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RESUMO

Essa tese foi divida em trés capitulos: Capitulo 1 - Foi utilizado o delineamento em
blocos casualizados, com cinco tratamentos e quatro repeticbes. Os tratamentos
foram as diferentes espécies forrageiras: planta inteira de milho (Zea mays),
Cenchrus purpureus cv. BRS Capiagu, Urochloa brizantha cv. Piata, U. decumbens
cv. Basilisk e Megathyrsus maximus cv. BRS Zuri. O milho e Capiagu foram colhidos
com 120 ap6s plantio, e os capins tropicais com 60 d de rebrotacédo. O coeficiente de
fermentacao (CF) foi maior na planta de milho, seguido pelo Capiagu, € menor para
0s capins piatd, basilisk e zuri. A fracao fibrosa foi maior para o Capiagu e menor
para planta de milho. O pH da silagem foi menor para silagem de milho e Capiagu,
seguido pela silagem de Piata e Basilisk, € menor para silagem de Zuri. O teor de
amonia foi menor para silagem de milho e Capiagu e maior para silagem de Zuri. A
silagem de milho apresentou a maior fragéo “a” da matéria seca (MS) e a silagem de
Zuri a menor concentracdo. Para fracdo “b”, houve efeito inverso. A fracdo “b” da
fibra em detergente neutro (FDN) foi menor para a silagem de Capiacu, enquanto a
fracao indigestivel da FDN foi maior para essa silagem. A planta inteira de milho e
Capiacu apresentam elevado CF, resultando em um padrdo de fermentagéo
adequado, por outro lado, os capins piata, basilisk e zuri apresentaram baixos CF,
destacando a silagem de Zuri, que apresentou um perfil de fermentacao clostridica.
A silagem de milho apresenta maior degradabilidade efetiva, enquanto a silagem de
Capiagu possui elevados teores de fibra indigestivel. Capitulo 2 — O experimento foi
realizado em esquema fatorial 4 x 2 (4 aditivos e 2 idades de rebrotacédo), no
delineamento em blocos casualizados, com quatro repeticées. Os aditivos testados
foram: controle (sem aditivos; CT); Lactiplantibacillus pentosus cepa AV 14.17 (LP);
celulase (CE), e, LPCE (LP + CE). As idades de rebrotagdo do capim zuri foram 60 e
90 dias. O aumento da maturidade das plantas de Zuri aumentou os teores de MS e
de carboidrato soluvel e o CF, porém, diminuiu o teor de proteina bruta (PB). A
populacado de bactérias do acido latico foi maior para silagem CE e LPCE, aos 60 d.
O pH foi menor nas silagens CE e LPCE, em ambas as idades de rebrotacdo. A
concentragdo de amoénia foi menor em CE e LPCE, aos 60 d apenas. O teor de
acido latico foi maior na silagem LPCE, aos 60 d. O acido butirico foi detectado
apenas em CT e LP, com 60 d. As silagens CE e LPCE apresentaram menor teor de
FDN, fibra em detergente acido e celulose. O teor de PB das silagens foi maior em



CE e LPCE, quando o capim foi colhido com 60 d, sem apresentar diferen¢ca com 90
d. A adicdo da celulase, associada ou ndo a cepa de L. pentosus, foi eficiente em
solubilizar constituintes de fibra, reduzir o pH e controlar microrganismos
indesejaveis. Os resultados mais expressivos foram obtidos com a colheita do capim
zuri apdés 60 d de rebrotacdo. Capitulo 3 — Esse capitulo foi divido em dois
experimentos. No experimento 1, o milho foi colhido com baixo teor de MS (249 g/kg
MN) e ensilado em esquema fatorial 4 x 2 (4 aditivos e 2 periodos de
armazenamento), no delineamento inteiramente casualizado, com quatro repeticoes.
Os aditivos testados foram: CT; L. buchneri (LB); xilanase (XL) e LB + XL (LBXL). Os
periodos de armazenamento foram 30 e 60 d. A populagcédo de BAL foi maior em LB
e LBXL, enquanto a populagédo de leveduras reduziu nesses tratamentos. O teor de
acido acético foi maior em LB com 60 d, mas com 30 d ndao houve diferenca entre os
tratamentos. A estabilidade aerdbia foi maior nas silagens LB e LBXL. Os teores de
FDN e FDA foram menores na silagem LB com 60 d de armazenamento. Todos os
aditivos aumentaram a fragéo soluvel MS e matéria organica (MO). A digestibilidade
efetiva da MS e MO foram maiores para LB e menores para CT. No experimento 2, o
milho foi colhido com alto teor de MS (360 g/kg MN) e ensilado no delineamento
inteiramente casualizado, com 5 repeti¢des, utilizando os 4 aditivos citados no
experimento 1. A populagéo de fungos foi maior na silagem CT e menor em LBXL. O
teor de amoénia foi menor na silagem LBXL e maior em LB. O teor de lignina foi
menor na silagem LBXL e maior na silagem CT. A digestibilidade efetiva da MS e
MO, a 2%, foi maior na silagem LBXL e menor na silagem XL. A inoculagcédo da
silagem de milho com L. buchneri foi mais eficiente em melhorar o perfil
fermentativo, a estabilidade aerdbia e o valor nutritivo da silagem em relacédo a
xilanase, associada ou nao a LB, principalmente em silagem de milho colhido com
teor de MS baixo.

Palavras-chave: coeficiente de fermentacéao; digestibilidade; perfil de fermentacéo.



ABSTRACT

This thesis was divided into three chapters: Chapter 1 - A randomized block design
was used, with five treatments and four replications. The treatments were different
forage species: whole corn plant (Zea mays), Cenchrus purpureus cv. BRS Capiagu,
Urochloa brizantha cv. Piata, U. decumbens cv. Basilisk and Megathyrsus maximus
cv. BRS Zuri. The fermentation coefficient (FC) was highest in the corn plant,
followed by Capiacu, and lowest for piata, basilisk and zuri grasses. The fibrous
fraction was higher for Capiagu and lower for corn plants. Silage pH was lowest for
corn and Capiagu silage, followed by Piatd and Basilisk silage, and lowest for Zuri
silage. The ammonia content was lower for corn and Capiagu silage and higher for
Zuri silage. Corn silage had the highest “a” fraction of dry matter (DM) and Zuri silage
had the lowest concentration. For fraction “b”, there was the opposite effect. The “b”
fraction of neutral detergent fiber (NDF) was lower for Capiagu silage, while the
indigestible fraction of NDF was higher for this silage. The entire corn and Capiacu
plant showed high CF, resulting in an adequate fermentation pattern, on the other
hand, piata, basilisk and zuri grasses showed low FC, highlighting the Zuri silage,
which presented a clostridic fermentation profile. Corn silage has greater effective
digestibility, while Capiagu silage has high levels of indigestible fiber. Thus, among
the perennial grasses, Capiacu, Piatd and Basilisk are recommended for silage, if
corn silage cannot be used. Chapter 2 — The experiment was carried out in a 4 x 2
factorial scheme (4 additives and 2 regrowth ages), in a randomized block design,
with four replications. The additives tested were: control (no additives; CT);
Lactiplantibacillus pentosus strain AV 14.17 (LP); cellulase (CE), and, LPCE (LP +
CE). Regrowth ages were 60 and 90 days. The increase in maturity of Zuri plants
increased DM and soluble carbohydrate content and CF, however, decreased crude
protein (CP) content. CE and LPCE silages had lower NDF, acid detergent fiber and
cellulose content. The CP content of the silages was higher in CE and LPCE, when
the grass was harvested after 60 days, without any difference after 90 days. The
population of lactic acid bacteria was higher for CE and LPCE silage at 60 d. The pH
was lower in CE and LPCE silages, at both regrowth ages. The ammonia
concentration was lower in CE and LPCE, at 60 d only. The lactic acid content was
higher in the LPCE silage, at 60 d. Butyric acid was detected only in CT and LP, at
60 d. The addition of cellulase, associated or not with the L. pentosus, was efficient in



solubilizing fiber constituents, reducing pH and controlling undesirable
microorganisms. The most significant results were obtained with the zuri grass
harvest after 60 days of regrowth. Chapter 3 — This chapter was divided into two
experiments. In experiment 1, corn was harvested with a low DM content (249 g/kg
DM) and ensiled in a 4 x 2 factorial scheme (4 additives and 2 storage periods), in a
completely randomized design, with four replications. The additives tested were: CT,;
L. buchneri (LB); xylanase (XL) and LB + XL (LBXL). Storage periods were 30 and 60
d. The NDF and ADF content were lower in LB silage after 60 d of storage. The BAL
population was higher in LB and LBXL, while the yeast population reduced in these
treatments. The acetic acid content was higher in LB at 60 d, but at 30 d there was
no difference between treatments. Aerobic stability was greater in LB and LBXL
silages. All additives increased the soluble fraction DM and organic matter (OM). The
effective digestibility of DM and OM were higher for LB and lower for CT. In
experiment 2, corn was harvested with a high DM content (360 g/kg DM) and ensiled
in a completely randomized design, with 5 replications, using the 4 additives
mentioned in experiment 1. There was little effect of the additives on the variables.
The ammonia content was lower in LBXL silage and higher in LB. The lignin content
was lower in LBXL silage and higher in CT silage. The fungal population was higher
in CT silage and lower in LBXL. The effective digestibility of DM and OM, at 2%, was
higher in LBXL silage and lower in XL silage. The inoculation of corn silage with L.
buchneri was more efficient in improving the fermentative profile, aerobic stability and
nutritional value of the silage in relation to xylanase, associated or not with LB,
especially in corn silage harvested with low DM content.

Keywords: digestibility, fermentation coefficient, fermentation profile.
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INTRODUCAO GERAL

A silagem constitui uma das principais fontes de volumoso utilizada em
dietas de bovinos de leite e corte no Brasil (Daniel et al., 2019; Silvestre & Millen,
2021). Devido a ampla difusao, diferentes espécies forrageiras sao utilizadas para
producdo de silagem, adotando aquela que melhor se adapta as condigdes
edafoclimaticas (Daniel et al., 2019). Uma das principais caracteristicas para uma
forrageira produzir uma silagem de boa qualidade esta relacionada ao seu teor de
matéria seca (MS), contetdo de carboidratos soluveis em agua (CS) e capacidade
tampao (CT) (Carvalho et al., 2024; Muck, 1988). Além disso, a forrageira deve
apresentar alta produtividade por area e bom valor nutritivo, principalmente quando
esta se encontra no momento adequado para producéao e silagem.

O milho é a principal cultura ensilada no Brasil (Daniel et al., 2019), por
apresentar teores de CS e MS superiores a 60 g/kg de MS e 250 g/kg de matéria
natural, respectivamente, e, elevado coeficiente de fermentagéo (CF) (Pieper et al.,
2017; Wang et al.,, 2020). Em contrapartida, gramineas tropicais perenes
apresentam baixos teores de MS, CS e CF quando essas se encontram em seu
maior valor nutricional, favorecendo fermentagdes secundarias (fermentacdo por
clostridios), resultando em elevadas perdas de MS (Carvalho et al., 2024; Moraes et
al., 2023; Rigueira et al., 2013; Tomaz et al., 2018).

O teor de MS é o principal fator relacionado a fermentagéo de uma forragem.
Segundo Spoelstra (1990), o teor minimo para inibir fermentacéo por clostridios em
silagem é de 250 g de MS/kg MN. Quanto menor for o teor de MS, maior deve ser a
concentracdo de CS para compensar o maior teor de umidade, devido ao efeito de
diluicdo dos acidos pela elevada concentracdo de agua (Carvalho et al., 2024).
Assim, uma maior producdo de &cidos organicos é necessdria, para promover o
declinio rapido do pH e evitar fermentac¢ées secundarias (Woolford, 1984).

Uma forma de predizer a fermentacao de uma forragem, € estimando o seu
coeficiente de fermentacao, que é, uma forma de predizer o risco de fermentacao
clostridica em forrageiras a partir do seu teor de MS, CS e PT. Ela é determinada
conforme a seguinte equagéo: MS (g/kg) + 80 x CS (g kg™' MS) / CT (g acido latico
kg' MS) proposta por Weissbach et al. (1974). Tendo o teor de MS o maior efeito
sobre esse coeficiente, seguido pela relagdo CS/CT. Essa relagdo deve ser acima
de 3, pois indica a capacidade de acidificagdo da massa ensilada, correlacionado a
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quantidade de substrato disponivel para fermentacdo e producdo de 4&cidos,
associado a capacidade da massa ensilada em resistir a queda de pH.

Em teoria, forragens com CF acima de 45 apresentam alta ensilabilidade,
com adequado padrao de fermentacao e livre de fermentacédo por clostridios, por
outro lado, quando o CF < 35, indica uma menor ensilabilidade da forrageira (Pauly
& Wyss, 2019; Weissbach e Auerbach, 2011). A planta de milho apresenta CF de
72, segundo Wang et al. (2020), por outro lado, gramineas tropicais, como o capim
mombaca, apresentam CF variando entre 18 a 31 em fung&o da altura do dossel
(Tomaz et al., 2018), e o capim marandu com CF de 22,7 (Gomes et al., 2021a).

No entanto, a equacao para determinar o CF foi desenvolvida com base em
dados de gramineas temperadas, que apresentam caracteristicas quimicas e
microbiolégicas diferentes em relacdo as gramineas tropicais (Bernardes et al.,
2018; Wang et al., 2021). Recentemente, Carvalho et al. (2024) demostraram que a
equacao desenvolvida por Weissbach et al. (1974) poderia ser aplicada para
gramineas tropicais. No entanto, é possivel observar na literatura silagens de
gramineas tropicais com CF abaixo de 35, considerado critico para producao de
silagem com adequado padrao de fermentagdo. Gomes et al. (2021a) observaram
CF de 22,7 no capim marandu, no entanto, sua silagem apresentou uma
fermentacdo considerada adequada, com minima formacédo de acido butirico. Por
outro lado, Moraes et al. (2023) observaram CF de 26,4 e 31,5, em capim mombaca
colhido com 35 e 70 d de rebrota, respectivamente, no entanto, o perfil de
fermentacdo dessas silagens foi caracterizado como clostridico. Portanto, outras
caracteristicas, além do teor de MS, CS e CT, devem influenciar no resultado, tais
como atividade de agua, concentracdo de nitrato e composicdo da microbiota
epifitica (Pahlow et al., 2003).

A planta de milho é considerada a ideal para ensilagem, devido ao seu alto
CF, que garante a essa forragem um perfil de fermentagcdo com predominancia na
formacao de acido latico e baixa formacdo de acidos com capacidade fungicida
(Driehuis et al., 1999; Oliveira et al., 2017). Com isso, a silagem de milho apresenta
alta susceptibilidade a deterioracdo aerdbia, apds o silo ser aberto para o processo
de descarregamento (Borreani et al., 2018; Tabacco et al., 2011). Dessa forma,
mesmo apresentando elevando CF, estratégias devem ser buscadas para contornar
esse problema e evitar perdas de MS no periodo de pds abertura do silo, que pode
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ser maior que as perdas de MS durante a fermentagdo anaerébia (Tabacco et al.,
2011; Wilkinson & Davies, 2013).

Por outro lado, em gramineas tropicais perenes, estratégias devem ser
adotadas para evitar fermentacao por clostridios e as excessivas perdas de MS. As
estratégias para incrementar o CF consistem em aumentar o teor de MS e, ou,
aumentar a concentracdo de CS. Uma estratégia para aumentar o teor de MS é
colher a planta com maturidade avangada, no entanto, isso reduz o valor nutritivo da
forragem ensilada. Segundo Tjandraatmadja et al. (1994), o avanco na maturidade
aumenta o teor de MS e CS, no entanto, a magnitude deste aumento nao é
suficiente para garantir uma fermentacao latica. Por outro lado, Santos et al. (2014),
recomendaram a colheita do capim mombaca a partir de 55 d de rebrotacao, pois
garantiu um melhor padrao de fermentacdo, em relacdo a colheita do capim
mombaca em idades de rebrotacdo menores. Ja Tomaz et al. (2018), observaram
que o aumento na altura do dossel (que se correlaciona com idade de rebrotagéo)
apresentou um efeito quadratico sobre o CF do capim mombaca. O CF chegou ao
seu maximo (31) quando o capim mombaca apresentou 130 cm de altura. No
entanto, o aumento do CF de fermentacdo n&o foi suficiente em inibir a
fermentacdes por clostridios.

Como a capacidade tampéao (CT) tem pouca variacdo em funcao da idade de
rebrotacdo (Tomaz et al., 2018), o fornecimento de CS é outra estratégia para
incrementar o CF. Segundo McDonald et al. (1990), concentracdes acima de 60 g/kg
MS de CS é o minimo necesséario para uma adequada fermentacdo. No entanto,
esse teor de CS estd muito acima dos teores regularmente encontrados em
gramineas tropicais perenes.

Diferentes aditivos podem ser utilizados no momento da ensilagem de modo
a melhorar o perfil fermentativo, focando em diferentes estratégias, desde a
promog¢ao de uma rapida reducao do pH e da protedlise, a melhorias na estabilidade
aerdbia ou incremento na digestibilidade (Khota et al., 2016; Muck et al., 2018).
Dentre esses aditivos, a utilizacao de enzimas fibroliticas exdgenas vem ser tornado
grande foco de estudos. Essas enzimas atuam sobra a parede celular, degradando
hemicelulose e celulose a carboidratos simples, como glicose, e algumas pentoses
(Chen et al., 2022; Dale et al., 2022), que sao possiveis de serem fermentadas pelas
BALs, produzindo acidos orgéanicos, e acelerando o processo de reducdo de pH da
silagem (Desta et al., 2016; Zhang et al., 2019).
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Recentemente, um grupo de pesquisadores demostrou que a xilanase e a
endoglucanase (celulase), duas enzimas fibroliticas, atuariam em sinergismos com
as BALs, de forma diferente uma da outra (Xu et al., 2018; Zhang et al., 2019). A
xilanase atua principalmente sobre a hemicelulose, liberando xilooligossacarideos,
que sao utilizados apenas por BAL heterofermentativas obrigatéria (Xu et al., 2018),
como o Lentilactobacillus buchneri, pois esse grupo é capaz de utilizar pentoses
através da via da fosfocetolase, sendo obrigatoriamente fermentada a acido acético
e latico (Heinl et al., 2012). O acido acético tem menor poder de acidificacao que o
acido latico, no entanto, se faz importante em silagens susceptiveis a degradagéao
aerdbia, como no caso de silagens de milho (Kleinschmit & Kung, 2006), devido a
capacidade de inibicdo do crescimento de leveduras, principal microrganismo
envolvido na deterioracao aerdbia (Pahlow et al., 2003; Tabacco et al., 2011).

A celulase atua sobre a fragdo celulolitica, liberando celo-oligossacarideos
(ex: celobiose e celotriose) e glicose, onde o0s celo-oligossacarideos seriam
utilizados apenas por BALs homofermentativas ou heterofermentativas facultativas
(Zhang et al., 2019). Nesse segundo grupo, a via 6-fosfogluconato/fosfocetolase é
reprimida pela via glicolitica, impedindo que os CS liberados pela hidrolise
enzimatica sejam fermentados pela via heterolatica (Rooke & Hatfield, 2003), com
isso, ha um aumento na producdo de acido latico, resultando em uma redugéo
rapida do pH e inibicdo dos microrganismos indesejaveis.

A partir dessas informagdes, pode-se inferir que 0 uso de celulases seria
interessante em forrageiras com baixo teor de CS e com lenta reducao do pH, pois
haveria um incremento na producao de &cido latico a partir dos agucares formados
pela hidrélise da celulose, reduzindo a protedlise, como demostrado por Khota et al.
(2016), em silagem de gramineas tropicais (Megathuyrsus maximus ‘TD 58’ e
Cenchrus purpureus x C. americanus ‘Pak Chong 1°). J& 0 uso de xilanase seria
interessante em forrageiras que sdo susceptiveis a deterioracdo aerdbia, pela maior
formacao de acido acético a partir dos produtos formados pela hidrélise enzimatica.
Além disso, a adicdo de enzimas fibroliticas pode incrementar a digestibilidade da
MS e FDN (McCuistion et al., 2017; Ying et al., 2017), e, assim, poderia melhorar o
desempenho animal.

Uma melhor compreensao dos fatores que afetam a fermentacdo pode
auxiliar em tomadas de decisbes e quais estratégias a serem utilizadas. Dentre as
estratégias passiveis de serem adotadas, a utilizacdo de enzimas fibroliticas e
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colheitas em estagios de maturidade diferentes sdo alternativas, porém, ha ainda
uma grande variagao na resposta, e existem poucos estudos avaliando a interagao
desses fatores.
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CHAPTER | - FERMENTATION COEFFICIENT OF TROPICAL FORAGES AND
FERMENTATIVE PROFILE AND /N VITRO DEGRADABILITY OF SILAGES

Capitulo formatado de acordo com o periédico cientifico: Scientific Reports.

Abstract: Our objective was to determine the fermentation coefficient (FC) of
different tropical forages and the fermentative profile, chemical composition, and in
vitro degradability of their silages. A randomised block design was used, with five
treatments and four repetitions. The forage species studied were whole-plant maize
(Zea mays), Cenchrus purpureus cv. BRS Capiagu, Urochloa brizantha cv. BRS
Piata, U. decumbens cv. Basilisk, and Megathyrsus maximus cv. BRS Zuri. The FC
was highest (P < 0.001) in whole-plant maize, followed by BRS Capiagu, and lowest
for BRS Piata, Basilisk, and BRS Zuri. The fibrous fraction of the plant was higher (P
< 0.001) for BRS Capiagu and lower for whole-plant maize. The pH and ammonia
content were lower (P < 0.001) for maize and BRS Capiagu silages, and higher for
BRS Zuri silage. Maize silage showed the highest effective DM digestibility (P <
0.001). The BRS Capiagu silage exhibited a higher (P = 0.009) indigestible NDF
fraction. In conclusion, if whole-plant maize cannot be produced for silage, ensiling
perennial grasses, such as BRS Capiagu, BRS Piata, and Basilisk, is recommended
due to their higher ensilability compared to BRS Zuri.

Keywords: buffering capacity, butyric acid, hemicellulose, microbial population, pH

Introduction

Different forage species are used for silage production worldwide, exhibiting
various fermentation patterns due to their chemical and microbiological
characteristics. Among the chemical characteristics, the levels of dry matter (DM),
water-soluble carbohydrates (WSC), and buffering capacity (BC) are the main factors
affecting the ensilability of forage'2. These three factors interact to generate an index
that predicts the risk of clostridial fermentation in forages, known as the fermentation
coefficient (FC)?2.

Whole-plant maize is considered the standard species for producing high-
quality silage. In contrast, tropical perennial grass silages face challenges in reducing
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pH due to excess moisture and a low WSC content, resulting in a low FC and
increasing the likelihood of clostridial fermentation3#.

Another factor influencing fermentation is the indigenous microbial population,
which differs among forage species and is affected by the vegetative stage, climatic
conditions, and geographic region®’. Thus, various factors interact during the
fermentation process, which is also influenced by harvest management, water
activity, and nitrate concentration?.

Due to the interaction of various factors, the use of the FC index may not
accurately predict the ensilability of a forage species. Recently, Carvalho et al.
demonstrated that FC developed using data from temperate grasses could be
applied to tropical grasses. However, Heinritz et al® observed that in tropical
legumes, FC was not able to predict the extent of butyric acid formation, serving only
as an indicator of silage mass acidification. Thus, a better understanding of both
factors related to ensilability and the nutritional value of these forages can aid in
selecting forage species and in developing strategies to optimise fermentation and
reduce DM losses.

Our hypothesis is that different tropical forages exhibit distinct ensilability, as
well as differences in the nutritional value of their silages. Our objective was to
evaluate the ensilability of whole-plant maize (Zea mays) and tropical perennial
grasses, namely Cenchrus purpureus cv. BRS Capiacu, Urochloa brizantha cv. BRS
Piata, U. decumbens cv. Basilisk, and Megathyrsus maximus cv. BRS Zuri, managed
under the same soil and climatic conditions, as well as comparing the fermentative
profile, chemical composition, and in vitro degradability of DM and neutral detergent
fiber of their respective silages.

Materials and methods
Experimental location and management of tropical forages

The experiments were conducted at the Unit of Teaching, Research, and
Extension in Forage and Pasture Science and at the Forage and Silage Microbiology
Laboratory of the Department of Animal Science at the Federal University of Vigosa,
located in Vigcosa, Minas Gerais, Brazil. The municipality has an altitude of
approximately 649 m, latitude south 20°45'14”, and longitude west 42°52'54”. The
climate is classified as Cwa (subtropical climate)'?, with annual precipitation and
temperature averages of 1200 mm and 21°C, respectively.
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The experiment followed a randomised block design with five treatments and
four replications. The treatments consisted of the following forage species: whole-
plant maize (Z. mays), C. purpureus cv. BRS Capiacu, U. brizantha cv. BRS Piata, U.
decumbens cv. Basilisk, and Megathyrsus maximus cv. BRS Zuri.

The forage species were individually planted in plots measuring 3 x 5 m. Soil
correction and fertilisation were carried out according to the recommendations of
Ribeiro et al.'', based on the following soil characteristics: pH (water) = 5.0; P = 2.5
mg/dm3; K* = 56 mg/dm3; Ca*? = 1.18 cmolc/dm3; Mg+*? = 0.45 cmolc/dms3; H* + Al*3 =
6.27 cmolc/dm3; sum of base = 1.77 cmolc/dm?; effective cation exchange capacity =
2.17 cmolc/dms; cation exchange capacity at pH 7 = 8.04 cmolc/dm3; and base
saturation = 22%. Base saturation was increased to 60% by the prior application of
3.60 t/ha of dolomitic limestone (equivalent neutralising power of 85%). All forage
species were planted on the same day, with a planting fertilisation of 90 kg/ha of
P20s, using a commercial 08-28-16 (N-P-K; Fertilizantes Heringer®, Manhuagu, MG,
Brazil) mixture.

Maize (hybrid LG 6030 PRO2, Limagrain, Curitiba, PR, Brazil) was sown with
0.8 m spacing between rows at a rate of 6 seeds per linear metre. The BRS Piata,
Basilisk, and BRS Zuri (Semensol Sementes, Tupaciguara, MG, Brazil) were sown in
rows spaced 0.4 m apart, with a seeding rate of 4.8 kg/ha of pure viable seeds for the
Urochloa cultivars and 3.1 kg/ha for BRS Zuri. BRS Capiacu was planted with a
spacing of 0.8 m using a density of 8 buds per linear metre. All crops were planted on
November 16, 2020.

At 30 days after sowing or planting, all plots received a dose of 40 kg/ha of
nitrogen in the form of urea, and the whole-plant maize and BRS Capiacu crops
received an additional dose of 40 kg/ha of K20 in the form of potassium chloride.
Weed control was done manually. At 60 days after sowing, BRS Piata, Basilisk, and
BRS Zuri were cut at 10 cm above the ground, followed by nitrogen fertilisation with
40 kg/ha of N and 40 kg/ha of K20, using the commercial formulation 20-00-20
(Fertilizantes Heringer®, Manhuacu, MG, Brazil). This uniformity cut was performed
to ensure that the regrowth period of the grasses was compatible with the maturity of
BRS Capiagu and whole-plant maize, allowing all forages to be ensiled on the same
day.

Harvesting and ensiling
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The BRS Piata, Basilisk, and BRS Zuri were harvested for silage 60 days after
regrowth, following the recommendations of Santos et al.'>'3. BRS Capiagu and
whole-plant maize were harvested 120 days after planting/sowing. At the time of
harvest, BRS Capiacu, BRS Piata, Basilisk, and BRS Zuri were 278, 99, 79, and 166
cm tall, respectively.

The forages were manually harvested, excluding the border rows. The
material was chopped into a theoretical particle size of 1.5 cm using a stationary
forage harvester (PN Plus 2000, Nogueira®, Sao Joao da Boa Vista, SP, Brazil) and
divided into individual 10 kg piles (1 pile per plot). No additives were applied, and no
wilting was done for the perennial tropical grasses. Before ensiling, 300 g of the fresh
forages were sampled and partially dried in an oven with forced air circulation at
55°C for 72 h. Subsequently, the material was ensiled in 12-L plastic buckets (1
bucket per plot) and manually compacted with an average density of 578 kg/m3 (+
35.77) based on fresh matter (FM). The buckets were sealed with lids, secured with 6
layers of adhesive tape, and stored in a covered shed at an ambient temperature
(average 19.7°C) until the time of opening.

Analysis of chemical composition, microbial population, and fermentation
profile

After 60 days of storage, the buckets were opened, and the silage from the top
(x5 cm) and bottom (5 cm) of the bucket was discarded. The remaining silage was
homogenised, and 300 g samples from each bucket were collected for partial drying
in an oven with forced air circulation at 55°C for 72 h.

All partially dried samples (fresh forage and silage) were ground in a Willey
mill (Tecnal®, Piracicaba, SP, Brazil) using a 1-mm sieve for subsequent chemical
composition analysis and in vitro degradability assessment (only for silages).

To quantify the microbial population in the fresh forages and silages, an
aqueous extract was obtained by homogenising 25 g of the material for 1 min in an
industrial blender with 225 mL of sterile Ringer‘s solution (Oxoid™, Hampshire, UK).
The aqueous extract was filtered through a double layer of sterile gauze and
subjected to serial dilutions ranging from 107" to 1077. Plating was performed using
the pour-plate technique in sterile Petri dishes. The population of lactic acid bacteria
(LAB) was determined on MRS agar (Difco™ Lactobacilli MRS Agar, Le Pont de
Claix, France) and incubated at 37°C for 48 h. Enterobacteria was cultivated on VRB
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agar (CM0107 Violet Red Bile Agar, Oxoid™, Hampshire, UK) and incubated at 37°C
for 24 h. Yeast and filamentous fungi (FUN) were cultured on DRBC agar (Dicloran
Rose Bengal Chloramphenicol, Oxoid™, Hampshire, UK) at 25°C for 72 h for yeast
and 120 h for FUN. Plates containing between 25 and 250 colony-forming units (cfu)
were considered countable.

A second aliquot of the aqueous extract was used to measure the pH with a
digital pH meter (Tecnal®, Piracicaba, SP, Brazil). Subsequently, 10 mL of the
aqueous extract was collected and placed in tubes containing 1 mL of sulphuric acid
(50% v/v) and frozen at —20°C for later analyses of ammonia (g/kg N-total) according
to Okuda et al.'#, WSC content in fresh forages and silages according to the method
proposed by Nelson et al. ', and organic acids in the silages. To quantify the organic
acids, the samples were treated with calcium hydroxide and copper sulphate and
analysed using HPLC following Siegfried et al.’®. The HPLC device (SPD-10 AVP,
Shimadzu™, Tokyo, Japan) was equipped with a refractive index detector, and an
Aminex HPX-87H column (BIO-RAD™, CA, USA) was used, with a mobile phase
containing 0.005 M H2SO4 and a flow rate of 0.6 mL/min at 50°C.

BC was measured according to '/, using 15 g of fresh forage macerated with
250 mL of distilled water. The aqueous extract was titrated to pH 3 with 0.1N HCI to
remove carbon dioxide, then titrated with 0.1N NaOH to pH 6, noting the volume of
0.1N NaOH used to increase the pH from 4 to 6. BC was converted to g of lactic
acid/kg DM using the equation proposed by O’Kiely and Pahlow'8: BC = 0.0154 x BC
(mEg/kg DM) — 0.2115 (R? = 0.95). FC was calculated according to the equation
proposed by Weissbach et al.?: FC = DM (g/kg) + 80 x WSC (g/kg DM) / BC (g lactic
acid/kg DM). The minimum DM content to inhibit clostridial fermentation was
determined according to Weissbach et al.>: DMminw = 450 — 80 x (WSC/BC), and by
the equation proposed by Carvalho et al.? for tropical grasses, DMminc = 386 — 79 x
(WSC/BC).

The fresh forage and silage samples, ground to 1 mm, were analysed for their
DM (method 934.01), ash (method 942.05), crude protein (CP; method 984.13), acid
detergent fibre (ADF), and lignin contents (method 973.18), according to AOAC™.
The neutral detergent fibre (NDF) concentrations were determined with the addition
of thermostable a-amylase without the use of sodium sulphite, following Van Soest et
al.?® and modified by Senger et al.?'. Residues from the ADF and NDF analyses were
subjected to ash content determination®® and nitrogen compound analysis?®. The
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NDF and ADF contents were expressed excluding residual ash and protein (NDFap
and ADFap, respectively). Hemicellulose (HEM) was calculated by the difference
between NDFap and ADFap, and cellulose (CEL) was calculated by the difference
between ADFap and lignin, all expressed in g/kg DM. These calculations were

performed through sequential analyses of the same sample.

In vitro degradability assay

To estimate the in vitro degradability, two heifers (1/2 Nelore x Red Angus)
with an average weight of 330 kg, fitted with rumen cannulas, were housed in
individual pens as donors of ruminal inoculum. The animals were adapted for 14
days®* to a diet with 12% CP and a forage-to-concentrate ratio of 80:20 based on
DM. The procedures for the use and handling of animals in this study were previously
approved by the Animal Experimentation Ethics Committee of UFV (protocol
#019/2021). The methods were also in accordance with Animal Research Reporting
In Vivo Experiments (ARRIVE) guidelines for the reporting of animal experiments.

The silage samples, ground to 1 mm, were weighed (500 mg) and placed in
F57 bags (Ankom Technology Corp™, Macedon, NY, USA). The ruminal
fermentation simulation process was conducted in a Daisy incubator (Ankom
Technology Corp™, Macedon, NY, USA) following the method proposed by Tilley
and Terry?® and adapted by Holden?®. The ruminal fluid was collected 1 h after
feeding, and three incubation runs (replicates) were performed. The bags were
incubated at 0, 3, 6, 12, 24, 48, 72, and 96 h. Two bags were added per time point
for each forage species, and samples of each forage species were placed
individually in a jar. To maintain anaerobic conditions in the jar, CO2 was infused
every time the jars were opened. The incubations were performed in reverse order of
the times so that all bags were removed simultaneously, allowing for uniform
washing.

At the end of the incubations, all bags were manually washed in running water
until the water became clear. The bags for time zero were not incubated but were
washed with the others. After washing, the bags were partially dried in an oven with
forced air ventilation at 55°C for 72 h and then analysed for DM and NDF contents
(without ash and protein correction) following the previously described methodology.

The parameters of the in vitro degradation of DM were estimated using the
equation proposed by Orskov and Mcdonald?’:
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Y(t) =a+b x (1 —exp Ckdxb)

where Y(t) = degraded fraction of DM (g/kg); “a@” = readily soluble fraction
(g/kg); “b” = potentially degradable fraction in the rumen (g/kg); “kd” = rate constant
for degradation of “b” per h (g/kg per h); t = time (h).

After estimating the DM parameters, they were used to estimate effective di-
gestibility according to the equation proposed by Orskov and Mcdonald?”:

DE =a + (b x kd / kd + kp)

where DE (g/kg) = ruminal effective digestibility of DM; kp = ruminal passage
rate (ruminal passage rates of 2, 5, and 8% per h were used).

The parameters of NDF degradation were obtained according to the equation
proposed by Van Milgen et al.28:

RNDF(t) =b x [1 + (A x t)] x exp **Y 4 Ind

where RNDF(t) = undegraded NDF at time “t” (g/kg); “b” = potentially degrada-
ble fraction in the rumen (g/kg); A = joint fractional rate of latency and degradation
(h™"); t = time (h); Ind = indigestible fraction (g/kg).

The degradation rate of NDF was calculated based on A, using the properties
of [(2) distribution?®:

kd = (0.59635 x A)

where kd = constant rate of degradation of fraction “b” (g/kg per h); A = joint
fractional rate of latency and degradation (h™").

The degradation parameters a, b, kd, A, and Ind were estimated using PROC
NLIN procedures (version 9.4, SAS Institute Inc., Cary, NC, USA), assuming the

Gauss—Newton algorithm for convergence.

Statistical analysis

The microbial count data were converted to a logarithmic base (log10 cfu/g).
All data were analysed using the GLM procedure in SAS 9.4 according to the
following model:

Yij = y + Ei + Bj + €jj

where Yij is the dependent variable; y is the overall mean; Ei represents the
fixed effect of the forage species; Bj represents the random effect of the block (in the
context of the in vitro degradability assay, blocks were represented by the rounds
conducted); ¢€ij is the random error, assuming a normal distribution of the data (NID),
(0; 02¢).
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Means were compared using Tukey’s test with a significance level of 0.05 to

control for the probability of Type | error.

Results
Fermentation coefficient and microbial population of forages before ensiling

Tropical forage species affected all studied variables. The DM content was
higher (P < 0.001) in whole-plant maize, followed by BRS Capiagu, which did not
differ from BRS Piata (Figure 1). The WSC concentration was higher (P < 0.001) in
whole-plant maize, followed by BRS Capiagu, which had a higher WSC concentration
than BRS Piata, Basilisk, and BRS Zuri (Figure 2). BC was higher (P < 0.001) for
Basilisk and lower for BRS Capiagu, which did not differ from whole-plant maize
(Figure 3).

The WSC/BC ratio was higher (P < 0.001) for whole-plant maize and BRS
Capiacu compared to the other grasses (Figure 4), while FC was higher (P < 0.001)
in whole-plant maize, followed by BRS Capiacu, being superior to BRS Piat3,
Basilisk, and BRS Zuri (Figure 5). The minimum DM content to inhibit clostridial
fermentation was similar among perennial grasses (Figure 6); however, the levels
estimated by the equation proposed by Carvalho et al.® were much lower than those
estimated by Weissbach et al.2.

The initial LAB population was higher (P < 0.001) in whole-plant maize
compared to BRS Capiacu, Basilisk, and BRS Zuri but did not differ from BRS Piata
(Figure 7). The ENT population was lower (P = 0.032) in BRS Capiagu compared to
the other grasses. The yeast population was lower (P < 0.001) in BRS Capiacu and
BRS Zuri compared to the other cultivars. The FUN population was lower (P < 0.001)
in BRS Capiacu compared to the other grasses. The initial pH was higher (P < 0.001)
for BRS Capiacu and BRS Zuri compared to the other grasses (Figure 7).

Chemical composition of the forage before ensiling

There was an effect of the tropical forage species on all evaluated chemical
characteristics (P < 0.022; Table 1). The ash concentration was higher (P < 0.001) in
BRS Zuri, which did not differ from Basilisk. The concentrations of NDFap and
ADFap were lower (P < 0.001) in whole-plant maize and higher in BRS Capiagu. The
HEM content was higher (P < 0.001) in BRS Piata and Basilisk, intermediate in BRS
Capiagu and BRS Zuri, and lower in whole-plant maize (Table 1). The lignin content
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was higher (P = 0.022) in BRS Capiagu and lower in whole-plant maize. The CEL
content was higher (P < 0.001) in BRS Capiagu, followed by BRS Piata, Basilisk, and
BRS Zuri. Whole-plant maize showed the lowest CEL content (Table 1).

The CP levels were higher (P < 0.001) in BRS Piata, Basilisk, and BRS Zuri
grass, and lower in whole-plant maize. NDIP was higher (P < 0.001) in BRS Zuri and
lower in Basilisk grass, which did not differ from BRS Piatd or whole-plant maize.
ADIP was higher (P < 0.001) in BRS Capiagu compared to the other cultivars (Table

1).

Fermentation profile and microbial population of silages

The LAB (P = 0.503) and yeast (P = 0.173) populations did not differ among
the silages. Enterobacteria were detected only in the BRS Zuri silage (3.73 log cfu/g).
The FUN population was higher (P = 0.008) in the BRS Capiacu silage, which did not
differ from the maize silage (Table 2).

Maize and BRS Capiacu silages had the lowest (P < 0.001) pH values, while
BRS Zuri silage had the highest pH value. Maize silage had a higher (P < 0.001)
lactic acid content, followed by BRS Capiagu silage, whereas BRS Zuri silage had
the lowest lactic acid content, not differing from Basilisk silage. The acetic acid
concentration was higher (P < 0.001) in BRS Zuri silage, which did not differ from
maize silage, and was lower in BRS Capiagu silage (Table 2).

Propionic acid was higher (P < 0.001) in maize silage, which did not differ from
BRS Piatd silage. BRS Zuri silage had a high concentration of butyric acid (16.1
g/kg), which was not detected in the other silages. The ethanol concentration was
higher (P < 0.001) in maize silage compared to the others. The ammonia
concentration was higher (P < 0.001) in BRS Zuri silage and lower in maize and BRS

Capiacu silages, which did not differ from BRS Piata silage (Table 2).

Chemical composition of silages

Maize silage had the highest (P < 0.001) DM content, while Basilisk silage had
the lowest, not differing from BRS Zuri silage. The ash content was higher (P <
0.001) in BRS Zuri silage, which did not differ from Basilisk silage (Table 3).

The NDFap content was lower (P < 0.001) in maize silage compared to the
other silages. The ADFap and lignin contents were lower (P < 0.001) in maize silage
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and higher in BRS Capiacu silage. HEM and CEL were lower (P < 0.001) in maize
silage compared to the other silages (Table 3).

The CP content was higher (P = 0.005) in BRS Piata silage, which did not
differ from BRS Capiagu and Basilisk silages, and was lower in maize silage, which
did not differ from BRS Zuri silage. The NDIP content was higher (P < 0.001) in BRS
Zuri silage compared to the other silages. There was no effect of forage species on
the ADIP content (P = 0.488), with a mean value of 47.6 g/kg of PB. Maize silage had
a higher (P <0.001) WSCr content (Table 3).

In vitro degradability of silages

Maize silage had the highest soluble fraction “a” (P < 0.001) and degradation
rate “kd” of DM (P < 0.001), while BRS Zuri silage had the lowest values for these
variables (Table 4). The potentially degradable fraction in the rumen “b” showed the
opposite trend, with a higher (P < 0.001) content in BRS Zuri silage and a lower
content in maize silage (Table 4). Figure 8 illustrates the disappearance behaviour of
DM over incubation times.

The potential degradability “PD” (P = 0.003) of DM was higher for BRS Zuri
silage compared to the other silages. However, the effective DM degradability was
higher in maize silage, regardless of passage rate. The ED at 2% was lower (P <
0.001) in BRS Capiacu and BRS Zuri silages. However, with an increase in the
passage rate to 5 and 8%, BRS Zuri silage showed the lowest (P < 0.001) ED
compared to the others. The ED of BRS Piatd and BRS Capiagu silages were similar
at 5 and 8% passage rates (Table 4).

The potentially degradable fraction “b” of NDF was higher (P = 0.012) in BRS
Piata and BRS Zuri silages compared to BRS Capiacu silage, without differing from
maize silage. The joint fractional latency and degradation rate (A) and constant
degradation rate of fraction “b” of NDF were higher (P = 0.044) for BRS Capiacu
silage compared to BRS Zuri silage, without differing from corn and BRS Piata silage
(Table 4). The indigestible fraction of NDF was higher (P = 0.009) in the BRS
Capiacu silage compared to the other silages (Table 4). Figure 9 illustrates the
disappearance behaviour of NDF over incubation times.
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Discussion

There was significant variation in the fermentation coefficient, chemical
composition, and microbial population among the different tropical forage species
studied, directly impacting the fermentation profile and nutritional value of the silages.

The ensilability of a tropical forage can be estimated based on the levels of
DM, WSC, and BC, generating an index that predicts the risk of inadequate
fermentation, mainly by clostridia®. According to Carvalho et al.3, tropical grasses
require an FC of 400 to ensure butyric acid-free fermentation without the addition of
additives. However, this minimum FC can be reduced depending on the DM content,
the initial population of LAB, and nitrate concentration.

Whole-plant maize and BRS Capiacu exhibited an FC above 400, indicating
high ensilability. Indeed, these two species produced silages with a pH below 4.2,
low ammonia concentrations, and no detectable butyric acid, indicating a proper
fermentation profile®°. The FC for whole-plant maize found in our study is close to the
FC reported by Wang et al.3'. However, the FC values reported in the literature for C.
purpureus cv. Napier®? and other clones of this species® are significantly lower than
our findings, which can be attributed to differences in the cultivar or clone. In our
study, we used cultivar BRS Capiagu, which has been reported to have an adequate
fermentation pattern when harvested with a DM content close to 200 g/kg of FM3435,

However, the other perennial forage species showed an FC < 350, indicating
low ensilability and a higher risk of Clostridium fermentation. Nevertheless, only BRS
Zuri silage exhibited typical clostridial fermentation, according to Kung et al.®.
Despite having similar DM and WSC contents and WSC/BC ratios, the fermentation
profiles of the tropical perennial grasses differed. Therefore, FC should not be used
as the sole indicator of ensilability potential, as the success of fermentation in the silo
also depends on other management factors.

The DM content is the variable that most significantly impacts fermentation3.
Spoelstra®® reported that silages with more than 250 g of DM/kg of FM did not
experience clostridial fermentation. In our study, only whole-plant maize had a DM
content exceeding 250 g/kg. However, despite having a lower DM content, BRS
Capiacu silage exhibited a fermentation pattern similar to maize silage, with low pH
and ammonia values, indicating that the WSC content in this crop was sufficient for
rapid acidification and inhibition of undesirable microorganisms. Indeed, the WSC

content of BRS Capiagu was close to the minimum (60 g/kg) recommended by
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McDonald et al®’. Additionally, the WSC/BC ratio, representing the acidification
capacity, was greater than 3, indicating that the amount of fermentable
carbohydrates was sufficient for lactic acid bacteria to acidify the silage massS.

In tropical grasses, the greatest challenge for silage production is the inhibition
of clostridial fermentation, primarily due to the low DM content found in these plants?.
The minimum DM content required to inhibit clostridial fermentation was 387 g/kg,
according to the equation proposed by Weissbach et al.?. This value is quite high and
difficult to achieve under practical conditions when ensiling forage plants with good
nutritional value without using wilting or moisture-sequestering additives. However,
using the equation proposed by Carvalho et al.® with data from tropical grasses, the
minimum DM content to prevent butyric acid formation is 324 g/kg of FM, which is
more easily achievable and requires less moisture-sequestering additive or wilting
time. Additionally, these authors observed that the minimum DM content decreased
linearly as the WSC/BC ratio increased. This demonstrates that producing high-
quality silages from tropical perennial grasses is not unfeasible, although it is
challenging in field conditions.

The silages of BRS Piata and Basilisk exhibited a typical fermentation pattern
for tropical grassess®. Despite these crops having low DM and WSC contents, the pH
of their silages was reduced and stabilised at 4.49 and 4.61, respectively, within an
acceptable range for grass silages, according to Kung et al®. This reduction was
sufficient to suppress the presence of enterobacteria and the activity of clostridia,
thereby reducing proteolysis. These silages had a higher ammonia concentration
compared to maize silage (reference silage), but the levels remained within an
acceptable limit, according to Kung et al.3%. Additionally, no butyric acid was detected
in the silages.

Although they initially had similar WSC levels, some of the fibre can be
solubilised during fermentation, providing soluble carbohydrates for LAB'-%. In the
present study, BRS Piatd and Basilisk showed higher HEM concentrations at the
time of ensiling, and over the storage period, there was a more pronounced reduction
(2.65 percentage points) in this fibore component in their silages. However, little
difference was observed in the HEM content between the ensiled material and the
Zuri silage (reduction of 0.4 percentage points). The greater HEM solubilisation in the
BRS Piata and Basilisk cultivars may have provided WSC, which was not quantified
in the plant because it was in an insoluble form. The release of WSC possibly
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allowed the acidification of the ensiled mass, thus improving the fermentation profile
of BRS Piatd and Basilisk silages compared to BRS Zuri silage, even though they
had similar CF levels. Furthermore, Carvalho et al.® reported that the minimum nitrate
content required to inhibit the action of clostridia is higher in Aries Il (M. maximus)
silage than in marandu grass (U. brizantha) silage. The causes of this are not fully
understood, but it partially explains the differences in the fermentation profiles
between the BRS Zuri, BRS Piata, and Basilisk silages observed in this study. The
nitrate content was not measured in our study; however, it is mainly influenced by
nitrogen fertilisation*?, which was similar among the grasses. Therefore, nitrate levels
are expected to be close, reinforcing the findings of Carvalho et al.3.

Some studies have shown that the chemical composition of forage influences
the fermentation profile more than the initial autochthonous population”4!, as it
affects microbial succession throughout the fermentation process due to differences
in the pH reduction rate, a factor responsible for significant variations in the microbial
population®2. In our study, we observed this specifically with cultivar BRS Capiacu,
which, despite having a low initial LAB population, was efficient in dominating the
process and providing good fermentation, inhibiting the growth of enterobacteria,
which can be attributed to its higher WSC content.

BRS Zuri silage exhibited inadequate fermentation despite having a high initial
autochthonous LAB population and a low enterobacteria population, highlighting the
importance of faster acidification and favourable microbial succession. After 60 days
of storage, enterobacteria was suppressed in all silages except in BRS Zuri silage,
indicating high competition with LAB, which, despite being in a high population, was
insufficient to conduct adequate fermentation.

The reduction in undesirable microbial populations in silage reflects the
combined presence of good ensilability conditions, including nutrient availability and
water, efficient conversion of these nutrients into fermentation products, and pH
reduction®. Furthermore, the presence of enterobacteria in BRS Zuri silage could also
explain the high ammonia concentration. According to Li et al.*3, a high presence of
genes encoding proteolytic enzymes was detected in alfalfa silage, primarily
attributed to the Enterobacteriaceae family.

According to Gomes et al.*4, a high LAB population is not sufficient to prevent
clostridial fermentation in grass silage with a low WSC, as observed in BRS Zuri
silage, which had a low WSC/BC ratio at ensiling. Therefore, FC could be used as a
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guideline in choosing additives for silage, emphasising the importance of
characterising forages used for silage production®. Grasses with an FC below 350
require additives to increase the DM content (moisture sequestrants or wilting) or to
provide soluble sugars (e.g., molasses or fibrolytic enzymes), as these components
directly impact FC. However, for an FC between 350 and 450, the use of inoculants
containing homofermentative LAB would optimise WSC utilisation, leading to greater
lactic acid formation and a rapid pH reduction. For grasses with an FC above 450,
naturally adequate fermentation is expected but attention should be paid to post-silo
opening issues due to the lower formation of antifungal acids under these
conditions*®. Additionally, the combined adoption of the two types of additives could
generate a synergistic effect under conditions of low ensilability %4647,

The chemical composition varied among the studied species, especially
concerning the fibrous fraction and protein content. Regarding the fibrous fraction,
BRS Capiagu exhibited higher contents of NDFap, ADFap, and lignin at ensiling,
which can be attributed to the growth pattern of this species, requiring greater
deposition of structural components for support. However, in whole-plant maize, the
deposition of NDFap and ADFap differs from that of perennial grasses due to starch
accumulation during grain filling, leading to a dilution effect of the fibrous fraction.
This results in maize silage having lower NDFap and ADFap contents compared to
perennial tropical grasses.

The higher protein content in BRS Piata, Basilisk, and BRS Zuri compared to
BRS Capiagu and whole-plant maize can be attributed to the higher proportion of
leaves in these crops at ensiling. In the silages, the protein content mainly impacted
BRS Zuri silage, which showed fermentation with high ammonia formation, indicating
intense proteolysis. This led to a reduction in protein content from 101 g/kg (forage)
to 69.8 g/kg (silage). As a portion of the easily accessible protein for microorganisms
was lost, the fraction associated with fibre became concentrated, resulting in higher
NDF-bound protein (NDIP) levels. The ADIP content differed only in fresh forages,
with this difference disappearing in silages.

According to Muhandiram et al.*®, protein losses through proteolysis during
fermentation pose a barrier to the development of sustainable ruminant production
systems. Therefore, characterising commonly used forage species in silage
production can facilitate decision-making in choosing additives, increasing their
efficiency, and making the system more productive and sustainable.
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Maize silage exhibited the highest levels of soluble fraction ‘a‘* of DM, which is
readily degraded in the rumen. This was mainly due to the presence of higher WSCr
and starch concentrations, which, after undergoing fermentation, had a higher
degradation rate due to the breakdown of the protein matrix covering starch
granules*®%0. Furthermore, soluble proteins are contained in fraction ‘a’ of DM. Maize
silage showed a lower NDF-bound protein (NDIP) content compared to BRS Zuri
silage. This fibre-associated protein has a slower degradation rate, thereby reducing
the soluble or readily available fraction in the silage. BRS Zuri silage exhibited a
lower soluble fraction ‘a’, which may be attributed to its inadequate fermentation
profile; however, we observed a higher potentially degradable fraction ‘b’ in this
silage. According to McCuistion et al.%', silages with a higher soluble fraction ‘a’ of
DM tend to have a lower potentially degradable fraction and vice versa, which aligns
with our findings, in which the potentially degradable fraction ‘b’ of DM was lower for
maize silage and higher for BRS Zuri silage.

PD is related to the capacity of material to degrade under an infinite rumen
residence time. However, it is recognised that the rumen is dynamic and exhibits
different passage rates. As observed, effective degradation using passage rates of 2,
5, and 8% differed significantly from PD. With higher passage rates, the residence
time of silage in the rumen decreases, meaning silages with higher degradation rates
(‘kd’) are more efficient in providing nutrients and avoiding limitations in ruminal
filling®>%3. Thus, regardless of the passage rate, maize silage is more efficient in
terms of nutrient availability to animals, especially those with higher passage rates.

When we analysed the PD, we observed a higher value for BRS Zuri silage.
However, due to its fermentation profile, there may be a lower voluntary intake of this
silage when provided to animals®. Additionally, in silages with clostridial
fermentation, the formation of butyric acid and biogenic amines can reduce
acceptance by animals and increase the incidence of ketosis in dairy cows during the
transition period>*+%.

A factor that directly influences animal productivity, especially in dairy cows, is
the NDF digestibility®6. The potentially degradable fraction of NDF was higher for
perennial grass silages, except for the BRS Capiagu silage. The lower potentially
degradable fraction of NDF in BRS Capiagu silage can be explained by its high lignin
content, which forms bonds with CEL and HEM, thus reducing its degradability®’.
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Moreover, the higher lignin content increases the indigestible fraction of NDF,
causing a greater physical effect in the rumen and directly impacting animal intake®3.

Conclusions

Tropical forages with similar fermentation coefficients exhibit different
fermentation profiles; therefore, this isolated indicator does not determine the
ensilability or the fermentation profile of tropical grasses, as other factors influence
ensilability.

Whole-plant maize and BRS Capiagu produce silages with better fermentation
profiles due to higher fermentation coefficients. However, the silage of the BRS Piata
can be considered of acceptable quality, despite their lower fermentation coefficient.

The nutritive value varies among grasses and the choice of which specie to

ensile should be based on the nutritional requirements of the animal category.
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Tropical forages
Item' SEM? | P-value®
Maize | BRS Capiacu | BRS Piata | Basilisk | BRS Zuri

Ash 32.0d 54.3c 74.5b 86.1ab 98.3a 0.556 | <0.001
NDFap | 476¢ 733a 672b 678b 672b 2.043 | <0.001
ADFap | 241c 462a 381b 382b 404b 1.691 <0.001
Lignin | 42.5b 70.1a 52.1ab 57.3ab 53ab 0.197 0.022
HEM | 235c 272b 291a 296a 268b 0.506 | <0.001
CEL 198c¢ 392a 329b 324b 351b 1.523 | <0.001
CP 59.3¢c 77.2b 102a 106a 101a 0.447 | <0.001
NDIP | 279cb 311b 286¢b 251c 453a 1.601 | <0.001
ADIP | 55.0b 72.1a 43.3b 43.4b 56.6b 0.283 | <0.001

Table 1. Chemical composition (g’lkg DM) of different tropical forages species before

ensiling. '"NDFap - neutral detergent fiber expressed exclusive of residual ash and protein;

ADFap - acid detergent fiber expressed exclusive of residual ash and protein; HEM -

hemicellulose; CEL - cellulose; CP - crude protein; NDIP - acid detergent insoluble protein

(g/kg CP); ADIP - neutral detergent insoluble protein (g/kg CP). ’SEM - standard error of the

mean. *Means with different letters differ by Tukey's test (P <0.05).
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Tropical forages silage
Item! SEM? | P-value®
Maize | BRS Capiacu | BRS Piata | Basilisk | BRS Zuri
LAB 6.11 7.08 7.98 7.97 6.11 0.422 | 0.503
ENT nd nd nd nd 3.73 - -
Yeast 4.25 3.74 3.76 3.62 4.17 0.104 | 0.173
FUN 2.98ab 3.51a 2.45b 2.44b 2.61b 0.128 | 0.008
pH 3.69¢c 3.63c 4.49b 4.61b 5.50a 0.161 | <0.001
LA 85.8a 45.3b 18.6¢ 14.9cd 1.1d 0.747 | <0.001
AA 16.7ab 7.0c 13.9b 14.6b 23.2a 0.135 | <0.001
PA 3.2a 1.97b 2.65ab 2.07b 1.93b 0.014 | <0.001
BA nd nd nd nd 16.1 - -
Ethanol 30.8a 12.8b 13.0b 9.75b 10.5b 0.193 | <0.001
Ammonia | 45.7c 62.2c 105¢cb 158b 394a 3.003 | <0.001

Table 2. Microbial population (log cfu/g FM), pH, and fermentation end-products (g/kg DM)

of silages from different tropical forages species after 60 days of storage. 'LAB - lactic acid

bacteria; ENT — enterobacteria; FUN - filamentous fungi; LA - lactic acid; AA - acetic acid;

PA - propionic acid; Ammonia (g/kg total nitrogen). 2SEM - standard error of the mean.

3Means with different letters differ by Tukey's test (P <0.05).
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Tropical forages silage
Item' SEM? | P-value®
Maize | BRS Capiacu | BRS Piata | Basilisk | BRS Zuri

DM 322a 201b 195¢cb 161d 176¢d 1.333 <0.001
Ash 33.5d 56.3c 77.6b 94.3ab 104a 0.606 <0.001
NDFap | 444b 693a 646a 644a 673a 2.14 <0.001
ADFap | 226¢ 426a 379b 381ab 417ab 1.713 <0.001
Lignin | 31.6¢ 61.0a 46.8b 51.6ab 48.6b 0.235 <0.001
HEM | 218b 267a 267a 264a 257a 0.472 <0.001
CEL 203b 365a 332a 329a 36la 1.404 <0.001
CP 62.6¢ 84.0abc 95.6a 88.8ab 69.8bc 0.359 0.005
NDIP 130b 113b 104b 164b 300a 1.824 <0.001
ADIP 39.7 45.6 38.6 54.1 60 0.404 0.488
WSCr | 9.0a 5.1b 4.6b 5.8b 5.0b 0.04 <0.001

Table 3. Chemical composition (g/kg DM) of silages from different tropical forage species

after 60 days of storage. 'DM - dry matter (g/kg fresh matter); NDFap - neutral detergent fiber

expressed exclusive of residual ash and protein; ADFap - acid detergent fiber expressed

exclusive of residual ash and protein; HEM - hemicellulose; CEL — cellulose; CP - crude

protein; NDIP - acid detergent insoluble protein (g/kg CP); ADIP - neutral detergent insoluble

protein (g/kg CP); WSCr — water-soluble carbohydrates residual. 2SEM - standard error of the

mean. *Means with different letters differ by Tukey's test (P <0.05).
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ltem! Maize BE;OEI:;lafg(EageS];g;gliiatﬁ BRS Zuri SEM P-value’
DM (g/kg)
316a 134b 142b 95.4c 2.573 <0.001
b 496¢ 579bc¢ 666b 827a 3.841 <0.001
kd 0.0344a 0.0245b 0.0229b 0.0141c 0.002 0.001
PD 812b 714b 808b 922a 2.44 0.003
ED 2 629a 453c 496b 435c 2.296 <0.001
ED 5 517a 325b 350b 276¢ 2.746 <0.001
ED 8 464a 270b 289b 219c 2.799 <0.001
NDF (g/kg DM)

644ab 578b 674a 664a 1.319 0.012
0.0512ab 0.0614a 0.0594ab 0.0494b 0.002 0.044
kd 0.0306ab 0.0366a 0.0354ab 0.0294b 0.001 0.044
Ind 333b 439a 344b 354b 1.445 0.009

Table 4. In vitro degradability of DM and NDF of silage from different species of tropical
forage. 'DM — dry matter; NDF - neutral detergent fiber; a - readily soluble fraction; b -
potentially degradable fraction in the rumen; kd - rate constant for degradation of "b" (per h);
PD - potential degradation; ED - effective degradability at different passage rates (2. 5. and
8%); A - joint fractional rate of latency and degradation (per h); Ind - indigestible fraction of
NDF. SEM - standard error of the mean. *Means with different letters differ by Tukey's test

(P<0.05).
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Figure 1. Dry matter (DM) content of tropical forages at the time of ensiling. Means followed
by different letters are significantly different according to Tukey's test (P < 0.001, SEM =
1.424).
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Figure 2. Water-soluble carbohydrates (WSC) content of tropical forages at the time of
ensiling. Means followed by different letters are significantly different according to Tukey's

test (P <0.001, SEM = 0.710).
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Figure 3. Buffering capacity (BC) of tropical forages at the time of ensiling. Means followed

by different letters are significantly different according to Tukey's test (P < 0.001, SEM =

0.210).
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Figure 4. Water-soluble carbohydrates: buffering capacity ration (WSC/BC) of tropical
forages at the time of ensiling. Means followed by different letters are significantly different

according to Tukey's test (P < 0.001, SEM = 0.505).
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Figure 5. Fermentability coefficient (FC) of tropical forages at the time of ensiling. Means
followed by different letters are significantly different according to Tukey's test (P < 0.001,
SEM = 5.236).
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Figure 6. Minimum dry matter content of tropical forages to prevent butyric fermentation
estimated using the equation proposed by Weissbach et al.?2 (DMminy; black bar) and

Carvalho et al.> (DMminc; gray bar) (descriptive statistics).
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Figure 7. Microbial population and pH of tropical forages at the time of ensiling. Means
followed by different letters are significantly different according to Tukey's test. Lactic acid
bacteria (LAB; P < 0.001, SEM = 0.101), Yeasts (P < 0.001, SEM = 0.140), Filamentous
fungi (FUN; P < 0.001, SEM = 0.173), Enterobacteria (ENT; P = 0.032, SEM = 0.158), and
pH (P <0.001, SEM = 0.049).
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Figure 8. In vitro DM disappearance curve as a function of incubation time of silages from

different tropical forages (descriptive statistics).
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Figure 9. In vitro NDF disappearance curve as a function of incubation time of silages from

different tropical forages (descriptive statistics).
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CAPITULO Il - CELULASE ASSOCIADA OU NAO A UMA NOVA CEPA DE
LACTIPLANTIBACILLUS PENTOSUS MELHORA A QUALIDADE DA SILAGEM
DE BRS ZURI COLHIDA EM DUAS IDADES DE REBROTACAO

Capitulo formatado de acordo com o periodico cientifico: The Journal of Agricultural
Science.

Resumo: Esse estudo teve como objetivo avaliar o efeito da enzima celulase,
associada ou ndo a uma cepa de Lactiplantibacillus pentosus, sobre o perfil
fermentativo e o valor nutritivo de silagem da cultivar BRS Zuri, colhida em duas
idades de rebrotacdo. O experimento foi realizado em esquema fatorial 4 x 2 (4
aditivos e 2 idades de rebrotacédo), no delineamento em blocos casualizados, com
quatro repeticdes. Os aditivos testados foram: controle (sem aditivos; CT); L.
pentosus cepa AV 14.17 (LP); celulase (CE), e, LPCE (LP + CE). As idades de
rebrotagdo foram 60 e 90 dias. O aumento da maturidade das plantas de Zuri
aumentou os teores de matéria seca e de carboidrato soluvel e o coeficiente de
fermentacao, porém, diminuiu o teor de proteina bruta (PB). As silagens CE e LPCE
apresentaram menor teor de fibra em detergente neutro, fibra em detergente acido e
celulose. O teor de PB das silagens foi maior em CE e LPCE, quando o capim foi
colhido com 60 d, sem apresentar diferenca com 90 d. Os teores de proteina
insoluvel em detergente neutro e em detergente acido foram menores nas silagens
CE e LPCE, aos 60 d, observando-se menor valor para silagem CE com 90 d. O pH
foi menor nas silagens CE e LPCE, em ambas as idades de rebrotagdo. Aos 60 d, a
populacao de bactérias do acido latico e amédnia foi maior e menor, respectivamente,
nas silagens CE e LPCE. O teor de acido latico foi maior na silagem LPCE e o acido
butirico foi detectado apenas em CT e LP aos 60d. A adi¢do da celulase, associada
ou ndo a cepa de L. pentosus, foi eficiente em solubilizar constituintes de fibra, com
reducdo de pH e controle de micro-organismos indesejaveis mais efetivos. Os
resultados mais expressivos foram obtidos com a colheita do capim zuri aos 60 d de

rebrotagéo.

Palavras-chave: &cido latico, capim tropical, carboidrato soluvel, fibra, valor

nutritivo.
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Introducao

A intensificagdo de sistemas produtivos da pecuaria e o aumento no uso de
amido nas dietas de bovinos confinados, tem elevado a necessidade de fibra
fisicamente efetiva (FDNfe) (Silvestre & Millen 2021). Assim, silagens de gramineas
perenes tropicais tornou-se uma fonte viavel de FDNfe, pois, diferentemente da
silagem de milho, ndo contribui para 0 aumento dos teores de amido da dieta (Daniel
et al. 2019; Moraes et al. 2023). Entretanto, a producdo de silagem de capins
tropicais tem sido limitada pela dificuldade em conciliar valor nutritivo com adequada
fermentacao (Tomaz et al. 2018; Moraes et al. 2023).

Megathyrsus maximus é uma das principais espécies utilizadas para
ensilagem no Brasil devido sua alta produtividade, no entanto, apresenta baixos
teores de matéria seca (MS) e de carboidratos soluveis (CS), alta capacidade
tampao (CT), e, consequentemente, baixo coeficiente de fermentagéo (CF) (Tomaz
et al. 2018; Moraes et al. 2023; Carvalho et al. 2024). Alguns estudos demostraram
que a colheita de plantas em maturidades avancadas reduz a protedlise e as perdas
de MS, no entanto, ocorre um comprometimento no valor nutricional da silagem
(Tomaz et al. 2018; Ali et al. 2022). Porém, apenas a adogéo dessa estratégia nao
garante uma fermentacgao tipicamente latica (Tomaz et al. 2018; Moraes et al. 2023).

Enzimas fibroliticas s&o o principal grupo de enzimas utilizadas como aditivos
no momento da ensilagem (Muck et al. 2018). Dentro desse grupo de enzimas, a
celulase apresenta elevado potencial em incrementar a fermentagao (Xu et al. 2022;
Si et al. 2023), agindo sobre a celulose, liberando glicose e celo-oligossacarideos,
sendo esses Ultimos fermentados apenas por BAL homofermentativas ou
heterofermentativas facultativas, gerando um efeito sinérgico (Zhang et al. 2019).
Com isso, a aplicacdo de inoculante contendo cepas heterofermentativas
facultativas, juntamente a celulase, poderia aumentar a sua eficiéncia, melhorando
sua competitividade frente as enterobactérias (Xu et al. 2022; Si et al. 2023). Além
disso, a acado da enzima sobre a fracao fibrosa pode aumentar a digestibilidade de
MS e de FDN, especialmente em silagens de capins colhidos em maturidade
avancada, reduzindo o impacto da maturidade sobre o valor nutritivo (Kaewpila et al.
2020; Ma et al., 2024).

Grande parte dos inoculantes bacterianos comercializados em regides
tropicais possuem cepas isoladas de gramineas de clima de temperado (Muck et al.
2018). A selecao de novas cepas em condigcdes tropicais pode melhorar a resposta a
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inoculacdo, devido a maior adaptabilidade dos microrganismos as condicoes
tropicais (Carvalho et al. 2021) . (Silva et al. 2020) isolaram uma cepa de
Lactiplantibacillus pentosus AV 14.17 em silagem de alfafa e observaram que essa
cepa apresenta efeito inibitério em diversas bactérias patogénicas, e, quando
utilizada como inoculante, melhora a fermentagéo de silagem de alfafa. Da mesma
forma, (Macédo et al. 2023) observaram que a cepa AV 14.17 reduziu o pH e a
protedlise em silagem de amendoim forrageiro. No entanto, ndo existe estudo
avaliando essa cepa em silagens de capins tropicais.

Nossa hipotese € que a adi¢gdo da enzima celulase solubilize os constituintes
de fibra e estimule a fermentagdo, através da liberacdo de carboidratos
fermentesciveis, além de aumentar o valor nutritivo da silagem, com maior
magnitude de acdo quando associada a cepa AV 14.17 de Lactiplantibacillus
pentosus, sendo essa resposta dependente da idade de rebrotagdo das plantas no
momento de colheita. O objetivo desse estudo foi avaliar a resposta do uso de
celulase, associada ou nao a cepa AV 14.17, sobre o perfil fermentativo e o valor
nutritivo de silagem da cultivar BRS Zuri, colhida em duas idades de rebrotacao.

Material e Métodos
Local experimental e manejo do capim zuri

O experimento foi conduzido em area da Unidade de Ensino e Pesquisa e
Extensdo - UEPE em Forragicultura e no Laboratério de Forragicultura e
Microbiologia da Silagem, do Departamento de Zootecnia da Universidade Federal
de Vicosa/UFV, em Vigosa, Minas Gerais, Brasil.

O experimento foi realizado em esquema fatorial 4 x 2 (4 aditivos e 2 idades
de rebrotacao), no delineamento em blocos casualizados, com quatro repetigcdes. Os
aditivos testados foram: controle (sem aditivos; CT); Lactiplantibacillus pentosus
cepa AV 14.17 (LP); celulase (CE; SMIZYME celullase, Beijing Smile Feed Sci. &
Tech. Co., Ltd), e, LPCE (LP + CE). As idades de rebrotacao foram 60 e 90 dias.

A area utilizada para o cultivo do capim foi corrigida e adubada conforme as
recomendacgdes de (Ribeiro et al. 1999). O solo foi previamente corrigido com 3,6
t/ha de calcario dolomitico, objetivando-se elevar a saturagcéo por bases para 60%. A
cv. BRS Zuri (Megathyrsus maximus) foi implantada em quatro campos
experimentais de 15 m? (3 x 5 m) cada.
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A semeadura foi realizada em linhas, com espagamento de 0,40 m,
adotando-se taxa de semeadura de 3,1 kg/ha de sementes puras viaveis. A
adubacao de estabelecimento foi realizada aplicando-se doses de 26 kg/ha de N, 90
kg/ha de P20s e 51 kg/ha de K20, com a formulagdo comercial 08-28-16 (N-P-K;
Fertilizantes Heringer®, Manhuacu, MG, Brazil). Apés 30 dias da semeadura, foi
realizada adubacao com 50 kg/ha de N, na forma de ureia. O controle de planas
daninhas foi realizado manualmente. Apds 61 dias da semeadura, foi realizado o
corte de uniformizagéo, a 10 cm do solo, em todos os campos, seguido de adubacgéo
nitrogenada com 40 kg/ha de N e 40 kg/ha de K20, com a formulagdo comercial 20-
00-20 (Fertilizantes Heringer®, Manhuacu, MG, Brazil).

Colheita, preparacao da cepa AV 17.17 e ensilagem

Metade da area de cada campo experimental foi destinada a uma idade de
rebrotacdo para colheita e ensilagem. A forragem foi colhida com rocadeira
automatica (FR-220, Stihl®, Sao Leopoldo, RS, Brasil), com o intervalo de 30 dias
entre os cortes, para promover a diferenca na idade de rebrotacdo. Foram excluidas
as linhas de plantas nas laterais (bordaduras). O material foi triturado em tamanho
tedrico de particula de 1,5 cm, em maquina trituradora estacionaria (PN Plus 2000,
Nogueira®, Sdo Jodo da Boa Vista-SP, Brasil), e dividido em pilhas individuas de 5
kg cada (4 pilhas por parcelas, totalizando 32 pilhas). A altura de corte das plantas
foi de 10 cm em relacdo ao nivel do solo, e nao foi realizado emurchecimento da
forragem antes da ensilagem.

A celulase foi aplicada na dose de 0,1% da matéria natural, distribuida
manualmente sobre a forragem triturada, a lango, e, simultaneamente, foram
aplicados 50 mL de agua destilada, por meio de borrifador manual, realizando a
homogeneizacdo do material. O mesmo volume de 4gua destilada foi aplicado ao
tratamento controle. A celulase continha 3.000 U/g, conforme registrado pelo
fabricante (Beijing Smile Feed Sci. & Tech. Co., Ltd).

A cepa AV 14.17 foi aplicada na dose de 1 x 10° unidades formadoras de
colénia (UFC)/g forragem. Esta cepa foi previamente isolada da silagem de alfafa
(Silva et al. 2020) e pertence ao Banco de Microrganismos do Laboratério de
Forragicultura e Microbiologia da Silagem da UFV. Os dados de sequenciamento
dessa cepa estdo disponiveis no GenBank (AV14.17 - Lactiplantibacillus pensotus /
MK713801).
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Anteriormente a ensilagem, a cepa AV14.17 foi ativada duas vezes em MRS
caldo (Merck®, Darmstadt, Alemanha), antes do cultivo final, conforme descrito por
(Alves et al. 2023). Ap6s a segunda ativacao, foi realizado o plaqueamento em agar
MRS (Difco™ Lactobacilli MRS Agar, Le Pont de Claix, Franca), para a obtencdo do
numero de UFC/mL. Com base nesse resultado, foi determinado o volume final de
MRS caldo em que a cepa deveria ser cultivada, para atingir a taxa de aplicagao de
1 x 10% UFC/g de matéria natural (MN). Apds o cultivo no volume final por 16 horas,
os tubos foram centrifugados a 1000 x g x10 min e o sobrenadante foi descartado.
Os pelets contendo as células foram ressuspendidos em 50 mL de agua destilada e
aplicados com borrifadores manuais. Para cada pilha inoculada, foi realizado o
cultivo da cepa individualmente.

Apés a aplicacao dos tratamentos, + 500 g do material foi ensilado em bags
de néilon-polietileno (25,4 cm x 35,56 cm, Doug Care Equipament, Springville, CA,
USA). A condigdo de anaerobiose no interior dos bags foi obtida com auxilio de uma
seladora a vacuo (Eco Vacuum-1040, Orved®, Turin, ltalia), totalizando 32 silos
experimentais, que foram alojados ao abrigo do sol e a temperatura ambiente (média
de 19,1 °C).

Analise de composicdo quimica, microbioldgica e perfil fermentativo

Apé6s 60 dias de armazenamento, os bags foram abertos e foi realizada a
homogeneizacdo da silagem. Foram coletadas amostras de 250 g, em cada bag,
para realizacdo da secagem parcial em estufa com circulagédo forgcada de ar, a 55°C,
por 72 horas. As amostras secas parcialmente (forragem in natura e silagem) foram
moidas em moinho tipo Willey (Tecnal®, Piracicaba, SP, Brasil), em peneira de
crivos de 1 mm, e analisadas quanto a sua composi¢cao quimico-bromatolégica e
degradabilidade in vitro de matéria seca e fibra insoluvel em detergente neutro
(apenas das silagens).

Para quantificacdo da populagédo microbiana, nas forragens in natura e nas
silagens, foi obtido extrato aquoso a partir de 25 g do material homogeneizado por 1
minuto em liquidificador industrial, juntamente com 225 ml de solugéo salina estéril
(Ring Solution®, Oxoid™, Hampshire, UK). O extrato aquoso foi filtrado em camada
dupla de gaze estéril e submetido a diluicdes seriadas, variando de 101 a 107. O
plaqueamento foi realizado pela técnica pour plate, em placas de Petri estéreis. A
populacdo de BAL foi determinada em meio dgar MRS (Difco™ Lactobacilli MRS
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Agar, Le Pont de Claix, France) e incubada a 37°C, por 48 horas. O cultivo de
enterobactérias foi realizado em VRB agar (CM0107 Violet Red Bile Agar, Oxoid ™,
Hampshire, UK) e incubadas a 37°C, por 24 horas, e, leveduras e fungos
filamentosos foram cultivados em DRBC &gar (Dicloran Rosa Bengala Cloranfenicol,
Oxoid™  Hampshire, UK) a 25°C, por 72 horas para leveduras, e, 120 horas para
fungos. Foram consideradas passiveis de contagem, placas contendo entre 25 e 250
unidades formadoras de colénias (UFC).

Uma segunda aliquota do extrato aquoso foi utilizada para mensuracao do
pH, em peagametro digital (Tecnal, SP, Brasil). Em seguida, foram coletados 10 mL
do extrato aquoso e acondicionados em tubos contendo 1 mL de acido sulfurico
(50% v/v), que foram congelados em freezer a -20°C, para posteriores analises de
nitrogénio amoniacal, conforme (Okuda et al. 1965), além de acidos organicos, nas
silagens. Os teores de CS foram quantificados nas forragens in natura e nas
silagens, conforme metodologia proposta por (Nelson 1944). Para quantificacdo de
acidos organicos, as amostras foram tratadas com hidréxido de célcio e sulfato
cuprico e analisadas em HPLC, de acordo com Siegfried et al. (1984). O aparelho de
HPLC (SPD-10 AVP, Shimadzu, Toquio, Japao) foi equipado com um detector de
indice de refracdo e foi utilizada uma coluna Aminex HPX-87H (BIO-RAD, CA, EUA),
com a fase movel contendo H2SO4 0,005 M e vaz&o de 0,6 mL/min a 50°C.

A CT foi mensurada conforme (Playne & McDonald 1966), utilizando-se 15 g
de forragem in natura macerada com 250 mL de agua destilada. O extrato aquoso
foi titulado até pH 3, com HCI 0,1N, para retirar o dioxido de carbono, e,
posteriormente, foi titulado com NaOH 0,1N a pH 6, anotando-se o volume gasto de
NaOH 0,1N, para aumentar o pH de 4 a 6. A CT foi convertida para g de acido
latico/kg MS, utilizando a equacao proposta por O’Kiely e Pahlow (2003): CT =
0,0154 x CT (mEgkg MS) - 0,2115 (R?= 0,95). O CF foi calculado conforme
equacao proposta por Weissbach et al. (1974): CF = MS (g/kg) + 80 x CS (g/kg MS) /
CT (g acido latico/kg MS).

As amostras de forragem in natura e de silagem, moidas a 1 mm, foram
analisadas quanto aos seus teores de MS (método 934,01), cinzas (método 942,05),
proteina bruta (PB; método 984,13), fibora em detergente acido (FDA) e lignina
(método 973.18), conforme AOAC (1990). As concentracdes de fibra em detergente
neutro (FDN) foram determinadas com a adicao de a— amilase termoestavel, sem a
utilizacédo de sulfito de sédio, segundo (Mertens et al. 2002). Os residuos da andlise
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de FDN e FDA foram submetidos a analise de cinzas (Mertens et al. 2002) e
compostos nitrogenados (Licitra et al. 1996), para a obteng&o dos valores corrigidos
(FDNcp e FDAcp). Hemicellulose (HEM) was calculated by the difference between
NDFap and ADFap, and cellulose (CEL) was calculated by the difference between
ADFap and lignin, all expressed in g/kg DM. These calculations were performed
through sequential analyses of the same sample.

Ensaio de degradabilidade in vitro

Para estimativa da degradabilidade in vitro, foram coletados material ruminal
de duas novilhas (1/2 nelores x red angus), com peso medio de 330 kg, canuladas
no rumen e alojadas em baias individuais. Os animais foram adaptados por 14 dias
(Machado et al. 2016) a uma dieta com 12% PB e relacdo volumoso: concentrado de
80:20, com base na matéria seca. Os procedimentos para o uso e manejo dos
animais utilizados neste estudo foram previamente aprovados pelo Comité de Etica
em Experimentacdao Animal da UFV (protocolo # 019/2021).

As silagens moidas foram pesadas (500 mg) e adicionadas em saquinhos F57
(Ankom Technology Corp™, Macedon, NY, USA). O processo de simulacdo da
fermentacao ruminal foi realizado na Daisy incubator (Ankom Technology Corp™,
Macedon, NY, USA), seguindo o método proposto por (Tilley & Terry 1963) e
adaptado por (Holden 1999). O liquido ruminal foi coletado 1 h apés a alimentacao,
sendo realizadas trés baterias de incubacdo. Os saquinhos foram incubados nos
tempos de 0, 3, 6, 12, 24, 48, 72 e 96 h, sendo adicionados dois saquinhos por
tempo em cada bateria de incubacao, para cada tratamento. Cada tratamento foi
incubado em jarras diferentes para isolar o efeito dos aditivos. Sempre que as jarras
eram abertas, foi realizada infusdo de CO2, para manter as condicdes de
anaerobiose. As incubagbes foram feitas na ordem inversa dos tempos de
incubacao, para permitir a retirada de todos os saquinhos de forma simultanea,
assim como a lavagem uniforme deles, que foi feita manualmente, em &gua
corrente, até a mesma ficar translucida. Os saquinhos referentes ao tempo zero nao
foram incubados, apenas lavados como os demais. Apdés a lavagem, todos os
saquinhos foram pré-secados em estufa com ventilagéo forcada de ar, a 55 °C, por
72 h, e, posteriormente, analisados quanto aos teores de MS e de FDN (sem
correcdo para cinzas e proteina insolivel em detergente neutro), conforme

metodologia descrita anteriormente.
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Os parametros de degradacao in situ da MS foram estimados pela equagéao
proposta por (Orskov & Mcdonald 1979):

Y(t)=a+b x (1 —e (kdxt)

Onde: Y(t) = fragdo degrada da MS (g/kg); “a” = fragdo prontamente soluvel
(g/kg); “b” = fragdo potencialmente degradavel no rdmen (g/kg); “kd” = taxa
constante de degradacgao da fracédo “b” (g/kg per h); t = tempo (h).

Apés estimativa dos parametros da MS, esses foram utilizados para estimar a
degradabilidade potencial e digestibilidade efetiva, conforme equagéo proposta por
(Orskov & Mcdonald 1979):

DP=a+b

DE=a+(bxc/c+Kkp)

Onde: DE (g/kg) = degradabilidade efetiva ruminal da MS ; kp = taxa de
passagem ruminal (foram utilizados as taxas de passagem de 0,02, 0,05 e 0,08 por
h).

Os parametros da degradacao da FDN foram obtidos segundo a equacao
proposta por (Van Milgen et al. 1991):

RNDF(t)=bx[1+ (Axt)]xe (**Y 4+ Ind
Onde: RFDN(t) = FDN n&o degradada no tempo “t” (g/kg); “b” = fragdo
potencialmente degradavel no rimen (g/kg); A = taxa fracionaria conjunta de laténcia
e degradacéo (h''); t = tempo (h); Ind = fragcdo indegradavel (g/kg).

A taxa de degradacdo da FDN foi calculada com base no A, usando as
propriedades de distribuicdo de I'(2) (Ellis et al. 1994):

kd = (0.59635 x A)

Onde: kd = taxa constante de degradagao da fragdo ‘b’ (g/kg por h); A = taxa
fracionaria conjunta de laténcia e degradacéo (h").

Os paramentos da degradacao a, b, kd, A, ind foram estimados usando os
procedimentos do PROC NLIN (versdo 9.4, SAS Institute Inc., Cary, NC, USA),

assumindo algoritmo Gauss-Newton para convergéncia.

Analise estatisticas

Os dados referentes as populagées microbianas foram transformados para
base logaritmica (log1o). Analise de variancia (ANOVA) foi realizada utilizando-se os
procedimentos do pacote GLM do SAS versao 9.4 (SAS Institute Inc., Cary, NC
2010).



54

Os dados de composi¢cao quimica, contagem microbiana e perfil fermentativo
foram analisados em esquema fatorial 2 x 4, no delineamento em blocos
casualizados, com quatro repeticdes, conforme modelo:

Yijk = p + ADi + IRj + (ADxIR)jj + bk + €ij,

onde u = média geral, ADi = efeito fixo do aditivo (i = CT, LP, CE, LPCE), IRj =
efeito fixo da idade de rebrotacao (j = 60 e 90 dias), ADxIRij = interagdo entre AD e
IR, bk = efeito aleatorio do campo experimental (k = 1, 2, 3 and 4), €ik = erro padrao
da média.

Os parametros da degradacado in vitro, digestibilidade efetiva e potencial
foram analisados em esquema fatorial 2 x 4, no delineamento em blocos
casualizados, com trés repeticoes, conforme modelo:

Yijk = p + ADi + IRj + (ADxIR)ij + bk + €ij,

onde u = média geral, ADi = efeito fixo do aditivo (i = CT, LP, CE, LPCE), IRj =
efeito fixo da idade de rebrotacao (j = 60 e 90 dias), ADxIRij = interagdo entre AD e
IR, bk = efeito aleatdrio da bateria de incubagéo (k = 1, 2 e 3), €ik = erro padrao da

média.

Resultados
Composigdo quimica e populagcao microbiana da forragem antes da ensilagem

Os teores de MS e de CS aumentaram com o avanco da idade de rebrotacéo.
A capacidade tampao nao foi alterada, no entanto, observou-se um aumento do CF
e da relagdo CS/CT, de 23,8 e 0,79, aos 60 d, para 34 e 1,27, aos 90 d de
rebrotacdo, respectivamente. A populagdo de BAL, LEV e FUN foram semelhantes,
enquanto a populagdo de ENT foi reduzida com avanc¢o da maturidade da planta. Os
teores de FDN e FDA foram semelhantes entre as idades de rebrotagdo (Tabela 1).

Composigcédo quimica e perfil fermentativo da silagem

O teor de MS foi afetado pela IR (P<0,001), observando-se mais alto valor na
silagem de Zuri colhida com 90 d. O teor de FDNcp foi afetado pela IR (P<0,001) e
pelos AD (P=0,017), sendo maior em silagens de 90 dias, em relacdo as de 60 dias.
Ja entre os aditivos, as silagens CE e LPCE apresentaram os menores teores de
FDNcp (Tabela 2).

O teor de HEM foi afetado pelos AD (P<0.001). A HEM foi menor na silagem

LPCE em relagéo a silagem CT e LP. A silagem CE apresentou valores semelhantes
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a silagem LP e LPCE. O teor de lignina foi afetado apenas pela IR (P<0.001), com
mais alto teor aos 90 dias. O teor de CS residual (P<0.001) foi maior na silagem
colhida com 60 d de rebrotagcao (Tabela 2).

A populacdo de leveduras foi afetada apenas pelos aditivos (P=0,019). A
silagem CT apresentou maior populagédo de leveduras em relagdo a silagem LPCE,
enquanto as silagens LP e CE apresentaram populacdo de leveduras intermediaria.
Ja a populacao de fungos filamentosos foi afetada somente pelas idades de
rebrotacao (P=0,007), com maior populacéo na silagem de 90 dias (Tabela 2).

A concentragdo de acido acético ndo foi afetada (P>0,05) pelos fatores
estudados, cuja média foi de 16,9 g/kg. A concentragdo de &cido propidnico
(P=0,005) foi afetada apenas pela idade de rebrotacdo, com mais alto valor aos 90
dias.

A relacdo AL/AA (P=0,002) foi maior na silagem LPCE e CE, no entanto, CE
nao diferiu da silagem CT (Tabela 2). A relagdo AL/AA foi menor na silagem com
capim colhido com 60 d (P<0,001). A concentracdo de etanol foi afetada pelos
aditivos (P=0,004) e pela idade de rebrotacdo (P=0,001), com mais baixos valores
para LP, que néo diferiu de LPCE, enquanto a silagem de 90 dias apresentou maior
valor (Tabela 2). Acido butirico foi detectado apenas nas silagens CT (11,5 g/kg) e
LP (6,6 g/kg), com 60 d de rebrotacao.

O teor de FDAcp (P=0,024) e celulose (P=0,023) foram afetados pela
interacdo ADxIR. Os teores de FDAcp e celulose foram menores nas silagens CE e
LPCE, com 60 d rebrotagdo. Com 90 d, o teor de FDAcp foi menor na silagem CE
em relacao a silagem CT e LP (Figura 1).

O teor de PB foi afetado pela interacdo ADxIR (P<0,001), sendo maior nas
silagens CE e LPCE, aos 60 d. Com 90 d, todas as silagens apresentaram teores de
PB semelhantes. Quando comparado cada tratamento dentro das idades de
rebrotacdo, observou-se que o teor de PB foi menor para silagem CT e LP, com 60
d, enquanto na silagem LPCE ocorreu o inverso (Figura 2A). A concentracao de
amonia foi afetada pela interacdo ADxIR (P<0,001), sendo maior nas silagens CT e
LP, com 60 d de rebrotacdo. Com 90 d, ndo houve efeito dos aditivos sobre a
concentracdo de amoénia. A concentracdo de amoénia foi maior nas silagens colhidas
com 60 d (Figura 2B).

O teor de PIDN e PIDA foram afetados pela interacdo ADxIR (P<0,001). O
teor de PIDN foi maior nas silagens CT e LP, aos 60 d de rebrotagdo. Com 90 d, o
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PIDN foi maior na silagem LP, em relacdo a silagem LPCE. A silagem CT e CE
apresentaram valores intermediarios. O teor de PIDN reduziu-se nas silagens CT e
LP, quando o material foi colhido com 90 d de rebrotacdo (Figura 3A). Nas silagens
CE e LPCE, o avanc¢o da maturidade nao alterou a concentragdo de PIDN. O teor de
PIDA foi maior nas silagens CT e LP, aos 60 d. Com 90, ndo houve diferenca entre
os tratamentos. Com o aumento da idade de rebrotacdo, houve uma reducéo no teor
de PIDA, nas silagens CT e LP (Figura 3B).

O teor de acido latico foi afetado pela interacao ADxIR (P<0,001), sendo
maior na silagem LPCE, aos 60 d de rebrotacdo, seguido pela CE, e menor nas
silagens CT e LP. Aos 90 d, o teor de &cido latico foi menor para silagem LP, que
nao diferiu da silagem CE. Todas as silagens colhidas com 90 de rebrotacao
apresentaram teor de acido latico maior em relacédo as silagens colhidas com 60,
exceto a silagem CE (Figura 3A). O pH foi afetado pela interagcdo ADxIR (P<0,001),
sendo menor nas silagens CE e LPCE, aos 60 d de rebrotagdo. Com 90 dias, a
silagem CE apresentou menor pH em relacéo a silagem CT e LP, mas nao diferiu da
silagem LPCE (Figura 3B).

A populacao de BAL foi afetada pela interagdo ADxIR (P=0,002), sendo maior
nas silagens CE e LPCE, aos 60 d. Com 90 dias, ndo houve diferenga entre os
aditivos. Quando comparado cada tratamento entre as idades de rebrotacdo, as
silagens CT, LP e LPCE apresentaram menor populacdo de BAL, aos 60 d, em

relacdo a 90 d de rebrotacao (Figura 5).

Parametros da degradacéo in vitro

A fragéo soluvel “a” da MS foi afetada pelos AD (P<0,001) e pela IR (P=0,011;
Tabela 3). A CE e LPCE apresentaram a maior fragdo “a” da MS, em relagdo as
silagens CT e LP. A silagem com 90 d de rebrotagao apresentaram maior fracéo “a”.
A fracdo potencialmente degradavel “b” e a degradabilidade potencial foram
afetadas apenas pela IR (P<0,027), sendo maior na silagem com 60 d de rebrotacao.
Taxa de degradacdo “kd” nado foi afetada por nenhum dos fatores avaliados
(P=0,074; Tabela 3).

A fragao potencialmente degradavel “b” da FDN e a fragao Ind foram afetadas
apenas pela IR (P<0,001), sendo maior na silagem colhida com 90 d de rebrotagao.
A taxa constante de degradacao da fragédo “b” e taxa fracionaria conjunta de laténcia

e degradagao nao foram afetadas (P=0,197; Tabela 3). (A)
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A degradabilidade efetiva da MS foi afetada pela interagdo ADxIR (P<0,002),
para todas as taxas de passagem avaliadas (Tabela 4). A DE2 foi maior nas silagens
LP, CE e LPCE, em relagao a silagem controle, aos 60 d de rebrotagcdo. Com 90 d, a
silagem CE apresentou a maior DE em relacéo a silagem CT e LP, no entanto, foi
semelhante a LPCE. A DE2 aumentou com 90 d de rebrotacéo, apenas nas silagens
CT e LPCE. A DE5 foi maior na silagem CE, aos 60 de rebrotacao, em relagdo a
silagem CT e LP, porém néao diferiu da silagem LPCE. Aos 90 d, a silagem CE e
LPCE apresentaram maior DE5 em relacdo a CT e LP. A DE5 da silagem controle
aumentou quando foi colhida com 90 d de rebrotagéo. A DES8 foi maior nas silagens
CE e LPCE, em relacao a silagem CT e LP, nas duas idades de rebrotacdo. A DE8
da silagem controle aumentou com 90 d. A silagem LP apresentou maior DE, em
todas as taxas de passagem, em relacao a silagem CT, quando o capim zuri foi
colhido aos 60 d (Tabela 4).

Discussao

Embora o teor de MS tenha aumentado com o avanco da idade de
rebrotacdo, este permaneceu abaixo de 250 g/kg MN, minimo necessario para evitar
fermentacdo por clostridios, segundo (Spoelstra 1990). No entanto, segundo
(Carvalho et al. 2024) o teor minimo de MS para inibir a formagao de &cido butirico é
dependente da relagdao CS/CT.

O CF aumentou com o avanco da maturidade do capim zuri, em funcdo do
aumento nos teores de MS e de CS. Aos 90 d de rebrotagdo, o CF ficou proximo a
350, indicando uma ensilabilidade moderada, de acordo com Carvalho et al. (2024).
De fato, o CF de 340, nas plantas com 90 d de rebrotacao, foi suficiente em inibir a
fermentacao por clostridios, como observado pelos baixos teores amdnia e auséncia
de acido butirico, diferentemente da silagem colhida com 60 d, que apresentou CF
de 238. Além disso, a relagdo CS/CT aumentou com a maturidade da planta,
indicando que uma maior proporcdo de carboidratos fermentesciveis estava
disponivel para fermentacao, ocasionando a redugéo do pH nessas silagens.

N&o houve aumento nos teores de FDNcp e FDAcp com o avango na idade
de rebrotagdo, entretanto, houve uma maior deposi¢cdo de lignina. (Junges et al.
2024) também observaram que o capim-mombaca ndo aumentou o teor de FDN
com o aumento da maturidade, de 49 para 91 dias de rebrotacdo. Ja os teores de

lignina aumentaram consistentemente (Junges et al., 2024). A lignina é um
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composto fendlico indigestivel, que, ao ligar-se a celulose e hemicelulose, reduz a
digestibilidade dos constituintes da fibra (Tedeschi et al. 2023). (Moraes et al. 2023)
enfatizaram que a lignina possui um efeito negativo mais pronunciado na
digestibilidade da fibra de gramineas tropicais do que de gramineas temperadas, e
que a colheita de gramineas tropicais com maturidade mais avangada deve ser
analisada com cautela.

O baixo CF do capim-zuri torna necessaria a adicdo de aditivos, no momento
da ensilagem, para inibir a fermentacao por clostridios e reduzir as perdas de MS,
principalmente quando esse é colhido em intervalo menor de rebrotagdo. A adigéo
de enzimas fibroliticas, como a celulase, podem disponibilizar agucares
fermentesciveis, através da hidrolise da fibra, melhorando o perfil de fermentacao
(Muck et al. 2018).

O efeito da celulase sobre o perfil fermentativo foi mais pronunciado na
ensilagem de plantas colhidas com 60 d, como observado pela interagcdo para
variaveis importantes como pH, acido latico, aménia e acido butirico.

A adicdo da celulase nos tratamentos CE e LPCE e a colheita aos 90 d de
rebrota permitiu a redugdo do pH a valores dentro de um intervalo aceitavel de
acordo com (Kung et al. 2018) para silagem de capins. No entanto, a silagem CT e
LP com 60 d o pH estabilizou em pH elevado. A reducdo do pH nas silagens CE e
LPCE ocorreu em funcao da disponibilidade de CS, devido a hidrolise da celulose
pela celulase, liberando glicose e celooligossacarideos (Zhang et al. 2019). Esses
celooligossacarideos, segundo Zhang et al. (2019), sdo fermentados apenas por
BAL homolaticas ou heterofermentativas facultativas exclusivamente a acido latico,
favorecendo uma rapida acidificacao.

De fato, a adicdo da celulase aumentou a concentracdo de acido latico nas
silagens, principalmente quando associada com L. pentosus. Isso evidencia que a
inoculacao associada a celulase melhora o aproveitamento dos CS disponibilizados
(Si et al. 2023). Esse efeito foi mais pronunciado quando o capim foi colhido com 60
d, devido ao maior desafio na fermentacao desse material ensilado. Com isso, houve
uma relagdo AL/AA nessas silagens, indicando maior formacéo de &cido latico pela
fermentacao por BAL homolaticas. J& nas silagens CT e LP, a menor relacdo AL/AA
indica que a inibicao das enterobactérias foi ineficiente ou aconteceu de forma lenta,
permitindo que parte dos CS fosse fermentados por esse grupo de bactérias. As
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enterobactérias fermentam os CS em diferentes produtos finais, como acido acético
e CO,, aumentado as perdas de MS durante a fermentacao (Rooke & Hatfield 2003).

A maior disponibilidade de substrato fermentesciveis nas silagens CE e LPCE
aos 60d estimulou o crescimento das BAL, reduzindo a competicdo com
microrganismos indesejaveis. Segundo (Liu et al., 2023), a adicdo da celulase
aumenta a abundancia relativa do filo Firmicutes e do género Lactobacillus, em
silagem de aveia. A maior abundancia de Lactobacillus é desejavel durante a
fermentacao, pois esse grupo fermenta eficientemente os CS (Muck et al. 2018). A
auséncia de aumento na populagdo de BAL na silagem LP corrobora com o
resultado de Macedo et al. (2023), que também nao observaram diferenca na
populacdo de BAL em silagem de amendoim forrageiro, em relagcdo a silagem
controle. No entanto, esses autores ressaltam que a cepa AV 14.17 foi eficiente em
elevar a abundancia do género Lactiplantibacillus e reduzir a abundancia do género
Enterobacter.

A presenca de enterobactérias nas silagens CT e LP, com 60 d de rebrotacéo,
possivelmente se deve as condigdes de alta umidade e pH elevado, que favorece o
seu desenvolvimento (Pahlow et al. 2003). A presenca desses microrganismos
resultou em elevada degradacao da fracao proteica da silagem, como observado
pelos elevados teores de amébnia nesses tratamentos. Os valores encontrados
nessas silagens séo superiores aos 120 g/kg NT recomendados por (Kung et al.
2018), como adequado para silagens de capins. Os clostridios sdo os principais
microrganismos envolvidos na formacao de aménia e acido butirico (Pahlow et al.
2003). No entanto, os elevados teores de aménia nessas silagens também podem
ser atribuidos a presenca das enterobactérias (Li et al. 2022). Segundo (Li et al.
2022), uma alta presenga de genes que codificam enzimas proteoliticas foram
encontrados em silagem de alfafa, e esses genes foram atribuidos principalmente a
familia das Enterobacteriaceae.

A intensa proteolise nos tratamentos CT e LP, nas silagens com 60 de
rebrotacdo, resultou em uma reducao significativa nos teores de PB da silagem,
sendo essa reducdo mais acentuada que a reducéao da PB ocasionada pelo avango
da maturidade da planta. No entanto, a utilizagdo da celulase, associada ou nédo a
cepa AV 14.17, foi eficiente em conservar a PB da silagem. Isso demonstra que
colher capins com melhor valor nutritivo, sem a adogao de tecnologias para prevenir
perdas durante o processo, pode resultar em silagens com qualidade inferior as
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silagens de capins colhidos com maturidade mais avangada. Além disso, a auséncia
de efeitos da celulase sobre os teores de PB e amdnia, em silagens com 90 d,
demonstram que sua adi¢cao apresenta maior potencial em condi¢ées de mais baixa
ensilabilidade. Adicionalmente, o teor de PIDN e PIDA foi menor nas silagens com
celulase, indicando que a protedlise ocorre em proteinas mais labeis, resultando em
um incremento na proteina considerada de lenta digestibilidade ou indigestivel.

Segundo Tomaz et al. (2018), nao é possivel correlacionar valor nutritivo com
ensilabilidade de gramineas tropicais, no entanto, um processo de fermentagao
tipicamente clostridica pode apresentar efeitos negativos maiores, além do risco de
higiene da silagem (Driehuis et al. 2018). Além disso, silagens com fermentagéao
clostridica resultam em baixo consumo, devido a presenca de aminas biogénicas e
aumentam a incidéncia de cetose em vacas leiteiras (Krizsan & Randby 2007;
Vicente et al. 2014).

A adicdo da celulase reduziu os teores de FDN e FDA nas silagens CE e
LPCE como esperando, devido a hidrolise dos componentes fibrosos da silagem. No
presente estudo, essa reducdo ocorreu principalmente pela solubilizacdo da
celulose, que reduziu 4,13 unidades percentuais nas silagens contendo celulase, em
relacdo as silagens CT e LP. A hemicelulose reduziu apenas 1,61 pontos
percentuais, o que pode ser atribuido tanto a atividade da celulase como pela
hidrélise acida, devido a maior acidificacdo nesses tratamentos. As silagens CE e
LPCE apresentaram mais baixo pH, e, nessa condicao, a hemicelulose pode ser
solubilizada, diferentemente das silagens CT e LP, que apresentaram pH elevados.

Nos tratamentos CE e LPCE, a acao da celulase sobre a fibra aumentou a
disponibilidade de CNF prontamente solUveis, bem como, a maior conservagao da
fracdo proteica, resultou em um aumento da fracdo “a” da MS, em relacdo as

silagens CT e LP. A maior fragdo “a” nas silagens com 90 d é resultado de um
melhor perfil de fermentagdo em relacdo a silagem com 60 d, demonstrando que
uma fermentacao inadequada, com elevadas perdas de MS e protedlise, impacta
diretamente nos pardmetros da degradacdo. Ja fracdo potencialmente degradavel
no rumen “b” e a DP foram maiores aos 60 d de rebrotacdo. Essa fragcdo é
influenciada principalmente pela composicdo quimica da forragem, onde a maior
deposi¢gdo de lignina no capim colhido com 90 d, reduziu a digestibilidade da
silagem. Esse mesmo efeito foi observado para fracédo “b” da FDN, onde também

observamos um aumento da fragdo indigestivel da fibra. Isso demostra que os
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aditivos, mesmo alterando a estrutura da fibra através da hidrolise pela celulase, ndo
séo capazes de aumentar a digestibilidade potencial da silagem, afetando apenas o
padrao de degradacéo.

Ao avaliamos a DE das silagens, observamos que os tratamentos contendo
celulase (CE e LPCE) apresentaram maior DE, independentemente da taxa de
passagem avaliada. Provavelmente, a acdo da enzima sobre a fragdo fibrosa
proporciona uma maior desorganizacdo da fibra, melhorando a atuacdo dos
microrganismos do rumen. O efeito da celulase fica mais evidenciado quanto maior
€ a taxa de passagem. Aumentar a DE é interessante, principalmente em animais de
alta produgcdo, como vacas em lactagdo, reduzindo assim o efeito de enchimento
ruminal e aumentando o aproveitamento dos nutrientes (Alvarez et al. 2022).

Interessante ressaltar que a resposta dos aditivos sobre a DE nao foi afetada
pela idade de colheita do capim. No entanto, destaca-se a silagem LP, que
apresentou DE semelhante, aos 60 e 90 d de rebrotacdo, mesmo com perfil de
fermentacao inadequado aos 60 d, demonstrando que a cepa AV 14.17, mesmo nao
sendo eficiente em melhorar o perfil de fermentagdo, promoveu uma melhor
conservacao dos nutrientes em relacdo a silagem CT. J& na silagem CT, houve
beneficio da colheita aos 90 d, apresentando maior DE em relagao a silagem CT aos
60 d, indicando que o acumulo de lignina na silagem com 90 d afetou em menor
propor¢cdo a sua digestibilidade, em relagcdo a uma fermentagdo inadequada com
elevada protedlise e perdas de MS da silagem.

Conclusao

A adicao da celulase no momento da ensilagem foi eficiente em solubilizar os
constituintes fibrosos e disponibilizar carboidratos fermentesciveis, auxiliando na
reducdo do pH, no controle de enterobactérias e na reducdo da protedlise,
notadamente quando o capim-zuri foi colhido com 60 dias. No entanto, apenas a
inoculacdo com L. pentosus AV 14.17 nao foi eficiente em melhorar o perfil de
fermentacao.

A colheita de capim-zuri com 90 dias melhora o perfil fermentativo da silagem,
porém, o avan¢o na maturidade reduz seu valor nutritivo, exceto na silagem controle,
que aumenta a degradabilidade efetiva em relagao a silagem com 60 dias, devido a
melhoria ocorrida no perfil de fermentagéo.
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A celulase aumenta a degradabilidade efetiva da silagem, principalmente com
maior taxa de passagem, no entanto, ela ndo €& capaz de aumentar a
degradabilidade potencial. A cepa AV 14.17 de L. pentosus também melhora a

degradabilidade efetiva da silagem, quando comparada a silagem nao tratada.
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Tabela 1. Coeficiente de fermentacao, populagédo microbiana e composi¢cao quimica
de BRS Zuri, em duas idades de rebrotagéo, antes da ensilagem

Idade de rebrota (dias)

ltem 60 90
MS 175 242
CS 20.8 35
CT 26.5 27.5
CF 23.8 34.36
CS/CT 0.79 1.27
pH 5.99 5.79
BAL 5.77 5.84
ENT 5.33 4.7
LEV 6.27 6.17
FUN 4.77 4.94
MM 98.3 79.70
PB 101 73.50
FDNcp 672 679
FDAcp 404 415
Lignina 53 60.6
CEL 351 354
HEM 268 264

MS - matéria seca (g’kg MN); CS - carboidratos soluveis (g/kg MS); CT - capacidade
tamp&o em g acido latico’lkg MS; CF - coeficiente de fermentacdo; BAL - bactérias
do acido latico (log UFC/g MN); ENT — enterobactérias (log UFC/g MN); LEV —
leveduras (log UFC/g MN); FUN - fungos filamentosos (log UFC/g MN); MM -
material mineral (g/kg MS); PB - proteina bruta (g/kg MS); FDNcp - fibra em
detergente neutro corrigido para cinzas e proteinas (g/kg MS); FDAcp - fibra em
detergente acido corrigido para cinzas e proteinas (g/kg MS); Lignina (g/kg MS);
HEM - hemicelulose (g/kg MS); CEL - celulose (g/kg MS);
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Tabela 2. Composicdo quimica, populagéo de leveduras e fungos filamentosos, e

teores de acido acético, propiénico e etanol, de silagens de BRS Zuri colhida em

duas idades de rebrotacao e tratadas com diferente aditivos

item Aditivos IR

CT LP CE LPCE 60 90
MS 207 202 212 211 176b 240a
FDNcp 697a 692a 633b 641b 659 672a
HEM 273a 265b 254bc 252c 262 260
LIG 616 609 599 61,3 51,3b 70,6a
CS 5,4 55 5,3 5,7 6,32 4,7b
LEV 459a 4,04a 391a 3,78b 4,12 4,04
FUN 297 252 231 236 2,11b 2,88a
AA 158 13,0 20,7 18 17,5 16,2
AL/AA 121c 0,85¢c 2,50a 2,75a 0,86b 2,90a
AP 2,6 2,3 3,1 2,7 2,1b 3,2a
ET 14,8a 84b 122a 11,6a 9,5b 13,1a

EPM

0,61
0,59
0,23
0,18
0,01
0,09
0,15
0,11
0,28
0,02
0,06

P-valor

AD

IR

ADxIR

0,387
<0,00
<0,00
0,824
0,413
0,019
0,416
0,099
0,002
0,425
0,004

<0,00
0,017
0,720
<0,00
<0,00
0,625
0,007
0,542
<0,00
0,005
0,001

0,833
0,206
0,621
0,779
0,159
0,836
0,092
0,089
0,965
0,857
0,191

MS - matéria seca (g’/kg MN); FDNcp — fibra em detergente neutro corrigido para

cinzas e proteinas (g/kg MS); Lig — lignina (g/kg MS); HEM — hemicelulose (g/kg
MS); CS - carboidratos soluveis (g’kg MS); LEV — leveduras (log UFC/g MN); FUN —
fungos (log UFC/g MN); AA — acido acético (g’kg MS); AL/AA — relacao acido latico/
acido acético; AP — acido propibnico (g/kg MS); ET — etanol (g/kg MS). EPM — erro

padrdao da média. Medias com diferentes letras para efeito de aditivo difere entre-se
pelo teste de Tukey (P<0,05) e efeito de idade de rebrota pelo teste F (P<0,005).
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Figura 1. Efeito de diferentes aditivos sobre o teor de fibra em detergente &cido
(FDAcp; A) e celulose (B) em silagem de capim zuri colhido em duas idade de
rebrotacdo. Letras maiusculas compara o efeito da idade de rebrotagdo em cada
aditivo pelo teste de F. Letras minusculas compara o efeito dos aditivos dentro de
cada idade de rebrota pelo teste de Tukey. FDAap; P-valor = 0,024 (AD x IR) e EPM
= 0,476. Celulose; P-valor = 0,023 (AD x IR) e EPM = 0,445. CT - controle, LP —
Lactoplantibacillus pentosus AV 14.17, CE — celulase, LPCE — L. pentosus AV 14.17
+ celulase.
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Figura 2. Efeito de diferentes aditivos sobre o teor de proteina bruta (A) e aménia (B)
em silagem de capim zuri colhido em duas idade de rebrotacdo. Letras maiusculas
compara o efeito da idade de rebrotacdo em cada aditivo pelo teste de F. Letras
minusculas compara o efeito dos aditivos dentro de cada idade de rebrota pelo teste
de Tukey. Proteina bruta; P-valor < 0,001 (AD x IR) e EPM = 0,246. Amonia; P-valor
P < 0,001 e EPM = 2,497. CT - controle, LP — Lactoplantibacillus pentosus AV
14.17, CE — celulase, LPCE — L. pentosus AV 14.17 + celulase.
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Figura 3. Efeito de diferentes aditivos sobre o teor de proteina insoluvel em
detergente neutro (PIDN; A) e proteina insoluvel em detergente acido (PIDA; B) em
silagem de capim zuri colhido em duas idade de rebrotagédo. Letras maiusculas
compara o efeito da idade de rebrotacdo em cada aditivo pelo teste de F. Letras
minusculas compara o efeito dos aditivos dentro de cada idade de rebrota pelo teste
de Tukey. PIDN; P-valor < 0,001 (AD x IR) e EPM = 1,269. PIDA; P-valor < 0,001
(AD x IR) e EPM = 0,466. CT — controle, LP — Lactoplantibacillus pentosus AV 14.17,

CE - celulase, LPCE — L. pentosus AV 14.17 + celulase.
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Figura 4. Efeito de diferentes aditivos sobre o teor de acido latico (A) e pH (B) em
silagem de capim zuri colhido em duas idade de rebrotacdo. Letras maiusculas
compara o efeito da idade de rebrotacdo em cada aditivo pelo teste de F. Letras
minusculas compara o efeito dos aditivos dentro de cada idade de rebrota pelo teste
de Tukey. Acido latico; P-valor <0,001 (AD x IR) e EPM = 0,319. pH; P-valor <0,001
(AD x IR) e EPM = 0,120. CT — controle, LP — Lactoplantibacillus pentosus AV 14.17,
CE - celulase, LPCE — L. pentosus AV 14.17 + celulase.
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Figura 5. Efeito de diferentes aditivos sobre a contagem de bacterias do acido latico
(BAL) em silagem de capim zuri colhido em duas idade de rebrotagdo. Letras
maiusculas compara o efeito da idade de rebrotacdo em cada aditivo pelo teste de F.
Letras minusculas compara o efeito dos aditivos dentro de cada idade de rebrota
pelo teste de Tukey. P-valor = 0,02 (AD x IR) e EPM = 0,048. CT — controle, LP —
Lactoplantibacillus pentosus AV 14.17, CE — celulase, LPCE — L. pentosus AV 14.17

+ celulase.
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Tabela 3. Parametros da degradagéo in vitro da MS e FDN de silagem de zuri
tratada com diferentes aditivos em duas idades de rebrotacao.

Aditivos IR EPM P-valor
CT LP CE LPCE 60 90 AD IR  ADxIR
MS (g/kg)

a 123b 115b 180a 171a  138b 157a 0,696 <0.001 0.011 0.387
b 573 636 592 572 642a 545b 1,694 0.357 0.003 0.551
kd 0.016 0.021 0.022 0.022 0.018 0.022 0,001 0.309 0.074 0.311
PD 696 752 772 743 780a 702b 1,737 0.413 0.027 0.557

FDN (g/kg)
b 563 553 586 567 613a 522b 1,193 0.420 <0.001 0.196
A 0.057 0.065 0.052 0.055 0.055 0.059 0,002 0.197 0.339 0.750
Ind 445 464 428 444  400b 490a 1,228 0.479 <0.001 0.344
kd 0.034 0.039 0.031 0.033 0.033 0.035 0,001 0.199 0.339 0.750

a — fracao soluvel (g’kg MS); b — fracao potencialmente degradavel no rimen (g/kg
MS); kd — taxa constante de degradacao da fragéo “b”; DP — degradacao potencial
(g’/kg MS); A - taxa fracionaria conjunta de laténcia e degradacao; Ind — fracao
indigestivel da FDN (g/kg MS). EPM — erro padrao da média. Medias com diferentes
letras para efeito de aditivo difere entre-se pelo teste de Tukey (P<0,05) e efeito de
idade de rebrota pelo teste F (P<0,05).
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Tabela 4. Degradabilidade efetiva da MS de silagem de zuri tratada com diferentes

aditivos em duas idades de rebrotacao.

ltem IR
60
DE2
90
60
DE5
90
60
DES8
90

AD
EPM
CT LP CE LPCE

309Bb 435Aa 484Aa 472Aa 1,153

418Abc 414Ac 473Aa 450Bab
211Bc  292Ab 351Aa 341Aab 0,979

300Ab 293Ab 356Aa 337Aa
178Bc  256Ab 297Aa 290Aa 0,878

251Ab 244Ab 308Aa 290Aa

P-valor

AD IR  ADIR

<0.001 0.157 <0.001

<0.001 0.006 <0.001

<0.001 0.001 0.002

DE — degradabilidade efetiva (g/kg MS) em diferentes taxas de passagem (2,5 e

8%). EPM — erro padrdao da média. Médias seguidas por diferentes letras minusculas

na linha e maiusculas na coluna diferem entre si pelo teste de Tukey (P<0,05).
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CHAPTER Ill - EFFECT OF XYLANASE AND LENTILACTOBACILLUS BUCHNERI
ON CORN SILAGE HARVESTED AT TWO MATURITY STAGES

Capitulo formatado de acordo com o periddico cientifico: Animal Feed Science and

Technology.

Abstract

The aim of this study was to evaluate the aerobic stability (AS), fermentative profile,
and nutritive value of corn silage harvested at two maturity stages, with the use of
xylanase, associated or not with Lentilactobacillus buchneri. In trial 1, corn was
harvested with a low dry matter (DM) content (250 g/kg) and ensiled in a 4 x 2
factorial scheme (4 additives and 2 storage periods), in a completely randomized
design, with 4 replications. The additives tested were as follows: control (CT; no
inoculant), L. buchneri (LB), xylanase (XL), and LB+XL (LBXL). The storage periods
were 30 and 60 days. The neutral detergent fiber (P=0.041) and acid detergent fiber
(P=0.024) content were lower in LB silage after 60 days of storage. The lactic acid
bacteria population was higher (P<0.001) in LB and LBXL, while the yeast population
(P=0.008) decreased in these treatments. The lactic acid concentration was lower
(P<0.001) in LB at 30 days and higher at 60 days. The acetic acid content was higher
(P=0.014) in LB at 60 days, but there was no difference between treatments at 30
days. The AS was higher (P<0.001) in LB and LBXL silages. All additives increased
the soluble fraction of DM (P=0.015) and organic matter (OM; P=0.013). The
effective digestibility of DM and OM was higher (P<0.001) for LB and lower for CT at
all passage rates. In trial 2, corn was harvested at a high DM content (360 g/kg) and
ensiled in a completely randomized design with 5 replications, using the same
additives as in trial 1. The ammonia content was lower (P=0.043) in LBXL silage and
higher in LB. The lignin (sa) content was lower (P=0.019) in LBXL silage and higher
in CT silage. The population of filamentous fungi (FUN) was higher (P=0.029) in CT
silage and lower in LBXL. The same trend was observed in the population of FUN
after 7 days of aerobic exposure (P=0.018). The effective digestibility of DM and OM
at passage rates of 2% was higher (P<0.029) in LBXL silage and lower in XL silage.
Inoculating corn silage with only L. buchneri was more efficient in improving the
fermentative profile, aerobic stability, and nutritive value of silage than using xylanase
associated or not with LB, especially in corn silage harvested at a low DM content.
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Introduction

The corn plant is the main forage used for silage production worldwide due to
its high nutritional value and high ensilability. However, this material produces silage
prone to aerobic deterioration during the silo unloading phase due to the low
formation of antifungal compounds (acetic and propionic acid), favoring the growth of
yeast, the main microorganism involved in the onset of aerobic deterioration (Drouin
et al., 2021; Wilkinson and Davies, 2013).

The use of microbial inoculants containing heterofermentative lactic acid
bacteria (LAB) is the main technology used to overcome aerobic deterioration (Muck
et al., 2018). Lentilactobacillus buchneri (LB) is the main species studied, showing
consistent results in the literature (Arriola et al., 2021; Bernardi et al., 2019).
However, the response to inoculation with LB may vary depending on the maturity of
the plant. According to (da Silva et al., 2022), the response to inoculation on aerobic
stability (AS) was greater in corn silage harvested with a 394 g/kg dry matter (DM)
content than that with a 318 g/kg DM content. Conversely, Comino et al. (2014)
observed that the response to inoculation with LB decreased with an increase in the
DM content of corn plants. In addition, the maturity stage of the corn plant impacts
the nutritive value of the silage. Advancing maturity increases the starch content but
reduces fiber digestibility, directly impacting animal performance (Ferraretto et al.,
2018; Rossi et al., 2023).

The use of fibrolytic enzymes, such as xylanase, at the time of ensiling is an
option for reducing the impact on the nutritive value of silage when harvested at
advanced maturity stages, as well as to stimulate the formation of antifungal
compounds. Xylanase acts on cell wall constituents, especially xylans, releasing
xylooligosaccharides (Xu et al., 2018), causing fiber disorganization and increasing
DM and neutral detergent fiber (NDF) digestibility (Gandra et al., 2017; Ying et al.,
2017). Xylooligosaccharides, produced from xylan hydrolysis, are fermented by
heterofermentative LAB, such as LB, due to their ability to metabolize pentoses,

producing lactic and acetic acid exclusively (Xu et al., 2018) without CO, formation
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(Rooke and Hatfield, 2003) and increasing the formation of antifungal compounds
without increasing DM losses.

We hypothesized that an inoculant containing LB, associated with xylanase,
would improve the AS and nutritive value of corn silage, with distinct effects
depending on the maturity stage of the corn at harvest. Therefore, the objective was
to evaluate the AS, fermentative profile, and nutritive value of corn silage
supplemented with xylanase, associated or not with LB, in corn harvested with a low
(trial 1) and high DM content (trial 2).

Material and Methods
Experiment location

The experiments were conducted at the Forages Crops Sector and at the
Forage and Silage Microbiology Laboratory of the Department of Animal Science at
the Federal University of Vicosa, located in Vigosa, Minas Gerais, Brazil. The
municipality has an altitude of approximately 649 m, latitude south 20°45'14", and
longitude west 42°52'54". The climate is classified as Cwa (subtropical climate) (de
Junior et al., 2012), with annual averages of precipitation and temperature of 1200

mm and 21°C, respectively.

Trial 1

Trial 1 was conducted in a 4 x 2 factorial design (4 additives and 2 storage
periods) in a completely randomized design with 4 replications. The additives tested
were as follows: control (CT; no inoculant); L. buchneri (LB; L. buchneri CNCM |-
4323, Lalsil As, Lallamend, Patos de Minas, MG, Brazil); xylanase (XL; SMIZYME
xylanase, Beijing Smile Feed Sci. & Tech. Co., Ltd, Beijing, China); and LB + XL
(LBXL). The storage periods were 30 and 60 days.

Harvesting was done manually, with a cutting height of 10 cm from the ground,
when the whole corn plant had reached 250 g/kg of DM (Table 1). The corn plants
were chopped using a stationary forage machine (JF 60, Iltapira, SP, Brazil) attached
to the power take-off of a tractor (Valmet 785) with a theoretical particle size of 1.5
cm. The chopped material was divided into individual piles of 10 kg each for the
application of the treatments described above (one pile for each replication). The
microbial inoculant and xylanase, whether combined or not, were diluted in 100 mL of
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distilled water and applied with manual sprayers. The same volume of distilled water
was applied to the control treatment.

The inoculant was applied at the recommended dose by the manufacturer of 1
x 10° colony-forming units (CFUs)/g of forage. Xylanase was applied at a dose of
300 mg/kg of DM according to the results obtained by (Del Valle et al., 2018). The
xylanase contained 10,000 U/g, as described by the manufacturer (Beijing Smile
Feed Sci. & Tech. Co., Ltd, Beijing, China). The treated material was ensiled in 12-
liter plastic buckets and manually compacted, adopting an average density of 580
kg/m3. The buckets were sealed with lids and sealed with six layers of adhesive tape
and stored in a covered shed at room temperature (average of 21.1°C) until opening.

After 30 and 60 days of storage, the buckets were opened. The silage was
discarded from the top, and the remaining material was homogenized. Samples of
300 g of silage were collected from each bucket for partial drying in a forced-air oven
at 55°C for 72 hours. The partially dried samples were ground in a “Wiley” type mill
(Tecnal, Piracicaba, SP, Brazil), using a 1 mm sieve.

To quantify the microbial population in the fresh forage and silage, an aqueous
extract was obtained from 25 g of homogenized silage for 1 minute in an industrial
blender, together with 225 mL of sterile solution (Ring Solution, Oxoid, Hampshire,
UK). The aqueous extract was filtered through a double layer of sterile gauze and
subjected to serial dilutions ranging from 107" to 10~7. Plate counting was performed
using the pour plate technique on sterile Petri dishes. The population of LAB was
determined on De Man Rogosa and Sharpe agar (Merck, Darmstadt, Germany) and
incubated at 37°C for 48 hours. Enterobacteria were cultured on Violet Red Bile agar
(Oxoid, Hampshire, UK) and incubated at 37°C for 24 hours, and yeast and
filamentous fungi (FUN) were cultured on Dichloran Rose Bengal Chloramphenicol
agar (Oxoid, Hampshire, UK) at 25°C for 72 hours for yeast and 120 hours for FUN.
Plates containing between 25 and 250 CFUs were considered countable.

A second aliquot of the aqueous extract was used for pH measurement using
a digital pH meter (Tecnal, Piracicaba, SP, Brazil). Subsequently, 10 mL of the
aqueous extract was collected, placed in tubes containing 1 mL of sulfuric acid (50%
v/v), and frozen at -20°C for further analysis of water-soluble carbohydrates (WSC)
(Nelson, 1944), ammonia (Okuda et al., 1965), and organic acids. For the
quantification of organic acids, the samples were treated with calcium hydroxide and
copper sulfate and analyzed using high-performance liquid chromatography
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according to Siegfried et al. (1984). The high-performance liquid chromatography
instrument (SPD-10 AVP, Shimadzu, Tokyo, Japan) was equipped with a refractive
index detector, and an Aminex HPX-87H column (BIO-RAD, Hercules, USA) was
used, with the mobile phase containing 0.005 M H2SO4 and a flow rate of 0.6 mL/min
at 50°C.

The samples of fresh forage and silage, ground to 1 mm, were analyzed for
DM (method 934.01), ash (method 942.05), crude protein (CP; method 984.13), acid
detergent fiber (ADF), and lignin (sa) (method 973.18), according to AOAC (1990).
NDF concentrations were determined with the addition of thermostable a-amylase
without the use of sodium sulfite, according to (Van Soest et al., 1991) and modified
by (Senger et al., 2008). Residues from the ADF and NDF analyses were subjected
to ash (Mertens et al., 2002) and nitrogen compound analysis (Licitra et al., 1996).
NDF and ADF contents were expressed exclusively of residual ash and protein
(aNDFom and ADFom, respectively). Hemicellulose (HEM) was calculated by the
difference between aNDFom and ADFom, and cellulose (CEL) was calculated by the
difference between ADFom and lignin (sa), all expressed in g/kg DM. These
calculations were performed through sequential analyses on the same sample.

At each opening period, after homogenization of the material, + 2 kg of silage
was returned to its respective bucket, covered with cotton fabric (gauze) to prevent
excessive moisture loss, and stored in a room with controlled temperature (+ 22°C).
A data logger (iMINI temperature, Cryopak, Edison, USA) was inserted into the
center of the silage mass to measure the temperature every 20 minutes for 7 days.
Two data loggers were distributed in the room to measure the ambient temperature.
AS was defined as the number of hours the silage remained stable before the
temperature rose 2°C above the ambient temperature. At the end of the seven-day
aerobic exposure, the silage was homogenized and sampled. The pH was measured,
and filamentous fungi and yeast were quantified according to previously described
methodologies.

Trial 2

In trial 2, the corn plants were harvested with 360 g/kg DM (Table 1) following
the same methodology mentioned above. The trial was conducted in a completely
randomized design with four additives and five replications. The additives tested
were as follows: control (CT; no inoculant); L. buchneri (LB; L. buchneri CNCM I-
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4323, Lalsil As, Lallamend, Patos de Minas, MG, Brazil); xylanase (XL; SMIZYME
xylanase, Beijing Smile Feed Sci. & Tech. Co., Ltd, Beijing, China); and LB + XI
(LBXL). The inoculation rate, dose, enzyme application procedures, and ensiling
were similar to those described for trial 1.

The experimental silos were stored in a covered shed (average temperature of
19°C) and opened after 94 days of storage. All chemical and microbiological
analyses and AS tests were performed according to the methodology described
above.

In situ degradability assay

For the in situ degradability assay of silage, three crossbred heifers (1/2
Nelore x Red Angus), with an average weight of 330 kg, cannulated in the rumen,
and housed in individual stalls, were used. The animals were adapted for 14 days
(Machado et al., 2016) to a diet with a forage:concentrate ratio of 70:30, with corn
silage as the forage source and a concentrate (cornmeal, soybean meal, mineral
premix, and urea) with 24% CP provided ad libitum. The procedures for the use and
handling of the animals used in this study were previously approved by the Animal
Experimentation Ethics Committee of UFV (protocol # 019/2021).

For in situ incubation, silage samples from trials 1 (only silage with 60 days of
storage) and 2 were ground in a “Wiley” type mill (Tecnal, Piracicaba, SP, Brazil),
using a 2 mm sieve. Composite samples were formed by treatment for in situ
incubation (composite sample consisted of the proportional mixture of the four
replications per treatment from trial 1 and the five replications per treatment from trial
2, totaling 4 composite samples per trial). After homogenization, 5-g silage samples
were weighed and placed in nylon bags (Sefar Nitex, Heiden, Switzerland; 50-um
porosity, 400 cm? surface area). The sample mass relative to the surface area of the
nylon bag was 12.5 mg/cm?.

Incubation times of 0, 3, 6, 12, 24, 48, 72, and 96 h were used, with 2 bags
added per time for each treatment. All treatments were incubated in three animals.
Incubations were performed in reverse order of time to allow the removal of all nylon
bags simultaneously, thus allowing uniform washing between them. Washing was
done manually under running water until it became translucent. Bags referring to time
zero were not incubated and only washed with the others.
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After washing, the nylon bags were pre-dried in a forced-air oven at 55°C for
72 h, and the indigestible residue was ground in a knife mill (Tecnal, Piracicaba, SP,
Brazil) using a 1 mm sieve. The residues were subjected to analyses of DM and ash
for the estimation of organic matter (OM) and aNDF (assayed with a heat stable
amylase and expressed inclusive of residual ash and protein), according to the
methodology described previously. The OM content was obtained using the following
equation: OM =1000 - ash.

The parameters of in situ degradation of DM and OM were estimated using the
equation proposed by Orskov and Mcdonald (1979):

Y(t) =a+ b x (1 —exp Ckdxb)

where Y(t) = degraded fraction of DM or OM (g/kg); “a” = readily soluble
fraction (g/kg); “b” = potentially degradable fraction in the rumen (g/kg); “kd” = rate
constant for degradation of “b”, per h (g/kg per h); t = time (h).

After estimating the DM and OM parameters, they were used to estimate
effective digestibility, according to the equation proposed by Orskov and Mcdonald
(1979):

DE =a + (b x kd / kd + kp)

where DE (g/kg) = ruminal effective digestibility of DM or OM; kp = ruminal
passage rate (ruminal passage rates of 2, 5, and 8% per h were used).

The parameters of aNDF degradation were obtained according to the equation
proposed by Van Milgen et al. (1991):

RNDF(t) =b x [1 + (A x t)] x exp **D 4 Ind

where RNDF(t) = undegraded aNDF at time “t” (g/kg); “b” = potentially
degradable fraction in the rumen (g/kg); A = joint fractional rate of latency and
degradation (h™"); t = time (h); Ind = indigestible fraction (g/kg).

The degradation rate of aNDF was calculated based on A, using the properties
of ['(2) distribution Ellis et al. (1994):

kd = (0.59635 x A)

where kd = constant rate of degradation of fraction “b” (g/kg per h); A = joint
fractional rate of latency and degradation (h™").

The degradation parameters a, b, kd, A, and Ind were estimated using PROC
NLIN procedures (version 9.4, SAS Institute Inc., Cary, NC, USA), assuming the
Gauss—Newton algorithm for convergence.
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Statistical analysis

Microbial population data were log-transformed. An analysis of variance was
performed using the GLM procedures of SAS (version 9.4, SAS Institute Inc., Cary,
NC, USA).

The data from trial 1 were analyzed in a completely randomized 4 x 2 factorial
design with 4 replications according to the following model:

Yjk =y + ADi + SPk + (ADxST)jk + gjk,

Where Yjk = dependent variable, g = overall mean; ADj = fixed additive effect
(j = CT, LB, XL, LBXL); STk = fixed effect of storage period (k = 30 and 60 d);
ADxSTjk = interaction between AD and ST; ejk = standard error of the mean.

The data from trial 2 were analyzed in a completely randomized design with 5
replications according to the model below.

Yj=u+ADj + ¢,

where Yj = dependent variable, u = overall mean, ADk = fixed effect of additive
(k= CT, LB, XL, LBXL), and ¢j = standard error of the mean.

The parameters of in situ degradability were analyzed in a randomized block
design according to the following model:

Yjk =y + Bj + ADk + gk,

where Yjk = dependent variable, y = overall mean; Bj = random effect of block
(j = animal 1, 2, or 3); ADk = fixed effect of additive (k = CT, LB, XL, LBXL); gjk =
standard error of the mean.

Means were compared by Tukey’s test using 0.05 as the critical level of

probability for type | error.

Results
Trial 1

pH, yeast count, and AL/AA were affected by AD (P<0.008) and ST (P<0.023),
while BAL count and ethanol concentration were affected only by AD (P<0.001) and
ST (P=0.005), respectively (Table 2). CP, aNDFom, ADFom, WCS, ammonia, lactic
acid, acetic acid, and propionic acid were affected by the interaction of AD x ST
(P<0.044). The other variables (DM, ash, NDIP, ADIP, CP, HEM, CEL, lignin (sa),
and FUN) were not affected (P=0.065; Table 2).

The pH was higher (P=0.004) in LBXL silage compared to LB and XL silage,
and it was lower at 60 days compared to 30 days of storage (P=0.023). LAB
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population was higher in LB and LBXL silages (P<0.001). The yeast population was
lower in LB and LBXL silage compared to XL silage (P=0.008), and it was lower at 60
days compared to 30 days of storage (P=0.007). The AL/AA ratio was lower in LBXL
silage and higher in CT silage, being lower at 60 days than at 30 days of storage
(Table 2).

The HEM content tended to be lower (P=0.078) in treated silage compared to
control silage. The CEL concentration tended to be lower (P=0.065) in LBXL silage.
The ADIP content increased (P=0.077) with longer storage periods (Table 2).

The aNDFom (P=0.041) and ADFom (P=0.024) contents were lower in LB
silage compared to CT silage at 60 days of storage (Table 3). The XL and LBXL
silages had intermediate aNDFom and ADFom contents. With 30 days of storage,
there was no difference between the additives for these variables. With a longer
storage period, only CT silage increased the fiber content (Table 3).

The WCS concentration was lower (P=0.001) in LB and LBXL silages at 60
days of storage, with no difference between treatments at 30 days. Despite showing
an interaction effect (P=0.044), no difference in ammonia content was observed
between additives (Table 3).

The lactic acid concentration was lower (P<0.001) in LB silage and higher in
CT and XL silages at 30 days. At 60 days, the lactic acid content was lower in the XL
and LBXL silages. The acetic acid content was higher (P=0.014) in LB silage and
lower in CT and XL silages at 60 days of storage. LBXL silage had an intermediate
acetic acid content. The propionic acid content was higher (P<0.001) in LB and LBXL
silages at 60 days of storage. The acetic acid and propionic acid contents were
higher in LB and LBXL silages at 60 days of storage than at 30 days of storage
(Table 3).

The AS was affected only by AD (P<0.001). LB and LBXL silages showed a
higher AS compared to CT and XL silages, regardless of storage time. However,
there was no effect of AD (P=0.631), ST (P=0.125), or their interaction (P=0.095) on
the maximum temperature reached (MTR) during 7 days of air exposure (Table 4).

The FUN population was affected only by ST (P=0.015), which was higher at
60 days of storage after 7 days of air exposure. The pH was affected only by AD
(P=0.032). The pH was higher in XL silage than LB silage. CT and LBXL silages
showed intermediate pH values (Table 4).
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After 7 days of air exposure, the yeast population was affected by the ADxST
interaction (P<0.001; Figure 1), which was lower in LB and LBXL silages at 60 days.
With 30 days of storage, there was no difference in the yeast population. LB and
LBXL silages showed the lowest yeast population after 7 days of aerobic exposure
with a longer storage time (Figure 1).

LB, XL, and LBXL silages showed higher soluble fraction “a” content of DM
(P=0.015) and OM (P=0.013) compared to CT silage. There was no difference
(P=0.265) between treatments regarding fractions b, kd, and DP of DM and OM. The
DE of DM and OM was higher (P<0.001) for LB silage, followed by XL and LBXL,
regardless of passage rate. CT silage had the lowest DE at all passage rates. There
was no difference (P=0.657) between additives on b, kd, or Ind of aNDF (Table 5).

Trial 2

pH, WSC, LAB, yeast, AL/AA, propionic acid, and ethanol concentrations were
not affected by the additives (P=0.115). The ammonia concentration was higher
(P=0.043) in LB silage and lower in LBXL silage. The other silages showed
intermediate values. The FUN population was higher (P=0.029) in CT silage and
lower in LBXL silage. The other silages showed intermediate values (Table 6). The
lactic acid and acetic acid contents were affected (P<0.035); however, no difference
was detected by Tukey's test.

DM, ash, CP, aNDFom, ADFom, HEM, CEL, NDIP, and ADIP were not
affected by the additives (P=0.110). Only lignin (sa) content was affected by the
additives (P=0.019), being higher in CT silage and lower in LBXL silage. The other
silages showed intermediate values (Table 7).

The additives did not affect (P=0.079) AS, MTR, yeast, or pH of the silages
after 7 days of aerobic exposure. Only the FUN population was affected (P=0.018).
CT silage showed a higher filamentous fungi population compared to LBXL silage,
while the other silages showed intermediate values (Table 8).

The treatments had little effect on the in situ degradation of the silage. There
was an effect only on DE2 of DM (P=0.029) and OM (P=0.025), where DE2 was
higher in LBXL silage and lower in XL silage, while the other silages showed
intermediate DE2 values. aNDF degradability was not affected (P=0.594) by the
additives (Table 9).
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Discussion

The good fermentation of corn silage is due to the adequate DM and WSC
content at the time of harvest, thus favoring lactic fermentation (Wang et al., 2022).
As a result, the pH of the silage decreases rapidly to values lower than 4, which is
considered ideal for the conservation of the ensiled mass (Kung et al., 2018). In trial
1, the LB and XL silages presented the lowest pH values; however, biologically, all
treatments provided a pH suitable for silage conservation. In trial 2, additives did not
affect the pH.

Corn silage typically shows low formation of antifungal compounds and high
production of lactic acid, which serves as a substrate for yeast growth after silo
openings (Drouin et al., 2021; Wilkinson and Davies, 2013). Thus, corn silage
exhibits low AS, especially when silo management is inadequately performed
(Bernardes et al., 2021; Bernardi et al., 2019).

The species L. buchneriis an obligatory heterofermentative LAB that degrades
lactic acid to acetic acid and 1,2-propanediol (Oude Elferink et al., 2001). In trial 1,
inoculation with LB reduced the concentration of lactic acid after 30 days of storage;
however, after 60 days, the silage showed a higher lactic acid content. The literature
highlights that in silages inoculated with LB, the lactic acid content tends to decrease,
especially during prolonged storage periods (Bernardi et al., 2019). This occurs
because LB activates the metabolic pathway for lactic acid degradation during
storage periods longer than 45 days (Muck et al., 2018), reducing the lactic acid and
increasing the acetic acid concentration. Indeed, in our study, the acetic acid
concentration increased in inoculated silage stored for 60 days; however, the lactic
acid concentration remained high. According to Yin et al. (2023), an increase in lactic
acid levels in LB-inoculated silage may be associated with a higher abundance of
Lentilactobacillus in this silage.

In a study of sugarcane ensiled with different doses of the xylanase enzyme,
Del Valle et al. (2018) observed maximum production of lactic acid and acetic acid
with a dose of 300 mg/kg of DM, the same dose used in the present study. Corn and
sugarcane crops present quite distinct chemical characteristics regarding fiber;
therefore, the response to fiber hydrolysis in these silages depends on the dose used
(Machado et al., 2020). In corn silage, the pH decreases rapidly after silo sealing,
reaching values below 4.5 within just one day of fermentation (Wang et al., 2022).
Thus, the rapid pH reduction in the present study may have limited the action of the
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xylanase enzyme, resulting in low fiber hydrolysis and, consequently, less pentose
release for fermentation by heterofermentative LABs. These results are consistent
with (Bhardwaj et al., 2019), who summarized the optimal pH for the action of
different xylanases produced by fungi and bacteria and observed that most enzymes
have an optimal pH higher than 5, a value higher than the pH found in both
experiments of the present study.

The propionic acid concentration was higher in LB and LBXL silage in trial 1
after 60 days of storage, probably due to the degradation of 1,2-propanediol (not
measured) to propionic acid by the species Lentilactobacillus diolivorans and
Limosilactobacillus reuteri (Krooneman et al., 2002; Sriramulu et al., 2008). In these
treatments, an increase in acetic acid was observed after 60 days; therefore, the
formation of 1,2-propanediol from lactic acid degradation by L. buchneri is expected
(Oude Elferink et al., 2001). Conversely, the lack of response regarding the acetic
acid concentration in LB silage in trial 2 may have resulted in the absence of 1,2-
propanediol formation and, consequently, propionic acid, with similar levels observed
in the silages.

The higher LAB population in LB and LBXL silages in trial 1 indicates that LB
inoculation was more efficient in corn silages harvested with 250 g/kg of DM,
whereas in trial 2, there was no difference between treatments. Thus, LB managed to
modulate fermentation when used to inoculate silage with a low DM content, altering
the fermentative profile, resulting in a lower yeast population in silages in trial 1 as a
consequence of higher formation of antifungal compounds (acetic and propionic
acids) (Moon, 1983).

Controlling the yeast population in corn silage plays a crucial role in reducing
aerobic deterioration, as this microorganism is responsible for initiating the silage
deterioration process by degrading lactic acid in aerobic conditions, increasing the
silage pH, and allowing other opportunistic microorganisms to proliferate, such as
filamentous fungi and enterobacteria (Drouin et al., 2021). The reduction in yeast
population in LB and LBXL silages in trial 1 increased silage AS by 53 hours
compared to CT and XL silage. Additionally, LB and LBXL silages showed the lowest
AL/AA ratios, indicating a higher proportion of acetic acid (with an antifungal effect)
than lactic acid (a substrate for yeasts). In trial 2, since the yeast population was
similar among treatments, there was no increase in AS of LB and LBXL silages.
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Regarding the xylanase enzyme, either alone or in combination with LB, it did not
increase AS, reflecting the fermentation profile results, which were also unchanged.

Additives had little effect on the chemical composition of silage except in the
fibrous fraction. Inoculated silage showed a lower fibrous fraction compared to CT
silage. Conversely, xylanase utilization did not reduce the fibrous fraction compared
to CT silage. As mentioned earlier, the low pH values in corn silage may have
inhibited xylanase action, corroborating Del Valle et al. (2018), who did not observe a
reduction in NDF and ADF levels in sugarcane silage treated with xylanase.
However, Ying et al. (2017) and Lynch et al. (2015) observed reductions in NDF and
ADF levels when corn silage was treated with fibrolytic enzymes. Different responses
in fibrous fraction solubilization when enzymes are used as additives may be related
to enzymatic activity, dosage, pH, temperature, and type of enzyme (bacterial or
fungal), which can generate large variability, making comparisons between studies
difficult (Bhardwaj et al., 2019).

Even though additives had little effect on chemical composition, they were
able to alter some parameters of DM and OM degradation; however, aNDF
degradation was not altered in either trial. In trial 1, the addition of additives resulted
in an increase in soluble fraction “a” of DM and OM compared to CT silage. The
soluble fractions of DM and OM are represented by soluble proteins, CP, small
particles, organic acids, and some non-fiber carbohydrates (Martineau et al., 2006).
However, the WSC content was lower in LB and LBXL silage, indicating that sugars

were not responsible for the increase in the soluble fraction “a”. However, the
tendency to reduce HEM and CEL indicates that treatments partially altered the fiber
composition, releasing more soluble oligosaccharides and increasing soluble fraction
“a” of DM and OM. These oligosaccharides are not quantified by WSC analysis, as
the method used in this study only quantified reducing sugars. This hypothesis is
confirmed when analyzing the results of trial 2, where there was no solubilization of
the fibrous fraction; consequently, there was no oligosaccharide formation. Thus, in
trial 2, additives did not alter soluble fraction “a” of DM and OM.

The effective degradability of DM and OM in trial 1 was higher in LB silage,
regardless of the passage rate. Probably, in treatments containing xylanase, it acted
by solubilizing the most easily degradable fraction of fiber, concentrating on the
fraction of slower degradability (Dehghani et al., 2012; Lynch et al., 2015). However,
xylanase addition, whether associated or not with LB, increased ED compared to the
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control silage. In trial 2, only ED2 of DM and OM was influenced by additives, with
LBXL silage showing higher degradability compared to CT silage.

Silage harvested with a higher DM content presented a potentially degradable
fraction of DM and OM, as well as PD and ED, which was numerically higher than
silage harvested with a lower DM content. These results can be attributed to starch
accumulation in grains due to the advancement of maturity (Comino et al., 2014).
Furthermore, the fermentation process reduces the protein matrix covering the grain,
increasing starch degradation (Varela et al.,, 2023). Since grains represent a
considerable fraction of the plant based on DM, their accumulation results in
increased DM and OM digestibility (Lima et al., 2022).

The parameters of aNDF degradation were not affected by additives.
According to Jin et al. (2015), LB inoculation does not affect fiber degradability
except when the strain used produces the ferulato-esterase enzyme, which does not
apply to our study. Regarding enzyme addition at ensiling, the literature highlights
that the most digestible fraction is solubilized by the enzyme, thus concentrating the
indigestible fraction (Dehghani et al., 2012; Lynch et al., 2015). The quest to increase
fiber degradability is necessary due to its correlation with intake and productivity,
especially in dairy cattle (Miller et al., 2021).

Conclusions

Inoculating corn silage with L. buchneri alters the fermentative profile,
enhancing aerobic stability and the nutritional value of the silage only when corn was
harvested with a lower DM content. When the inoculant was combined with xylanase,
no improvement in response occurred, indicating that there was no synergistic effect
between the additives. Thus, the use of only L. buchneri is recommended as an
additive in corn silage when harvested with a low DM content.
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Table 1. Chemical composition and microbial population of the corn plant before

ensiling

ltem Trial 1 Trial 2
DM 250 360
CP 63.7 741
aNDFom 490 339
ADFom 273 178
Lignin (sa) 55.5 38
CEL 218 140
HEM 217 161
WSC 78.9 119
pH 5.64 5.83
LAB 6.73 5.86
ENT 5.72 5.95
Yeast 7.31 7.04
FUN 5.96 6.64

DM - dry matter (g/kg fresh matter); CP - crude protein (g/kg DM); aNDFom - neutral

detergent fiber assayed with a heat stable amylase and expressed exclusive of

residual ash and protein (g/kg DM); ADFom - acid detergent fiber expressed

exclusive of residual ash and protein (g/kg DM); Lignin (as) (g’/kg DM); CEL -
cellulose (g/kg DM); HEM - hemicellulose (g/kg DM); WSC - water-soluble
carbohydrates (g/kg DM); LAB - lactic acid bacteria (log CFU/g FM); ENT -
enterobacteria (log CFU/g FM); Yeast (log CFU/g FM); FUN - filamentous fungi (log

CFU/g FM).
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Table 2. Hydrogen potential, chemical composition, microbial population, lactic

acid/acetic acid ratio, and ethanol in corn silages treated with different additives at

two storage times (trial 1)

it Additives ST SEM
CT LB XL  LBXL 30 60
pH 3.75ab 3.73b 3.74b 3.78a 3.74b 3.76a 0.006
DM 248 253 257 259 252 256 0.217
CP 629 635 523 66.2 6.37 6.37 0.068
NDIP 139 153 143 130 137 146 0.561
ADIP 54.2 49.6 55.3 487 49.3 54.6 0.148
HEM 224 204 212 201 214 207 0.361
CEL 212 202 216 175 197 206 0.634
Lig 59.3 491 49.7 57.6 53.5 549 0.232
LAB 7.04b 8.40a 7.04b 8.32a 767 7.61 0.148

Yeasts 4.40ab 3.89b 4.72a 3.74b
FUN 2.65 251 2.66 247
AL/AA  6.22a 4.94bc 5.97ab 4.72c
ET 12.4 7.0 11.1 9.2

4.54a 3.88b 0.135

2.75

2.42

0.118

6.60a 4.43b 0.276
156.3a 0.218

3.0b

P-value
AD ST  ADxST
0.004 0.023 0.781
0.281 0.39 0.264
0.232 0.964 0.597
0.597 044  0.838
0.299 0.077 0.583
0.078 0.28 0.111
0.065 0.509 0.239
0.362 0.698 0.868
<0.001 0.668 0.987
0.008 0.007 0.264
0.909 0.195 0.708
0.002 <0.001 0.593
0.868 0.005 0.483

DM - dry matter (g/kg FM); CP - crude protein (g/kg DM); NDIP - neutral detergent

insoluble protein (g/kg CP); ADIP - acid detergent insoluble protein (g/kg CP); HEM -
hemicellulose (g/kg DM); CEL - cellulose (g/kg DM); Lig - lignin (as) (g/kg DM); LAB -
lactic acid bacteria (log CFU/g FM); Yeasts (log CFU/g FM); FUN - filamentous fungi
(log CFU/g FM); LA/AA - lactic acid/acetic acid ratio; ET - ethanol (g/kg DM); SEM -
standard error of the mean; AD — additives; ST — storage times; ADxST - interaction
between AD and ST. Means with different letters differ by Tukey's test (P < 0.05).
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Table 3. Fibrous fraction, water-soluble carbohydrates, and fermentative profile of

corn silages treated with different additives at two storage times (trial 1)

ST Additives
CT LB XL LBXL
aNDFom
30 462Ba 477Aa 488Aa 452Aa
60 5256Aa 427Ab 466Aab 449Aab
ADFom
30 248Ba 265Aa 264Aa 248Aa
60 292Aa 232Ab 266Aab 251Aab
WSC
30 8.7Ba 9.8Aa 9.2Aa 8.4Aa
60 11.4Aa 7.0Ab 11.5Aa 6.1Bb
Ammonia
30 46.2Aa 50.3Aa 47.6Aa 39.8Aa
60 52.8Aa 43.3Aa 46.4Aa 63.0Aa
Lactic acid
30 73.2Aa 36.5Bb 65.8Aa 49.0Aab
60 66.5Aab 75.2Aa 57.9Ab 53.4Ab
Acetic acid
30 10.6Aa 8.1Ba 8.3Aa 8.5Ba
60 12.6Ab 19.5Aa 11.5Ab 16.4Aab
Propionic acid
30 2.4Aa 2.3Ba 3.5Aa 29Ba
60 2.0Ab 7.5Aa 2.1Ab  8.8Aa

0.773

0.467

0.040

0.201

0.267

0.081

0.050

P-valor

AD

ST  ADxST

0.095

0.180

0.001

0.788

0.004

0.092

<0.001

0.853 0.041

0.583 0.024

1.000 0.001

0.158 0.044

0.051 <0.001

<0.001 0.014

<0.001 <0.001

aNDFom - neutral detergent fiber assayed with a heat stable amylase and expressed

exclusive of residual ash and protein (g/kg DM); ADFom - acid detergent fiber

expressed exclusive of residual ash and protein (g/kg DM); WSC — water-soluble

carbohydrates (g/kg DM); Ammonia (g/kg total nitrogen); Lactic acid (g/kg DM);

Acetic acid (g/kg DM); Propionic acid (g/kg DM); SEM - standard error of the mean;

AD - additives; ST — storage times; ADxST - Interaction between AD and ST. Means

followed by different uppercase letters in the columns differ by the F-test (P<0.05).

Means followed by different lowercase letters in the rows differ by Tukey's test
(P<0.05).
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Table 4. Aerobic stability, maximum temperature reached, filamentous fungi
population, and pH of corn silages treated with different additives at two storage

times after 7 days of aerobic exposure (trial 1)

Additi T P-val
item dditives S SEM valor

CT LB XL LBXL 30 60 AD ST ADxST

AS 747b 117a 63.3b 127a 88.8 102 6.765 <0.001 0.196 0.629
MTR 299 304 311 292 29.3 31 0.566 0.631 0.125 0.095
FUN 522 535 5586 572 5.02b 587a 0.168 0.634 0.015 0.258
pH 6.39ab 5.33b 6.82a 5.67ab 5.74 6.36 0.205 0.032 0.102 0.549

AS - aerobic stability (hours); MTR - maximum temperature reached (°C); FUN -
filamentous fungi (log CFU/g FM); SEM - standard error of the mean; AD — additives;
ST — storage times; ADxST - interaction between AD and ST. Means with different
letters differ by Tukey's test (P < 0.05).

ECT mLB mXL mLBXL

Aa Aa
Aa
60

Storage times (days)

10

Aa
9 Aa
8
6
5
4
30

Figure 1. Yeasts population after 7 days of aerobic exposure in corn silage treated

Aa

log CFU/g FM
N

with different additives at two storage times (trial 1). Standard error of the mean:
0.243. Uppercase letters compare treatments between storage periods. Lowercase

letters compare additives within each storage time (P<0.05).
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Table 5. Parameters of in situ degradation of DM, OM, and aNDF of corn silage
treated with different additives (trial 1)

CT LB XL LBXL SEM P-valor
DM
a 260b 291a 284a 284a 0.923 0.015
b 411 421 437 419 0.928 0.702
kd 0.038 0.046 0.036 0.041 0.002 0.402
PD 670 712 721 703 1.121 0.265
ED 2 528¢ 584a 562b 561b 0.797 <0.001
EDS 436¢ 493a 464b 469b 0.847 <0.001
ED 8 391c 4453 418b 423b 0.866 <0.001
OM

242b 276a 269a 268a 0.962 0.013

b 425 433 448 433 0.948 0.775
kd 0.038 0.047 0.037 0.041 0.002 0.369
PD 666 709 717 701 1.143 0.285
ED 2 518c 579a 555b 555b 0.839 <0.001
ED5 424c 485a 455b 460b 0.896 <0.001
ED 8 377¢c 436a 407b 412b 0.916 0.001

aNDF

b 463 480 494 449 1.532 0.657
0.064 0.064 0.06 0.06 0.003 0.955

kd 0.038 0.038 0.036 0.036 0.002 0.954
Ind 546 523 505 523 1.555 0.727

DM — dry matter (g/kg fresh matter); OM — organic matter (g/kg DM); aNDF - neutral
detergent fiber assayed with a heat stable amylase and expressed inclusive of
residual ash and protein (g/kg DM); a - readily soluble fraction (g/kg DM); b -
potentially degradable fraction in the rumen (g/kg DM); kd - rate constant for
degradation of "b" (per h); PD - potential degradation (g/kg DM); ED - effective
degradability (g/kg DM) at different passage rates (2, 5, and 8%); A - joint fractional
rate of latency and degradation (per h); Ind - indigestible fraction of aNDF (g/kg DM);
SEM - standard error of the mean. Means with different letters differ by Tukey's test
(P<0.05).
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Table 6. Fermentative profile and microbial population of corn silage treated with
different additives (trial 2)

ltem CT LB XL LBXL SEM P-valor
pH 3.7 3.67 3.69 3.68 0.005 0.231
Latic acid 57.2 101 90.6 56.5 0.729 0.035
Acetic acid 9.1 21.5 17.9 9.3 0.205 0.039
LA/AA 6.46 6.29 5.08 6.07 0.232 0.182
Propionic acid 1.54 1.10 0.92 3.62 0.055 0.303
Ethanol 36.6 39.5 30.5 26.6 0.486 0.877
Ammonia 36.3ab 37.4a 34.9ab 30.6b 0.091 0.043
WSC 14.3 15.5 14 11.2 0.070 0.155
LAB 6.84 6.93 6.33 6.95 0.149 0.441
FUN 3.46a 2.70ab 2.98ab 2.0b 0.186 0.029
Yeasts 417 4.55 4.92 4.79 0.262 0.786

Lactic acid (g/kg DM); Acetic acid (g/kg DM); LA/AA - lactic acid/acetic acid ratio;
Propionic acid (g/kg DM); Ethanol (g/kg DM); Ammonia (g/kg total nitrogen); WSC -
soluble carbohydrates (g/kg DM); LAB - lactic acid bacteria (log CFU/g FM); Yeasts
(log CFU/g FM); FUN - filamentous fungi (log CFU/g FM). SEM - standard error of the
mean. Means with different letters differ by Tukey's test (P <0.05).
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Table 7. Chemical composition of corn silage treated with different additives (trial 2)

ltem
DM
CP
aNDFom
ADFom
Lignin (sa)
HEM
CEL
ADIP
NDIP

CT LB XL LBXL
337 339 335 353
74.3 76.3 80.1 82.5
350 348 352 328
188 188 174 175
49.4a 37.0ab 38.4ab 34.8b
163 160 178 153
140 151 140 157
32.9 34 35.2 31.4
109 97.4 103 941

SEM
0.598
0.132
1.055
0.624
0.205
0.730
0.701
0.199
0.358

P-valor

0.745
0.110
0.866
0.803
0.019
0.705
0.827
0.932
0.480

DM - dry matter (g/kg DM); CP - crude protein (g/kg DM); aNDFom - neutral
detergent fiber assayed with a heat stable amylase and expressed exclusive of

residual ash and protein (g/kg DM); ADFom - acid detergent fiber expressed

exclusive of residual ash and protein (g/kg DM); Lignin (sa) (g’kg DM); HEM -
hemicellulose (g/kg DM); CEL - cellulose (g/kg DM); ADIP - neutral detergent

insoluble protein (g/kg CP); NDIP - acid detergent insoluble protein (g/kg CP); SEM -

standard error of the mean. Means with different letters differ by Tukey's test (P

<0.05).

Table 8. Aerobic stability, maximum temperature reached, yeast and filamentous

fungi population, and pH of corn silage treated with different additives after 7 days of

aerobic exposure (trial 2)

ltem
AS
MTR
Yeasts
FUN
pH

CT LB XL LBXL
46.54 48.33 51.97 50.67
37.35 36.5 35.42 36
6.84 6.93 6.33 6.95
3.46a 2.70ab 2.98ab 2.50b

6.5 6.76 6.34 6.49

SEM
1.365
0.450
0.149
0.121
0.060

P-valor

0.539

0.504
0.441
0.018
0.079

AS - aerobic stability (hours); MTR - maximum temperature reached (°C); Yeasts (log
CFU/g FM); FUN - filamentous fungi (log CFU/g FM); SEM - standard error of the
mean. Means with different letters differ by Tukey's test (P<0.05).
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Table 9. Parameters of in situ degradation of DM, OM, and aNDF of corn silages
treated with different additives (trial 2).

ltem CT LB XL LBXL SEM P-valor
DM
A 270 286 286 279 0.801 0.166
B 493 474 464 503 0.776 0.108
Kd 0.051 0.048 0.048 0.049 0.003 0.856
PD 762 760 750 782 1.090 0.143
ED2 621ab 619ab 610b 630a 0.426 0.029
EDS 516 517 510 522 0.349 0.370
ED 8 460 463 457 466 0.379 0.649
OM
A 254 271 270 262 0.843 0.216
B 507 488 480 520 0.806 0.139
kd 0.053 0.049 0.049 0.050 0.003 0.778
PD 760 759 749 782 1.102 0.143
ED2 617ab 615ab 607b 627a 0.422 0.025
ED5 510 511 504 516 0.349 0.424
ED 8 452 455 449 458 0.385 0.734
aNDF

B 446 472 458 484 1.964 0.610
A 0.055 0.052 0.054 0.053 0.002 0.980
kd 0.033 0.031 0.032 0.032 0.001 0.964
IND 559 529 541 514 1.922 0.594

DM — dry matter (g/kg fresh matter); OM — organic matter (g/kg DM); aNDF - neutral
detergent fiber assayed with a heat stable amylase and expressed inclusive of
residual ash and protein (g/kg DM); a - readily soluble fraction (g/kg DM); b -
potentially degradable fraction in the rumen (g/kg DM); kd - rate constant for
degradation of "b" (per h); PD - potential degradation (g/kg DM); ED - effective
degradability (g/kg DM) at different passage rates (2, 5, and 8%); A - joint fractional
rate of latency and degradation (per h); IND - indigestible fraction of aNDF (g/kg DM);
SEM - standard error of the mean. Means with different letters differ by Tukey's test
(P<0.05).
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CONCLUSOES GERAIS

Gramineas tropicais apresentam diferentes coeficientes de fermentacéo,
destacando-se a planta de milho inteira e a BRS Capiacu, que apresentam elevado
coeficiente de fermentagdo, resultando em silagens com adequado perfil
fermentativo. Por outro lado, gramineas tropicais perenes (BRS Piata, Basilisk e
BRS Zuri) apresentam baixo coeficiente de fermentacdo, elevando o risco de
fermentacdo por clostridios. No entanto, mesmo apresentando coeficientes de
fermentacao semelhantes, as silagens de BRS Piata e Basilisk apresentaram uma
fermentacao aceitavel, enquanto a silagem de BRS Zuri apresentou fermentacao
clostridica, com elevados teores de acido butirico e aménia. Além disso, gramineas
tropicais apresentam uma grande diferenca na composicao quimica, principalmente
quando comparadas as gramineas perenes com as gramineas anuais (milho). Isso
também resultou em diferenga no valor nutritivo dessas silagens.

A adicao de celulase, associada ou ndo ao Lactiplantibacillus pentosus no
momento da ensilagem da BRS Zuri, promove uma hidrélise da fracdo fibrosa,
especialmente sobre o componente celulose. Esse processo libera carboidratos
fermentaveis para as bactérias do acido latico, melhorando o seu perfil de
fermentacao (redugéo do pH e auséncia de acido butirico). O efeito desse aditivo foi
mais evidente quando a BRS Zuri foi colhida com 60 dias de rebrotacdo. Com 90
dias de rebrotacao, a planta apresentou um coeficiente de fermentacdo aceitavel,
resultando em silagens com fermentagcdo adequada em todos os tratamentos. No
entanto, a colheita da BRS Zuri com 90 dias reduz o seu valor nutritivo e a adigdo de
celulase aumenta a digestibilidade efetiva da silagem.

A xilanase, quando utilizada como aditivo em silagem de milho colhido com
baixo (250g/kg) e alto teor de MS (360g/kg), ndo afeta o perfil de fermentacéo, a
estabilidade aerdbia e o valor nutritivo. Ja a utilizacdo do Lentilactobacillus buchneri,
associado ou ndo com a xilanase, foi efetiva em aumentar os teores de &acido
acético, reduzir a populacdo de leveduras e aumentar a estabilidade aerdébia,
somente quando a planta de milho foi colhida com baixo teor de MS. A inoculacdo
com L. buchneri foi mais eficaz em aumentar a degradabilidade efetiva da silagem

do que a adicao da enzima fibrolitica xilanase.



