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RESUMO

Dentre os tipos de silagem, a de planta inteira de milho (Zea mays) € predominante, por
sua Otima ensilabilidade e alta produtividade, quando bem manejada agronomicamente.
O objetivo foi comparar o desempenho de novilhas leiteiras alimentadas com dietas
contendo silagem de milho de planta inteira armazenada em silos trincheira, com as
seguintes estratégias de vedacao: 1) filme de polietileno (branco sobre preto, espessura
real de 121 + 3,1 um) cobrindo a superficie superior da silagem e apoiado com fileiras de
pneus a cada 3 m (PE) ou 2) sistema barreira de oxigénio composto por filme coextrusado
de etileno e alcool vinilico (espessura real 46,7 + 2,5 um) revestindo as paredes laterais,
os ombros do silo e cobrindo a superficie superior da silagem, protegido com manta
antiUV e apoiado com sacos de cascalho colocados no perimetro da manta antiUV e em
linhas transversais a cada 3 m (BO). As plantas de milho foram colhidas mecanicamente
guando apresentavam em média 39% de matéria seca (MS). A forragem picada foi
compactada simultaneamente em dois silos trincheiras. Ao final do enchimento, os silos
foram vedados com os métodos de cobertura PE ou BO. Apds 6 meses de armazenamento,
os silos foram abertos e 26 novilhas holandesas (260 + 89,1 kg de peso corporal inicial)
foram alimentadas por 60 d com ragGes completas contendo as respectivas silagens. As
novilhas foram alocadas em blocos ao acaso com base no peso inicial e alojadas em baias
individuais. As dietas continham (% MS) 80% de silagem de milho (PE ou BO), 17,5%
de farelo de soja e 2,5% de mistura de minerais. O consumo de MS foi medido
diariamente, enquanto a altura de cernelha, altura de garupa, circunferéncia torécica e
escore de condicdo corporal (ECC) foram medidos no inicio e no final do periodo
experimental. O comportamento alimentar foi registrado nos dias 24 e 46 e a
digestibilidade do trato total foi determinada nos dias 26 a 30 e 48 a 52. Durante a

alimentacdo, a qualidade da silagem também foi avaliada na camada superior (15 cm de
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profundidade da superficie superior) e na camada inferior (135 cm de profundidade da
superficie superior). A silagem armazenada sob o sistema de vedacdo BO teve menos
leveduras, bolores e NH3-N, e mais acido latico e carboidratos soluveis. Houve interacao
entre a estratégia de vedacdo e a camada de silo, indicando que a silagem BO apresentou
menores valores de temperatura, pH, esporos anaerdbios, acido acético e perda de MS, e
maior digestibilidade in vitro da MS e estabilidade aerdbia, principalmente na camada
superior do silo. A proporcéo de silagem deteriorada foi menor no tratamento BO do que
no PE (0,82 vs. 4,00% MS). A digestibilidade de nutrientes no trato total foi semelhante
entre os tratamentos, mas 0s animais que receberam a ra¢do BO tiveram maior consumo
de MS em aproximadamente 9% (9,39 vs. 10,20 kg/d) pela taxa de ingestdo mais rapida
e ao maior namero de refei¢ces por dia. Portanto, o tratamento BO aumentou a ingestdo
de energia digestivel em 8% (26,3 vs. 28,3 Mcal/d) e o ganho médio diario em 12% (1,08
vs. 1,21 kg/d). O escore de condicdo corporal foi semelhante entre os tratamentos, mas as
novilhas alimentadas com BO apresentaram maior circunferéncia toracica e tenderam a
ter maior altura de garupa ao final do periodo de alimentagdo. Em conclusdo, a
substituicdo do filme PE padrdo por um sistema de vedacdo BO melhorou a conservacgéo

da silagem e o desempenho de novilhas leiteiras em crescimento.

Palavras-chave: deterioracao aer6bia, consumo de matéria seca, filme plastico, cobertura

de silo
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ABSTRACT

Whole-plant corn (Zea mays) silage is the main conserved forage used in dairy farms, due
to its high feeding value, excellent ensilage process, and high yield when well managed
agronomically. Our objective was to compare the performance of dairy heifers fed diets
based on whole-plant corn silage stored in bunker silos with the following sealing
strategies: 1) polyethylene film (white-on-black, actual thickness 121 + 3.1 um) covering
the top surface of the silage, held with rows of tires every 3 m (PE) or 2) oxygen barrier
system comprised of co-extruded film of ethylene and vinyl alcohol (actual thickness 46.7
+ 2.5 um) lining silo side walls and shoulders, covering the silage, protected with a woven
anti-ultraviolet cover and supported by gravel bags placed on the perimeter of the anti-
UV blanket and in transversal lines every 3 m (OB). Corn plants were harvested
mechanically when the crop had approximately 39% dry matter (DM). The chopped
forage was packed simultaneously in two bunker silos. Immediately after filling, the silos
were sealed with PE or OB covering systems. After 6 mo storage, silos were opened and
fed to 26 Holstein heifers (260 £ 89.1 kg shrunk body weight) for 60 d, as part of total
mixed rations. The heifers were allocated in randomized blocks based on the initial weight
and housed in individual pens. Diets contained (% DM) 80% corn silage (PE or OB),
17.5% soybean meal, and 2.5% mineral mix. DM intake was measured daily, whereas
shrunk body weight (SBW), hip height, heart girth and body condition score were
measured at the beginning and end of the experimental period. Feeding behavior was
recorded on days 24 and 46, and total tract digestibility was measured from days 26 to 30
and 48 to 52. During the feeding, silage quality was also assessed at the top (15 cm depth
from upper surface) and bottom layer (135 cm depth from upper surface). Silage stored
under the OB sealing system had less yeasts, molds and NH3-N, and more lactic acid and

soluble carbohydrates. There was an interaction between sealing strategy and silo layer
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indicating that OB silage had lower values of temperature, pH, anaerobic spores, acetic
acid and DM loss, and higher in vitro DM digestibility and aerobic stability, especially in
the top layer of the silo. The proportion of inedible silage was lower in OB than in PE
treatment (0.82 vs. 4.00% DM). The total nutrients digestibility was similar between
treatments, but animals that received the OB ration had higher DM intake by
approximately 9% (9.39 vs. 10.20 kg/d) due to the faster eating rate and the higher number
of meals per day. Therefore, OB treatment increased the digestible energy intake by 8%
(26.3 vs. 28.3 Mcal/d) and average daily gain by 12% (1.08 vs. 1.21 kg/d). Body condition
score change was similar between treatments, but heifers fed OB had higher heart girth
and tended to have higher hip height. In conclusion, replacing a standard PE film with an
OB sealing system improved silage conservation and performance of growing dairy

heifers.

Key words: aerobic deterioration, feed intake, plastic film, silo cover
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I. INTRODUCAO

A eficiéncia de preservacdo de silagens depende do nivel de anaerobiose atingido
no interior do silo (McDonald et al., 1991; Pahlow et al., 2003). A infiltracdo de oxigénio
no silo desencadeia a proliferacdo de microrganismos indesejaveis, ocasionando perdas
de nutrientes, diminuicdo da qualidade higiénica e na reducdo do valor alimenticio da
silagem (Lindgren et al., 1985; Borreani et al., 2018).

A estratégia de vedacdo mais comumente utilizada em silos horizontais é a
cobertura da massa ensilada com filme de polietileno (PE) e, em alguns casos, pneus séo
colocados sobre os filmes, para auxiliar na justaposicdo do filme com a massa ensilada.
No entanto, os filmes convencionais de PE ndo sdao completamente efetivos em impedir
a entrada de oxigénio, gerando perdas principalmente nas camadas periféricas do silo
(Borreani e Tabacco, 2017).

No intuito de reduzir a deterioracdo aerobia e melhorar a preservacdo de silagens,
novos polimeros de baixa permeabilidade ao oxigénio foram desenvolvidos pela indUstria
de plasticos. Dentre os desenvolvimentos mais atuais se encontra o filme de copolimeros
etileno e alcool vinilico (EVOH), também conhecido como barreira de oxigénio (BO).
Como o filme de EVOH ndo possui protecdo contra raios ultravioleta (UV), este filme é
frequentemente usado sob um filme de PE ou sob uma manta protetora, que aumenta a
vida util do filme e traz resisténcia mecanica a este sistema de vedacdo (Borreani e
Tabacco, 2017).

Apensar das alteracdes quimicas, fisicas e microbianas em silagens sob diferentes
sistemas de vedag&o serem bem estabelecidas na literatura, os beneficios dos sistemas de
vedacao mais eficientes no desempenho animal ndo estdo bem estabelecidos na literatura,
e, sabe-se que ndo existe pesquisa avaliando o efeito de sistemas de vedacdo no valor

alimenticio de silagem de milho para novilhas leiteiras. No entanto, a taxa de crescimento



16

de novilhas de reposicéo afeta a idade ao primeiro parto, a producdo de leite ao longo da
vida e o retorno econémico em fazendas leiteiras (Cady e Smith, 1996; Ettema e Santos,
2004). Para atingir as metas de GMD com investimento financeiro reduzido, a fonte de
forragem deve suportar desempenho adequado com baixa proporcdo de concentrados na
dieta.

O objetivo deste estudo foi comparar o desempenho de novilhas leiteiras em
crescimento alimentadas com ragfes completas a base de silagem de milho armazenada
sob um sistema de vedacdo tradicional (filme de PE branco e preto + pneus) ou sistema

barreira ao oxigénio (filme EVOH nas paredes e sobre a massa + manta antiuV).

1. REVISAO DE LITERATURA

1.1. Deterioracdo aerobia durante o armazenamento de silagens

O grau de anaerobiose alcancado no interior do silo é o principal fator que exerce
influéncia sobre a conservacdo da silagem (McDonald et al., 1991). A deterioracéo
aerobia de silagens se inicia a partir do momento que ela entra em contato com o oxigénio,
que desencadeia a acdo de microrganismos aerobios espoliadores. O processo de
deterioracdo aerobia pode ocorrer quando a silagem é exposta ao oxigénio na fase de
estocagem ou na fase de desabastecimento (Ashbell e Weinberg, 1992; Kung et al., 1998).

Durante a fermentacdo, microrganismos desejaveis, representados principalmente
por bactérias laticas, promovem a preservacdo da massa, convertendo carboidratos
solGveis em produtos de fermentacdo como acidos organicos, calor, 4gua e CO2.
Entretanto, quando a silagem é exposta ao oxigénio, o processo de deterioracao se inicia,
principalmente pela acdo de leveduras, que em silagens de milho s&o os microrganismos
de deterioracdo primarios, embora as bactérias do acido acético tambem possam estar
envolvidas no desencadear da deterioracdo aerobia (Pahlow et al., 2003). As leveduras
sdo capazes de se desenvolverem em baixas concentracfes de oxigénio e em ambientes
com ampla variacdo de pH, criando condi¢des adequadas para o desenvolvimento de
outras populacdes microbianas ao longo da deterioracdo (McDonald et al., 1991). As
leveduras degradam o &cido latico, acompanhado de elevagdo da temperatura e do pH da
silagem. O ndmero de leveduras aumenta e a producdo de calor se torna mais intensa
favorecendo aumento na temperatura da silagem, que proporciona um ambiente adequado
para o desenvolvimento de outros microrganismos, tais como, fungos filamentosos,

bacilos, listeria, clostrideos e enterobactérias (Tabacco et al., 2009).
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Conforme esses microrganismos comegam a agir, a temperatura e o pH da silagem
tende a aumentar ainda mais, pelo metabolismo de substratos. Consequentemente, 0s
teores de carboidratos soluveis, acidos organicos e alcoois tende a diminuir com o avancgo
da deterioracdo aerobia (Spoelstra et al., 1988; Ranjit e Kung, 2000).

Além da perda de nutrientes, 0 processo de deterioracdo aerébia também resulta em
perda da qualidade higiénica e do potencial de consumo de matéria seca (MS), resultando
em perda do valor alimenticio da silagem (Whitlock et al., 2000). Frequentemente o
processo de deterioracdo aerdbia é acompanhado do desenvolvimento de bactérias
formadoras de esporos e de toxinas fungicas (i.e., micotoxinas) e bacterianas, que podem
afetar negativamente a saude animal (Pitt, 1995; Wilkinson, 1999; Pahlow et al., 2003;
Cavallarin et al., 2011).

As perdas que ocorrem durante a estocagem da silagem podem ser visiveis e/ou
invisivel. Nas regides periféricas e proximo as paredes laterais do silo € o local que se
concentram as maiores perdas visiveis, pois nestas regides o material estd menos
compactado (i.e., tem maior porosidade) e estd em maior contato com o oxigénio,
ocasionando na deterioracdo da massa. Enquanto isso, as perdas invisiveis estdo
relacionadas ao desaparecimento de nutrientes e a producdo de substancias que podem
afetar o consumo de MS e o desempenho dos animais. O valor nutritivo da silagem pode
diminuir em até 16% pelo aumento da temperatura da silagem causada pela atividade de
microrganismos aerébios, antes mesmo que os fungos filamentosos se tornem visiveis
(Tabacco et al., 2011).

Para evitar que ocorra deterioracdo aerobia durante o armazenamento e pds-
abertura do silo, todas as etapas da ensilagem e do descarregamento devem ser realizadas
adequadamente. Realizar o enchimento do silo de maneira rapida e eficiente, fazer uma
boa compactagédo durante a confecgdo do silo para atingir densidade adequada. Vedar e
cobrir adequadamente o silo para minimizar a penetracdo de oxigénio durante a fase de
conservacdo (Borreani et al., 2007; Bernardes et al., 2012), usar pesos sobre o filme de
cobertura (McDonnell e Kung, 2006), e, revestir as paredes dos silos com filmes plasticos
(Lima et al., 2017). Além disto, fazer um planejamento para que o silo atinja a taxa de
descarregamento diaria correta (Borreani e Tabacco, 2012a; De Oliveira et al., 2018) e a
utilizacdo de aditivos para a melhora da estabilidade aerébia. Nos proximos topicos serdo
revisados temas relacionados com as estratégias de vedacédo e seus efeitos na silagem e

no desempenho de animais.
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1.2. Estratégias de vedacgado

1.2.1. Filmes de vedacgéao

Antes do surgimento dos filmes plasticos eram utilizadas construcdes feitas de
concreto ou ago ou buracos na terra para alcancar um ambiente e 0s materiais mais
utilizados como cobertura, eram terra, madeira, palha, serragem, parafina, feltro e calcério
moido, porém ndo eram eficazes em evitar a passagem de ar e agua da chuva, ocasionando
a deterioracdo da silagem (Nevens, 1933; Minson e Lancaster, 1965).

Foi no inicio dos anos 1950 que se comecou a utilizacdo de filmes plasticos para
cobertura de silagens que permitiu aos agricultores se beneficiassem dessa tecnologia
(Anonymous, 1953). Os primeiros filmes plasticos eram feitos de cloreto de polivinila
(PVC) e eram usados para proteger pequenos silos da entrada de chuva (Borreani e
Tabacco, 2017). Apesar de os filmes de PVC serem mais baratos e oferecem boas
caracteristicas mecanicas, apresentam alta permeabilidade ao oxigénio e durante sua
producdo, uso e disposi¢do podem liberar dioxinas para o ambiente (Wisner et al., 2005),
e logo foram substituidos.

A capacidade dos filmes plasticos em evitar a infiltracdo de oxigénio tem grande
efeito na reducédo de perdas por deterioracdo aerobia nas camadas mais periféricas de silos
horizontais (Borreani et al., 2007). Assim, as caracteristicas consideradas necessarias para
um filme pléstico ideal para vedagdo de silos é apresentar alta impermeabilidade ao
oxigénio aliado a alta resisténcia mecanica (resisténcia a agentes exteriores) e resisténcia
UV (Borreani e Tabacco, 2018). Dessa forma, na década de 1960, filmes plasticos a base
de polietileno (PE) comecaram a ser produzidos com objetivo de aumentar a
impermeabilidade ao oxigénio. Os filmes de PE apresentavam maior resisténcia,
principalmente a raios ultravioleta (UV) e evitava que o material se desintegrasse sob a
luz solar (Wilkinson et al.,, 2003), e também possuiam caracteristicas mecanicas
adequadas, baixo custo e capacidade de criar condi¢fes anaerobias na massa ensilada
(Borreani e Tabacco, 2017).

Um silo sem cobertura, com seu material exposto, esta sujeito a grandes perdas,
pois estd em contato com o oxigénio e a 4gua da chuva. Bolsen (1997) observou que
deixar a silagem descoberta resulta em perda total média de 47 e 11% de matéria organica
(OM) nos primeiros 50 cm do topo e nos proximos 50 cm abaixo, respectivamente,

enquanto a cobertura com filme de polietileno de baixa densidade reduziu essas perdas
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para 20 e 5%, respectivamente. Bolsen (1997) estimou que os custos com perda de
silagem deteriorada sdo em média quatro vezes maiores que o custo de aquisi¢do de filme
plastico e pneus, além da méo de obra para remocéo da massa deteriorada.

A utilizacdo de filmes de PE se tornou comum em muitas regiées do mundo, porém
sua eficiéncia na vedacdo é varidvel e pode mudar conforme o tempo de armazenamento
e temperatura ambiente, e também pode ser alterada pela coloracdo da lona. Em
particular, a temperatura ambiente tem alta interferéncia na permeabilidade do filme PE
ao oxigénio (Borreani e Tabacco, 2008, 2010), como por exemplo, aumento de
temperatura de 23°C para 50°C aumenta a permeabilidade de aproximadamente 4000 cm?®
de O2/m? para aproximadamente 12000 cm?® de O»/m? em 24 horas (Siqueira et al., 2005).

Com propésito de diminuir a permeabilidade ao oxigénio, aumentar a espessura do
filme plastico se tornou uma alternativa neste periodo. Perdas de MS foram mensuradas
em relacdo a espessura dos filmes por Savoie (1988), que encontrou perdas de 24,4 g/kg
a 3,2 g/kg de MS, em um periodo de armazenamento de 30 dias, quando houve o aumento
de espessura de 25 pm para 200 pum, respectivamente. A maior parte dos filmes de PE
encontrados no mercado para vedagao de silos possuem entre110 a 200 pm de espessura
(Borreani et al., 2007), e segundo Borreani e Tabacco, (2017) representam quase 70-85%
dos produtos plésticos agricolas no mundo.

Além da espessura e temperatura, a coloracao dos filmes plasticos pode alterar a
permeabilidade ao oxigénio. A cor do material influencia sua permeabilidade
principalmente em estacdes com elevadas temperaturas. Segundo as normas da American
Society for Testing and Materials (2010), com a elevacgéo da temperatura de 23 a 50°C, a
permeabilidade dos filmes plasticos ao oxigénio aumenta de 3 a 5 vezes. E, acompanhada
de cores escuras, mais calor € absorvido. Snell et al. (2002) avaliaram o efeito de cinco
filmes de PE de baixa densidade, com trés cores e espessuras diferentes. Utilizaram o0s
seguintes filmes: 90 um branco, 150 um transparente, 150 um branco, 150 um preto e
200 um branco. Nas silagens cobertas com filmes das cores preta e transparente obtiveram
maior temperatura, mas o perfil fermentativo foi semelhante para todos os tratamentos.
Em relacdo a espessura, 0s autores puderam concluir que as espessuras sao inversamente
proporcionais a permeabilidade, ou seja, para o filme de maior espessura, a
permeabilidade foi menor. Diante disso, filmes de PE com coloracdo mais clara (e.g.,
brancos) s&o preferiveis a filmes de coloracdo escura (e.g., pretos), pois os filmes escuros
refletem menos e radiagdo solar, absorvem mais calor durante a exposi¢do ao sol e,

consequentemente, aumentam a permeabilidade ao O, (Tabacco e Borreani, 2002).
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Na década de 1990, surgiu uma nova tecnologia de processamento chamada de
coextrusdo, que permite combinar diferentes resinas e formar filmes pléasticos com
multicamada. A combinacdo de diferentes resinas viabiliza a producdo de filmes com
melhores propriedades de barreira ao oxigénio e resisténcia mecanica. Além do mais, é
possivel a confeccdo de filmes mais finos, pois sdo mais eficientes em reduzir a
permeabilidade ao oxigénio. Como a coextrusdo de filmes multicamadas ajuda a
combinar todas as propriedades necessarias para uma aplicacdo especifica em um
material, a tecnologia de cobertura de silos estd e modernizando e novos
desenvolvimentos em estratégias de vedacdo foram relatados recentemente (Borreani et
al., 2007b; Borreani e Tabacco, 2014; Wilkinson e Fenlon, 2013).

Desde o desenvolvimento da coextrusdo, combinagdes entre PE e outras resinas
vém sendo testadas para produzir o filme plastico ideal, chamados de barreira de oxigénio
(BO). No entanto, essa nova geracao de plasticos ndo apresenta protecdo contra raios UV
e desta forma uma manta protetora deve ser utilizada sobre a lona para evitar danos pelos
raios do sol. Dentre as resinas disponiveis, destacam-se a poliamida (PA) e o copolimero
de etileno alcool vinilico (EVOH), que parecem mais promissoras, pois uma camada de
poucos micrometros dessas resinas coextrusadas com PE sdo capazes de reduzir em
grande medida a permeabilidade ao oxigénio do filme resultante (Borreani e Tabacco,
2017) e o risco de produzirem dioxinas é baixo. Entre os polimeros atualmente
disponiveis no mercado, 0 EVOH oferece as melhores propriedades de barreira ao
oxigénio, pois possui permeabilidade ao oxigénio trinta vezes menor do que a poliamida
em condigdes padrdo e com espessura igual (Borreani e Tabacco, 2017).

Ainda que os custos dos filmes BO sejam aproximadamente 50 a 60% mais altos
que dos filmes comerciais de PE, a reducdo de perdas de nutrientes pode justificar a
utilizacdo destes filmes do ponto de vista econémico. Segundo Borreani e Tabacco,
(2014) a economia pela reducdo das perdas de nutrientes e a melhoria da qualidade
microbiologica da silagem é maior do que o custo adicional com o filme BO.

Degano (1999) comparou o efeito dos filmes de PE (200 um) e OB (45 um) na
silagem de milho de planta inteira armazenadas em silos trincheiras. O silo coberto com
PE apresentou pior perfil fermentativo quando comparado com o OB. O silo com OB
apresentou valores de pH igual 3,73 e teor de acido latico de 3,67% e o PE, 3,97 e 3,18%,
respectivamente. Wilkinson e Fenlon (2013) fizeram algumas anélises e ressaltam a

grande variagdo nas perdas de MS de silagens armazenadas em areas periféricas de silos
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horizontais, variando de menos de 50 a 700 g/kg para filmes de LDPE e de 50 a 370 g /
kg de silagem para filmes OB.

Borreani et al., (2007) também avaliaram a influéncia de dois tipos de filmes
plasticos na vedacdo da silagem de milho em silos horizontais do tipo trincheira, o filme
de PE convencional de 180 um e o filme de poliamida de 125 pum (BO). O
desenvolvimento do experimento ocorreu em duas fazendas (fazenda 1 e 2) comerciais,
e em cada fazenda os silos foram divididos em duas metades longitudinalmente e cada
uma das partes receberam uma vedacéo diferente, sendo que uma metade foi utilizado o
PE e na outra 0 BO. Em ambas as fazendas, as perdas de MO e os valores de pH para as
metades cobertas com o filme BO foram menores e a estabilidade foi melhorada. Na
fazenda 1, as perdas de MS foram 3,7 vezes menores para o filme BO e na fazenda 2, as
perdas foram numericamente maiores na silagem vedada com o filme PE em comparacao
com o filme OB (9,0 e 5,9%, respectivamente), porém nao houve diferenca estatistica.

Com o avancar das pesquisas em filmes BO, um novo conceito de BO foi
desenvolvido, o filme de alta barreira ao oxigénio. Sdo feitos pela coextrusdo de uma
camada de EVOH entre 2 camadas de PE (Borreani e Tabacco, 2012b). A camada de
EVOH melhorou a impermeabilidade ao oxigénio do filme HOB a cerca de 10 vezes, em
comparagdo com a primeira geracao de filmes BO, pela nova férmula de EVOH, que
tornou o filme particularmente mais macio em temperatura ambiente e com espessura
reduzida da camada EVOH (de 2 a 3 um) (Borreani e Tabacco, 2014). Ao comparar a
qualidade fermentativa, quimica e microbioldgica da silagem de milho em silos tipo
trincheira vedados com filme de alta barreira ao oxigénio (i.e., EVOH), Borreani e
Tabacco (2014) reportaram que a silagem vedada com EVOH, apresentou na camada
superior teor mais elevado de &cido lactico, menor pH, contagens mais baixas de
leveduras, fungos filamentosos e maior estabilidade aerdbia. Além do mais, foi
contabilizado menores perdas de MS para a silagem vedada com EVOH, e sugere
melhores condigdes em qualidade e nutricional para essa silagem.

A escolha do filme plastico para a etapa de vedacdo de um silo é de extrema
importancia para boa preservacdo. Fazer a vedacao corretamente é essencial para evitar o
aparecimento de microrganismos indesejaveis e para assegurar um material de boa

qualidade nutricional e higiénica, que nédo afete negativamente a resposta animal.
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1.2.2. Protecédo do filme de vedagdo

A intensidade do fluxo de oxigénio para dentro do silo € dependente dos gradientes
de temperatura, presenca de fendas nas paredes do silo, do filme plastico utilizado na
vedacdo e da porosidade da silagem (Weinberg e Ashbell, 2003). Desta forma, algumas
estratégias podem ser empregadas para proteger o filme de vedacéo, tais como a utiliza¢do
de terra, bagaco de cana, pneus, entre outros, para diminui¢do de incidéncia de raios
solares sobre o filme e também melhorar a aderéncia entre o filme e a silagem, reduzindo
assim o fluxo de ar entre o filme e a silagem. Contudo, deve-se considerar o custo do
material de proteg&o, sua disponibilidade na fazenda ou no mercado, a méo de obra para
retirar 0 material durante o descarregamento da silagem e o risco de contaminagao da
silagem, por exemplo, com o uso de terra (Amaral e Bernardes, 2010).

Amaral et al., (2014) testaram quatro métodos de vedacdo com base em diferentes
tipos de filmes. Os filmes testados foram: filme BO (poliamida de 45 um de espessura)
protegido com filme PE dupla face (200 um); filme PE dupla face (200 pm); filme PE
preto (200 pum; polimero virgem); e filme PE reciclado (200 um) protegido com camada
de 10 cm de bagaco de cana sobre o filme. Ndo houve diferenca significativa entre os
tratamentos no perfil fermentativo das silagens (pH, &cido latico e contagem de
microrganismos) e nem para perdas de MO. No entanto, a proporcdo de silagem
deteriorada descartada diariamente (perdas visiveis) foi menor para os tratamentos que
utilizaram os filmes OB e filme PE protegido com camada de 10 cm de bagaco de cana.
Dessa forma, o0 uso de BO ou bagaco de cana sobre o filme pode auxiliar na reducdo da
ocorréncia de silagem deteriorada no topo do silo.

Pensando na importancia do uso dessa estratégia para melhorar a vedacao no todo,
uma manta protetora (tarp) contra raios UV e danos fisicos foi desenvolvida. Em
combinagdo com o filme BO, esta estratégia tem sido chamada de "2-steps"”. A adocéo
desta manta protetora facilita 0 manuseio durante a vedacdo e 0 descarregamento da
silagem, comparativamente com outras estrateégias de protecao do filme plastico. Apesar
do custo relativamente elevado (R$/m?) esta manta pode ser reutilizada varias vezes, e,
portanto, o custo por tonelada de silagem passa a ser minimizado.

Orosz et al., (2013) comparou duas estratégias de vedacao, filme BO coberto com
manta antiUV ou filme PE com linhas de pneus. Nao houve diferenca significativa na
contagem de bactérias aerdbias entre as silagens. No entanto, somente na silagem com
PE teve contagem de fungos, enquanto na silagem BO n&o foi encontrado fungos. A

contagem de clostrideos foi mais baixa para o tratamento BO comparado ao PE. Além
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disto, a silagem estocada sob o filme BO teve melhor estabilidade aerébia. Machado
(2019) relatou que ao comparar filmes PE e BO, ambos cobertos com 0 mesmo tipo de
manta protetora antiUV, a silagem vedada com BO apresentou contagens menores de

leveduras e clostrideos.

1.2.3. Protecdo de paredes e ombros do silo com filme pléastico

Nas ultimas decadas, a protecdo das paredes e dos ombros de silos horizontais tem
recebido atencdo como estratégia de reducgdo de deterioragdo aerdbia. A probabilidade de
infiltracdo de oxigénio na silagem armazenada nos ombros do silo é alta, pela
descontinuidade (emenda) entre o filme de cobertura e as paredes e a menor densidade da
massa nestas zonas do silo.

A pratica de protecdo dos ombros dos silos consiste em estender o filme que reveste
a parede por pelo menos 1,2 m sobre o topo da forragem quando o silo esta cheio, e,
depois aplicar uma camada superior de plastico. Além de reduzir a penetracao de ar, esta
estratégia também evita a infiltracdo da agua das chuvas (Bolsen, 2006).

Santos (2015) analisou dois métodos de vedacao, no qual utilizou quatro silos tipo
trincheira de alvenaria e foram divididos longitudinalmente, tendo uma das paredes
revestida com filme BO e a outra parede foi mantida sem nenhum revestimento. Um filme
de PE de 200 pum foi utilizado para a cobertura do silo. A silagem armazenada do lado do
silo com protecdo do ombro e topo com filme BO teve mais acido latico, menor pH,
menores contagens microbianas e perda de MS e maiores estimativas de NDT e de
producdo de leite por tonelada de silagem. Diante disto, o autor conclui que a utilizacdo
de filme BO diminuiu a entrada de oxigénio e reduziu o desenvolvimento de
microrganismos indesejaveis, amenizando os efeitos negativos destes na qualidade
microbiolodgica e nutricional da silagem de milho durante sua utilizacéo.

Lima et al., (2017) avaliaram dois métodos de vedacdo em oito silos bunker. Cada
silo foi dividido longitudinalmente, sendo que uma das paredes foi revestida com filme
BO, deixando a cerca de 2 m deste filme em excesso para que 0 mesmo pudesse ser
colocado sobre o topo ap0s o0 abastecimento total do silo e depois foi coberto com filme
PE dupla face (180 pum). A outra metade da parede do silo ndo recebeu nenhum
revestimento, somente a cobertura apos encher o silo, com filme PE. A silagem localizada
no ombro do silo sob BO apresentou menores contagens microbianas, menor pH, maior
concentracdo de acido latico e NDT, menor perda de MS e maior potencial para geragdo

de leite por tonelada, comparada com a silagem no ombro sem protecdo. Adicionalmente,
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a composic¢do da silagem localizada no ombro do silo sob o filme BO foi semelhante a
silagem no centro do silo (Lima et al., 2017). Os autores concluiram que o revestimento
da parede com filme BO foi eficiente em reduzir a entrada de oxigénio, e permitiu que as
silagens estocadas entre 0-50 cm da parede fossem bem preservadas e todo o painel

apresentasse composi¢cdo homogénea.

1.2.4. Efeito da vedacdo na estabilidade aerdbia e na concentragdo de
nutrientes

A estabilidade aerdbia da silagem pode ser definida como a resisténcia da massa de
silagem a deterioracdo ap6s a abertura do silo, ou seja, a velocidade com que a massa
deteriora ap0s exposta ao ar (Jobim et al., 2007). O contato com oxigénio na abertura e
desabastecimento do silo é inevitavel e, consequentemente, em um determinado momento
sua estabilidade aer6bia serd quebrada. Contudo, se durante o processo de
armazenamento ndo houver penetracdo de ar ou a infiltracdo for reduzida, a silagem
permanecera estavel por um periodo maior. A presenca de oxigénio em quantidades
pequenas durante o armazenamento mantém a populacdo de leveduras ativa e, quando a
silagem entra em contato com o ar durante o desabastecimento do silo, populacdes de
leveduras superiores a 10° ufc/g podem quebrar a estabilidade aerdbia em poucas horas
(Muck, 2004; Tabacco e Borreani, 2002).

Consequentemente, adotar estratégias de vedacdo mais eficientes em conter a
entrada de oxigénio é uma maneira de prolongar a estabilidade aerdbia de silagens. E, a
qualidade do filme plastico é um fator chave, uma vez que as silagens de milho séo
armazenadas por periodos de até 12 meses na fazenda (Borreani e Tabacco, 2014). Dentre
as escolhas possiveis, o filme BO é o mais efetivo em evitar a entrada de oxigénio no silo.

Dolci et al., (2011), em um trabalho que comparou os filmes BO e PE, relatou que
o filme BO proporcionou melhor ambiente anaerdbio. Diante disto, a silagem vedada com
BO apresentou maior teor de acido latico, menor pH e menor teor de &cido acético e
menores perdas de MS. A contagem de leveduras foi menor (abaixo de 2,0 logio UFC/g
de silagem), e refletiu em aumento da estabilidade aerobia das silagens. Ndo houve
diferenga para PB, FDN, FDA e cinzas entre os tratamentos. A melhoria da estabilidade
aerobia é, provavelmente, um reflexo do desenvolvimento mais lento de leveduras e
fungos filamentosos (Orosz et al., 2013). A evidéncia do aumento da vida Gtil da silagem
apos a exposicdo ao ar, pelo uso de um filme OB, foi relatada tanto para silos de

laboratorio (Dolci et al., 2011) quanto para silos de larga escala (Borreani et al., 2007b;
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Orosz et al., 2013; Borreani e Tabacco, 2014). Em meta-analise, Wilkinson e Fenlon
(2013) reportaram maior estabilidade aerdbia para silagens armazenadas sob filme BO
(135 h) do que para silagens sob filem PE (75 h).

Borreani e Tabacco (2014), comparando os filmes HBO e PE, constataram que a
utilizacéo do filme mais impermeavel ao oxigénio contribui para redugdo na contagem de
leveduras e para aumento na estabilidade aerdbia da silagem de milho. Aléem disso,
restringiu as perdas de MS nas partes do silo com maior risco de deterioracdo. Avaliaram
a perda de nutrientes como o amido, PB, FDN, FDA e cinzas, e constataram que o teor
de amido foi menor, engquanto os teores de PB, FDN e FDA e cinzas foram maiores sob
PE do que filme HBO, exceto para silagem do tratamento, no qual a silagem foi
conservada longe das paredes e sob o PE na fazenda 2.

Orosz et al., (2013) compararam filmes BO e PE e relataram que embora as silagens
de milho ndo apresentassem diferencas nos valores de pH e &cido latico entre os sistemas
de vedacgéo, o aumento da impermeabilidade resultou em estabilidade mais prolongada
para o tratamento BO, havendo diferenca de 65 h entre os tratamentos para a quebra da

estabilidade.

1.2.5. Efeito da vedacdo na qualidade higiénica da silagem

A preocupacdo com a seguranca alimentar nos Gltimos tempos tem ganhado grande
repercussdo. Na nutricdo animal, o cenario ndo esta sendo diferente e a preocupagdo com
os alimentos destinados aos animais tem sido grande, pois a qualidade da carne e leite
podem ser influenciadas pela dieta fornecida ao animal, causando impacto econdmico e
de salde publica.

A atencdo para a qualidade higiénica das silagens tem sido uma dessas
preocupacOes, principalmente com relacdo a presenca de metabolitos que possam
influenciar o consumo de MS e o desempenho animal. Dentre os metabdlitos, as
micotoxinas sd8o as mais conhecidas. As micotoxinas sdo metabolitos secundéarios
produzidos por fungos filamentosos que quando ingeridos por animais causam danos a
saude (Binder et al., 2007). Animais que consomem silagem com micotoxinas podem ter
seu desempenho diminuido por aumentar a incidéncia de doencas.

As aminas biogénicas sdo outro tipo de metabdlitos e que tém recebido atencéo. As
aminas biogénicas sdo resultantes da descarboxilacdo de aminoacidos, pela acdo de
enzimas vegetais ou enzimas microbianas de varias especies de bactérias do acido lactico

e espécies dos géneros Clostridium, Bacillus, Klebsiella, Escherichia, Pseudomonas,
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Citrobacter, Proteus, Salmonella, Shigella e Photobacterium (Krizek, 1991, 1993;
Santos, 1996). No entanto, as analises de aminas raramente estdo incluidas nas analises
de silagens (Scherer et al., 2015) e a determinacéo das concentracdes de amina na silagem
poderiam ajudar a indicar alteragcdes indesejaveis nas silagens e pode prevenir possivel
toxicidade para o gado (Krizek, 1991).

Além das micotoxinas e das aminas biogénicas existem outros metabdlitos, mas
pouco se sabe sobre eles e quais seus efeitos sobre os animais. Scherer et al., (2020) em
pesquisa recente, identificou centenas de metabdlitos que podem estar presentes em
silagens e interferir no consumo de MS.

A deterioracdo aerdbia que ocorre no silo durante o armazenamento ¢ um dos
principais contribuintes para o desenvolvimento dessas substancias, visto que,
proporciona o desenvolvimento de microrganismos como os fungos, que geram as
micotoxinas, e clostrideos, entre outros, que podem gerar diversos metabolitos
indesejaveis. Logo, evitar ou diminuir entrada de oxigénio no material ensilado, evita ou
retarda o processo de deterioracdo no silo. Diante disto, fazer uso de vedacdo eficiente
que impossibilite ou reduza o influxo de ar no silo, ira conter ou dificultar o processo de
deterioracdo e a perda de qualidade higiénica.

Borreani et al., (2007) e Borreani e Tabacco (2008) também relataram que a
contagem de fungos foi mais baixa nas areas periféricas da silagem de milho armazenada
em silo bunker sob filme BO, comparativamente a silagem sob filme PE. Borreani e
Tabacco (2014) observou que as silagens conservadas sob o filme HOB tiveram maior
teor de acido latico, pH mais baixo e contagens mais baixas de leveduras, bolores e
formadores de esporos aerdbios e anaerdbios, maior estabilidade aerdbia e menores
perdas de MS do que as silagens conservadas sob o filme PE.

Orosz et al., (2013) comparou estratégias de vedacdo, OB com manta protetora e
PE com linhas de pneus. N&o houve diferenca significativa na contagem de bactérias
aerobias entre as silagens. No entanto, a contagem media de fungos foi maior (2,56 log
10 UFC/g) na silagem armazenada sob PE do que na silagem sob BO (ndo foram
encontrados bolores em nenhuma das dez amostras de silagem armazenadas no sistema
BO). Desta forma, conclui-se que o sistema de vedacao de silo OB teve um efeito benéfico
sobre a qualidade higiénica da silagem, com contagens mais baixas de fungos, leveduras

e clostrideos.
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1.3. Efeito da estratégia de vedacao no desempenho animal

Ao longo de décadas, pesquisas vém sendo realizadas sobre os efeitos das
estratégias de vedacdo no perfil fermentativo, perda de MS e outros parametros das
silagens, porém sdo escassas as informacGes sobre a influéncia dessas silagens no
desempenho animal. Segundo Eisner et al., (2006), a diminui¢do do consumo de MS
(CMS) pode ser afetado pelo padréo de oferta do alimento e quando esse alimento é a
silagem, um dos principais fatores que pode afetar é o processo de conservacdao. O CMS
é um dos elementos mais importantes que determinam a producdo de leite e 0 ganho de
peso, diante disto, deve-se evitar a0 méaximo o contato da silagem com o ar e,
consequentemente, a deterioracdo aerdébia (Lindgren et al., 1988). A ocorréncia da
deterioracdo aerobia causa mudancas importantes na silagem. A infiltracdo de certa
quantidade de oxigénio pode promover o crescimento de microrganismos indesejaveis e
assim, o acimulo de produtos de fermentacdo (e.g., acido acético), capazes de deprimir o
consumo de MS (Eisner et al., 2006; Weiss et al., 2016).

Whitlock et al., (2000) realizaram um experimento com quatro tratamentos (A, B,
C e D). No tratamento A, foi fornecido 100% silagem de milho normal (bem preservada),
no B 75% de silagem normal e 25% de silagem deteriorada, no C 50% normal e 50%
deteriorada e no D 25% normal e 75% deteriorada. O consumo e a digestibilidade dos
nutrientes diminuiram linearmente com a inclusédo de silagem deteriorada, corroborando
gue a qualidade da silagem tem grande efeito sobre o desempenho animal.

Bispo (2013) avaliou o efeito de trés estratégias de vedacéao de silagem de milho no
desempenho de vacas leiteiras: PE dupla face, PE dupla face protegido com uma camada
de 10 cm de bagago de cana e BO (“one-step”, PE coextrusado com poliamida). Houve
tendéncia de aumento no desempenho das vacas alimentadas com racdo completa
contendo silagens dos tratamentos BO ou PE protegido com bagaco de cana.

Custodio (2013) comparou o efeito de trés filmes plasticos no valor nutritivo de
silagens de cana-de-agucar para vacas leiteiras. Foi utilizado o filme de PA (45 um)
recoberto com manta protetora de polietileno, filme coextrusado de polietileno com
poliamida dupla face (125 um) e um de polietileno dupla face (200 pm). N&o houve
influéncia dos tratamentos na qualidade da silagem. Diante disto, os tratamentos nao
afetaram o CMS (19,9 kg/dia), a producéo de leite (25,1 kg/dia) e a composicédo do leite
(gordura 3,5%, proteina 3,3%, lactose 4,4%) das vacas.

Amaral et al. (2014) avaliaram o efeito de quatros métodos de vedacdo no

desempenho de vacas leiteiras. Os tratamentos foram: filme BO protegido com filme PE
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branco e preto, filme PE branco e preto sem cobertura, filme PE preto sem cobertura e
filme PE reciclado protegido com camada de 10 cm de bagaco de cana. O tratamento PE
com cobertura de bagaco de cana resultou em maior producéo de leite do que o tratamento
PE preto, mas os tratamentos PE branco e preto e BO apresentaram resultados
intermediarios.

Machado (2019) avaliou os efeitos da substituicdo de um filme fino de PE por um
filme fino de EVOH no valor nutritivo da silagem de milho para bovinos de corte em
confinamento. Um silo foi coberto com filme de PE de 40 pm e protegido com manta
antiuUV e o segundo silo foi coberto com filme BO de 45 um e também foi protegido com
manta antiUV. Considerando a composic¢do quimica, fisica e microbiana das silagens, o
filme BO foi mais eficiente em conter a entrada de oxigénio no silo, mas ndo houve
diferenca de desempenho animal entre os tratamentos.

Ndleleni et al. (2020) comparam o efeito de duas estratégias de vedacdo para
silagem de milho ofertada para ovinos. Para vedacao dos silos, foi utilizado plastico PE
convencional preto coextrusado (150 um) com pneus sob todo o filme ou filme
coextrusado EVOH (45 pm) com manta protetora antiUV. A estratégia filme EVOH +
manta antiUV melhorou a fermentacdo e estabilidade aerdbia da silagem, mas nao
influenciou as respostas avaliadas nos animais.

Em suma, escolher uma estratégia eficiente frequentemente melhorar a preservacao
da silagem. Porém, seus beneficios no desempenho animal ndo estdo bem estabelecidos

na literatura e os resultados iniciais sdo inconsistentes.
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RUNNING HEAD: SILAGE SEALING ON ANIMAL PERFORMANCE

INTERPRETIVE SUMMARY::

Whole plant corn silage is the main conserved forage in dairy systems. Meanwhile, the
ensiling process may have a significant impact on the feeding value of corn silage for dairy
cattle. In this study, we showed that changing the silo covering method by replacing a
standard white-on-black polyethylene film with an oxygen barrier sealing system (comprised
of ethylene-vinyl alcohol copolymer film lining side walls and covering the silage and
protected with a woven anti-ultraviolet cover) improved silage conservation, decreased
proportion of inedible silage, and increased the dry matter intake and growing performance

of dairy heifers.
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ABSTRACT

Our objective was to compare the performance of dairy heifers fed diets based on whole-plant
corn silage stored in bunker silos sealed with either standard polyethylene film (white-on-
black, actual thickness 121 + 3.1 um) covering the top surface, held in place with rows of
tires every 3 m (PE) or an oxygen barrier system comprised of an ethylene vinyl alcohol film
(actual thickness 46.7 + 2.5 um) lining side walls and covering the silage, protected with a
woven anti-ultraviolet cover and gravel bags placed round the edges and every 3 m across
the silo (OB). Whole-plant corn was mechanically harvested at 39% dry matter (DM), packed
in bunker silos, and sealed with PE or OB covering methods. After 6 mo storage, silos were
opened and fed to 26 Holstein heifers (260 + 89.1 kg shrunk body weight) for 60 d. Heifers
were blocked by initial weight (13 blocks with two heifers each block) and housed in
individual pens. Diets contained (on a DM basis) 80% corn silage (PE or OB), 17.5% soybean
meal, and 2.5% mineral mix. Dry matter intake was measured daily, whereas shrunk body
weight, hip height, heart girth and body condition score were measured at the beginning and
end of the experiment. Feeding behavior was recorded on days 24 and 46, and total tract
digestibility was measured from days 26 to 30 and 48 to 52. Data of intake, feeding behavior
and digestibility were averaged by animal for the whole feeding period prior to the statistical
analysis. Data of animal performance were analyzed as a randomized complete block design.
Initial shrunk body weight was used as covariate for analyses of intake and body measures.
During feed-out, silage quality was also assessed at the top (15 cm depth from upper surface)
and bottom layer (135 cm depth from upper surface) and analyzed as a split-plot design.
Silage stored under the OB sealing system had less yeasts, molds and NH3-N, and more lactic
acid and ethanol-soluble carbohydrates. An interaction between sealing strategy and silo layer
showed that OB silage had lower values of temperature, pH, anaerobic spores, acetic acid and

DM loss, and greater in vitro DM digestibility and aerobic stability, especially in the top layer.
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The proportion of inedible silage was lower in OB than in PE treatment (0.82 vs. 4.00% DM).
Total-tract digestibility was similar between treatments, but animals that received the OB diet
had higher DM intake by approximately 9% (9.39 vs. 10.20 kg/d) due to a faster eating rate
and a greater number of meals per day. Therefore, OB treatment increased the digestible
energy intake by 8% (26.3 vs. 28.3 Mcal/d) and average daily gain by 12% (1.08 vs. 1.21
kg/d). Body condition score change was similar between treatments, but heifers fed OB had
greater heart girth and tended to have higher hip height. In conclusion, replacing a standard
PE film with an OB sealing system improved silage conservation and performance of

growing dairy heifers.

Key words: aerobic deterioration, feed intake, plastic film, silo cover
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INTRODUCTION

Whole-plant corn silage (WPCS) is currently the predominant conserved forage in
dairy systems worldwide (Wilkinson and Toivonen, 2003; Ferraretto et al., 2018). High
energy content and DM yield, good ensilability, ease of mechanization, lower harvesting
cost and flexibility of harvesting for forage or grain are the main factors that contribute
to high adoption of WPCS (Allen et al., 2003). The ensiling process, however, may have
a significant impact on the feeding value and hygienic quality of WPCS.

Most WPCS is stored in horizontal silos, due to lower construction cost and the ease
of filling and unloading (Savoie and Jofriet, 2003). Covering horizontal silos with
polyethylene (PE) films is the most widely used sealing strategy. Nevertheless, PE films
have in general high oxygen permeability, which may cause loss of nutrients and
reduction of hygienic quality mainly at silo top and sides (Bolsen et al., 1993; Borreani
etal., 2018). Silages of lower nutritive value associated with poorer hygienic quality may
compromise feed intake, digestibility (Whitlock et al., 2000), and animal health (Driehuis
etal., 2018).

Silo sealing systems including plastic films with low oxygen permeability, such as
the ethylene-vinyl alcohol copolymer (EVOH) film, have been developed (Borreani et
al., 2007; Wilkinson and Fenlon, 2013). Although, conventional PE films are thicker (e.g.,
120 to 200 pm) than commercially available EVOH film (e.g., 45 pm), oxygen
permeability of EVOH film is lower (American Plastic Council, 1997). Despite the
possible benefits of sealing silos with oxygen-barrier systems for silage conservation,
there are few studies that have evaluated the effects of sealing strategies on animal
performance (Amaral et al., 2014; Ndleleni et al., 2020).

To the best of our knowledge, there is no study examining the effect of sealing

systems on the feeding value of WPCS for dairy heifers. Changing the sealing strategy
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may affect silage quality (Borreani et al., 2018) and perhaps growing performance of
replacement heifers. On dairy farms, growth rate of heifers affects age at first calving,
lifetime milk production, and economic returns (Cady and Smith, 1996; Ettema and
Santos, 2004), due to rearing costs will be increased for animals with a greater age at first
calving (Tozer and Heinrichs, 2001), whereas inadequate size at first parturition may limit
milk production during first lactation (Hoffman et al.,1996). Therefore, to achieve ADG
targets (e.g., 0.8-0.9 kg/d) with a reduced financial investment (Drackley, 2008; Abeni et
al., 2000), the forage source must support adequate performance while reducing the
proportion of concentrate in the diet to a minimum.

Therefore, the objective of this study was to compare the growing performance of
dairy heifers fed WPCS stored under an oxygen-barrier sealing system or a standard
white-on-black PE film. We hypothesized that corn silage stored under OB sealing system
increases nutrient intake and digestibility and improves growth of dairy heifers compared

to conventional PE film.

MATERIAL AND METHODS

Animal care and handling procedures were approved by the Ethics Committee for
Animal Use of the State University of Maringa, Brazil (protocol number 1361301019 —
CEUA/UEM). Before entering the trial, all heifers were fed in group with a common diet
(~13% CP) containing 80% corn silage and 20% concentrates (% DM), offered once daily
(0900 h). One week before the trial, all heifers were dewormed with 1 mL per 50 kg body
weight of 1% doramectin (Dectomax; Zoetis Industria de Produtos Veterinarios Ltda,

Campinas, Brazil).

Corn Crop, Ensiling, and Treatments
Corn hybrid DKB290PRO3 (Bayer Cropscience, S&o Paulo, Brazil), was planted in

October 2018, with 90 cm spacing between rows and 5 seeds per linear meter (55,600
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seeds/ha). A fertilizer containing N, P and K (8-28-16) was applied at 250 kg/ha in-furrow
with the seed. After 20 d of planting, glyphosate (2 L/ha; Glifosato Atanor 48, Atanor do
Brasil Ltda, Porto Alegre, Brazil) and atrazine (2.5 L/ha; AclamadoBR, Ourofino,
Uberaba, Brazil) were applied to control weeds, and one week later, urea was spread over
the field at 200 kg/ha.

Corn plants were harvested at 2/3 milk-line stage (approximately 39% DM), with a
pull-type forage harvester set for chopping a theoretical length of cut of 10 mm and with
a kernel processor device (New Pecus, Nogueira, Itapira, Brazil). Immediately after
harvesting, chopped forage was distributed alternately in two bunker silos, with the
following dimensions: 4 m wide, 1.5 m high and 14 m long. Each silo was sealed with
one of the following sealing methods: PE — white-on-black PE film (nominal thickness
of 200 pum; actual thickness of 121 + 3.1 um; Supersilo Extra Preto/Branco, Electro
Plastic, Varginha, Brazil) covering the top surface of the silo and held in place with rows
of tires every 3 m across the silo; or OB - EVOH film (nominal thickness of 45-um; actual
thickness of 46.7 + 2.5 um; Silostop Orange, Bruno Rimini Ltd, London, United
Kingdom) lining side walls and covering the silage, protected with a tight weave high
density polyethylene anti-ultraviolet (UV) cover (213 g/m2; Silostop Anti-UV cover,
Bruno Rimini Ltd, London, United Kingdom), and gravel bags placed round the edges
and in lines across the silo at 3 m intervals.

At ensiling, 16 nylon bags (20 x 40 cm, 60 um of pore size), each containing 300 g
of chopped fresh forage were buried in each silo (total of 32 bags) to characterize the
silage composition and DM loss during storage (McGuffey and Owens. 1979). A pair of
bags was placed in each spatial coordinate (length x width x depth), located every 4 m
along the length of the silo, in two layers (top layer at 15 cm depth from the upper surface

and bottom layer at 135 cm depth from the upper surface), in the middle of the silo. The
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same chopped fresh forage was used to fill bags that were positioned given length
positions (silo cross section) in both silos, representing different areas of the corn field.
Plastic strips (~ 30 cm) were tied to the bags and directed to the silo front, making bag
recovery easier without damage the bag during feed-out while allowing simultaneous
retrieval of all the eight bags in a length position from both silos.

After 6 mo of storage, the silos were opened for feeding to dairy heifers and
retrieving the bags. After retrieving, bags were weighed and transported immediately to
a laboratory located on the same site as the silos. Sub-samples (30 g) from each bag were
collected for preparing an aqueous extract for measuring pH, fermentation end-products,
and microbial counts. Another sub-sample (200 g) was used to determine DM and
chemical composition. Silage DM corrected for volatile compounds (DMcorr) was used
in the calculation of DM loss. On the same days of bag retrieval, silage wet density was
measured with a corer (10 cm in diameter x 20 cm in length) at the top (15 cm from the
upper surface) and bottom (135 cm from the upper surface) layers, in the middle of the
panel. Silage samples from the top and bottom layers (~ 3 kg from each sampling point)
were also collected for an aerobic stability test. On each sampling occasion, the
temperature of the silage (top and bottom layers) was measured by a bulb thermometer
20 cm behind the face. Bag retrievals and silage sampling in each cross section occurred

at approximately 20 d intervals during the feed-out period.

Animals and diets

Twenty-six Holstein heifers [12.3 + 5.1 mo age, 260 £ 89.1 kg shrunk body weight
(SBW)] were blocked by initial SBW (13 blocks with two heifers each block), allocated
at random of the two treatments (PE or OB), and housed in individual pens (3 x 2 m).
Every morning, silage was visually assessed at time of unloading (removal rate ~20 cm/d)

from the silos to be either edible or inedible (discolored, moldy or rotten). Both edible
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and inedible portions were weighed separately and then homogenized before mixing with
concentrates as a TMR. Diets contained (on a DM basis) 80% WPCS (PE or OB), 17.5%
soybean meal and 2.5% mineral mix. The mineral mix contained per kg as fed: 152 g of
Na, 80 g of Ca, 40 g of P, 10 g of S, 3450 mg of Zn, 1334 mg of Cu, 476 mg of Mn, 400
mg of F, 76 mg of Co, 57 g of | and 12 mg of Se. The NRC (2001) model predicted a
ADG of ~ 0.9 kg/d and a MP:ME ratio of ~ 42, which is considered adequate to avoid
excess of fat accumulation in the parenchymal area of mammary gland (Albino et al.,
2015).

The TMR ingredients were mixed manually twice daily, immediately before each
feeding at 0900 and 1500 h, in amounts approximately 10% in excess of daily intake. Orts
were collected and weighed daily before the morning feeding to determine DMI. Daily
samples of TMR and orts were pooled by week and frozen at -20°C for subsequent
analysis. The DMI variation was computed as the difference in DMI between consecutive
days throughout the study (Bevans et al., 2005). Heifers were fed their respective diets
for 60 d.

At the beginning and end of the experiment, the animals were weighed and hip
height, heart girth and BCS were measured at 0800 h, after 14 h of fasting overnight. BCS
was an average of three values recorded by three trained persons. The ADG was
determined by the difference between final and initial SBW divided by days on feed. Feed
efficiency was calculated as ADG/DMI.

From days 24 to 25 and 46 to 47, feeding behavior was visually monitored for 48 h
by eight trained evaluators. The criteria for assessing the behaviors were reviewed
initially by all evaluators, and then they simultaneously recorded behaviors of a subset of
heifers to ensure agreement beforehand. Eating and ruminating activities were recorded

at 5-min intervals and the daily pattern was estimated assuming a constant behavior
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between observations. Chewing activity was calculated as the sum of time spent eating
and ruminating. Number of meals per day, meal size, meal length and eating rate were
also computed. A meal was defined by at least 2 consecutive 5-min ingestion events
followed by at least 10 min of idling, rumination or water intake. Meal size was estimated
by dividing DMI by number of meals. Meal length was obtained by dividing eating time
by number of meals. Eating rate was calculated by dividing DMI by eating time. Feed
sorting was also evaluated on days of feeding behavior evaluation. Particle size
distribution of offered TMR and individual orts was determined using the Penn State
particle separator (3-sieve model; Heinrichs and Jones, 2013). Particle sorting index was
calculated as described by Leonardi and Armentano (2003), where values <100% indicate
selective refusal, those >100% indicate preferential consumption, and those equal to
100% indicate no sorting.

Fecal grab samples were collected in the morning (0800 h) and evening (1700 h),
on days 26 to 30 and 48 to 52, for measuring total-tract digestibility using indigestible
NDF (iNDF) as an internal marker (Huhtanen et al., 1994). Apparent digestibility was
calculated using intake data recorded on days of fecal sampling. Actual concentration of
TDN (%) was calculated as digestible NFC + digestible NDF + digestible CP + 2.25 x
digestible ether extract. Actual digestible energy (DE) was computed as (Mcal/kg DM
corrected for volatiles) = 4.2 x digestible NFC + 4.2 x digestible NDF + 5.6 x digestible
CP + 9.4 x digestible ether extract — 0.3 (NRC, 2001). DE intake (Mcal/d) was calculated
as DMI x DE.

One days 31 and 53, blood was collected from the external jugular vein 4 h after
the morning feeding in vacuum tubes containing EDTA. Plasma was immediately
separated by centrifugation at 2500 x g at 4°C for 15 min and frozen at —20°C for analysis

of urea and glucose.
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Laboratory Analyses

Silage pH, fermentation products and microbial counts were measured in agqueous
extracts prepared by mixing 25 g of silage and 225 mL of distilled water in a blender for
1 min. After filtration in four layers of cheese cloth, silage pH was measured with a
pHmeter (Tec3, Tecnal®, Piracicaba, Brazil). The enumeration of microorganisms was
performed by plating serial dilutions of aqueous extracts in selective media. Malt extract
agar (M137, Himedia, Mumbai, India) acidified to pH 3.5 with lactic acid was used for
yeast and mold counts. Lactic acid bacteria were counted in de Man, Rogosa and Sharpe
agar (7543A, Acumedia, Lansing, Michigan, USA). The plates were incubated
aerobically at 30°C for 2, 3 and 4 d for counting of lactic acid bacteria, yeasts and molds,
respectively. For enumeration of anaerobic spores and aerobic spores, the diluted extracts
were pasteurized at 80°C for 10 min. The medium used for anaerobic spore counts was
reinforced clostridial agar (M154, Himedia, Mumbai, India) supplemented with neutral
red and D-cycloserine (Jonsson, 1990), whereas aerobic spores were enumerated in plate
count agar (M091A, Himedia, Mumbai, India). Anaerobic spore plates were placed in
anaerobic jars and maintained in a biochemical oxygen demand incubator at 37°C for 5
d. The aerobic spore plates were incubated aerobically at 34°C, and counting was
performed after 2 d. Colony-forming units were expressed in log10 cfu/g fresh matter.
Volatile fatty acids, alcohols, esters and acetone were determined by GC-mass
spectrometry (GCMS QP 2010 plus, Shimadzu, Kyoto, Japan) using a capillary column
(Stabilwax, Restek, Bellefonte, PA; 60 m, 0.25 mm @, 0.25 um crossbond carbowax
polyethylene glycol). Compounds were identified based on their retention time and mass
spectra and quantified with external standards. The concentration of lactic acid (Pryce,
1969) and ammonia (Chaney and Marback, 1962) were determined by colorimetry.

The aerobic stability of silage from top and bottom layers and TMR samples was

determined in a room with controlled temperature (24 = 2°C). Samples (3 kg) were
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weighed into plastic buckets and exposed to air for 10 d. Temperature of samples and
room was recorded every 15 minutes using dataloggers (iMini, Impac, Sao Paulo, Brazil).
Aerobic stability (h) was defined as the time elapsed until silage temperature increases
2°C above the room temperature (O’Kiely, 1993). Silage and TMR pH values were
determined at 0 and 24 h after the start of the aerobic stability test.

Sub-samples of silage, TMR, orts and feces were dried for 72 h in an oven at 60°C
and ground in a Wiley type mill with a 1-mm pore sieve. Aliquots were used to determine
absolute DM at 105°C. Silage DMcorr was calculated according to Weissbach (2009):
DMcorr (% as fed) = DM (% as fed) + acetone (% as fed) + esters (% as fed) + n-alcohols
(% as fed) + isopropanol (% as fed) + 2-butanol (% as fed) + 2,3-butanediol (% as fed) +
0.95 x volatile fatty acids (% as fed) + 0.77 x 1,2-propanediol (% as fed) + 0.08 x lactic
acid (% as fed). Esters included ethyl lactate, ethyl acetate, and propyl acetate; n-alcohols
included methanol, ethanol, and propanol; and volatile fatty acids included acetic,
propionic, i-butyric, butyric, i-valeric, and valeric acids.

Sub-samples of TMR, orts and feces were analyzed for ash, CP and ether extract
(AOAC, 1990), and NDF (assayed with a heat stable amylase and sodium sulfite,
expressed inclusive of residual ash; Mertens, 2002). The OM was calculated as 100 — ash.
The concentration of NFC (%) was calculated as 100 — CP — NDF — ether extract — ash
(NRC, 2001). The concentration of INDF was obtained by in situ incubation (Huhtanen
et al., 1994). Dried and ground samples were weighed (0.8 g) in filter bags (Ankom F57,
25 um porosity; Ankom Technology, Macedon, NY, USA) and incubated for 288 h in the
rumen ventral sac of two rumen-cannulated non-lactating Holstein cows fed a ration
(~13% CP) containing 80% corn silage and 20% concentrates (DM basis). Duplicates
from each sample were incubated in each animal. Immediately after retrieval, all bags

were washed in distilled water and analyzed for NDF, as described above. The TMR
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samples were also analyzed for ADF (assayed sequentially and expressed inclusive of
residual ash; Van Soest, 1973). Silage samples were also analyzed for ethanol-soluble
carbohydrates (Hall et al., 1999) and in vitro DMcorr digestibility (Goering and Van
Soest, 1970). Glucose and urea concentrations were determined in blood plasma using
commercial kits of enzymatic-colorimetric assays (Glucose PP and Urea PP, respectively;

Gold Analisa Diagnostica Ltda, Belo Horizonte, Brazil).

Statistical Analysis

Statistical analysis was performed using the MIXED procedure of SAS (v. 9.4).
Animal performance data were analyzed as a randomized complete block design with a
model including a random effect of block (13 blocks) and fixed effect of treatment (PE
or OB). Initial SBW was used as covariate for analyses of intake and body measures. Data
of intake, feeding behavior, apparent digestibility and blood metabolites were averaged
by animal for the whole feeding period prior to the statistical analysis. Heifer was
considered the experimental unit (n = 13 heifers per treatment). The TMR composition
was analyzed with a model including a random effect of week and fixed effect of
treatment (PE or OB). Data of silage composition and DM loss during storage were
analyzed as a split-plot design. The model included fixed effects of treatment (PE or OB),
silo layer (top or bottom) and interaction treatment x silo layer, a random effect of silo
length position (cross section), and a random effect of silo length position nested within
treatment (error term for the main plot). Means were compared using the PDIFF option
in the LSMEANS statement. Differences were declared significant if P < 0.05, and trends

were indicated if P > 0.05 and P < 0.10.
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RESULTS

Silage characteristics are shown in Table 1. Yeasts, molds, NH3-N, lactic acid and
pH 24 h after aerobic exposure were affected both by treatment and silo layer (P < 0.05).
Counts of yeasts and molds and pH 24 h after aerobic exposure were higher (P < 0.02) in
PE than OB and greater in top than in bottom layer. The OB silage had more lactic acid
and less NH3-N than PE (P < 0.05). Bottom layers had more lactic acid and NH3-N than
top layers (P < 0.01). Silage stored under PE tended (P = 0.07) to have less ethanol than
that under OB. Bottom layers tended to have (P = 0.07) less lactic acid bacteria than top
layers. Silage wet density was lower (P < 0.01) in top layers than in bottom layers. Content
of DMcorr and aerobic spores were neither affected by treatment nor silo layer (P > 0.19).

There was a significant (P < 0.05) interaction between treatment and silo layer for
anaerobic spores, acetic acid, 1,2-propanediol, in vitro DMcorr digestibility, panel
temperature, aerobic stability, pH and DMcorr loss during storage, and a tendency (P =
0.10) of interaction between treatment and silo layer for ethanol-soluble carbohydrates.
Anaerobic spores, acetic acid, 1,2-propanediol, panel temperature, pH and DMcorr loss
during storage were similar among PE bottom, OB bottom and OB top layer, but higher
at PE top layer. Ethanol-soluble carbohydrates and in vitro DMcorr digestibility were
lower at PE top layer than PE bottom, OB bottom and OB top layer. Aerobic stability was
longer for silage from bottom layers, but PE top layer had a shorter aerobic stability than
OB top layer. The proportion of inedible silage was greater in PE than in OB treatment
(P < 0.01).

Chemical composition and particle size distribution of TMR were similar (P >0.12)
between PE and OB treatments (Table 2). However, aerobic stability of TMR was shorter
(P <0.01) and TMR pH 24 h after aerobic exposure was higher in PE compared with OB

(P = 0.03).
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Silo sealing strategy affected feeding behavior (Table 3). Cattle fed OB treatment
had a faster eating rate (P = 0.01), shorter meal length (P = 0.01) and a greater number of
meals per day (P = 0.01) compared with the PE treatment. Heifers fed OB TMR spent
less time eating (P = 0.04) but more time ruminating (P = 0.02). Chewing time (eating +
ruminating) was similar between treatments (P = 0.21). Sealing strategies did not affect
particle sorting index (P > 0.11).

Heifers fed the TMR containing OB silage had greater (P < 0.01) DMI, DE intake,
ADG, final SBW, heart girth change and final heart girth (Table 4). Heifers on OB
treatment also tended to have higher hip height change (P = 0.07) and final hip height (P
= 0.08). Daily intake variation, feed efficiency and BCS did not differ among heifers fed
PE or OB treatment. Total-tract digestibility, diet DE and blood concentrations of glucose

and ammonia were similar between treatments (Table 5).

DISCUSSION

Sealing horizontal silos with methods capable of minimizing the entry of oxygen is
a requirement to obtain high quality silages (Borreani et al., 2018). Although the effects
of better sealing on silage composition have been extensively reported (Wilkinson and
Fenlon, 2013; Lima et al., 2017), there is little information on possible consequential
benefits to silage intake and animal performance. In the current study, we showed that
covering horizontal silos with an OB sealing method was capable of decrease the
proportion of inedible silage and increase the feeding value of WPCS for dairy heifers, in
comparison with a standard sealing method based on PE film.

The OB sealing system used in our trial was comprised of four components: EVOH
film lining side walls, EVOH film covering the silage, woven anti-UV cover, and gravel

bags. The lower oxygen permeability of EVOH films compared with PE films is well
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known (Borreani et al., 2018). Although thinner than a standard PE film, the EVOH film
has a lower gas permeability (Borreani and Tabacco, 2017). However, in the present study
a better preservation of OB silage was likely achieved not only due to the lower oxygen
entry through the cover film, but also because the bunker walls were lined with the same
EVOH film, and the covering film was protected with a tight weave high density
polyethylene anti-UV cover weighed with gravel bags. Recently, Lima et al. (2017)
reported that lining bunker walls reduced nutrient losses in WPCS at silo shoulders
compared with no sidewall plastic. Additionally, weighting the plastic film also
contributes to lower oxygen entry in the silo. The anti-UV cover weighed with gravel
bags protects the polymer against sun light and reduce billowing caused by the wind
(Bernardes, 2016). In the current study, silage assessment revealed that OB sealing
system was more effective in preventing oxygen influx in the silo. The OB treatment had
less yeasts and molds, and consequently more lactic acid and ethanol-soluble
carbohydrates, lower pH and temperature, and longer aerobic stability than the PE
treatment. Additionally, the OB silage had less anaerobic spores, NH3-N and acetic acid.
Such microbial and chemical alterations caused by different degrees of air infiltration in
the silo is well reported in the literature (Bolsen et al., 1993; Borreani et al., 2018). As a
result, OB sealing system curtailed DMcorr loss during storage by 46% at silo top layer
and reduced the proportion of inedible silage by 80% in our study. Similarly, Wilkinson
and Fenlon (2013) reported in a meta-analysis that DM loss at silo top layer was reduced
by 42% and the proportion of inedible silage was decreased by 72% for OB systems
compared with standard PE films.

Different studies observed shorter aerobic stability of silage stored under PE than
OB covering methods, due to the greater oxygen exposure during storage of silages under

the PE film (Borreani et al., 2007; Orosz et al., 2013; Borreani and Tabacco, 2014).
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Although the proximal composition of TMR was similar in our study, the PE ration heated
up before 24 h and showed a significant increase of pH at 24 of aerobic exposure,
probably caused by yeast activity. The development of yeasts trigged by an increase in
the partial pressure of oxygen in silage has a central role in the aerobic deterioration
cascade (McDonald et al., 1991; Pahlow et al., 2003). Although silage data were as
typically observed in previous studies, such results should be interpreted with caution
because there was only one silo per treatment.

The poorer silage preservation under the PE film was perceived by the animals,
resulting in lower DMI in heifers fed the TMR containing the PE silage, which contained
more visually inedible silage than in the OB treatment. Whitlock et al. (2000) reported
lower DMI by the presence of spoiled silage in the diet of steers. Feeding aerobically
spoiling silage-based TMR resulted in lower DMI by heifers, where the TMR exposed to
air had more yeasts, greater pH and temperature, and lower concentration of lactic acid
than fresh TMR (Windle and Kung, 2013). Gerlach et al. (2013) reported a marked
reduction in DMI (-53% on average) of WPCS exposed to air before being fed to goats
in a preference trial, with increase in silage temperature relative to ambient temperature
during aerobic exposure the best predictor of DMI.

In our study, the higher DMI was a result of faster eating rate and more meals per
day in heifers fed the OB ration. Considering that PE and OB rations had the same DE
value (Mcal/kg DMcorr) and that animals presented the same meal size (kg DM/meal),
differences of eating rate were likely a consequence of ration palatability (Allen, 2020),
which did not influence particle sorting or daily variation in feed intake. The proliferation
of undesirable microorganisms in PE silage (i.e., yeasts, molds, clostridia, bacillus)
(Pahlow et al. 2003), likely stimulated the production of hypophagic compounds that

made the ration less palatable. Although the exact cause of poorer palatability in TMR
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containing PE silage is unclear, it was probably a combination of factors. Compared with
OB, PE silage had lower concentrations of soluble sugars and lactic acid and more NH3-
N and acetic acid, beyond higher counts of yeasts, molds and anaerobic spores (e.g.,
clostridia). Greater concentrations of acetic acid and NH3-N in silage have been
associated with lower DMI (Buchanan-Smith, 1990; Gerlach et al., 2021). Other volatile
compounds in PE and OB silages, such as alcohols, volatile fatty acids, esters and acetone
were present at low concentrations and did not differ among PE and OB silages. Although
not measured in this experiment, other compounds capable of causing hypophagy (e.g.,
biogenic amines, gamma-amino butyric acid and mycotoxins; Scherer et al., 2015;
Queiroz et al., 2018; Ogunade et al., 2018) could have been present in higher
concentrations in the top layer of the PE silage, and might have contributed to lower
eating rate in heifers given the TMR containing silage covered by PE film. However,
changes in individual compounds hardly explain the effect of sealing on silage palatability
in our study. Recently, Scherer et al. (2021) studying the nontargeted metabolome of
contrasting silages on preference or avoidance by goats reported that changes in
abundance of several of compounds (e.g., peptides, lipids, sugars, organic acids, biogenic
amines, among others) affected silage preference rather than changes in a single
compound. Collectively, those findings suggest that better silage sealing might also
improve DMI of other animal categories fed with a high dietary proportion of silage, such
as dairy cows.

The greater DMI induced a higher DE intake and led to a greater ADG in heifers
fed the OB ration. As expected, based on TMR proximal composition, apparent
digestibility of nutrients and DE concentration were similar between PE and OB
treatments. Hence, the difference between treatments in DE intake reflected the difference

between treatments in DMI. Additionally, heifers fed PE or OB ration had similar
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concentrations of blood glucose and ammonia, which may suggest a similar ruminal
fermentation profile (i.e., propionate formation and protein metabolism), as the TMR did
not differ in proximal composition.

Previous studies in tropical areas involving Holstein heifers fed WPCS as the sole
forage source have reported ADG <0.9 kg/d even with a higher proportion of concentrates
in diet than that used in the present study (Rangel et al., 2010; Reyes et al., 2014). In our
study, the relatively high ADG (1.08 to 1.21 kg/d) reflected a relatively high DMI (9.39
to 10.2 kg/d), despite the inclusion of inedible silage in the TMR. Nonetheless, the NRC
(2001) predicted a DMI of 6.4 kg/d for the ration formulate beforehand. Considering the
importance of measuring voluntary DMI in performance trials, we did not limit the DMI
to restrict ADG. Although excess energy intake can have negative effects on mammary
development (Sejrsen et al., 2000), this impact can be at least partially counteracted by
balancing diet energy and protein (Radcliff et al., 1997). Abeni et al. (2000) reported that
heifers raised on an accelerated growth program decreased age at first parturition without
a reduction of milk production in the first lactation. Follow-up research showed that diets
containing more than 40 g of MP per Mcal of ME can allow high ADG without induce
excess of fat accumulation in the parenchymal area of mammary gland (Albino et al.,
2015). The diet formulated for our heifers contained a predicted MP:ME ratio >42, that
can be considered adequate to avoid excess of fat accumulation in the parenchymal area
of mammary gland (Albino et al., 2015). Besides the greater ADG and heart girth change,
heifers fed the OB ration tended to have higher gain of hip height (i.e., skeletal
development) whereas BCS was similar to heifers fed the PE ration. Nevertheless, at farm
level the ADG obtained in this study may be considered excessive if continued for longer

periods. However, the target ADG may be adjusted by restricting the quantity of TMR or
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by including a cheaper roughage source with higher fiber content in the ration, which

probably will reduce the financial investment and improve the economic return.

CONCLUSIONS

Replacing a standard sealing method based on a polyethylene film with an oxygen
barrier sealing system based on an ethylene-vinyl alcohol film protected with a woven anti-
ultraviolet cover in WPCS improved silage conservation, aerobic stability of TMR, feed
intake and performance of growing dairy heifers. Additional work is needed to identify
compounds modified by sealing strategies and capable of altering feeding behavior and feed
intake in dairy cattle. Our findings suggest that better silage sealing has a potential to improve
feed intake (and performance) of other animal categories fed diets with high proportion of
silages (e.g., lactating dairy cows), but further research is warranted to address such

hypothesis.
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Tables

Table 1. Characteristics of whole-plant corn silage at top and bottom layers under PE and OB sealing strategies

62

Treatment!
PE OB P-value?
Item?® Bottom Top Bottom Top SEM T L TxL
DMcorr?*, % as fed 38.6 38.3 38.4 39.3 0.95 0.36 0.26 0.19
Wet density, kg as fed/m?® 6312 497° 618° 504° 101.8 0.60 <0.01 0.46
Lactic acid bacteria, log cfu/g as fed 5.43 6.58 5.38 6.19 0.419 0.62 0.07 0.71
Yeasts, log cfu/g as fed 4.42° 5.612 3.68° 4.97° 0.304 0.02 <0.01 0.80
Molds, log cfu/g as fed 4.16° 5.352 3.54° 4.96° 0.340 0.02 <0.01 0.82
Anaerobic spores, log cfu/g as fed 3.93 4512 3.64° 3.54P 0.171 <0.01 0.04 0.02
Aerobic spores, log cfu/g as fed 5.12 5.78 4.84 4.90 0.532 0.20 0.78 0.83
NH3-N, % total N 9.71° 8.12b 9.22° 7.31° 0.479 0.04 <0.01 0.54
Lactic acid, % DMcorr 4.32° 1.90¢ 5.58% 2.84° 0.454 0.05 <0.01 0.73



Acetic acid, % DMcorr

Ethanol, % DMcorr

1,2-Propanediol, % DMcorr
Ethanol-soluble carbohydrates, % DMcorr
In vitro DMcorr digestibility, % DMcorr
Panel temperature®, °C

Aerobic stability®, h

pH

pH 24 h after aerobic exposure’

DMcorr loss during storage, % DMcorr

Visual loss (inedible silage)®, % DMcorr

1.05°
0.25%
0.17°
3.18°
76.5%
30.9°
44,9
3.98
4.52¢

4.85b

4.00

1.482
0.06"
0.422
2.26"
68.3"°
41.07
18.5°
4,23
5.19

8.43a

1.05°
0.312
0.20°
3.48
76.12
28.8°
45,2
3.94P
4.10¢

4.42b

0.82°

1.05°
0.33?
0.22°
3.33
74.9%
34.3°
27.3
3.99°
4.83°

4.59b

0.054

0.091

0.044

0.187

1.56

1.12

5.38

0.031

0.103

0.536

0.348

<0.01

0.07

0.15

0.02

0.05

<0.01

0.06

<0.01

<0.01

<0.01

<0.01

<0.01

0.25

0.04

0.06

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01
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<0.01

0.19

0.05

0.10

0.03

0.04

0.05

0.02

0.79

<0.01

PE: silo covered with polyethylene film; OB: silo sealed with ethylene vinyl alcohol film lining side walls and covering the silage and protected with a

woven anti-UV cover; Top layer: 15 cm depth from upper surface; Bottom layer: 135 cm depth from upper surface.

2T: effect of treatment (PE or OB); L: effect of silo layer (top or bottom); T x L: interaction between treatment and silo layer.
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3Silage traits were measured at ~20 d intervals (n = 4). Concentrations of acetone, ethyl acetate, propyl acetate, ethyl lactate, methanol, isopropanol, 2-
butanol, 1-propanol, 2,3-butanediol, propionic acid, i-butyric acid, butyric acid, i-valeric acid and valeric acid were <0.05% DMcorr and did not differ
among treatments (P > 0.16).

“Dry matter corrected for volatile compounds.

SSilage temperature measured 20 cm behind the face.

®Hours to temperature rise 2°C above ambient temperature (24°C).

"pH recorded during the aerobic stability test in a room with controlled temperature (24°C).

8Data of visual loss averaged by week (n = 8).

abedDijfferent superscripts indicate significant differences between means within a row (P < 0.05).
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Table 2. Composition and aerobic stability of total mixed rations (TMR)

Treatment!
Item PE OB SEM  P-value
Composition of TMR?, % DMcorr®
DMcorr, % as fed 44.1 44.3 0.53 0.54
CP 14.7 14.6 0.16 0.46
Ash 4.03 4.00 0.09 0.68
NDF 31.7 31.3 0.15 0.45
ADF 17.7 17.4 0.14 0.15
Ether extract 3.10 3.05 0.02 0.12
NFC* 46.5 47.1 0.23 0.41
Aerobic stability of TMR®, h 19.3 47.9 11.1 <0.01
pH of TMR at time of mixing 4.48 4.42 0.053 0.19
pH of TMR 24 h after aerobic exposure® 4.78 441 0.112 0.03
Particle size distribution of TMR’
> 19 mm, % as fed 9.8 10.0 0.82 0.85
8 -19 mm, % as fed 44.2 43.5 1.06 0.67
4 —8 mm, % as fed 22.8 224 0.85 0.79
Pan, % as fed 23.2 24.1 0.89 0.56

PE: silo covered with polyethylene film; OB: silo sealed with ethylene vinyl alcohol film lining
side walls and covering the silage and protected with a woven anti-UV cover.
2TMR samples were aggregated by week (n = 8).

3Dry matter corrected for volatile compounds.
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*NFC (%) = 100 — CP — NDF — ether extract — ash.

®Hours to temperature rise 2°C above ambient temperature (24°C) (n = 4).

®oH recorded during the aerobic stability test in a room with controlled temperature (24°C) (n =
4).

"Particle size distribution of TMR was determined on days 24, 25, 46 and 47 (n = 4).
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Table 3. Feeding behavior and particle sorting index in dairy heifers fed TMR based on

whole-plant corn silage stored under PE or OB sealing strategies

Treatment!
Item PE OB SEM P-value
Feeding behavior
Meals, /d 10.8 12.3 0.35 0.01
Meal size, kg DMcorr?/meal 0.918 0.907 0.0494 0.88
Meal length, min/meal 21.2 17.2 0.62 0.01
Eating rate, g DMcorr/min 44.3 53.7 1.94 0.01
Eating, min/d 224 210 4.26 0.04
Eating, min/kg DMcorr 26.4 20.3 1.37 0.01
Ruminating, min/d 483 517 8.9 0.02
Ruminating, min/kg DMcorr 57.1 50.5 2.57 0.09
Chewing, min/d 708 728 10.6 0.21
Chewing, min/kg DMcorr 83.5 70.9 3.85 0.04
Particle sorting index
>19 mm, % 93.3 95.4 2.11 0.44
8 —19 mm, % 100 100 0.2 0.85
4-8mm, % 101 100 0.4 0.11
Pan, % 103 102 0.6 0.11

PE: silo covered with polyethylene film; OB: silo sealed with ethylene vinyl alcohol film
lining side walls and covering the silage and protected with a woven anti-UV cover.

2Dry matter corrected for volatile compounds.
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Table 4. Growing performance of dairy heifers fed TMR based on whole-plant corn

silage stored under PE or OB sealing strategies

Treatment!

Item PE OB P-

SEM  value
DMI?, kg/d 9.39 10.2 0.55 0.01
Daily DMI variation, % 6.18 6.28 0.278  0.80
DE? intake, Mcal/d 26.3 28.3 1.53 0.01
Initial SBW*, kg 260 261 25.1 0.97
Final SBW, kg 324 335 51 <0.01
ADG, kg/d 1.08 1.21 0.085 0.01
Feed efficiency 0.119 0.119 0.005 0.98
Initial BCS 3.11 3.10 0.110 0.84
Final BCS 3.55 3.60 0.067  0.18
BCS change, /d 0.00716 0.00829 0.00127 0.27
Initial heart girth, cm 151 151 1.8 0.74
Final heart girth, cm 161 164 1.8 <0.01
Heart girth change, cm/d 0.173 0.229 0.0166  0.01
Initial hip height, cm 122 122 2.3 0.24
Final hip height, cm 126 128 2.2 0.08
Hip height change, cm/d 0.0567 0.0948 0.0138  0.07

PE: silo covered with polyethylene film; OB: silo sealed with ethylene vinyl alcohol film
lining side walls and covering the silage and protected with a woven anti-UV cover.
?Intake of dry matter corrected for volatile compounds.

3Shrunk body weight.
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Table 5. Total-tract digestibility and blood metabolites in dairy heifers fed TMR based

on whole-plant corn silage stored under PE or OB sealing strategies

Treatment!
Item PE OB SEM  P-value
Apparent digestibility, %
DMcorr? 66.5 66.1 0.75 0.62
oM 69.6 69.5 0.82 0.90
NDF 38.1 36.4 1.65 0.41
CP 68.0 65.6 1.16 0.08
Ether extract 82.9 84.7 1.86 0.51
NFC 91.5 91.7 0.60 0.71
TDN, % 70.1 69.6 0.82 0.60
Diet DE, Mcal/kg DMcorr 2.78 2.77 0.037 0.92
Blood metabolites
Plasma glucose, mg/dL 65.8 65.5 1.30 0.82
Plasma urea, mg/dL 29.8 29.1 1.69 0.65

PE: silo covered with polyethylene film; OB: silo sealed with ethylene vinyl alcohol

film lining side walls and covering the silage and protected with a woven anti-UV cover.

2Dry matter corrected for volatile compounds.
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