfiel4.3 L tort. An identical
volume of pure distilled water was added to thetrmbrireatment. A separate
sprayer was used for each treatment to avoid @ostmination. Each silo was
packed with 3 kg of wet forage to achieve a packiagsity of approximately
666 kg m® FM. The silos were sealed, stored for 126 days@n temperature

(average of 25°C) and protected from sunlight ai r
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Evaluation of aerobic stability

To evaluate the aerobic stability, 2 kg of silagaswplaced in plastic
buckets and kept at a controlled temperature of 249.5°C). In the center of
each bucket, a data logger (MI-IN-D-2-L Escort) graammed to measure the
temperature every 30 minutes was placed. The sitagperature was evaluated
for 216 h. During aerobic exposure, silage samplee collected at 0, 96 and
216 h and frozen for later evaluation of the pH ueal water soluble
carbohydrates (WSC), DM and products of fermentatidhe data from time to
the loss of aerobic stability [the number of howveguired for the silage to
exceed the ambient temperature by 2°C (Moran etl886)], the maximum

temperature, and the time to reach maximum temyreratere analyzed.

Analytical procedures

To obtain the aqueous extract, 25 g sample offfesage or sugar cane
silage was blended in 225 mL of 0.1% sterile peptaater and homogenized in
an orbital shaker for 20 min. The pH of each sampies determined
(DIGIMED® DM 20 Potentiometer, Digicrom InstrumestoSP, Brazil). The
aqueous extracts (2 mL) were acidified with 10of 50% (vol/vol) SO, and
frozen prior to the analysis of the fermentation @noducts. The fermentation
end products were evaluated in the control silagg ia the two samples of

silages treated with the obligatory heteroferméveastrains that showed the
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best and the worst results in the temperature atialu The acidified aqueous
extracts were analyzed for citric acid, tartariedaenalic acid, succinic acid,
lactic acid, acetic acid, propionic acid, butyr@ida ethanol and 1,2-propanediol
by high-performance liquid chromatography accordimghe method described
by Carvalheet al (2012).

The DM contents of each sample were determineayusiforced-draft
oven at 55°C for 72 h. Dried samples were grouna iwiley-type grinder
through a 1-mm screen. DM at 105°C was determioedrding AOAC (1990).
The water soluble carbohydrates were analyzed utieg phenol method

(Duboiset al, 1956).

Identification of yeasts

The remaining portion of the aqueous extracts waedufor the
enumeration and identification of the yeasts usomg repetition for each
treatment. Sequential ten-fold dilutions were prega The yeast were
enumerated by surface inoculation on Dichloran Resegal Chloramphenicol
Medium agar (DRBC, Difco; Becton Dickinson, Spark4D, USA), and the
plates were incubated at 28°C for 96 h.

Following incubation, the number of colony-forminmits (CFU) was
recorded. In the samples with 96 and 216 h of aerekposure, each colony

morphotype was counted and morphologically charae@ (cell size, cell
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shape, edge, color and brightness). The coloniee veestreaked and purified
using YEPG agar [1% yeast extract (Merck), 2% peptdgHimedia), 2%
glucose (Merck) at pH 5.6]. The purified isolatesrgvstored at -80°C in YEPG
broth containing 20% glycerol (w/w). The yeast ciés (231 isolates) were
physiologically characterized by the determinatiof their microscopic
characteristics, the fermentation of carbohydrétasrose, fructose and glucose)
and the assimilative capacity of the lactic acid(tk) in a concentration of 3, 6
or 9%, as described by Kurtzman et al. (2011).

The yeasts were separated according to the typepobduction (fission
or budding) and, according to the physiologicalulss were grouped by the
Statistica program for Windows version 6.0 (Staft $wc., Tulsa, OK, USA).
The binary matrix was constructed with the positirenegative results of the
tests described above. According to the resulhefgrouping, 71 strains were
selected for characterization of their moleculaofig by the Rep-PCR

technique.

Rep-PCR technique

Seventy-one yeast cultures selected physiologicakre grown in
YEPG at 30°C for 48 h. The isolated colonies weckega up and resuspended
in 40 pl of PCR buffer. The suspension was heaied® min at 95°C and used

as a DNA template in Rep-PCR experiments. The RelR-Ras carried out in 2
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ul of DNA added to 12.5ul of Taq PCR Master Mix (Qiagen, SP, Brazil)ui8
of H,O, 0.25ul of bovine serum albumin (BSA), 0.26 of formamide and 2l

of the primer GTG5 (5-GTG GTG GTG GTG GTG-3'). TRep-PCR was
performed on a Mastercycler (Eppendorf, Hamburgyn@ay) under the
following thermocycling program: initial denatumati of 94°C for 5 min, 30
cycles of 95°C for 30 s, 45°C for 60 s, and 60°CHanin, followed by a final
elongation step of 60°C for 16 min. The PCR proslusere separated by
electrophoresis on a 2.0% agarose gel in 1xTAE #H/) using a BenchTop 1
kb DNA ladder as a reference (Promega, Madison BUA). Following
electrophoresis, the gels were stained with SYBBe@rl solution (Invitrogen,
Foster City, CA, USA) and documented using a tamgiator Lpix Image
(LTB 20x20 HE, LPiX, Brazil). The Rep-PCR profiles were normalizedd an
the cluster analysis was performed using Bionuraegié (Applied Maths, Sint-
Martens-Latem, Belgium) separately according to thi#ferent types of
reproduction (fission or budding). The dendrogramse calculated on the basis
of the Dice coefficient and on the coefficient oh#arity using the unweighted

pair group method with the arithmetic averagestehirsg algorithm (UPGMA).

Sequencing
Representative yeasts strains of each Rep-PCRepradire identified by

sequence analysis of the full-length of the ITSoegThe yeast cultures were
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grown under appropriate conditions, and the isdlatdonies were resuspended
in 40 ul of PCR buffer. The suspension was heated for it0an95 °C, and 2l
was added to 30l of Tag PCR Master Mix (Qiagen, SP, Brazil), @6of H,0O,
and 1ul of each primer ITS 1 and ITS 4 (Nielsen et al020 The PCR was
performed as follows: initial denaturation at 95%€ 5 min; 30 cycles at 95°C
for 30 s, 52°C for 30 s, and 72°C for 1 min; arfahal elongation at 72°C for 10
min. The amplified products were confirmed by al@ghoresis on a 1% agarose
gel in 1x TAE buffer at 70 V for 30 min, stained twiSYBR-Green |
(Invitrogen, Foster City, CA, USA) and visualizedder a transilluminator Lpix
Image (LTB 20x20 HE, LPi% Brazil). The sequencing of the amplicons was
performed using an ABI 3730 XL DNA Analyzer (ApalidBiosystems, Foster
City, California, CA), and the sequences were caegbawith the GenBank

database using the BLAST algorithm (http://www.neclon.nih.gov/BLASTY/).

Statistical analysis

The experiment was carried out in randomized ldpakach block
corresponded to a day of silage. The treatment® wssigned in a factorial
arrangement, consisting of 14 LAB inoculants arel ¢bntrol (14 LAB strains
and a control without inoculant) and three times@fobic exposure (0, 96 and
216 h). The data on the pH, DM, WSC and productdeahentation were

analyzed under model:jY=p + B + I; + Blj + H¢ + (IXH)y + g, where:p =
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overall mean; B= block effect (i = 1 to 3);; F inoculant effect (j = without
inoculant or with one of the 14 strains);;Bl experimental error (considering
treatment in each block) used for tested the iratsl effect, assumed
independently and identically distributed in a natrdistribution with average
zero and variance®;, H,= hours of aerobic exposure effect (k = 0, 96 d& B);
(IxH) = interaction between inoculant and hour of aershexposure effectje
= experimental error, assumed independently andtiagly distributed in a
normal distribution with average zero and variaote The temperature data
were analyzed by a model containing the fixed ¢$fet block and silage. The
silage means were compared using the Scott-Knstt wéth the software
SISVAR®.

The principal component analyses (PCA) were perfginusing the
software XLSTAT 7.5.2 (Addinsoft's, New York, N.YU.S.A.) for grouping
the data of the fermentation end products in sdageast population and hours
of aerobic stability. Average of the all evaluaSaituring aerobic exposure was

evaluated using PCA analyses.

Results
pH value, DM and WSC
The pH values increased during the aerobic phasglage, but this

increase occurred differently between the treatey@ht 0.01 for the interaction
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between the day of aerobic exposure and silagehdrsilages treated with the
obligatory heterofermentative. brevis UFLA SIL 33, UFLA SIL 17, UFLA
SIL 24, UFLA SIL 25 and UFLA SIL 27,. hilgardii UFLA SIL 51 and UFLA
SIL 52 strains and in silages treated with the lfative heterofermentative.
plantarumUFLA SIL 32 and UFLA SIL 41 strains and in the thsilage, an
increase in the pH values occurred in the firshasf aerobic exposure (Table
1). In the silages inoculated with the othkerplantarumstrains, this increase in

pH value was observed in 216 h.



Table 1Values of pH, dry matter and water soluble carbohydrates in sugasdages treated with different strains and

at different hours of aerobic exposure.

X UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA UFLA
Aerobic SIL19 SIL32 SIL34 SIL35 SIL41 SIL42 SIL46 SIL33 SIL17 SIL24 SIL25 SIL27 SIL51  SIL52
exposure Ctr . . . . . . . t + t t + * * Mean
(hours)
pH
0 3.75B 3.73B 3.76 C 3.78B 3.83B 3.73C 3.82B 3.86 B 3.76 B 3.75877 B 3.70B 3.75B 3.80B 3.84B 3.77
96 553 A 414 B 435B 411B 3.86B 440B 424 B 428B 5.02 A 4.88A94 A 522 A 506A 451A 495A 4.63
216 5.06 A 533 A 517 A 530 A 519A 511A 489A 514A 487A 478M98A 489A 468 A 500A 474A 5.01
Mean 4.78 4.40 4.43 4.40 4.29 441 4.32 4.43 4.55 4.50 4.56 4.60 4.50 4.43 451
Inoculants Days of aerobic exposure Inoculants x Days of aerobic egposur ~ SEMT
Level of significance
0.74 <0.01 <0.01 0.20
Dry Matter (g kg™ DM)
0 251.3 239.6 234.0 2425 238.6 239.8 247.6 248.6 266.5 264.6 268.7 263.6 269.1 269.9 259.6 253.6 C
96 283.3 243.6 258.8 254.8 273.9 260.5 270.1 259.4 273.8 301.7 269.3 2875 276.3 267.5 267.9 269.9 B
216 344.2 340.9 3554 3345 309.8 365.8 371.8 319.9 363.2 370.0 370.8 369.1 377.0 359.7 3855 3558 A
Mean 2929b 2747b 2827b 2773b 2741b 2887b 2965a 2760 b 30l12a 3121aa 38a®7a 3075a 299.0a 304.3a
Inoculants Days of aerobic exposure Inoculants x Days of aerobic egposur SEM
Level of significance
<0.01 <0.01 0.72 11.97
Water Soluble Carbohydrates (g kg' DM)

0 13.1B 141A 146A 142A 135A 138A 159A 125A 131B 13.7B2.0B 133B 138B 21.0A 194A 14,5
96 25.0A 169 A 16.6 A 193 A 173 A 16.0 A 172 A 151 A 29.4 A 249 R34 A 218 A 295A 188 A 245 A 21,0
216 198A 147A 135A 141A 131A 134A 150A 134A 267A 264A83A 195A 225A 169A 200A 17,8
Mean 224 15.8 15.1 16.7 15.2 14,7 16,1 13,7 28,1 25,7 20,9 20,7 26,0 17,9 22,3

AN




Inoculants Days of aerobic exposure Inoculants x Days of aerobic egposur SEM
2.13

Level of significance
<0.01 <0.01 0.04

For each row, the mean values with different lowercasersetire significant at P < 0.05 according to the ScotttKnot
test. For each column, the mean values with different cdpitals are significant at P < 0.05 according to the Scott—
Knott test. T Standard error of the means of two-way interatie L. plantarumspecie,} L.brevisspecie L. hilgardii

specie.

€11
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The DM concentration was affected by aerobic enpsime P < 0.01)
and by treatment with inoculant® (< 0.01) (Table 1). The DM content
increased during aerobic exposure time, with thammealues observed in the
treatments with the obligatory heterofermentativebrevis and L. hilgardii
strains being 7.2% higher than those observeddrsilages treated with the
plantarumstrains and in the control silage (Table 1).

There was an interactioR & 0.04) between the day of aerobic exposure
and inoculants on the concentration of WSC (Tabldnlthe silages inoculated
with L. plantarumUFLA SIL 19, UFLA SIL 32, UFLA SIL 34, UFLA SIL 35
UFLA SIL 41, UFLA SIL 42, and UFLA SIL 46 and. hilgardii UFLA SIL 51
and UFLA SIL 52 strains, no significant differeneeas observed in the
concentrations of the WSC during the aerobic exfmsthe values of the WSC
increased in the silages inoculated with thérevisstrains and in the control

silage from 96 h of aerobic exposure.

Temperature
The highest maximum temperatures were observethéntreatment
inoculated withL. brevisstrains (Table 2). The maximum temperatures were

lower and similar to each other in all of the othealuated silages.



Table 2 Dynamics of temperature in aerobic exposure of sugarcane siladiédentification of strains.

Treatment teml\ggi(z:\rtrsjl:(ren(OC) Tlmi:;r%geeﬁgru:gezﬁl)mum Aerobic stability (h) Molecular identification 2

Ctr 470 A 2208 14.2

UFLA SIL 19 452 A 26.0B 17.0 L. plantarum98% (FJ669130.?L)
UFLA SIL 32 43.5B 42.2 A 20.2 L. plantarum99% (HM218291.1)
UFLA SIL 34 43.0B 48.7 A 21.0 L. plantarum98% (HM218291.1)
UFLA SIL 35 41.2B 35.7B 22.0 L. plantarum98% (HM218291.1)
UFLA SIL 41 43.8 B 30.3B 19.8 L. plantarum99% (HM218291.1)
UFLA SIL 42 442 B 285B 17.5 L. plantarum99% (HM218291.1)
UFLA SIL 46 43.2B 27.5B 17.8 L. plantarum99% (HM218291.1)
UFLA SIL 33 46.0 A 27.2B 17.8 L. brevis98% (FJ227316.1)
UFLA SIL 17 46.3 A 28.8B 18.2 L. brevis97% (FJ532364.1)
UFLA SIL 24 450 A 33.3B 18.2 L. brevis99% (FJ227316.1)
UFLA SIL 25 43.8 B 275B 16.0 L. brevis98% (FJ227316.1)
UFLA SIL 27 472 A 28.0B 18.3 L. brevis98% (FJ227316.1)
UFLA SIL 51 41.8B 58.0A 21.5 L. hilgardii 98% (HM217953.1)
UFLA SIL 52 43.8 B 540A 30.3 L. hilgardii 98% (HM217953.1)
P 0.03 0.02 0.05

SEMT 1.22 6.70 2.03

' The mean values with different capital letters significant at P < 0.05 according to the Scott—mest.“ Sequencing of 16S
rRNA (Avila et al, 2013)% The number in parentheses refers to the accessrt@in-Bank. T Standard error of the means.

STT
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Regarding the time required to reach the maximumpwature, the
silages treated with.. plantarumUFLA SIL 32, L. brevisUFLA SIL 34, L.
hilgardii UFLA SIL 51 andL. hilgardii UFLA SIL 52 showed the best results
(Table 2). The silages treated with these straiok,ton average, 50.7 h to reach
the maximum temperature, while the control silamek22.0 h.

Although the comparison test of means did not slowy differences
among the treatments in relation to the time obbierstability, the values of a
number of strains should be highlighted (TableT2)e silage treated with the
UFLA SIL 52 (L. hilgardii) strain remained stable for 30.3 h, while the auint
silage lost stability in 14.2 h. The silages inatetl withL. plantarumstrains
(for example, the UFLA SIL 35 strain) were morebstathan certain silages
treated with the obligatory heterofermentativeisgdTable 2).

In the evaluated periods of aerobic expositiontémeperature and yeast
population in the silage are shown in Figure 1th& opening of the silos (0 h)
the temperature was lower and similar among siladgegure 1). In this
evaluation the yeast population was lower in sgagculated withL. brevis
UFLA SIL 27, L. hilgardii UFLA SIL 51 and UFLA SIL 52 strains (average

3.87 log of yeasts cfu’gsilage).
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Figure 1 Yeast population and temperature of the sugarcane silag®a®6 and 216 h of aerobic exposurke.
plantarumspecie t L.brevisspecie; L. hilgardii specie.
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At 96 h of aerobic exposure, there were markedaifices between the
temperatures of silage. The highest temperature abasgrved in the silage
treated with the UFLA SIL 32 strain (35.3°C), tbhevest yeasts population (5.32
log cfu of yeasts § silage) was detected in the silage treated with Lth
plantarumUFLA SIL 46 strain (Figure 1). In the evaluationZd6 h the silage
temperature was lower and the yeast populationhigiger than the evaluation
at 96 h, the differences among the silages temyresatand yeasts populations

were lower (Figure 1).

Fermentation end products

ThelL. hilgardii UFLA SIL 51, UFLA SIL 52 and.. brevisUFLA SIL
17, UFLA SIL 24 strains are among the obligatelyehafermentative strains
that showed the best and worst results in relatimrthe temperature data
compared with the control silage (Table 2). Theyavselected for analysis of
fermentation products produced during aerobic ex@os

The concentrations of tartaric, malic, succinic dadtic acids were
significantly modified only by the aerobic exposutieme (Table 3). The
concentrations of tartaric and malic acids remaistathle from the moment of
opening the silos (zero time of aerobic exposupeloud6 h of aerobic exposure
(Figure 2A). From this evaluation time, there wadrrease of 99.8 and 90.9%

to 216 hours of aerobic exposure for tartaric amtiavacids, respectively. From
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the aerobic exposure of silage, the concentratfosuocinic acid increased by
57.8% and the concentration of lactic acid redune®4.1% with up to 96 h of
aerobic exposition (Figure 2B). The concentratiafisthese acids remained
stable up to 216 h (Figure 2B).

Table 3 Probability P) for the effects contained in the model for metio

analyses.
P value
Item Inoculants () Hours p_f Aerobic Interaction
stability (H) (I X H)

Tartaric acid 0.29 <0.01 0.15
Malic acid 0.19 <0.01 0.44
Succinic acid 0.36 <0.01 0.06
Lactic acid 0.16 <0.01 0.07
Acetic acid 0.04 <0.01 <0.01
Propionic acid 0.10 <0.01 <0.01
Butyric acid 0.90 <0.01 0.01
1,2-propanediol <0.01 <0.01 <0.01
Ethanol <0.01 <0.01 <0.01

There was an interactio? (< 0.03) among the factors inoculants and
hours of aerobic exposure on concentrations atairid, acetic acid, propionic
acid, butyric acid, 1,2-propanediol and ethanolb{@a3). The silages treated
with the L. brevisUFLA SIL 17 andL. hilgardii UFLA SIL 51, UFLA SIL 52
strains showed similar and the highest concentratiof citric acid in the

evaluation with 96 h of aerobic exposure (TableNy.changes were observed
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in the citric acid concentrations in the silagescinated withL. brevisUFLA
SIL 24 and in the control. The highest concentretiof acetic acid were
observed at the opening time of the silos (0 hesbbic exposure) and in the
treatments with thé. hilgardii UFLA SIL 51 andUFLA SIL 52 strains (Table
4). After 96 h of aerobic exposure, the concerdratif acetic acid reduced in all
of the silages and showed similar values betweemth

In the control silage and in the silage treatethuhe L. brevisUFLA
SIL 17 strain no significant changes were obseriredhe propionic acid
concentrations during the aerobic exposure (TableThe concentration of
propionic acid was higher in the evaluation with l96f aerobic exposure and
decreased until the assessment with 216 h in ldgesi treated with the brevis
UFLA SIL 24, L. hilgardii UFLA SIL 51 andUFLA SIL 52 strains.

The presence of butyric acid was observed in tbeulated silages at
the opening of the silos (Table 4). The concemtratiof butyric acid in the
silages treated with thie. brevisUFLA SIL 17, UFLA SIL 24 and.. hilgardii
UFLA SIL 51 strains were higher than the concemdrain the silage treated
with theL. hilgardii UFLA SIL 52 strain, with average values of 5.80 8&nt8 g

of butyric acid per kg of DM.



121

9.00
8.00
7.00
6.00
5.00

L¥N]

.00
2.00

Tartaricand malic acid (g kg! DM)
¥

0.00

0 96 216

—+ Tartaricacid --4-- Malicacid

40.00
35.00

30.00

25.00 A

20.00

15.00

R o
HEHO e
=3

10.00

LA

00 1

Lacticand succinicacid (g kg DM)

0.00

Aerobic exposure (h)
—— Succinicacid --&- Lacticacid

Figure 2 Tartaric and malic acids (A) and succinic and itaccids (B)
concentrations during aerobic exposure of sugarsdages. The mean values
with different lowercase letters are significantRatc 0.05 according to the
Scott—Knott test. For each variable bars represiemtstandard error of the
means.
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Table 4 The effects of inoculation on the concentratiomsoxalic, citric, acetic,
propionic, and butyric acids, 1,2-propanediol atithrol in sugarcane silages treated

with different strains and at different hours ofad®c exposure.

Aerobic oy UFLASIL UFLASIL UFLASIL UFLASIL o\
exposure (h) 17% 24% 51* 52%
Citric acid (g kg™ DM)
0 0.25 Aa 0.79 Ba 0.16 Aa 0.79Ba 0.77Ba  0.375
96 0.48 Ab 5.11 Aa 0.16 Ab 3.96 Aa 3.99 Aa
216 1.26 Aa 1.85 Ba 1.00 Aa 2.13 Ba 1.78 Ba
Acetic acid (g kg* DM)
0 10.85 Ab 13.71 Ab 9.23 Ab 21.50 Aa 20.61 Aa  0.897
96 0.38 Ba 0.61 Ba 3.00 Ba 2.01 Ba 0.21 Ba
216 0.48 Ba 0.32 Ba 0.58 Ba 0.53 Ba 0.35 Ba
Propionic acid (g kg* DM)
0 3.23 Aa 1.77 Aa 1.92 Ba 2.18 Ba 2.02 Ba 0.499
96 5.41 Ab 3.90 Ab 11.06 Aa 7.18 Ab 5.72 Ab
216 3.09 Aa 2.61 Aa 3.05 Ba 2.99 Ba 2.89 Ba
Butyric acid (g kg™ DM)
0 0.00 Ac 6.74 Aa 5.29 Aa 537 Aa 3.18 Ab  0.457
96 1.04 Aa 0.00 Ba 0.00 Ba 0.00 Ba 0.00 Aa
216 0.00 Aa 0.00 Ba 0.00 Ba 0.00 Ba 0.00 Aa
1,2-propanediol (g kg* DM)
0 2.58 Ab 0.48 Ab 0.54 Ab 30.32 Aa 34.71 Aa 0.418
96 1.73 Ab 0.65 Ab 0.00 Ab 19.12 Ba 12.11Ba
216 0.95 Aa 0.25 Aa 0.00 Aa 2.27 Ca 4.07 Ba
Ethanol (g kg* DM)
0 104.18 Ab 77.23 aC 171.49 Aa  32.44 Ad35.99 Ad 5.174
96 0.00 Ba 0.00 Ba 0.00 Ba 0.00 Ba 0.00 Ba
216 0.00 Ba 0.00 Ba 0.00 Ba 0.00 Ba 0.00 Ba

For each row, the mean values with different lowaeecletters are significant at P < 0.05
according to the Scott-Knott test. For each coluthe, mean values with different capital
letters are significant according to the P < 0.95Sgott-Knot test. T Standard error of the
means of two-way interactions L.brevisspeciey L. hilgardii specie.
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In the evaluation with 96 hours of aerobic expostine presence of
butyric acid was observed only in the control tmeamt. With 216 h, the
presence of this acid was not observed in anyesilag

The silages inoculated with the hilgardii UFLA SIL 51 and UFLA
SIL 52 strains showed the highest 1,2-propanedioicentrations and lower
ethanol concentrations at the opening of the giloh aerobic exposure). The
1,2-propanediol concentration decreased on avebsgbl.9% in the silages
treated with the.. hilgardii UFLA SIL 51 and UFLA SIL 52 strains after 96 h
of aerobic exposure. To 96 h from 216 h of aer@biposure, the presence of
1,2-propanediol in the silage treated with the UFBA 52 strain was not
altered, and in the silage treated with the UFLA Sl strain, it was reduced by
88.1%. The ethanol presence was observed in si@gepening (0 h aerobic

stability) and was not observed throughout the l@ierexposition.

Multivariate analyses of products of fermentation

The average of results obtained in the evaluatitim O, 96 and 216 h of
aerobic exposure of silage for yeasts populatieuyrd of aerobic stability and
products of fermentation in the silages treatedh wiel. brevisUFLA SIL 17,
UFLA SIL 24 andL. hilgardii UFLA SIL 51, L. hilgardii UFLA SIL 52 strains
were submitted to principal component analysis (P€@Aidentify the variables

that may be directly related to a specific strdtiggre 3). The first (F1) and
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second (F2) principal components explained 53.98&029.80%, respectively,
of the total variance. According to the charactesgsevaluated thée. hilgardii
UFLA SIL 51 and UFLA SIL 52 strains showed similar characteristics
concerning the concentrations of 1,2-propanedimtie acid and succinic acid
and were more related to the aerobic stabilityFféd3). The silages treated with
the UFLA SIL 24 strain showed features neareshéocontrol silage (lower left
quadrant), which were associated with the presefdactic acid, malic acid,
propionic acid and ethanol. In the upper rightwés possible to observe an
association between treatment with thebrevisUFLA SIL 17 strain and the

presence of yeast, tartaric acid and butyric acitié silages.
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Identification of yeasts

A total of 231 isolates belonging to twenty-eigtifferent morphotype
yeast colonies were characterized in terms ofrmelphology and physiological
features. Ten species were identified, includandida diversgFR819717.1)

C. ethanolica (FJ662418.1) Hanseniaspora opuntiae(FM199955.1)
Issatchenkia orientalifFM199958.1) Pichia fermentangAY235810.1) P.
kudriavzevii(JQ726607.1)P. manshuricdHE965029.1) Schizosaccharomyces
pombe (AB054041.1) Debaryomyces etchellsii (AJ586528.1) and
Zygosaccharomyces bail{GU237058.1) (Table 5)The homology of the
sequences reported in the GenBank was within 984100e strains genetically
identified as the same species presented diffggeysiological characteristics
(Figures 4 and 5).

The most frequently observed yeast strains in ditege during the
aerobic phase wel€. ethanolica, C. diversa, Z. bailii, S. pombe;HPa spand
Schizosaccharomyces $pable 5). The occurrence of species of the genera
CandidaandSchizosaccharomycegcurred evenly between the treatments. The
genusPichia was not observed in the treatment with theplantarumUFLA
SIL 35 strain, and@ygosaccharomyces $yas not observed in the treatment with
theL. brevisUFLA SIL 25 strain. The speciéx etchellsiiwas found in a lower

number of treatments (Table 5).



Table 5The yeast species isolated and identified in sugarcagesitauring aerobic exposure.

Treatments where the % of total Percentage of isolates capable of % isolated at each time

Species species was identified number of using 3, 6 or 9% of lactic acid of exposure aerobic
(n° of strain) isolates
3% 6% 9% 96h 216h
Candida diversa All treatments 15.6% 50.0% 40.0% 10.0% 60.0% 40.0%
17, 19, 24, 27, 33, 34,
Candida ethanolica 35, 41, 42, 46, 51, 52, 16.7% 43.7% 37.5% 18.8% 43.6% 56.4%
Ctr
Hanseniaspora 19,88,35,41,51,52, 4, 0.0% 0.0% 0.0% 31.2% 68.8%
opuntiae Ctr
Issatchenkia orientalis 17, 19’4%4’(:2,;' 33,41, 2.1% 33.3% 33.3% 33.4% 47.8% 52.2%
Pichia fermentans 27,34,41, 42 2.1% 50.0% 50.0% 0.0% 50.0% 50.0%
Pichia kudriavzevii 19, 33, Crt 2.1% 33.3% 33.3% 33.4% 0.0% 100.0%
Pichia manshurica " 13'221'63%234’ 4L 63% 66.7%  33.3%  0.0% 65.0% 35.0%
Schizosaccharomyces 17,19,27, 32, 33, 34,
35, 41, 42, 46, 51, 52, 12.5% 50.0% 50.0% 0.0% 41.0% 59.0%
pombe
Ctr
Debaryomyces 24, 32, 33 2.1% 0.0% 0.0% 0.0% 76.0% 24.0%
etchellsii

yXA)
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The speciedH. opuntiaeand . orientalis were found in 50% of the
treatments (Table 5. kudriavzeviwas isolated at the end of fermentation. The
speciesH. opuntiae, P. manshuricand D. etchellsiiwere isolated in a higher
percentage at the beginning of the aerobic expostithe silage, and other
species were isolated during the entire aerobiosxe period (Table 5). The
species ofC. diversa, C. ethanolica, |. orientalendP. kudriavzeviwere able
to grow in a medium with up to 9% lactic acid as #ole carbon source (Table

5, Figure 4).
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Rep - PCR Physiological characteristics Isolate - identity

Lactic Acid 6
Lactic Acid 8

©
]
<
©
B
&
5
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Assim Suc
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Y45 P manshurica

Y102

Y104

Y122

Y2 Pichia sp

Y223

Y5 Pichid sp

Y6

Y61  Pichiasp

Y194  Pichiasp

Y199 Pichia sp

Y100

Y119

Y209

Y29 I orientalis

EEEEN -
EEEEE -

YT P kudriavezevit
Y210 C. ethanolica
Y68 (. ethanolica
Y159 C. ethanolica
Y201 C.ethanolica
Y57

vyag  C. ethanolica
Y78  C.ethanolica
Y110

Y207

Y25  C.ethanolica
yss C.ethanolica

Y226 P manshurica
Y43 Pichiasp

Y70  H opuniiae
Y158 C.diversa

L
= =

Y59 C.diversa
Y44 C.diversa
Y189  C. diversa
Y42 C. diversa

Y184 C. diversa
Y34  C. diversa
Y30  Z bailii
Y161 Z bailii
Y27 Z bailii
Y231 Z bailii
Y154 Z bailii
Y163
Y170
Y51
Y200
Y21 D, erchellsti

ns

Figure 4 Similarity analysis between the bands profilespdR€R) of budding yeast
isolates during aerobic exposure of sugarcaneeslaigegend: Acid — acid production,
Ferm — fermentation, Assim — assimilation, Suc erase, Fru — fructose, Glu — glucose,
Lactic Acid 3, 6 and 9 — lactic acid assimilatiarBa6 and 9%, respectively.
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Rep-PCR Physiological characteristics Isolate - identity
®m © o
$.:52533338
; feefacifie
38088 $i8% 2353
. .. Y178  Schizosaccharomyces sp
Y217 5. pombe
Y218
. yar
Y228 Schizosaccharomycessp
Y82 S pombe
Y229
Y40
YE9
Y84 S pombe
— Y7 Schizosaecharomyces sp
Y80 S.pombe
Y181 S. pombe
Y187
Y221

Y26 Schizosaccharomyeessp
Y35 Schizosaccharomyces sp
Y38

Y72

Y74 5. pombe

Y75

Figure 5 Similarity analysis between the bands profilespdRER) of fission
yeast isolates during aerobic exposure of sugarsidages. Legend: Acid — acid
production, Ferm — fermentation, Assim — assinolatiSuc — sucrose, Fru —
fructose, Glu — glucose, Lactic Acid 3, 6 and Setit acid assimilation at 3, 6
and 9%, respectively.
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Discussion
Changes in chemical composition and temperature athe silage during
aerobic exposure

An increase in pH value after silo opening hasaseserved in previous
research (McDonalet al, 1991; Avilaet al, 2012; Wilkinson and Davies,
2012). The pH remained stable longer in silagestect with facultative
heterofermentativd. plantarumstrains than in silages treated with obligatory
heterofermentativelL. brevis and L. hilgardii strains. This finding was
unexpected because, in the majority of the studieglucted (Driehuit al,
1999; Wilkinson and Davies, 2012), the silages utated with facultative
heterofermentative strains showed higher concéomibf lactic acid and lower
concentrations of acetic acid, which lead to maggd deterioration of silage. In
the silages treated with brevisUFLA SIL 17 and UFLA SIL 24]. hilgardii
UFLA SIL 51 and UFLA SIL 52, in which the producté fermentation was
measured, the increase in the pH values coincidigd & reduction in the
concentrations of lactic, acetic and butyric agkigure 2B, Table 4) and can be
associated with the consumption of these acidsumex during fermentation
(Danneret al,, 2003).

The increase in the DM and WSC concentrations dutite aerobic
exposure is the result of the dehydration of silaajed the consequent

concentrations of these components. The differémdbe average content of
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DM among the obligatory heterofermentative and fative heterofermentative
strains, with higher values in the silages treatedh the obligatory
heterofermentative strains, may be because ofrdiftaes in the production of
metabolites and in the microbial population. Thghleist DM concentration in
the silages treated with the obligatory heterofertaiive strains at silos opening
(0 h) may be responsible for this event. The irsedan the DM concentration
during aerobic exposition was similar between ileges (Table 1). It is known
that heterofermentative strains can promote areass the aerobic stability of
silage and can reduce the temperature becausee dhdhease in acetic acid
concentration (Dannet al., 2003; Huet. al 2009; Li and Nishino, 2011), and it
has been also reported that homofermentative st@nld reduce the aerobic
stability of silage (Driehui®t al, 1999; Wilkinson and Davies, 2012). In this
study, we did not observe an association betweerfatultative or obligatory
heterofermentative strains and aerobic stabilitab(& 2). Although the best
results were observed in the silages inoculatedh wihe obligatory
heterofermentative.. hilgardii UFLA SIL 51 and UFLA SIL 52 strainghe
facultative heterofermentativie. plantarumUFLA SIL 32 and UFLA SIL 34
strains showed better results than the control ahé obligatory
heterofermentative L. brevis strains (Table 2). These facultative
heterofermentative strains showed a lower maximamperature and longer

time to reach the maximum temperature than theneras with the obligatory
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heterofermentative UFLA SIL 33, UFLA SIL 17, UFLALS24 and UFLA SIL
27 strains. This finding shows that the wild strad@tection should be at the level
of strain and not species.

The obligatory heterofermentative hilgardii UFLA SIL 51 and UFLA
SIL 52 strains showed best results from silage &atpre evaluation (Table 2).
It is known that inoculation with heterofermentatigtrains resulted in high
silage aerobic stability (Driehuist al, 1999; Wilkinson and Davies, 2012).
However, not all LAB strains which have obligatoheterofermentative
metabolism were positive in preventing the tempeeaincrease of the silage
(Table 2). In the evaluation of samples analysed hbere were no relationship
between high yeast population and high temperatfinde silage (Figure 1).
After silo opening the temperature increasing i slage is correlated with an
increase in yeast population (McDonadd al, 1991; Pahlowet al, 2003;
Wilkinson and Davies, 2012). From the results obsgrin Figure 1 it can be
concluded that for the association between yeagiulption and silage
temperature is done sampling should be performél svhaller time intervals
from the beginning of aerobic exposure.

The most important organic acids associated withgsi fermentation
are lactic, acetic, propionic and butyric acidswdwer a great number of acids
can be present in silage. Organic acids can be insedB metabolism as a

carbon source or as electron acceptors (Axelsso®4)2 To the best of our
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knowledge, there are no studies in the literatemorting the quantification of
citric, tartaric, malic and succinic acids in sugane silages. In the treatments
with thelL. brevisUFLA SIL 17 andL. hilgardii UFLA SIL 51 and UFLA SIL
52 strains, the increase in the concentrationtd€acid in the silage during O to
96 h of aerobic exposure (Table 4) may be due ® ptoduction of the
metabolite by yeasts (Vandenbergiteal, 1999). According to these authors,
the yeasts species of tligandida Saccahromicopsi@and Hansenulagenera
produce citric acid from their metabolism. In thisrk, it was foundC. diversa
and C. ethanolica species (Table 5), which may be responsible fa th
production of citric acid in the measured silage.

The concentration of malic acid found during aetabiposure of sugar
cane silage may be associated with the presengeast, especially the genera
Zygosaccharomyce@elle et al, 2008; Taing and Taing, 2007). THe bailii
species was isolated and identified in all thegsitaexcept in the silage treated
with the UFLA SIL 25 strain (Table 5). Since 192#alic acid has been
identified as a product of yeast fermentation (Dakl924). Malic acid
production from glucose has been describe@aacharomyces cerevisiaad
Zygosaccharomyces rowdpeciegZelle et al, 2008; Taing and Taing, 2007).
The presence of this acid in the silage is degrbbtausén vitro studies have
shown the positive effects of malic acid on rumifeamentation increased the

concentrations of propionate and total volatiletyfaacids, increased pH,
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decreased methane production, decreased lactatertoation, and increased
digestibility (Carroet al, 1999). Malic acid has been suggested as a substi
for monensin in beef cattle diets because this &eid effects on ruminal
fermentation analogous to ionophores (Castitlal., 2004).

Despite the addition ofactobacillusstrains, there was no difference
among the treated silages and the control, regatdrtaric acid concentration.
The concentration of tartaric acid in the silageréased over the aerobic
exposure period. The presence of this acid is uradés in food because it is a
compound analogous to malic acid, which is keyhea Krebs cycle and the
energy supply. It is hypothesized that tartariadddnhibits the action of malic
acid in the Krebs cycle, reducing energy produciimrhumans (Shaw et al.,
1995). The enantiomer L(+)-tartaric acid can be dpoed by various
microorganisms, including thécetobacter Acinetobacter(Li and Nishino,
2011) andPseudomonagDutkiewiczet al, 1989) genera that were found in the
silages.

Yeasts and most likely LAB species were presensiiage, and the
presence of succinic acid can be related to thebabolism. As the population
of LAB has not been quantified, it is not known wer the increase in the
concentration of succinic acid from 0 to 96 h wasoasiated with an increase in
the population of these bacteria or with an inaedasyeasts. Succinic acid is a

common intermediate in the metabolic pathway ofuenlper of anaerobic and
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facultative microorganisms (Zeikt al, 1999). It is a common by-product by
the alcoholic fermentation of yeast (Coul&dral, 2004). Succinate is formed
from sugars or amino acids bRropionibacterium species, gastrointestinal
bacteria such a@sscherichia coliPectinatussp.,Bacteroidessp., rumen bacteria
such asRuminococcus flavefacigndctinobacillus succinogeng8acteroides
amylophilus Prevotella ruminicola Succinimonas amylolyticaSuccinivibrio
dextrinisolvens Wolinella succinogenesand Cytophaga succinicangBryant
and Small, 1956). A number dfactobacillus strains have been reported to
produce succinic acid (Kaneucéi al, 1988). The majority of the succinate-
producing microorganisms have been isolated froenrttmen because, in this
ecosystem, succinate serves as an important poedarspropionate, which is
absorbed through the rumen wall for subsequenttivid to provide energy and
biosynthetic precursors for the animal.

The reduction in the concentrations of acetic,pjmoic and butyric
acids and in the concentrations of 1,2-propaneatidl ethanol may be caused by
their volatilization during the aerobic exposure silbge. Lactic acid can be
metabolized under aerobic conditions by yeasts (Mld et al, 1991) and
under aerobic and anaerobic conditions by LAB. H®pecie L. buchneri
degrades lactic acid to acetic acid and 1,2-pragiahéOude Elferinket al,
2001). As an increase in the concentration of themdabolites was not

observed, it is probable that yeasts identifiedhim silage were predominantly
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responsible for this process since, most of théated yeasts during silage
aerobic exposure were able to use lactic acidcasteon source (Table 5).

Acetic acid can be produced anaerobically or deaflp by
heterofermentative LAB and aerobically by acetictbda. Acetic bacteria
promote the oxidation of ethanol, initially proddcly the yeast, to acetic acid
in a reaction that is highly exothermic, thus raisithe temperature of the
fermentation substrate (Spoelstet al, 1988). The reduction in the
concentration of acetic acid could be due to viitation or to the use of the
acetic acid by acetic bacteria. According to Spoeekst al. (1988), after the use
of ethanol, these bacteria can completely metabahiz acetic acid, as well as
the lactic acid in C@and water, causing a marked increase in the pH.

The presence of butyric acid in high concentrationthe silages treated
with the evaluated strains could be due to the bodite production by the
inoculated LAB. This microbial group can producesybic acid during the
fermentation of carbohydrates (Corsettial, 1998). The decarboxylation of 2-
oxo acids and the deamination of amino acids agetwlo possible routes for
producing butyric, n-valeric and propionic acidscmg these genera (Galet
al., 1978).

Inoculation of the sugar cane silages with thérevisUFLA SIL 24
strain allowed the highest concentration of projarcid and acetic acid after

96 h of aerobic exposure. The production of thesdsacan be correlated
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because the formation of propionic acid is accorigzhfy the formation of
acetate for stoichiometric reasons and to mairtgdrogen and redox balances
(Boyaval and Corre, 1995). The production of propmioacid can be from
glucose or lactic acid, the latter being typicalbed by anaerobic or aerotolerant
Propionibacteria(Madiganet al, 2010).

Ethanol was rapidly lost after the aerobic expositof the silages
(Table 4). Decreases in the concentrations of ethamd acetic acid from two
days of aerobic exposure of sugar cane were olbdayélvila et al (2012).
The complete disappearance of ethanol after thebeeexposure of silage is
caused by volatilization or by the use of this comud by the acetic bacteria
(Spoelstraet al, 1988), and because the acetic acid concentrav@s not
increased during the evaluation, we could assuraé ttre reduction in the
concentration of ethanol was due to volatilization.

The presence of 1,2-propanediol in silage is astmt with the
degradation of lactic acid (Oude Elferirdt al, 2001). Heinlet al. (2012)
verified that the metabolism &f hilgardii andL. buchneriare similar and that
these species possess the ability to metabolitie kxid and to form acetic acid
and 1,2-propanediol under anaerobic conditions. ddrahoxic conditions|..
diolivorans can degrade 1,2-propanediol to 1-propanol and ignap acid
(Kroonemaret al, 2002). Because this conversion is anaerobicietiection in

the concentration of 1,2-propanediol in the silageing the aerobic stability
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assessment is possibly caused by volatilizatiomc€pts regarding the
variations in the concentrations of fermentatiod products during the aerobic
exposure of silage are complex because these nfisdabare associated with
different groups of microorganisms. The microbiglagf sugar cane silage is
not completely known, despite the dominancelLattobacillus (Avila et al,
2009). A number of genera may be present and cealdicipate in the
fermentation process. The ideal fermentation @fgsilwould be dominated by
LAB; this premise is utopic in the uncontrolled asygbntaneous fermentation

process that occurs in silos.

Multivariate analyses

The L. hilgardii UFLA SIL 51 and UFLA SIL 52 strains were more
related to the aerobic stability than the otherigattbry heterofermentative.
brevisstrains evaluated and were highlighted by highptdbanediol and acetic
acid concentrations. The changes associated wihaénobic stability of the
silage were more closely associated with thesdnstraDther studies have
observed an increase in aerobic stability becatiseeopresence of acetic acid
(Danneret al, 2003; Wilkinson and Davies, 2012) and the preseof 1,2-
propanediol (Nishinoet al, 2003). It is possible to infer that not all
heterofermentative LAB are beneficial for improvitige aerobic stability of

silage.
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Yeast identification

This study is the first to identify the yeast dpscpresent during the
aerobic exposure of sugar cane silage. It was wstkiple to confirm the
presence of the following species in other silagesdiversa, C. ethanolica, H.
opuntiae P. manshurica, S. pombe, D. etchelksiid Z. bailii. Other species,
such asl. orientalis (O'Brien et al, 2007; Mansfield and Kuldau, 20078,
fermentans(Avila et al, 2010; O’Brienet al, 2007; Mansfield and Kuldau,
2007, Rossi and Dellaglio, 2007; Woolford, 1990)d B. kudriavzevi(Dolci et
al., 2011; Li and Nishino, 2011), have been iderdifia silages. Woolford
(1990) classified the yeasts associated with therideation of silage into two
groups: the acid-users, which comprise specieCafdida, Endomycopsis,
Hansenulaand Pichia, and the sugar users, which are specie3afilopsis.
Yeasts of theTorulopsis genera were not identified in this study, possibly
because of the low concentration of WSC in thegsileemaining after the silo
opening.

It is hypothesized that silages containing a ypapulation larger than 5
log cfu g* present inadequate microbial quality in the sitosl are more
susceptible to aerobic deterioration (McDonatdal, 1991). The 5 log cfu™y
population quoted is valid only if it contains yeathat utilize lactate, and a high
population of yeasts does not necessarily inditesethe silage will deteriorate

(Jonsson and Pahlow, 1984). The silages treatddthél. plantarumUFLA
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SIL 41, L. brevisUFLA SIL 33, UFLA SIL 25, UFLA SIL 27,L. hilgardii
UFLA SIL 51 and UFLA SIL 52 strains showed yeaspyplations lower than 5
log cfu g" at the opening of the silos (Figure 1), and afeeobic exposure, the
silages showed different behaviors relative toyiest growth.

A total of 231 yeast isolates, 67.9% were ablgrmw in the medium
containing 3% lactic acid, and 27.7% grew in thedimm with 9% lactic acid.
Yeasts of identical species showed different respsin relation to fermentation
and assimilation of the tested carbon sources (Eggd and 5). Likewise our
findings, Schwan et al. (2007) observed differericethe yeasts metabolisms
belonging to same species isolated from fermengegrage. The differences in
the metabolisms of microorganisms of identical @®ceinforce the need to
study in detail the fermentation of different typek forage under different
conditions. The data from the initial yeast popolatand from yeast species
associated with each treatment may justify the cedwaerobic stability of these
silages. The best results during aerobic exposeme whserved in the silages
treated with thel. hilgardii UFLA SIL 51 and UFLA SIL 52 strains. These
results might be caused by the lowest initial papah of yeast and the highest
concentrations of acetic acid and 1,2-propanediates In these silages, the
occurrence of yeast species capable of utilizietidacid was observed (Figure

1, Table 5).
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Conclusion
The LAB strains tested as starter cultures weree abl modify the

fermentative, chemical and microbiological parametef silage after aerobic
exposure. The growth and metabolism of the LABissranodified the diversity
of the yeast species in the silages during aemtposure. The diverse behavior
of the LAB strains of the identical group and spsciduring evaluation
reinforces the need to use specific strains seldoeeach forage plant. Silages
showing highest aerobic stability were more coteslavith high acetic acid and
1,2-propanediol concentration. Among the evaluat@ strains, the obligatory
heterofermentative. hilgardii UFLA SIL 51 andUFLA SIL 52 strains provided
the silages with lower temperatures and additiamatheated time and are

suitable for use in sugar cane silage.
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ABSTRACT

The ensilage of sugar cane results in high DM kbhgs to alcoholic
fermentation, but the addition to the silage of maebl rich-glycerin from
biodiesel may compensate for the energy loss dweirgjlage. Methanol is the
most undesirable contaminant in crude glycerinidegtfor animal feeding. The
aim of this study was to evaluate the effects gtgtin added with 1.1% of
methanol andLactobacillus hilgardii UFLA SIL52 in loss reduction and in
increased in nutritional quality of sugar caneggland to evaluate the effects of
Pichia methanolicaNCYC 1381 in reduction the methanol concentratién o
glycerin added to the silage. A randomised desigh & 4 x 3 x 3 factorial
arrangement of treatments was used to analyseethdts. We assessed four
concentrations of glycerin inclusion (0, 4, 8, 12%resh forage), three periods
of silage fermentation (11, 34, 68 days) and theembinations of microbial
additives L. hilgardii UFLA SIL52 [LH], UFLA SIL52 plusP. methanolica
NCYC1381 [LH+PM] and without any microbial additiyé/1]). The glycerin
addition increased the DM concentration and redubedNDF concentration,
increasing the energy density of the silage. Theremse in the glycerin
concentrations reduced the contents of citric, enddictic, acetic and propionic
acids, 1,2-propanediol, methanol and ethanol, anceased the concentrations
of glycerol and the aerobic stability. The LH tmpant increased the

concentrations of the succinic, acetic and propi@tids and 1,2-propanediol



155

and reduced the pH values, the yeast populatiahtteconcentration of lactic
acid and glycerol in silage. The PM treatment iaseel DM loss, glycerol
concentration and aerobic stability. The treatnvéitit 4% glycerin dosages and
with the L. hilgardii UFLA SIL52 was the better treatment for improve the
silage quality, therefore they are indicated asitagd in sugar cane ensilage.
Under the conditions of the experiment tRe methanolicaNCYC 1381

treatment did not reduce the methanol concentraticilage.

Key Words:Pichia methanolicalLactobacillus hilgardij organic acids in silage,

dry matter loss
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INTRODUCTION

The use of sugar can&dccharunspp.) as forage for cattle feeding is
widespread in Brazil. However, sugar cane ensitagelts in high dry matter
(DM) loss due to fermentation of sucrose by ye@stsg Jr. & Stanley, 1982).
The addition of glycerin resulting from biodiesebgduction may compensate for
this energy loss during ensilage of this forage i@tlice losses due to changes
in the fermentation pattern (Carvalho et al., urighled data).

Each 100 kg of biodiesel generates approximatelikdLOf glycerin as
co-product , which contains variable amounts ofcehpl and methanol
(Santibanez et al, 2011). The methanol contentaisiqularly important and
variable. Concentrations from 0.006 to 14.98% oftharol in the glycerin
produced in the U.S.A. were reviewed by Shursaal.e(2012). The toxicity of
methanol to animals has been described by Nie.g2@07). Some countries
have established the maximum permitted levels fethamol in crude glycerol
for animal feed: 0.015% in USA and Brazil, 0.1%Janada, 0.2% in Germany
and 0.5% in the European Union as a whole (Hansah 2009; MAPA, Brasil,
2010).

The response in consumption and performance oframts to the use
of purified glycerol as an energy supplement (DeFet al., 2004) or as a

substitute for corn (Donkin et al.,, 2009; Carvaleb al., 2011) have been
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reported. Although little is known about the effeaif glycerin added with
methanol to the fermentation pattern, microbiotag d#ermentative losses of
sugar cane silage.

The addition of methylotrophic yeasts that is ableise methanol as an
energy source, could reduce the levels of methahid the energy value of the
glycerin compensates for the energy loss duringusogne fermentatiofichia
methanolicas a yeast able to metabolize methanol (HartnerGlretler, 2006).
This yeast is unable to utilize sucrose and laaticl as an energy source. The
heterofermentatived_actobacillus hilgardii UFLA SIL52 isolated from sugar
cane silage (Avila et al., unpublished data) isesv roption to improve the
quality of sugar cane silage. Moreover, it reduttes dry matter loss of this
silage plus glycerin (Carvalho et al., unpublistizda). The aim of this study
was to evaluate the effects of glycerin added wiith% of methanol and
Lactobacillus hilgardii UFLA SIL52 in loss reduction, and increase in
nutritional quality of sugar cane silage and toleste the ability ofPichia
methanolicaNCYC 1381 to reduce the methanol concentration lg€egin

added to the silage.
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MATERIAL AND METHODS

Forage and ensilage conditions

Fresh-cut sugar cane that was approximately 12thmowold was
manually harvested and chopped (PP-47, Pinheirapirt, SP, Brazil).
Experimental silos (mini-silos) were used in thenfaf 10 cm diameter and 60
cm long PVC tubes. The tubes were sealed with fight containing Bunsen
valves for gas release. Each silo was packed wiklg 8f fresh matter (FM)
resulting in a density of 666 kgnGlycerin doses were added at 0, 4, 8 and
12% of FM. This glycerin was added with methanohthieve a concentration
of 1.1%. To ensure the concentration of glycerideatito silage and also the
amount of methanol present in this glycerin, padfglycerin was used (99.7%
of glycerol) (Vetec, Duque de Caxias, RJ, Brazilhich was added with
methanol (Merck, Dasmstadt, Germany) at applicatiothe silage. Nine mini
silos were prepared for each treatment, three aeeeed after 11 days, another
three after 34 days, and the last three after §8.dehe weights of empty and
full silos were recorded. Silos were sealed, aockstat room temperature (25°C
on average) and protected from sunlight and raifterAensilage and before
opening, the full silos were weighed. Dry matteM)Joss was calculated using

weights and DM contents and FM silage.
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The inoculants were pre-cultured in the laboratmgording to Avila et
al. (2009) and enumerated on the ensilage day.LTHélgardii UFLA SIL52
was enumerated on De Man Rogosa Sharpe agar (@861, Basingstoke,
Hampshire, England) and tle methanolicdNCYC1381 on YEPD agar [10 g
L* yeast extract (Merck, Darmstadt, Germany) 10'gsby peptone (Himedia,
Mumbai, India) , 20 g € glucose (Merck, Darmstadt, Germany), 20 gdgar
(Merck, Darmstadt, Germany) containing 100 niydhloramphenicol (Sigma,
St. Louis, USA) and 50 mg Lchlortetracycline (Sigma, St. Louis, USA)]. The
inoculants were mixed with deionised water and ygmtaonto the forage,
resulting in an application volume of 13.3 L forThe final concentration of
microbial inoculum added to silage was 6.1 log ofuL. hilgardii (UFLA
SIL52) g* of FM and 5.0 log cfu oP. methanolicdNCYC1381) ¢ of FM. The
same volume of pure distilled water was added t d¢bntrol treatment. A

separate sprayer was used for each treatment it @ass-contamination.

Analytical procedures

To make the aqueous extract, a sample of 25 geshfforage or sugar
cane silage was blended in 225 mL of 0.1% sterigptgme water and
homogenized in an orbital shaker for 20 min. Thegfldéach sample was then
determined. A portion of this aqueous extract (2 wads acidified with 1QL of

50% (vol/vol) HSO, and frozen prior to analysis for fermentation enoducts.
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Aqueous extracts were analyseshcerning to the content of citric acid, malic
acid, succinic acid, lactic acid, acetic acid, poajt acid, butyric acid, glycerol,
methanol, 1,2-propanediol and ethanol by high-perémce liquid
chromatography. The apparatus (Shimadzu, Corp.yd,akapan) was equipped
with a dual detection system consisting of an vitlat detector (UV-Vis SPD-
10Ai) and a refractive index detector (RID 10A). fam exclusion column from
Shimadzu (Shim-pack SCR-101H; 7.9 mm X 30 cm) dpédrat 50°C was used
for the chromatographic separation of the acide 3&ame column was used for
the chromatographic separation of the alcoholstlwsis operated at 30°C. The
mobile phase consisted of a 100 mM perchloric aoidition (pH 2.2) with a
flow rate of 0.6 mL/min. The acids were detectedlWy absorbance (210 nm)
and the alcohols were identified using the refuacthdex detector.

Samples were dried at 55°C in a forced air oven/®h and ground
through a 1-mm mesh (Wiley mill, Thomas ScientifRhiladelphia, USA).
Neutral detergent fiber (NDF) was analysed usirg ghlfite method described
by Van Soest et al. (1991), using an Ankom 200 Fiealyzer (Ankom
Technologies, Macedon, NY). Water soluble carboatel (WSC) were

analysed by the method of phenol (Dubois et al6195

Microbiological analysis
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Another portion of aqueous extracts was used fanmeration of
microorganisms. Subsequent tenfold dilutions werepgred to quantify the
microbial groups. Yeasts and filamentous fungi wermumerated (spread
plating) on Dichloran Rose Bengal Chloramphenicadm (DRBC, Difco,
Detroit, MI, USA). Plates were incubated at 28°€ 72 h. Lactic acid bacteria
(LAB) were enumerated (pour plating) using MRS ag@e Man Rogosa
Sharpe, Difco, Detroit, MIl, USA) containing 0.1% stgine HCI (Merck,
Dasmstadt, Germany) and 0.4% cycloheximide (0.43#nGa, St. Louis, MO,
USA). Plates for bacterial enumeration were keplenranaerobic incubation

(AnaeroGen, Oxoid Basingstoke, UK) at 30°C for 72 h

PCR-DGGE analysis

The total DNA was extracted from samples beforélayes (fresh sugar
cane) and at 68 days of fermentation using theovialg Protocol: DNA
Purification from Tissues [(QlAamp DNA Mini Kit (@gen, Hilden,
Germany)], in accordance with the instructionst@f thanufacturer. The DNA
from the evaluation of bacterial community was afiga with 338fGC and
518r primers, which span the V3 region of the 1B8SIA gene (Ovreas et al.,
1997). A fragment of the D1-region of the 26S rRiyéne was amplified using

the eukaryotic universal primers NL1GC and LS2 @iocet al., 2000).
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The PCR products from the microbial communities evanalysed by
PCR-DGGE using a BioRad DCode Universal MutatiorteDon System
(BioRad, Richmond, CA, USA) according to the praged previously
described by Ramos et al. (2010). Denaturationignésl varied from 30-50%
denaturant [100% denaturant corresponds to 7 M wamé 40% (v V)
formamide] for the bacterial community and 25-50%r fthe eukaryotic
community. Electrophoresis was conducted at 60?G fo at a constant voltage
of 160 V. After electrophoresis, the gels were ratdi with SYBR-Green |
solution (Invitrogen, Foster City, CA, USA) (1:10® v/v) for 30 min and
photographed with UV transillumination (302 nm; Xpimage, Loccus
Biotechnology). Bands from the PCR-DGGE gels wetgsed with a sterile
blade and placed in 50 of sterile Milli-Q water at 4 °C overnight to ali the
DNA to diffuse out of the polyacrylamide matrix. §IDNA was subsequently
re-amplified using the same primers described ab®lie PCR products were
purified and sequenced using an ABI 3730 XL DNA WKmar (Applied
Biosystems, Foster City, California, CA),and thgusences were compared with
those available in the GenBank database using t#e¢B algorithm (National

Center for Biotechnology Information, Maryland, USA
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Evaluation of aerobic stability

For evaluation of the aerobic stability, at 68 dafsnsilage 2 kg of
silage were placed in plastic buckets and were ket room with controlled
temperature at 24 °C (+0.5 °C). In the center chdaucket a data logger (MI-
IN-D-2-L Escort) was placed, programmed to meagheeaemperature every 0.5
h. Silage temperature was evaluated until 265 ha D@m time to loss of
aerobic stability (number of hours required togélaxceed in 2 °C the ambient
temperature, Moran et al., 1996), maximum tempegatand time to reach

maximum temperature were analyzed.

Statistical analyses

The experiment was conducted in randomized dedigd. x 3 x 3
factorial arrangement of treatments was used ttyamghe results. We assessed
four concentrations of glycerin inclusion (0, 4,18% of fresh forage), three
periods of silage fermentation (11, 34, 68 days)] #mee combinations of
microbial additives I[. hilgardii UFLA SIL52 (LH), UFLA SIL 52 plusP.
methanolicaNCYC1381 (LH+PM) and without any microbial addéiWI)].
Data were analyzed using the GLM procedure of SB&Y Institute Inc., Cary,
NC 1998), under model: j¥ = n + Gly, + Day + Ma + Gly x Day, + Gly x
Mag; + Day x Ma, + gq, where: i = global mean; Gly glycerin effect (j = 0, 4,

8, 12); Day= days of ensilage effect (k = 11, 34, 68); Manicrobial additive
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effect (I = LH, LH+PM, WI); Gly x Day = effect of interaction between
glycerin and days of ensilage; Gly x Ma effect of interaction between
glycerin and microbial additive; Day x Ma effect of interaction between day
and microbial additive ande= experimental error, assumed independently and
identically distributed in a normal distribution tviaverage zero and variance
o°. Means were compared with pre-planned contrasis.alerages of dose and
days of ensilage were compared with polynomial ra@ts (linear, quadratic and
cubic). The averages of microbial additive were pared by orthogonal
contrasts: Wivs LH and LH vs LH+PM. The data of acids and alcohols were
compared only at evaluation with 68 days of ensilabus the effect of days of
ensilage was removed from the model above. The deatyre data were
analyzed using the same model described above wtithe effect of days of

ensilage. Significance was defined?at 0.05.

RESULTS

Chemical composition of freshly treated sugar cane before ensilage

The increase in glycerin dosage added in sugar pdoe to ensilage
increased the concentration of DM, methanol ancagyl (Table 1). The
concentrations of NDF, WSC, citric, malic, succiaiad propionic acids reduced

with the increase of glycerin dosage in sugar gqaner to ensilage (Table 1).
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The concentration of ethanol, 1,2-propanediol,idadiutyric and acetic acids
were below to detection limits.

The succinic acid concentration, the pH value dredrhicroorganisms
population were not modified by glycerin additionhe mean population of
LAB, yeasts and filamentous fungi were 6.83, 5.4435 log of cfu g of fresh

sugar cane, respectively (Table 1).

Table 1 Chemical and microbiological composition of sugane aditived with O,
4, 8 or 12% of fresh matter of glycerin prior tsiéage.

Glycerin dosage (% of fresh matter) SEM* P value

0 4 8 12
pH 5.71 5.66 5.82 5.85 0.12 0.62
Dry matter % 27.5 30.0 33.0 36.7 0.41 <0.01
Concentration % of dry matter
ﬁbreNe“”a' detergent 54 452 381 330 031 <001
- r‘é‘(’)";‘f;(; Soluple 266 237 211 189 104 <0.01
Citric acid 0.78 0.43 0.43 0.14 0.118 <0.01
Malic acid 0.41 0.25 0.17 0.13 0.027 <0.01
Succinic acid 0.80 0.71 0.66 0.66 0.066 0.40
Propionic acid 0.31 0.23 0.18 0.17 0.022 <0.01
Methanol 0.00 0.00 0.16 0.19 0.045 <0.01
Glycerol 0.54 13.88 24.60 3762 1.613 <0.01
Population cfti g™ of fresh matter
Lactic acid bateria 7.03 6.91 6.74 6.64 0.234 0.65
Yeast 5.47 5.55 5.38 5.37 0.075 0.32
Filamentous fungi 4.24 4.28 4.41 4.45 0.160 0.74

1SEM - standard error of the meafhsach mean was obtained in nine replicates,
3¢fu - colony former unit
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Fermentative loss and chemical characteristics

The DM content in silage was modified by interactbetween glycerin
dosage and days of ensilage € 0.01) and by interaction between glycerin
dosage and microbial inoculu®® € 0.03) (Table 2). The DM content increased
with the increase in glycerin dosage (Figures 1Al 4B), in the treatment
without glycerin the DM reduced during the ensilageiod but in the treatment
with glycerin this reduction was not observed (FegliA).

Table 2 Means of main effect arid value of the influence of glycerin dosage,
microbial inoculums and day of ensilage and iterattions on dry matter
(DM), DM loss, neutral detergent fibre (NDF), wateoluble carbohydrates
(WSC), pH and lactic acid bacteria (LAB) and yepgpulation in sugar cane
silage.

DM DM loss NDF WSC pH LAB Yeast
Glicerin dosage (% of % of ensiled

fresh matter) % DM % DM Log cfu g'silage
0 26.3 13.8 62.3 5.66 3.83 8.36 4.52
4 29.9 11.7 53.2 5.13 3.83 8.32 4.55
8 33.4 12.4 46.2 5.15 3.86 8.28 4.68
12 37.3 13.9 40.1 4.80 3.86 8.37 4.18
SEM? 0.12 0.56 5.98 0.358 0.011 0.058 0.149
Microbial inoculum
wi3 315 13.1 50.3 5.61 3.91 8.29 4.98
LH* 31.8 12.2 50.6 4.96 3.81 8.27 4.29
LH+PM® 31.8 135 50.5 4.99 3.82 8.44 4.18
SEM 0.10 0.89 0.19 0.305 0.009 0.050 0.129
Days of ensilage
11 31.6 11.6 48.5 9.36 3.99 8.23 4.98
34 32.4 11.8 50.0 3.91 3.78 8.18 5.06
68 31.1 154 52.9 2.28 3.77 8.58 3.40

SEM 0.10 0.48 0.19 0.308 0.009 0.050 0.129
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P value
( Gf\gce”” dosage 501 002 <001 039 003 076 0.0
© E%ys ofensilage 5451 <001 <0.01 <001 <001 <001 <0.01
ino“C"chJ?nbi(?,'\lo) 0.05 0.15 0.63 024 <001 010 <001
GLY x DAY <001  <0.01 <001 008 <001 011  0.03
GLY x INO 0.03 0.02 019 067 055 085  0.30
INO x DAY 0.22 0.13 <001 095 <001 003 <001
INOGLY X DAY x 0.23 0.95 003 094 002 085 027
Contrasts for glycerin
dosage
Linear <0.01 0.01 <001 044 025 032 02
Quadratic <0.01 0.59 <001 021 079 072 011
Cubic <0.01 0.04 <001 035 <001 084 014
Contrasts for days of
ensilage
Linear <001  <0.01 <001 <0.01 <001 <001 <0.01
Quadratic <001  <0.01 <001 <001 <001 <001 <0.01
Contrasts for
microbial inoculum
WI vsLH 0.02 0.18 035 014 <001 081 <001
LH vSLH+PM 0.80 0.06 077 096 064 005 055

*cfu - colony former unit,

2SEM - standard error of the means,
3 WI - without microbial inoculum,

“LH - Lactobacillus hilgardilUFLA SIL52,

5PM - Pichia methanolicdlCYC 1381.

When the microbial inoculums were added in silafgeated without or with

12% glycerin an increase in DM content occurregfé 1B). The DM content

of silages treated with 4 or 8% glycerin was notdified by microbial

inoculums addition (Figure 1B).

The interaction between glycerin dosage and dagssilage P < 0.01)

and the interaction between glycerin dosage andoivii inoculum P = 0.02)
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altered the DM loss in silage (Table 2) (Figuresé2@l 2B). As general average,
the dry matter loss increased during the ensilag®e@. However, this increase
was small in silages treated with glycerin (TabjeAt 11 days of ensilage, the
addition of 8 or 12% glycerin increased the DM lo$&s other times of

fermentation, the DM losses in the treatment witlicerin increased less
expressively when compared with the losses obsdnvélge treatment without
glycerin (Figure 2A). The LH treatment reduced il loss when added in

silage without glycerin or in silage treated with glycerin.
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Figure 1 Dry matter (DM) in sugar cane silage &dawith 0, 4, 8 or 12% (fresh
matter) glycerin ensiled for 11, 34 and 68 days #4A3l DM without microbial
inoculums, with Lactobacillus hilgardii UFLA SIL52 (LH) or with
Lactobacillus hilgardii UFLA SIL52 plus Pichia methanolicaNCYC 1381
(LH+PM) ensiled with 0, 4, 8 or 12% (fresh mattglycerin (B). The bars
represent the standard error of the means.
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In silages treated with 4 or 12% glycerin the LElatment showed DM
loss similar to the treatment without glycerin (l#ig 2B). The PM treatment

increased the DM loss when added to glycerin tcesitage (Figure 2B).

2207 4
20.0 -

18.0 1 u
16.0 A
14.0 A
12.0 A
10.0 A
8.0
6.0

DM loss (% of ensiled DM)

Days of ensilage

O00% B4% BE8% B12%
18.0 -
17.0 A
16.0 A
15.0 A
14.0 A
13.0 ~
12.0 A
11.0 A
10.0 A
9.0

DM loss (% of ensiled DM)

0% 4% 8% 12%
Glycerin dosage

OWI SLH BELH+PM

Figure 2 Dry matter (DM) loss in sugar cane siltigated with 0, 4, 8 or 12%
(fresh matter) glycerin ensiled for 11, 34 and @§sd(A) and DM loss without
microbial inoculums, withLactobacillus hilgardiiUFLA SIL52 (LH) or with
Lactobacillus hilgardii UFLA SIL52 plus Pichia methanolicaNCYC 1381
(LH+PM) ensiled with 0, 4, 8 or 12% (fresh mattglycerin (B). The bars
represent the standard error of the means.
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The NDF content was modified by interaction betwgbmerin dosage
and days of ensilagé’ (< 0.01) and by interaction between microbial inacul
and days of ensilagd’(< 0.01). The increase in glycerin dosage reduced th
NDF content in silage (Table 2), during ensilageiquke the NDF content
increased. However, this increase was smallerlages treated with glycerin
(Figure 3A). The increase in NDF content during émsilage period in the LH
treatment was observed only in the evaluation @&hdays of ensilage while in
the WI treatment and in the LH+PM treatment thisréase occurred during all

ensilage period assessed. (Figure 3B).
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Figure 3 NDF concentration of sugar cane silagated with 0, 4, 8 or 12%
(fresh matter) glycerin ensiled for 11, 34 and 68y« (A) and NDF
concentration without microbial inoculums, witlactobacillus hilgardilUFLA
SIL52 (LH) or with Lactobacillus hilgardii UFLA SIL52 plus Pichia
methanolicaNCYC 1381 (LH+PM) ensiled for 11, 34 and 68 day} (Bhe bars
represent the standard error of the means.



173

The carbohydrates present in the silage reducethgdihe ensilage
(quadratic effect) (Table 2). There was a more riceged decrease in the WSC
concentration in the beginning of ensilage whenW®C is higher (Tables 1
and 2).

The pH of the silage was modified by interactiortwsen glycerin
dosage and days of ensilage € 0.01) and by interaction between microbial
inoculum and days of ensilage € 0.01) (Table 2). At 11 days of ensilage the
silages treated with the highest glycerin dosagen@ 12%) showed an average
of pH value 0.1 unities greater than the othelgsia(Figure 4A). There was no
difference in pH values of silages treated witHied#nt glycerin dosages after 34
and 68 days of ensilage (Figure 4A). The LH treatrmeduced pH values in the
silage (Figure 4B). In the evaluations with 11 &4ddays, the pH value in the
silage treated with LH or with LH+PM was lower th&¥il treatment (Figure
4B). At 68 days of ensilage no differences wereeoled in pH values of

silages.
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Figure 4 pH values of sugar cane silage treateld Qvit, 8 or 12% (fresh matter)
glycerin ensiled for 11, 34 and 68 days (A) and yatles without microbial
inoculums, with Lactobacillus hilgardii UFLA SIL52 (LH) or with
Lactobacillus hilgardii UFLA SIL52 plus Pichia methanolicaNCYC 1381
(LH+PM) ensiled for 11, 34 and 68 days (B). Thesbapresent the standard
error of the means.

The butyric acid concentration was below the deiactimit of the

technique employed (0.04g Kg The amounts of citric, malic, lactic, acetic and
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propionic acid, 1,2-propanediol and ethanol weduced with the increase in
glycerin dosage (cubic effect) (Table 3). The iasein glycerin dosage results
in a linear reduction in methanol concentratiorsiinge (Table 3). The glycerol
concentration increased with the increase in gigcgosage (cubic effect). The
LH treatment reduced the glycerol concentration Wwhen PM was added
together with LH, the glycerol concentration wae #ame as the WI treatment
(Table 3).

The succinic acid concentration in silage was natdifred by the
glycerin treatment. The LH treatment increased 4rll% the concentration of
this acid in sugar cane silage (Table 3). The Leatment increased the
concentration of acetic and propionic acids, artdptppanediol, and reduced

the lactic acid concentration in silage (Table 3).



Table 3Means of main effect anfd valueof the influence of glycerin dosage, microbial inlhoms and day of ensilage

and its interactions on fermentative parametersmtemperature evaluation in sugar cane silage.

Citr_ic Ma!ic Succ_:inic Lac_tic Ace_tic Propi_onic 1,2- _ Methanol Ethanol Glycerol A.S® Max.7 Time to reach
acid acid acid acid acid acid propanediol temp! max. temp.

S'ljl(i)erin dosage (% % dry matter hours °C hours

0 0.25 0.97 0.84 492 324 1.73 2.34 1.18 5.33 3.3313.9 441 28.3

4 0.17 0.36 0.74 3.36 256 0.74 2.30 0.64 2.71 615.416.2 44.4 41.1

8 0.12 0.17 0.68 270 2.05 0.39 1.59 0.55 1.91 842175 423 56.7

12 0.07 0.14 0.65 234 168 0.28 0.97 0.92 219 1232, 33.8 37.2 75.3

SEM 0.028 0.054 0.075 0.239 0.243 0.001 0.249 0.136 130.3 1.405 228 0.55 10.86
Microbial inoculum

w3 0.12 0.38 0.39 4.46 167 0.59 0.63 0.81 3.34 20.146.3 445 29.9

LH* 0.15 041 0.85 2.67 256 0.84 2.19 0.88 2.71 16.118.7 41.4 46.0

LH+PM® 0.19 0.45 0.94 285 2091 0.93 2.57 0.77 3.06 20.126.0 40.0 75.1

SEM 0.025 0.047 0.065 0.207 0.210 0.096 0.216 0.118 0.27 1.22 1.97 047 9.4
P value

g{fg”” dosage 01 <001 033 <001 <001  <0.01 <0.01 001 <001 <0.0%¥0.01 <0.01 0.04

Microbial

inoculum (INO) 0.17 0.55 <0.01 <0.01 <0.01 0.05 <0.01 0.80 0.29 040. <0.01 <0.01 0.01

GLY x INO 045 0.77 0.75 0.40 0.14 0.92 0.26 0.74  .070 0.21 <0.01 <0.01 0.01
Contrasts for glycerin dosage

Linear 0.03 <0.01 0.28 <0.01 0.02 <0.01 0.40 <0.01 <0.01 <0.01 0.52 045 0.33

Quadratic 0.03 <0.01 0.39 <0.01 0.04 <0.01 0.19 505 <0.01 <0.01 <0.01 <0.01 0.18

Cubic <0.01 <0.01 0.22 <0.01 <0.01 <0.01 <0.01 0.73 <0.01 <0.0¥0.01 <0.01 0.02
Contrasts for microbial inoculum

WIvsLH 0.37 0.68 <0.01 <0.01 <0.01 0.08 <0.01 0.65 20.1 0.03 0.42 <0.01 0.26

9.7



LHvsLH+PM 031 0.1 0.34 055 0.25 0.51 0.23

0.52

380.

0.03

0.02

0.04

0.05

*FM - fresh matter,

2SEM - standard error of means,

3WI - without microbial inoculum,

* LH - Lactobacillus hilgardilUFLA SIL52,
®PM - Pichia methanolicdCYC 1381.
®AS - Aerobic Stability

"Max. temp. - Maximum temperaure

LLT
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Population of LAB and yeasts and diversity of eukaryotes and prokaryotes
There was no growth of filamentous fungi after tfeementation

process. The LAB population was altered by intéoactbetween days of
ensilage and microbial inoculur® € 0.03). During the ensilage period assessed,
the LAB population increased (Figure 5). At 11 dafensilage, the population
of this microorganism was the same between mickitdaulums treatment and
WI treatment (Figure 5). At 34 days of ensilagee tlighest LAB population
were in the treatment with microbial inoculums. & days of ensilage, the LH

treatment showed the smallest LAB number (Figure 5)
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Figure 5 Lactic acid bacteria (LAB) population vatit microbial inoculums,
with Lactobacillus hilgardiiUFLA SIL52 (LH) or with Lactobacillus hilgardii
UFLA SIL52 plusPichia methanolicdlCYC 1381 (LH+PM) ensiled for 11, 34
and 68 days. The bars represent the standardoétoe means.
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The interaction between glycerin dosage and dagnsifage P = 0.03)
and the interaction between microbial inoculum dags of ensilage(< 0.01)
modified the yeasts population in sugar cane si(@géle 2). The yeasts number
reduced from the evaluation at 34 days of ensilage58 days, this reduction
was more intense in silages treated with 12% gigcéfigure 6A). The LH
treatment reduced the yeasts population and thisction was more intense

with 68 days of ensilage (Figure 6B).
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Figure 6 Yeasts population in sugar cane silageeoewith 0, 4, 8 or 12% (fresh
matter) glycerin ensiled for 11, 34 and 68 days4Adl yeast population without
microbial inoculums, witH.actobacillus hilgardiiUFLA SIL52 (LH) or with
Lactobacillus hilgardii UFLA SIL52 plus Pichia methanolicaNCYC 1381
(LH+PM) ensiled for 11, 34 and 68 days (B). Thesbapresent the standard
error of the means.
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By PCR-DGGE analysis, the community of prokaryaed eukaryotes
changed after silage fermentation (Figures 7 andt 8an be observed that the
inoculatedL. hilgardii UFLA SIL52 strain persists during all ensilage qass
(bands 1, 2, 13, 15, 22, 24). The diversity of prgktes was slightly modified
by treatment with glycerin and LH, but it was nobdified by treatment with

PM (Figure 7).

PM PM PM PM
Fresh LH LH LH LH LH LH LH LH
1LH forage WI 0% 4% 8% 12% 0% 4% 8%  12%

Figure 7 Prokaryote community in sugar cane treawgd 0, 4, 8 and 12%
glycerin and with microbial inoculums after 68 dafsensilage. Abbreviations:
LH — Lactobacillus hilgardiilUFLA SIL52, WI — without microbial inoculums,
PM —Pichia methanolicaNCYC1381. Bands: 1,2, 13, 15, 21, 2B- hilgardii,
7- Erwinia sp., 3- Weissellasp., 4,24-Weissella cibariab, 6, 8, 10, 11, 12-
Uncultured bacterium, 9-Enterobacter sp., 14, 22, 20-Lactobacillus
diolivorans, 16, 19- Acetobacter pasteurianusl7- A. lovaniensis 18-
Gluconacetobactesp., 251 actobacillussp.
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Many uncultured bacteria and contaminants speciels asErwinia sp.
and Enterobactersp. were observed before ensilayéeisselawas the only
lactic acid bacteria genera found in sugar canerbednd after fermentation.
However, this species was not observed in silaggad with 8 or 12% glycerin
(band 25, Figure 7). After ensilage, the most pneidant species wask.
diolivorans and L. hilgardii. Species of acetic acid bacterfcetobacter
pasteurianus, A. lovaniensend Gluconacetobactesp. were also observed in
silages. The inoculateld. methanolicavas not identified in the assessment of
the diversity of eukaryotes (Figure 8), suggestingestablishment of this strain
during fermentation. The yeasts species identifieere Candida humilis,
Hanseniaspora osmophila, Hanseniaspora vineae Issatchenkia orientalis
(Figure 8). By the intensity of the band, the spg€l. humilisandl. orientalis
were in lower population in treatment with 12% g@io compared to the other
glycerin dosages. No alteration was observed iramsokic diversity caused by
LH treatment. TheGlomus intraradicesand Tremella globisporafungi were

identified in sugar cane just before ensilage (fFécf).
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Figure 8 Eukaryote community in sugar cane treatétl 0, 4, 8 and 12%
glycerin and with microbial inoculums after 68 dafsensilage. Abbreviations:
LH — Lactobacillus hilgardiilUFLA SIL52, WI — without microbial inoculums,
PM —Pichia methanolicdNCYC1381. Bands: 1,2°. methanolica3- Tremella

globispora,4- Glomus intraradicesb, 6, 7, 8-Candida humilis,9,10, 15,16-

Hanseniaspora osmophild,l, 12-Issatchenkia orientalisl3, 14-Torulaspora

sp., 17,18Hanseniaspora vineae

4

~a

Aerobic Stability

An interaction was observed between treatments witlterin and
microbial inoculum P < 0.01), over evaluated temperature (Table 3)affment
with 12% glycerin increased the aerobic stabilifytlie silage when applied

together with PM treatment (Figure 9A).
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Figure 9 Aerobic stability (A), maximum temperatyB) and time to reach the
maximum temperature (C) in sugar cane silage weat#hout microbial
inoculums, with Lactobacillus hilgardii UFLA SIL52 (LH) or with
Lactobacillus hilgardii UFLA SIL52 plus Pichia methanolicaNCYC 1381
(LH+PM) combined with 0, 4, 8 or 12% (fresh mattgtycerin. The bars
represent the standard error of the means.
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In the WI treatment, the application of the LH treant reduced the
maximum temperature of silage (Figure 10B). Intthatment with 4% glycerin,
the addition of LH+PM treatment reduced the maxintemperature of silage.
In the silage with 8 or 12% glycerin, the additiohLH treatment reduced the
maximum temperature of silage. This reduction wasenpronounced when the
PM treatment was added (Figure 9B).

In the treatment WI or with 4 and 8% glycerin, therere no differences
between the applications of microbial inoculumstla time to reach the
maximum temperature (Figure 9C). In silages treatétd 12% glycerin the
application of PM treatment increased the timee@mch maximum temperature

(Figure 10C).

DISCUSSION

The chemical and microbiological characteristicsefar cane prior to
ensilage (Table 1) are within the values obserwettie literature for this forage
(Pedroso et al., 2005; Carvalho et al. unpublistesd). The effects of glycerin
addition in sugar cane about NDF, WSC, citric, malind propionic acids
concentration prior to ensilage are dilution effeziused by this additive.

The increase in DM concentration caused by glycaddition (Table 1
and 2) was previously observed (Carvalho et alubhghed data) and is due to

increase in DM caused by the additive applicatibhe DM concentration
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reduction observed during ensilage only in the ttneat without glycerin

(Figure 1A) can be an indication that the addea@ayiy was not consumed by
microorganisms during ensilage resulting in highg concentration in the

treatments in which the glycerin was added. Thetgdtment increased the DM
concentration in the silage without glycerin (FigutB). This result can be
explained by changes in the fermentation.

High DM loss is a major problem associated withasu@ane ensilage. In
this study, the treatment with either 4 or 8% gliteand the LH treatment were
able to reduce these losses (Figures 2A and 2B) higher initial percentage of
loss in the glycerin treatments (Figure 2A) is @iolly caused by a high effluent
volume in the beginning of fermentation. In the estlassessments, during the
ensilage this loss is compensated by increase ircBied by glycerin addition.
As can be noted in Figure 2B, the LH treatment ceduthe loss when applied
with or without glycerin. In another study, evalunat different LAB strains,
Carvalho et al. (unpublished data) observes redluatf 28% in the DM loss
when thelL. hilgardii UFLA SIL52 strain was added to sugar cane silage.
Reduction in the DM loss resulted by the additidrthis strain L. hilgardii
UFLA SIL52) together with 10% glycerin (% of FM) w@bserved in the sugar
cane silage by Carvalho et al. (unpublished dddawever, these authors did
not observe reduction in loss when glycerin wasedddithout the microbial

inoculum. Data from this experiment and of Carvalho et ahp{iblished data)
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suggest that application of doses higher than 8¢lyakrin does not reduce the
DM loss of sugar cane silage. As previously notbis, fact is probably due to
the higher effluent volume observed when high dadeglycerin are added to
silage.

The increase in concentration of fibrous componedaoting sugar cane
ensilage observed in this study (Figure 3) has peeviously observed (Pedroso
et al., 2005), and it is due to the concentratibbhis fraction after the silage
consumption of fermentable components. The reductio NDF caused by
glycerin inclusion was probably due to a dilutioffeet (Figure 3A). As
discussed for the DM concentration, the effect bfcgrin addition during
fermentation about the smallest increase in fitraction of the silage is
indicative that glycerol was not consumed duringnientation of silage from
sugar cane. The increase in NDF in the silage ridwived the LH treatment
observed only after 34 days of ensilage (Figure BBy be due to lower initial
intake of carbohydrates when this strain was addetthe silage. Although in
this study this fate has not been statisticallyigicant (Table 2), Carvalho et al.
(unpublished data) observed lower WSC consumptiaih 80 days of ensilage
when this strain was added to sugar cane silage.r&tuction in the WSC
concentration observed (Table 2) is expected duhiagnsilage. The WSC is an
energy source for the growth of microorganisms that on the forage

fermentation. The reduction of WSC is higher in pleak of fermentation when
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microbial metabolic activity is more intense (Pestraet al., 2005; Avila et al.,
20009).

At 11 days of ensilage, the pH values of the s#ageated with 8 and
12% glycerin were slightly higher than the pH valugbserved in the silage
treated with 4% glycerin or in the WI treatmentgiitie 4A). This result can be
associated to the high pH of this additive (6.55),7or a possible buffer effect.
The reduction in pH caused by the addition of Leatment was not expected,
since heterofermentative strains suchLashilgardii UFLA SIL52 produce,
besides lactic acid, high amounts of acetic agicklsson, 2004) which was not
as efficient in lowering the pH. In this study, thid treatment resulted in silages
with less lactic acid concentration but, with largeccinic, acetic and propinic
acids concentration which may explain the lowergtiderved (Table 3).

The fermentation products found in high conceitnat in silages are
lactic, acetic, propionic and butyric acids ancaethl (Kalac et al., 2011) and so
are the major chemical compounds assessed in studlie silages. However,
other compounds are also involved in the fermemadif forage plants, but are
found in small proportions and so are rarely evaidaThe study of these
compounds, found in small proportions, is importsince the use of additives
can alter their concentration in the silage, asenfesl in this study and by
Carvalho et al. (unpublished data). Changes in dbecentration of these

compounds can explain the best or worst performahae additive.
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The reduction in the concentration of citric, maliactic, acetic and
propionic acids and 1,2-propanediol, methanol ahdrel caused by increase in
glycerol dosage (Table 3) is probably due to atiditueffect resulting from the
application of this additive. Unlike observed iristlstudy, Garai-lbabe et al.
(2008) and Pasteris and Strasser de Saad (2008jveldsan increase in the
acetic and lactic acids concentration when glycerat added to the culture
medium ofL. collinoidesandL. hilgardii XB.

Citric and malic acids are intermediate metabolitethe tricarboxylic
acid cycle of living cells. The citric acid conceatton did not increase with
ensilage (Tables 1 and 3) indicating that this maltte was not produced during
ensilage. The malic acid concentration increaseer &nsilage only in silage
without glycerin (Tables 1 and 3) this acid can greduced by microbial
fermentation (Zelle et al, 2008). The glycerin tre@nt modified the microbial
diversity in the silage (Figures 7 and 8) and ci#so dhave modified the
metabolism of this microorganisms changing the petidn of these acids.

The increase of 53% in the succinic acid concéntraand the reduction
of 40% in the lactic acid concentration causedheyltH treatment was probably
a result of the characteristic metabolism of thigais. Kaneuchi et al. (1988)
observed that 35% of the LAB strains tested wete tbproduce succinic acid.
However, these authors observed thatlthiilgardii JCM 1155 strairdid not

produce this acid. Carvalho et al. (unpublishet@d)dabserved that inoculation
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of sugar cane silages with hilgardii UFLA SIL52 resulted in lower lactic acid
concentrations and higher acetic acid concentratioen compared to the silage
without microbial inoculum or silage inoculated lwlt. plantarumstrains. The
L. hilgardii strains have an obligatory heterofermentative bwtsm, that is,
they use the pentose phosphate pathway and, thapprponally produce
smaller quantities of lactic acid thdn plantarum (Axelsson, 2004). Some
heterofermentative LAB and other facultative hefiemmentative strains do not
express or express in a constitutive way acetattkeltdgehydrogenase, which is
one of enzymes responsible for the reduction ofy&€oA into ethanol. Thus,
the production of ethanol is practically null instlyroup of LAB (Oude Elferink
et al. 2001) and, consequently, there is an inergathe concentration of acetic
acid as a final fermentation product. The inoculaain probably follows this
pattern, where the acetaldehyde dehydrogenad#esoli not produced.

The propionic acid concentration in sugar canagsilis very variable
depending on the type of additive used, and thalitons and the period of
ensilage (Avila et al., 2009; Carvalho et al., 20Carvalho et al., unpublished
data). In the case of silages not inoculated Ritbpionibacteriumthe presence
of propionic acid may also be associated with thigletic presence of.
diolivorans which is able to use 1,2-propanediol to producepipnic acid
(Krooneman et al. 2002). The inoculatechilgardii UFLA SIL52 increased the

1,2-propanediol concentration in silage and thediolivorans species was
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observed in the diversity evaluation (Figure 7) akhiexplains the higher
concentration of propionic acid in the LH treatmeée¢inl et al. (2012) verified

that the metabolism of both hilgardii andL. buchneriare similar and possess
the ability to degrade lactic acid and form acetitdd and 1,2-propanediol in
anaerobic conditions (Oude Elferink et al. 2001).

The inoculation with theP. methanolicaNCYC 1381 strain did not
reduce the methanol concentration in the silageblél@). Three possible
explanations are i) no adaptation of the straideurthe ensilage conditions
resulting in a slow growth (Figure 8), ii) shortripel of ensilage (68d), and iii)
low methanol concentration in silage. The applaratbf methylotrophic yeasts
are linked to the use of strong methanol-inducisteamoters derived from genes
of the methanol utilization pathway. These pron®tare tightly regulated,
highly repressed in the presence of non-limitingoemtrations of glucose in the
medium and strongly induced if methanol is usedaabon source (Hartner and
Glieder, 2006).

During sugar cane fermentation, an increase in amehconcentration
(Tables 1 and 3) was observed. Methanol is formman fthe enzymatic
hydrolysis of the methoxy groups of pectin, anddtntent depends on the
extent that the forage is macerated to (Peinadal.e2004). Data on low-
molecular weight alcohols in silage, except foraaitl is limited. The methanol

average concentrations in maize silage with drytendielow 250 g K§ were
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0.3 g kg' DM. However, wide variations occurred (Kalac, 201l alfalfa
(Medicago sativasilage, the methanol concentration could varyfial to 3.1
g kg* DM (Robinson et al, 1988). These values of corn alfalfa silages are
smaller than those observed in sugar cane silagekiated in this study
(average 0.8%). The methanol concentration in sogae silage is well above
the allowed values for the concentration of methama@rude glycerin in this
country. According to the MAPA (Brazil 2010), glyae for animal feeding
should contain a maximum of 0.015% of methanol iaz8. The increase in the
methanol concentration resulting from the incréagbe dosage of glycerin was
due to the presence of methanol in this additive.

The glycerol concentration increased 83.8 an®%0in the silage
without glycerin and in the silage treated with 4$fycerin after ensilage,
respectively. In the silage treated with 8 and 12fycerin, glycerol
concentration after ensilage was reduced to 1.3 bh@%, respectively,
possibly due to effluent loss (Tables 1 and 3). glyeerol produced by yeasts
justifies the increase in the concentration of thmpound in the silage
inoculated with thd®. methanolicadNCYC 1381 strain. Yeasts produce glycerol
during alcoholic fermentation (Smidt et al., 20E)d also osmotic changes
induced the significant storage of glycerol in yea&Sanchez-Fresneda et al.,
2013). The reduction in the yeast number obserwethé treatment with..

hilgardii UFLA SIL52 strain may be responsible for the daseesin glycerol
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concentration in the silage in which this strairswaoculated. The energy value
of crude glycerin is proportional to the level dyagrol. Considering the crude
energy of glycerol as 4320 kcal/kg (Lammers et 2008), the silages treated
with 4, 8 and 12% glycerin had 78.5, 86.3 and 89.8fre energy (from
glycerol) than the control, respectively.

The filamentous fungi population was below the fiofidetection (< log
2). This result is commonly found in sugar canageb (Avila et al., 2009;
Carvalho et al., unpublished data). The inhibitafnfungal growth can occur
due to low oxygen level and high concentrationg@dtic acid or through the
actions of bacteriocins produced by LAB presenthia silages (Strom et al.,
2002).

The results of the application of the LH treatmentthe reduction in
LAB population after 68 days of ensilage (Figurevigre also observed by
Carvalho et al. (unpublished data). The smaller Lgdpulation observed in the
LH treatment in assessment with 68 days of ensilzme be resulted from
production of inhibitory compounds (bacteriocindssociations of yeasts and
LAB are often encountered in the production of bages and fermented foods.
Interaction between yeasts abactobacillusin silages has not been previously
described. This interaction may be the responsearisvincrease in LAB
population caused by PM treatment (Figure 5). Ghov&t al. (unpublished

data) observed an increase in the yeast populatioen L. plantarum wild



194

strains were inoculated in sugar cane silage. &k bf competition for the
main carbon source appears to be one of the piisiegufor the stability of
LAB/yeast associations in food fermentations, amal Iysis of dead microbial
cells also guarantees a supply of amino acids (Ettibth998).

After 68 days of ensilage, the reduction in yeagtytation was more
significant in the treatment with 12% glycerin (&g 6A). There are no reports
on the toxicity of glycerol to yeasts. However, tinetabolism of glycerol by
LAB results in the production of 3-hydroxypropiodehyde (3-HPA), which is
an antimicrobial compound known as reuterin (Past@nd Strasser de Saad,
2009; Tanaka et al., 2009). According to eukarydiiersity analysis (Figure
8), the likely inhibitory effect of these compouratsted selectively with respect
to yeast species, since a small populatio€andida humilisand Issatchenkia
orientalis were observed in 12% glycerin treatment (Figur@t& reduction in
the yeast population by LH treatment was previoadlgerved (Carvalho et al.
unpublished data). The more intense reductionea6®days evaluation can be a
result of the accumulation of acid and other irtityi compounds.

The increased glycerin concentrations and the fisgavobial inoculum
were favorable to enhance the aerobic stability,réduce the maximum
temperature, and to prolong the time to reach thgimmum temperature during
the aerobic silage exposition. In other studies itteculation of sugar cane

silage with the_. hilgardii UFLA SIL52 strain resulted in an increase in aérob
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stability (Carvalho et al., upublished data). Tl#hars associated this result to
high 1,2-propanediol and acetic acid concentratiq@arvalho et al.,
unpublished data; Nishino et al., 2003). The effest Pichia methanolica
NCYC 1381 inoculation were mainly observed afteeripg the silos. It can be
associated with a higher growth of this strain wite greater oxygen

availability.

CONCLUSION

The sugar cane silage quality decreases with tloeease in the
fermentation time. The treatment of sugar cane dithglycerin and.. hilgardii
UFLA SIL52 (6.1 log cfu g of FM) was able to improve the silage quality by
reducing fiber and ethanol concentration, providimgh glycerol availability
and consequently more energy at the end of ferrtienta he addition of doses
higher than 4% glycerin increased the percentagg Blycerin andl. hilgardii
UFLA SIL52 also increased the aerobic stabilitytloé silage. Therefore, they
are indicated as additives in sugar cane ensildlggy assessments using
glycerin with higher methanol concentrations, andculation with a higher
population, are needed to ensure the capaciB. ofiethanolicaNCYC 1381 in
reducing the concentration of this compound in gsliege. The results of this
study provide information about the influence ofifsed glycerin plus methanol

in the ensilage process of sugar cane. In thig/stue used the purified glycerin
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to prevent the probable effects of other chemicataminants except methanol
contained in the residual glycerin from biodiesebduction. Further studies
should be conducted using crude glycerin to confinenpositive effects of the

addition of glycerin in sugar cane silage.
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