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RESUMO

O objetivo foi avaliar os efeitos do biocarvdo na fermentagdo ruminal, producdo de
metano e degradacao in vitro em dietas de bovinos de corte tropicais com alto ou baixo
teor de forragem e comparar com aditivos que ja estdo sendo utilizados. Os efeitos foram
avaliados em trés estudos diferentes: 1) Determinacdo do nivel de inclusdo do biocarvéo;
I1) Comparacdo dos efeitos do biocarvdo com monensina e nitrato na fermentacdo ruminal
e producdo de gases in vitro; I11) Comparacdo dos efeitos do biocarvdo com monensina e
nitrato na digestibilidade in vitro. Foram cinco tratamentos para o estudo I (0, 10, 20, 30
e 40mg/kg MS) e quatro tratamentos para os Estudos Il e Il (controle, biocarvéo
(40mg/kg MS e 20mg/kg MS para dietas com alta forragem e alto concentrado,
respectivamente), monensina (30mg/kg MS) e nitrato (20g/kg MS)). Para os estudos | e
I1, os dados foram coletados e analisados seguindo o delineamento de blocos ao acaso e
para o estudo Il foram de acordo com o delineamento quadrado latino. No primeiro
estudo, niveis crescentes de biocarvado reduziram linearmente o DIVMO (P < 0,01),
proporcéo (%), producdo (mL/g MS) e rendimento (mL/g MSd) de CH4 (P = 0,01) em
dietas com alta inclusdo de forragem. Para dietas com alta inclusdo de concentrado, ndo
foram detectados efeitos de tratamento para digestibilidades in vitro, mas a proporcao,
producdo e rendimento de CH4 apresentaram efeito cubico (P < 0,02). Os menores valores
de CHs foram observados para 40g de biocarvdo para dietas com alta inclusdo de
forragem e 20g para dietas com alta incluséo de concentrado. Para o estudo Il e dietas
com alta inclusdo de forragem a concentragdo de DIVMO (P = 0,05) e NH3-N (P = 0,02)
foi afetada pelos aditivos, mas os rendimentos de CH4 ndo foram afetados (P = 0,14). Para
as dietas com alta inclusdo de concentrado, a maior PG total foi verificada com a incluséo
de biocarvdo em relacdo a monensina (P < 0,05). Os tratamentos nao afetaram as
digestibilidades in vitro e a proporcao, a producdo, bem como o rendimento de CH4 (P >
0,13), a concentracdo de NH3-N aumentou por biocarvao e nitrato em relagéo ao controle
e monensina (P < 0,05). Para o estudo Il e dietas com alta incluséo de forragem, o
DIVMS foi maior para a monensina (P < 0,05), o nitrato teve o maior DIVMO (P < 0,01)
e o DIVPB foi menor para o nitrato que os demais tratamentos (P < 0,001). Para dietas
com alta inclusdo de concentrado, biocarvdo e nitrato tiveram o maior DIVMS (P <
0,001). Neste caso, o DIVMO foi maior para nitrato em relacdo ao controle, mas
biocarvao e monensina nao foram diferentes entre eles (P > 0,05). Biocarvao apresentou
um DIVPB maior que o controle e nitrato, enquanto a monensina apresentou 0 menor
valor (P < 0,02). O DIVFDN e DIVHEM foram melhorados com adigéo de biocarvao e
nitrato (P < 0,001). Demonstramos que 2 e 4% do nivel de inclusdo de biocarvéao
diminuem em cerca de 10 e 20% do rendimento de CH4 quando dietas de alto e baixo
concentrado foram incubadas, respectivamente. No entanto, estudos subsequentes nédo
apresentaram reducbes significativas de CHs com adicdo de biocarvéo,
independentemente do tipo de dieta.

Palavras-chave: biocarvao, metano, monensina, nitrato, ruminantes.



ABSTRACT

The objective was to evaluate the effects of biochar on in vitro ruminal fermentation,
methane production and diet degradation of tropical beef cattle diets high or low in forage
and compare with additives that are already being used. The effects were assessed in three
different studies: I) Determination of the inclusion level of biochar; 11) Comparison of the
effects of biochar with monensin and nitrate on ruminal fermentation and gas production;
1) Comparison of the effects of biochar with monensin and nitrate on in vitro
digestibility. There were five treatments for study 1 (0, 10, 20, 30 and 40mg/kg DM) and
four treatments for Studies Il and I11 (control, biochar (40mg/kg DM and 20mg/kg DM
for high forage and high concentrate, respectively), monensin (30mg/kg DM) and nitrate
(20g/kg DM)). For study | and II, data were collected and analyzed following the
randomized block design and for study I11 were according to a latin square design. In the
first study, biochar increasing levels linearly decreased IVDMO (P < 0.01), CH4
proportion (%), production (mL/g DM) and yield (mL/g OMd) (P = 0,01) in diets with
high inclusion of forage. For diets with high inclusion of concentrate, treatment effects
were not detected for in vitro digestibilities, but CH4 proportion, production, and yield
presented a cubic effect (P < 0.02). The lowest values for CH4 were observed for 40g of
biochar for diets with high forage  inclusion and 20 g for diets with high inclusion of
concentrate. For study Il and diets with high forage inclusion the IVDOM (P = 0.05) and
NH3-N concentration (P = 0,02) was affected by the additives, but CH4 yields were not
affected (P = 0.14). For the diets with high concentrate inclusion, the highest total GP was
verified with biochar inclusion compared to monensin (P < 0.05). Treatments did not
affect in vitro digestibilities and CH4 proportion, production, as well as yield (P > 0.13),
NHs-N concentration increased by biochar and nitrate compared to control and monensin
(P < 0.05). For study Il and diets with high forage inclusion, IVDMD was highest for
monensin (P < 0.05), nitrate had greatest IVDMO (P < 0.01) and I'VDCP was smallest for
nitrate than the other treatments (P < 0.001). For diets with high concentrate inclusion,
biochar and nitrate had the greatest IVDMD (P < 0.001). In this case, the IVDMO was
higher for nitrate compared to the control, but biochar and monensin were not different
to them (P > 0.05). Biochar had a greater IVDCP than control and nitrate, while monensin
presented the lowest value (P < 0.02). The IVDNDF and IVDHEM were improved with
biochar and nitrate addition (P < 0.001). We demonstrated that 2 and 4% of biochar

inclusion level decrease in about 10 and 20% of CHas yield when high- and low-



concentrate diets were incubated, respectively. However, subsequent studies did not
present significative CH4 reductions with biochar addition, regardless of type of diet.

Keywords: biocarbon, methane, monensin, nitrate, ruminants.
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CAPITULO 1

1. INTRODUCAO

A expressiva representacdo da cadeia produtiva da carne brasileira no mercado
mundial, em conjunto com a crescente preocupacdo dos consumidores em relacdo aos
efeitos da producdo de carne no aquecimento global, incentiva a busca por estratégias que
diminuam a emisséo de gases de efeito estufa (GEE) em condicdes tropicais. O Brasil
tem a pecuaria baseada em sistemas de producgdes a pasto, o que resulta em uma maior
emissdo de metano devido as vias metabolicas que sdo favorecidas em dietas com altas
concentracgdes de fibra.

O metano (CH4) é um dos GEE produzido durante a fermentagdo entérica
anaerdbica, considerado 21 vezes mais potente que o dioxido de carbono (CO.), em
termos de potencial para aquecimento global (IPCC 2007). Apesar disso, 0 metano € um
GEE que permanece por menos tempo na atmosfera (LYNCH et al. 2020) e por isso, seu
impacto no aquecimento global, n&o é tdo evidenciado.

Porém, além das questdes ambientais, a formacdo do metano durante a
fermentacao ruminal significa uma perda de eficiéncia energética para o animal, devido
ao direcionamento de carbonos a metanogénese que poderiam estar sendo utilizados para
producdo de acidos graxos volateis (AGV).

Algumas estratégias nutricionais, bem como alguns aditivos, vém sendo utilizados
com o objetivo de reduzir a metanogénese e consequentemente aumentar a eficiéncia
energética. Um aditivo bem-sucedido é a monensina, um iondforo que age sobre
comunidades especificas de microrganismos que estdo associados a vias metanogeénicas,
principalmente. Apesar de sua eficacia, o uso de antibiéticos como promotor de
crescimento vem sofrendo restricdes devido a pressdo de mercado por uma possivel
associacao ao desenvolvimento de patdgenos resistentes a antibioticos.

Em alternativa aos in6foros, alguns aditivos ndo antibidticos estdo sendo testados,
como é o caso do nitrato. O nitrato age como uma via alternativa energeticamente mais
favoravel de utilizagdo do hidrogénio. Apesar disso, a reducdo de NOz™ pode diminuir o
pH na superficie dos biofilmes favorecendo crescimento de bactérias sintroficas que

oxidam propionato e butirato a acetato com liberacdo de H> (LENG, 2014). Além da
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possivel influéncia negativa sobre os microrganismos, o nitrato ainda oferece risco de
envenenamento caso seja fornecido sem adaptacdo (VAN ZIJDERVELD et al. 2011).

Diante desse contexto, tem crescido o interesse em aditivos naturais para
manipular a fermentacdo ruminal e reduzir a producdo de metano, como é o caso do
biocarvdo. O biocarvdo é um material sélido, rico em carbono resultante do processo
decomposi¢cdo termoquimica na auséncia de oxigénio sob temperaturas elevados,
chamado pirdlise (KAMBO e DUTTA, 2015). Esse processo atribui caracteristicas como
porosidade e consequentemente grande area de superficie carregada negativamente com
capacidade de troca cati6nica. Este ja vem sendo utilizado com objetivo de alterar a
composic¢do e a abundancia microbioldgica do solo (LEHMANN et al. 2011; FENG et al.
2012; FARRELL et al. 2013) e também os biofilmes microbianos ruminais, diminuindo
a populacdo dos microrganismos metanogénicos do rdmen e aumentando 0s
metanotroficos (LENG et al. 2012a; b; LENG et al. 2012; TOTH e DOU, ZHENGXIA
2016).

A hipétese do trabalho foi que a utilizagdo do biocarvao em dietas de bovinos de
corte, tanto em pastejo quanto em confinamento, seria capaz de diminuir a emissédo de
metano e melhorar a fermentacdo ruminal in vitro. Com isso, objetivo desse trabalho foi
avaliar os efeitos do biocarvéo sobre a fermentacdo ruminal, digestibilidade in vitro e
producdo de metano in vitro, de forma a permitir melhor delineamento de programas de
alimentacdo de bovinos em pastejo e em confinamento com maior eficiéncia nutricional
e menor emissdo de metano e também comparar com aditivos que ja vem sendo

comercialmente utilizados.

2. REVISAO BIBLIOGRAFICA

2.1 Emissao de metano

O Metano é um GEE e foi mensurado pela primeira vez na atmosfera nos anos 40
(MIGEOTTE, 1948). Desde entéo, o0 aumento da concentra¢do de metano na atmosfera é
positivamente correlacionado com o crescimento populacional, sendo que as atividades
antropogénicas séo responsaveis por 70% da producdo de metano (MOSS et al. 2000).
Dentre essas atividades antropogénicas se encontra a agricultura, que de acordo com

SEEG (2020), foi responsavel por 28% do total de emissdes de GEE do Brasil no ano de
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2019, onde a fermentagdo entérica representou 61,1%. O MCTIC (2020) afirma que o
metano representa 62,6% do total de GEE emitidos pela agropecuaria.

O metano é proveniente de processos anaerdbicos (pantanos, fermentagéo entérica
e processamento de residuos) (MOSS et al. 2000) e campos de arroz cultivados por
inundacdo (PEREIRA et al. 2015). O metano emitido pelos bovinos pode ser proveniente
da fermentacdo ruminal (85 a 90%) e também oriundo da fermentacédo fecal (PEREIRA
et al. 2015) . De acordo com MURRAY et al. (1976), 95% do metano produzido na
fermentacao ruminal é excretado por eructacdo. Em relacdo a emissdo de metano fecal
esta € maior quando ocorre manejo do estrume (SMITH et al. 2021).

A fermentacdo ruminal de carboidratos tem como principais produtos finais os
acidos graxos volateis (AGVs), CHs e CO2 e esta necessita de cofatores oxidados para
que possa acontecer (NAD, NADP e FAD). Durante a glicolise, 0o NAD+ ¢ reduzido a
NADH e este precisa ser reoxidado para a proxima fosforilagdo. Com isso, o Hz é liberado
e deve ser capturado. A metanogénese é considerada o maior dreno ruminal de Hz (ELLIS
et al. 2008), funcionando com um aceptor de elétrons (PEREIRA et al. 2015). Portanto,
as vias metabolicas envolvidas na producéo e utilizagéo de hidrogénio sdo os fatores mais
importantes que devem ser considerados ao desenvolver estratégias para reduzir a
emisséo de CHs (MARTIN et al. 2010).

O metano ¢é formado a partir de substratos, como CO> e Hz, compostos de metila,
acetato e formato, porém a participacdo deste Gltimo na producdo total de metano é
pequena (18%) (HUNGATE et al. 1970). A formacdo do metano possui papel importante
para o funcionamento ruminal, ao evitar o acimulo de hidrogénio no rimen que pode
inibir a atividade da desidrogenase em cofatores de reoxidacdo (PEREIRA et al. 2015).
A eficiéncia da fermentacdo ruminal depende da manutencdo de potencial redox baixo
(LENG e PRESTON, 2010), que é atingido em situacdes com baixa concentracdo de H>
dissolvido.

A participacdo do metano nos GEE traz preocupacdes no tocante ao mercado para
a producdo de ruminantes devido aos seus efeitos sobre 0 aquecimento global e a mudanca
climatica. Em termos de potencial para aquecimento global, o CH4 é 21 vezes mais
potente que o CO: (IPCC 2007).

Apesar do maior potencial para aquecimento global do CHs4, o tempo de
permanéncia do metano na atmosfera varia de 8,1 a 11,8 anos (CICERONE e
OREMLAND, 1988), enquanto o CO> antropogénico pode persistir na atmosfera por
milénios se ndo houver esforcos efetivos para retira-los (ARCHER e BROVKIN, 2008).
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Porém, os GEE sdo necessarios para a manutencao da vida na terra, sem eles o
calor do sol seria todo irradiado de volta para o espago. Entretanto, o limite para a
concentracdo desses gases na atmosfera ndo € conhecido, mas é aceito pela comunidade
cientifica que esses valores ndo podem continuar crescendo (MOSS et al. 2000).

Além do ponto de vista ambiental, a producdo de metano nos ruminantes
representa de 6% a 12% de perda de energia ingerida (RUSSELL e STROBEL, 1989;
JOHNSON e JOHNSON, 1995), reduzindo assim o potencial de conversdo de energia
alimentar em energia metabolizavel.

Desta forma, tem havido grande interesse de entidades governamentais e néao
governamentais, bem como da sociedade em discutir e delinear estratégias para reduzir a
emissdo dos GEE provenientes das a¢des antropicas, especialmente da pecuaria. O Brasil
instituiu por meio da Lei 12.187/2009 um compromisso nacional voluntario de adocéo de
acOes com objetivo de reduzir as emissdes de GEE entre 36,1% e 38,9% em relacdo as
emissOes calculadas para 2020 (MCTIC 2020). Esse compromisso é o Plano Politica
Nacional sobre a Mudanca do Clima (PNMC), para a consolidacdo de uma economia de
Baixa Emissdo de Carbono na Agricultura e Pecuéaria. Além disso, durante a conferéncia
do clima das NacGes Unidas (COP26), o Brasil assumiu o compromisso de reducéo de
50% das emissdes dos gases associados ao efeito estufa até 2030 e a neutralizagdo das
emissdes de carbono até 2050, usando como linha de base o0 ano de 2005.

2.1.1 Sistema de producéo a pasto

A pecuaria brasileira é baseada na producdo a pasto, que muitas vezes esta
associada a niveis produtivos abaixo do real potencial. Segundo IPCC (2007), essa
ineficiéncia é responsavel por maiores emissdes de GEE. Em situacdes de manejos mais
intensos de pastagem a eficiéncia de producdo aumenta e estd relacionada a menores
perdas na forma de metano (CEZIMBRA et al. 2021). A intensificacdo do manejo de
pastagens proporciona melhora nutricional e consequentemente reducdo do ciclo de
producdo, o que reduz a emissdo de metano ao longo do ciclo de vida do animal
(BERCHIELLI et al. 2012).

Sistemas de producdo a pasto apresentam maiores emissdes de metano
comparados aos sistemas de producédo de animais confinados (MOMBACH et al. 2016)

e isso se da principalmente devido ao perfil fermentativo que a fibra proveniente da
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forragem promove. Alimentos ricos em fibra produzem mais metano (VAN
ZIJDERVELD et al. 2011).

ARCHIMEDE et al. (2011) relataram que a composi¢io da dieta e a ingestao de
alimentos sdo um dos principais fatores que afetam a producdo de CH4 em ruminantes
devido a alteracdes nas concentracdes dos AGVs finais do processo. A proporcao de
propionato relativo ao acetato tem grande efeito sobre a producdo de metano. Se a
fermentacgdo estiver direcionada para a formagdo de acetato, a producdo de CHas serd
maior devido a presenca do CO2 e do formato como metabolitos intermediarios e a
liberacdo de Hz no ambiente ruminal (JOHNSON e JOHNSON, 1995).

Segundo (VAN SOEST, 1994), a formacéo do acetato e do butirato geram um
excedente de hidrogénio, enquanto o propionato utiliza o hidrogénio. As plantas tropicais
(C4) favorecem a fermentacdo acética devido a alteracdes na composicao fibrosa e por
isso geram uma maior producdo de metano (BERCHIELLI et al. 2012).

Esse problema relacionado a maior producdo de CH4 e consequentemente maiores
perdas de energia, podem ser minimizados com um manejo mais intenso das pastagens
aumentando o valor nutritivo da mesma. CEZIMBRA et al. (2021) mostraram que em
situacOes de intensidade de pastejo baixas e médias, a melhora na estrutura do pasto pode
trazer beneficios no tocante a emissdo de metano.

A suplementagdo de bovinos em sistema de pastejo e o pasto com alto valor
nutritivo geram uma menor producdo de CHs em relagdo a animais ingerindo maior
quantidade de carboidrato fibroso (DERAMUS et al. 2003). HARPER et al. (1999)
mostraram que as perdas de energia na forma de metano quando os animais estavam em
pastejo eram de 7,7 a 8,4%, mas quando foram alimentados com dieta rica em graos essa
perda diminuiu para 1,9 a 2,2 %.

Além dos fatores dietéticos, o estudo da emissdo de metano em sistemas de
pastagens possui outros fatores importantes, como o solo, que pode ser um potencial
sumidouro e fonte de CHs e as excretas que pode exercer efeito significativo (LOCKYER
e JARVIS, 1995).

Porém, as analises devem ser realizadas de maneira holistica. As pastagens atuam
como sumidouros de CH4 na atmosfera, contribuindo mais que florestas e solos com
vegetacOes naturais (TATE, 2015). Além disso o sistema a pasto favorecer a
transformacdo de um material impréprio para o consumo humano em um produto final
com alto valor nutritivo, sem disputa com alimentos que potencialmente podem ser

usados alimentagdo humana.
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Portanto, a utilizacdo de aditivos que auxiliem na diminuicdo de producdo de
metano entérico em sistemas de pastejo é uma alternativa para minimizar a emisséo de
metano entérico de bovinos a pasto e com isso alcangar uma producdo mais sustentavel

ecologicamente.

2.1.2 Confinamento

De acordo com a ABIEC (2020), animais provenientes de confinamento
representavam 14,1% do total de abate. No Beef Report de 2021 (ABIEC, 2021), essa
participacdo subiu para 15,62% o0 que mostra que a intensificacdo da producéo brasileira
estd em ascensdo. Animais terminados em confinamento, recebem dietas com alta
incluséo de energia, tendo 0 milho como principal ingrediente (97,2% dos nutricionistas
usam) (SILVESTRE e MILLEN, 2021).

Esse perfil dietético, diferente do usado em animais terminados a pasto, favorece
outras vias metabolicas na fermentacdo ruminal. GRSKOV et al. (1968) avaliaram o
padrdo de AGV e a producdo de CH4 com niveis crescentes de inclusdo de concentrado,
eles observaram um aumento na propor¢do de propionato e queda na proporcao de
acetato, bem como na produgdo de CH4. Essa mudancga permite melhor converséo da
energia bruta em energia metabolizavel. Com o deslocamento da via de fermentacéo para
0 propionato mais carbono serd fixado como AGV aumentando a disponibilidade de
energia para o animal (VAN NEVEL e DEMEYER, 1996). A via do propionato é
redutora, ou seja, carreia moléculas de H+ (KOZLOSKI, 2017). Além da questdo das vias
metabolicas, dietas com maior proporcao de concentrado resulta em niveis de pH mais
baixos o que inibe o crescimento das bactérias metanogénicas (DEMEYER e
HENDERICKX, 1967). Portanto, ocorre uma diminui¢do da metanogénese devido a rota
metabolica favorecida ser mais reduzida e a diminuicdo das metanogénicas.

Além das questbes nutricionais, a intensificacdo da producdo através do
confinamento aumenta a produtividade, o que diminui a emissdo de metano por unidade
de produto pecuario (OLIVEIRA et al. 2016) devido ao encurtamento do ciclo de vida
produtiva do animal.

Por conta disso, 0 uso de aditivos focados na diminuicdo da metanogénese em

situacbes de confinamento sdo utilizados com o objetivo de aumentar a eficiéncia
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energética da fermentacdo ruminal. Isso pois, naturalmente, a producdo de metano sera

menor em animais em confinamento do que em animais sob pastejo.

2.2 Estratégias de reducao de emissao de metano

Na fermentacdo no rumen, a metanogénese pode ser regulada de trés formas: (1)
pela quantidade de carboidrato fermentavel no rumen, (2) pela disponibilidade de
hidrogénio através da proporcdo de AGV e (3) por drenos alternativos de hidrogénio
(JOHNSON e JOHNSON, 1995). Portanto, as estratégias de mitigacdo da producdo de
metano entérico devem se concentrar em diminuir a disponibilidade de Ho, estimular vias
alternativas para o uso do hidrogénio bem como alterar a atividade microbiana daqueles
envolvidos na metanogénese e alterar a disponibilidade de carboidratos no rumen.
Todavia, as estratégias ndo devem gerar prejuizos na digestdo e ndo causar acimulo de
hidrogénio (PEREIRA et al. 2015).

2.2.1 Monensina

Os antibioticos iondforos foram inicialmente utilizados como anticoccidianos
para aves e sdao produzidas a partir da cepa de Streptomyces cinnamonensi. (BERGEN e
BATES, 1984). O uso de iondforo como modulador da fermentacdo ruminal se da pela
capacidade de inibir ou deprimir seletivamente o crescimento de certos microrganismos.
A base do mecanismo de inibicdo iondforos é a capacidade de modificar o movimento de
ions através das membranas celulares (SCHELLING, 1984).

A interacdo com ions metalicos, permite o transporte de ions pelas membranas
(OVCHINNIKOV, 1979). Porém, essa interacdo s6 € possivel com bactérias gram-
positivas, tendo pouca eficacia sobre as gram-negativas. As bactérias gram-positivas
possuem uma membrana externa simples protegida por uma camada espessa de
glicolipidios, enquanto as gram-negativas possuem duas membranas externas ligadas por
uma camada de glicolipidios (KOZLOSKI, 2017). Essas diferencas citoldgicas, levam a
uma alteracdo na permeabilidade da membrana. As bactérias gram-negativas sdéo mais
resistentes aos iondforos do que bactérias gram-positivas devido ao tamanho dos canais

de porinas presentes na membrana. Esses canais tem tamanho maximo de 600 daltons
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(Da) enguanto a maioria dos ion6foros sdo maiores que 600Da, inclusive a monensina
que tem peso molecular de 671Da (NAGARAJA et al. 1997).

A monensina € um iondforo antipérter, que sdo moléculas capazes de ligar mais
de um cation (RUSSELL e STROBEL, 1989), sendo sua ordem de seletividade
Na*>K*">Rb">Li>Cs* (PRESSMAN, 1976) com alta seletividade para o sédio.

Em relagédo ao equilibrio idnico, a concentragdo intracelular de K* das bactérias é
maior que no meio extracelular, que permite a troca de K*/H" afim de controlar o pH
externo. Com o fornecimento do iondforo, um complexo lipofilico cation-ionéforo é
formado permitindo o transporte de ions através dele. Como a monensina possui maior
afinidade com o Na*, a rapida saida de K" e entrada de H" é realizada em funcdo da
mudanca do gradiente idnico extracelular. O acumulo de H* leva a uma queda no pH, que
em primeiro momento é controlado pela bactéria ao permitir a entrada de Na*, porém esse
mecanismo perde a eficiéncia ao longo do tempo. Na tentativa de controle do balanco
ibnico, as bactérias usam de mecanismos homeostaticos que gastam energia para retirada
forcada do excesso de prdtons. Esse processo leva ao esgotamento do ATP intracelular,
impedindo o crescimento e reproducdo da bactéria, levando a bactéria a morte (RUSSELL
e STROBEL, 1989).

A monensina vem sendo amplamente utilizada desde 1975 (SCHELLING, 1984).
No Brasil, 99,8% dos nutricionistas utilizam algum aditivo em dietas de terminacdo e
86,1% utilizam a monensina (SILVESTRE e MILLEN, 2021).

Em uma revisao feita por PAGE (2003) sao relatados os efeitos da monensina em
diversos aspectos. Sobre a fermentacdo ruminal os efeitos apresentados foram: aumento
na concentracdo de propionato, diminuicdo de butirato, inibicdo de microrganismos
produtores de &acido latico, estabilizacdo da concentracdo total de AGV, inibicdo das
bactérias produtoras de hidrogénio e formato e elevado pH em situacdes de desafio com
carboidratos. No tocante a ingestdo de alimentos, foram relatados que o efeito parece ser
dependente da relagdo volumoso concentrado da dieta, queda no consumo de 5 a 16% em
dietas a base de grdos, o aumento no consumo de 15% nas dietas a base de forragem e
diminuicdo da variacdo na ingestdo de alimentos. Em relacdo a metanogenénese, foram
descritas quedas de 4 a 31% na producdo de metano.

SCHELLING (1984) categorizou o0 modo de acdo da monensina em seis
alteracdes ruminais e metabdlicas que em conjunto explicam as respostas de desempenho

no animal, sdo elas: alteragdes na producdo de AGVs, na ingestdo de alimentos, na
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producdo de gas, na digestibilidade, na utilizacdo da proteina e na taxa de passagem e no
enchimento ruminal.

APPUHAMY et al. (2013) mostraram em uma metanalise os efeitos
antimetanogénicos da monensina, relatando resultados de queda na emissdo de CHas. E
(ZHANG et al. 2021) relataram a efetividade da monensina sobre a queda na emissao de
metano onde foi fornecido 40 mg/kg de monensina resultando em uma queda de 12,7%.

Apesar dos resultados j& encontrados, a persisténcia desses efeitos positivos a
longo prazo é questionada. MELCHIOR et al. (2018) observaram uma queda na acéo da
monensina sobre as bactérias metanogénicas ao longo do tempo em animais confinados
recebendo monensina. A justificativa é de que a monensina néo afeta totalmente a classe
de gram positivas, mas sim faz pequenas mudancas na microbiota que sdo capazes de
alterar a metanogénese apenas momentaneamente. VYAS et al. (2018) testaram a
monensina em um experimento longo de 238 dias e ndo observaram efeito sobre a
producdo de metano e constataram que a resposta adaptativa dos microrganismos é mais
lenta em dietas ricas em forragem. J& GUAN et al. (2006) relataram que os efeitos
inibitérios da monensina se dissipam com quatro a oito semanas de uso tanto em dietas
ricas em forragem ou graos. HOOK. et al. (2009) relataram que ndo houve diferenca na
diversidade de bactérias metanogénicas no rimen de vacas em lactacdo alimentadas com

monensina a longo prazo.
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2.2.2 Nitrato

O nitrato € um composto quimico natural que possui nitrogénio e oxigénio (NO3),
sendo, portanto, uma fonte de nitrogénio ndo proteico (NNP). Porém, ao ser comparado
a ureia, que é um aditivo amplamente utilizado com fonte de NNP, o custo de
implementacdo nas dietas é mais elevado por equivalente de nitrogénio, tornando a
utilizacdo desse aditivo para este fim limitada (CALLAGHAN et al. 2014; BLACK et al.
2021). Contudo, como um efeito ndo-antibidtico, este age como um dreno de H:
reduzindo a metanogénese (VAN ZIJDERVELD et al. 2011) e, consequentemente,
aumenta a eficiéncia de fermentacao.

O mecanismo de acdo do nitrato sob a fermentacdo é explicado principalmente
pelo processo de reducdo, onde primeiramente ele € reduzido a nitrito (NOs— + H2 —
NO2— + H20) e depois é reduzido a aménio (NO2— + 3Hz + 2H" — NH4" + 2H20). Do
ponto de vista energeético, esse processo é mais favoravel do que a metanogénese, onde a
energia livre de Gibbs (AG) é de -130kJ para a reducdo a nitrito e de -317kJ para a reducéao
do nitrito em aménio, enquanto a AG da metanogénese é de —67 kJ ;(UNGERFELD e
KOHN, 2006). No tocante a estequiometria, se todo o nitrato for reduzido para NHs, a
producdo de CH4 devera diminuir 25,8 g para cada 100 g de nitrato (LENG e PRESTON,
2010).

O fornecimento de nitrato vem sendo associado a quedas na produg@o de metano
(LENG e PRESTON, 2010; VAN ZIJDERVELD et al. 2010; VAN ZIJDERVELD et al.
2011; HULSHOF et al. 2012; LUND et al. 2014; GUYADER et al. 2015) devido a sua
capacidade de drenar o hidrogénio. O fornecimento varia de 2 a 3% da matéria seca e as
quedas na producdo de metano vdo até 31%. Recentemente, ADEJORO et al. (2020)
relataram o maior ganho de peso e menor emissao de metano em cordeiros recebendo 32
g/kg de nitrato.

Contudo, um possivel fornecimento repentino pode levar ao envenenamento do
animal (VAN ZIJDERVELD et al. 2011), onde o NO; é absorvido e diminui a capacidade
de transporte de oxigénio da hemoglobina através da oxidacédo do ferro férrico. Além da
formacdo do dxido nitrito que é capaz de reduzir a pressdo arterial e levar o animal a
morte (NOLAN et al. 2016). Essa possibilidade de intoxicagdo torna o fornecimento de
nitrato limitado, o que pode levar a pequenos impactos como dreno de H», ndo gerando o
resultado esperado na metanogénese (BLACK et al. 2021).
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2.2.3 Biocarvao

O biocarvao € um material proveniente do processo de pirolise, que consiste no
aquecimento controlado da biomassa sobre alta temperatura em baixa concentragdo de
oxigénio. Essa operacao confere algumas caracteristicas ao biocarvao, que podem variar
de acordo com a extenséo desse procedimento (tempo e pico de temperatura). Este
material pode ser proveniente de diversas matérias primas, porém isso também interfere
no uso potencial (JOSEPH e LEHMANN, 2009; HANSEN et al. 2012; MCFARLANE
etal. 2017)

A composic¢do quimica do biocarvéo é caracterizada pela presenca de compostos
aromaticos policondensados que proporcionam estabilidade a longo prazo contra a
degradacdo microbiana. As propriedades quimicas avaliadas para os biocarvdes incluem
o carbono total, nitrogénio total e pH (GURWICK et al. 2013). Em relacdo a composi¢éo
fisica, o biocarvdo é caracterizado por uma grande area superficial, porosidade e
capacidade de troca cationica.

A diferenca do biocarvao em relacéo a outros produtos provenientes da pir6lise
como o carvao e o carvao ativado € basicamente em relacdo a suas aplicagdes. O carvao
é utilizado para aquecer e cozinhar, o carvao ativado por processos fisicos ou quimicos é
utilizado em purificacbes de agua, producao de biodiesel e compostagem de residuos
organicos (MAN et al. 2020).

Alguns estudos relataram alteracGes na comunidade microbioldgica do solo com
a utilizacdo do biocarvdo (LEHMANN et al. 2011; FENG et al. 2012; FARRELL et al.
2013; WANG et al. 2016). O mecanismo de a¢do ainda ndo esta bem elucidado, porém o
biocarvdo parece melhorar a atividade microbiana, aumentando a degradabilidade de
substratos. Algumas caracteristicas inerentes ao biocarvao que podem ser responsaveis
por esse comportamento sdo a alta capacidade de adsorc¢éo, alta porosidade, recalcitrancia
e a capacidade de retencéo de nutrientes no solo (HARVEY et al. 2012; FARRELL et al.
2013).

FENG et al. (2012) ao avaliar 0 uso do biocarvao em solos plantados com arroz
observaram a mudanca na comunidade microbiologica onde houve um aumento nas
proteobactérias e diminuicdo da relacdo entre microrganismos metanogénicos e
metanotréficos, além da maior retengdo de carbono e o aumento da produtividade do solo

e consequentemente o rendimento de graos.
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O comportamento do biocarvdo na alimentacdo de ruminantes vem sendo
investigado tanto in vitro (HANSEN et al. 2012; LENG 2012a; b; LENG et al. 2013;
CALVELO PEREIRA et al. 2014; MCFARLANE et al. 2017; PORSAVATHDY et al.
2017; SALEEM et al. 2018; PAULTAMAYAO et al. 2021; TAMAYAO et al. 2021;
MENGISTU et al. 2022; TAMAYAO et al. 2022) quanto in vivo (RAO e CHOPRA,
2001; MUl e LEDIN, 2006; ERICKSON et al. 2011; LENG et al. 2012; PHONGPANITH
etal. 2013; JOSEPH et al. 2015; TOTH e DOU, 2016; PHONGPHANITH, e PRESTON,
2018; TERRY et al. 2019). A hipotese da maioria desses estudos é de que o biocarvao
seja eficaz na diminuicdo da producdo de metano, na complexacdo de toxinas e
consequentemente aumentando eficiéncia produtiva. SCHMIDT et al. (2019) relataram
que o biocarvao como aditivo tem o potencial de melhorar a saide animal, eficiéncia
alimentar e a produtividade do rebanho, reduzir as emissdes de gases de efeito estufa e as
perdas de nutrientes, bem como melhorar a qualidade do estrume e consequentemente a
fertilidade do solo.

Os resultados relacionados a emisséo de metano possui uma certa inconstancia,
tatno in vivo quanto in vitro, apresentando quedas de até 24% (LENG et al. 2012a; b;
LENG e PRESTON et al. 2012; LENG et al. 2013; PORSAVATHDY et al. 2017;
SALEEM et al. 2018) e outros trabalhos ndo apresentando resultado algum sob a
producéo de metano (HANSEN et al. 2012; MCFARLANE etal. 2017; TEOH et al. 2019;
PAULTAMAYAO et al. 2021; TAMAYAO, et al. 2021; TAMAYAO et al. 2021;
MENGISTU et al. 2022; TAMAYAO et al. 2022). Essa inconsisténcia nos resultados foi
justificada por possiveis diferencas no delineamento, amostragem de gases e também
diferencas no biocarvao utilizado.

A forma de acdo do biocarvdo no ambiente ruminal vem sendo discutida. Uma
das hipoteses é suportada pela capacidade de adsorcdo do biocarvéo, devido a sua alta
porosidade que possivelmente adsorve o metano produzido no rimen (HANSEN et al.
2012; TOTH e DOU, 2016). Porém, a producdo de metano é maior que a quantidade de
biocarvéo disponivel tornando dificil o entendimento de como a queda na producéo é tao
eficiente e se esse é de fato 0 modo de acdo do biocarvao, necessita de mais estudos
(SALEEM et al. 2018).

Outra hipotese que vem sendo apresentada seria que o biocarvao tem a capacidade
de favorecer a formacéo de biofilmes ruminais nos poros e assim altera a relacdo entre
bactérias metanogénicas e metanotroficas, de forma que a oxidagdo do metano seja maior
que a producdo do mesmo (LENG et al. 20123a; b; LENG e PRESTON et al. 2012; TOTH
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e DOU 2016; SALEEM et al. 2018). Essa hipdtese é suportada pelos resultados
encontrados em FENG et al. (2012). Porém a importancia e até mesmo a existéncia de
metanotréficas no rimen ainda é controverso, (HENDERSON et al. 2015) relataram a
auséncia destes no rumen.

Além dos efeitos sobre a producdo de metano, a digestibilidade dos alimentos
também foi uma varidvel estudada e apresentou inconstancia de resultados, alguns
trabalhos apresentaram melhoras com adi¢do do biocarvdo (ERICKSON et al. 2011,
LENG et al. 2012a). Porém, em alguns casos, esse resultado ndo foi encontrado
(HANSEN et al. 2012; TAMAYAO et al. 2021; TAMAYAO et al. 2021; MENGISTU et
al. 2022; TAMAYAO et al. 2022). O aumento na digestibilidade, provavelmente esta
ligada a um desenvolvimento de populacdo microbiana mais eficiente na degradacéo do
alimento (SALEEM et al. 2018) ou a uma complexacdo de metabdlitos secundarios que
podem atrapalhar na digestdo (MUI e LEDIN, 2006).

O processo pelo qual o biocarvdo passou, bem como qual foi a matéria prima
utilizada, interferem em caracteristicas e propriedades do produto final que podem ser
responsaveis pela variabilidade de resultados (JOSEPH e LEHMANN, 2009; HANSEN
etal. 2012; MCFARLANE et al. 2017).

Recentemente, WINDERS et al. (2019) avaliaram os efeitos do biocarvao sob a
digestibilidade e producdo de metano em bovinos em crescimento e terminagdo e
relataram resultados diferentes para os dois estagios de producdo. Para animais em
crescimento recebendo 0,8% da MS de biocarvdo, houve uma tendéncia a queda
quadréatica do metano de 10,7%, enquanto 0s animais em terminacdo ndo apresentaram
diferenca estatistica.

QOMARIYAH et al. (2021) avaliaram niveis crescentes de biocarvdo em dietas
com 60% de forragem e relataram resultados diferentes do esperado, como o aumento da
producdo de acetato e a falta de efeito sob a producéo de metano. Em relagéo a populacao
microbiana, houve queda na quantidade de bactérias e protozoarios.

Ademais a alguns beneficios relatados em estudos sobre o biocarvéo, alguns
estudos ndo relataram efeitos positivos. SALEEM et al. (2018) observaram um aumento
na degradacdo da proteina ruminal e na concentracdo de NHz-N, sugerindo que o
biocarvdo ndo afetou o metabolismo proteolitico e aumentou a deaminacdo de
aminoacidos.

Buscando investigar os efeitos da suplementagdo de biocarvdo em dietas com de

relagdo volumoso concentrado 70:30 TEOH et al. (2019), relataram que o biocarvéo nao
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afetou caracteristicas da fermentacdo ruminal e potencialmente pode reduzir a
concentracdo de metano entérico em altas doses.

TAMAYADO et al. (2021) testaram a inclusdo de 2% biocarvdo em dietas a base
de silagem de cevada e 0 mesmo nao afetou as variaveis de digestibilidade, producéo total
de gés, AGV, NHzs-N, sintese de proteina microbiana e apenas uma tendéncia de
diminuicdo da proporcao de metano. TAMAYAO et al. (2021), MENGISTU et al. (2022)
e TAMAYADO et al. (2022) também relataram a falta de resultados para as variaveis de
digestibilidade, producdo de gas, metano, AGV, NHz-N, protozoarios e sintese de
proteina microbiana. Sob caracteristicas de desempenho e qualidade de carcaca, TERRY
et al. (2020) n&o encontraram diferencas significativas, exceto pela melhora no grau de
rendimento de carcaga magra.

Além das fontes ja utilizadas como matéria prima para a fabricacéo de biocarvao,
0 esterco bovino € uma alternativa barata e sustentavel de biomassa para ser usado no
processo de pirolise. Essa alternativa ja se mostrou ser um possivel adsorvente de
antibidticos na dgua no futuro (ZHAO et al. 2021).

Em uma revisdo feita por MAN et al. (2020), foram relatados e sumarizados 0s
efeitos do biocarvdo em diferentes espécies. O autor mostra efeitos como aumento no
ganho de peso, diminui¢do da emisséo de metano e diminui¢do da taxa de conversdo

alimentar. Efeitos positivos também séo relatados em cabras, suinos, aves e peixes.

2.3 Sistemas in vitro fermentacéo ruminal

As pesquisas sobre digestibilidade e producdo de gases sdo de extrema
importancia para a compreensao da nutricdo de ruminantes, porém, algumas técnicas in
vivo e in situ tem o uso limitado devido ao alto custo, questdes éticas e necessidade de
animais fistulados. Portanto, técnicas in vitro sdo uma alternativa para o estudo de
alimentos e da fermentagdo ruminal.

A técnica in vitro € um modelo bioldgico que simula a digestdo in vivo e 0s seus
processos em diferentes niveis de complexidade. Essa técnica € utilizada para teste de
novos alimentos, investigagdo do metabolismo fermentativo bem como 0s mecanismos
de acdo dos microrganismos, novos aditivos, suplementos alimentares e avaliacdo de
fatores antinutricionais (DIJKSTRA et al. 2005).
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Segundo HRISTOV et al. (2012) trés vantagens da metodologia in vitro podem
ser citadas: (1) a possibilidade de testar um grande nimero de tratamentos em um curto
periodo de tempo; (2) capacidade de testar niveis altos de aditivos e até mesmo aditivos
potencialmente tdxicos e (3) o baixo custo experimental comparado com metodologias
que requerem o uso animal.

Porém, o método possui alguns pontos criticos em relacdo a digestibilidade: (1) o
baixo peso da amostra; (2) dificuldade de manter um alimento padréo para correcéo de
erros causados pela atividade do liquido ruminal; (3) o alimento pode ter baixa producgéo
de gas, mas na digestdo in vivo pode ter alta digestibilidade e (4) pH dos alimentos e do
liquido ruminal influenciando negativamente o crescimento microbiano (MENKE et al.
1979).

Na década de 70, pesquisadores reconheceram que a avaliacdo da producdo de
gases da fermentacdo em conjunto com a composic¢ao quimica da dieta seriam capazes de
estimar energia metabolizdvel do alimento e a degradabilidade ruminal de matéria
organica (YANEZ-RUIZ et al. 2016).

Para simular o ambiente fermentativo, é necessario um inéculo, que introduz um
grau de variacdo além da variacdo associada a metodologia. Porém a capacidade de
controlar o ambiente ruminal é vista como uma vantagem e favorece o uso dos
procedimentos in vitro (MOULD et al. 2005). Segundo estes autores, o indculo utilizado
tem o papel de fornecer microrganismos para fermentar e degradar alimentos e assim
fornecer uma estimativa de digestibilidade. Portanto, a qualidade desse indculo bem como
as técnicas de amostragem e armazenamento sdo de extrema importancia para resultados
com uso preditivo.

YANEZ-RUIZ et al. (2016) escreveram uma revisio com os principais fatores
que afetam o procedimento in vitro para avaliar a mitigacdo de metano entérico. Os
aspectos chave para considerar em experimentaces in vitro sao: (1) espécie do doador e
namero de animais usados; (2) dieta do animal doador; (3) coleta e processamento do
fluido ruminal; (4) escolha do substrato e tampéo de incubacéo; (5) procedimentos de
incubacdo e medigdes de CHs4; (6) composicdo de gases no headspace e (7)
comparabilidade com o in vivo. Os autores ainda relataram as recomendag6es indicadas
para cada um desses pontos chaves. A padronizagao de um unico método universal néo é
possivel, porém para garantir melhor interpretacdo dos dados, a harmonizacdo dos

procedimentos é desejada.
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LOPEZ (2005) classificou os sistemas in vitro em dois tipos: culturas continuas e
incubagBes em massa (ou culturas batch). As culturas continuas tém adicdo de tampéo e
nutrientes e remocdo de produtos finais de fermentacdo, alcancando steady-state.
Enquanto as incubacGes em massa sdo mais simples estimando a digestibilidade ou a
extensdo da degradacdo por um ponto final.

Em relacdo a cultura em massa, a principal desvantagem se da pelo ndo alcance
do estado de equilibrio e pela falta do padrdo no crescimento microbiano, diminuindo o
prazo de avaliacdo para dias. A medida que o tempo passa, 0 substrato diminui, 0s
residuos da fermentacdo aumentam e a populagdo microbiana diminui (NETO, 2015).

Uma das primeiras metodologias in vitro focadas em medicdes de ponto final e
extensdo da degradacdo do substrato foi TILLEY e TERRY (1963). J4 em 1979, Menke
desenvolveu uma metodologia de medicdo da pressdo proveniente do processo de
fermentacdo de alimentos volumosos em seringas de vidro. Em 1993, Pell e Schofiled,
adaptaram o modelo de Menke (1979) e foi o primeiro sistema de base de pressao
automatizados fornecendo medicGes em tempo real. Com medigdes mais frequentes da
producdo de gases, a cinética de fermentacao também pode ser estimada (YANEZ-RUIZ
et al. 2016). BLUMMEL e @RSKOV (1993) modificaram a metodologia das seringas,
incubando-as em banho maria ao invés de uma incubadora rotativa.

WILKINS (1974) descreveu um método diferente para medir os gases usando um
transdutor de pressdo para detectar o acumulo de pressdo. Ele observou curvas de
respostas que seguiam um padrdo de trés periodos: (1) laténcia sem aumento na pressao;
(2) aumento rapido de pressdo e (3) periodo de nivelamento.

THEODOROU et al. (1994) propuseram modificagdes nas metodologias que
vinham sendo usadas, onde as incubacdes foram conduzidas em garrafas herméticas
permitindo a acumulacéo de fases no headspace durante a fermentacdo. Dessa forma, esse
sistema permite a geracao de curvas de producdo cumulativa de gases dentro dos frascos
de incubacdo. Recentemente, MUETZEL et al. (2014) desenvolveram um sistema de
analise de producdo de gas metano e hidrogénio verdadeiramente automatico no qual a
producdo de gases é monitorada em tempo real por meio de sensores de pressdo e a

proporcao de CH4 e Ho é medido automaticamente por cromatografia gasosa.
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CHAPTER 2

Article formatted according to the Animal Feed Science and Technology.

4. ARTICLE

4.1 Abstract
The objective was to evaluate the effects of biochar on in vitro ruminal fermentation,
methane production and diet degradation of tropical beef cattle diets high or low in forage
and compare with additives that are already being used. The effects were assessed in three
different studies: 1) Determination of the inclusion level of biochar; 1) Comparison of the
effects of biochar with monensin and nitrate on ruminal fermentation and gas production;
I11) Comparison of the effects of biochar with monensin and nitrate on in vitro
digestibility. There were five treatments for study 1 (0, 10, 20, 30 and 40mg/kg DM) and
four treatments for Studies Il and 111 (control, biochar (40mg/kg DM and 20mg/kg DM
for high forage and high concentrate, respectively), monensin (30mg/kg DM) and nitrate
(20g/kg DM)). For study | and Il, data were collected and analyzed following the
randomized block design and for study Il were according to a latin square design. In the
first study, biochar increasing levels linearly decreased IVDMO (P < 0.01), CHs
proportion (%), production (mL/g DM) and yield (mL/g OMd) (P = 0,01) in diets with
high inclusion of forage. For diets with high inclusion of concentrate, treatment effects
were not detected for in vitro digestibilities, but CH4 proportion, production, and yield
presented a cubic effect (P < 0.02). The lowest values for CH4 were observed for 40g of
biochar for diets with high forge inclusion and 20 g for diets with high inclusion of
concentrate. For study Il and diets with high forage inclusion the IVDOM (P = 0.05) and
NH3-N concentration (P = 0,02) was affected by the additives, but CH4 yields were not
affected (P = 0.14). For the diets with high concentrate inclusion, the highest total GP was
verified with biochar inclusion compared to monensin (P < 0.05). Treatments did not
affect in vitro digestibilities and CH4 proportion, production, as well as yield (P > 0.13),
NH3-N concentration increased by biochar and nitrate compared to control and monensin
(P < 0.05). For study 11l and diets with high forage inclusion, IVDMD was highest for
monensin (P < 0.05), nitrate had greatest IVDMO (P < 0.01) and IVDCP was smallest for
nitrate than the other treatments (P < 0.001). For diets with high concentrate inclusion,
biochar and nitrate had the greatest IVDMD (P < 0.001). In this case, the IVDMO was
higher for nitrate compared to the control, but biochar and monensin were not different
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to them (P > 0.05). Biochar had a greater IVDCP than control and nitrate, while monensin
presented the lowest value (P < 0.02). The IVDNDF and IVDHEM were improved with
biochar and nitrate addition (P < 0.001). We demonstrated that 2 and 4% of biochar
inclusion level decrease in about 10 and 20% of CHs yield when high- and low-
concentrate diets were incubated, respectively. However, subsequent studies did not
present significative CH4 reductions with biochar addition, regardless of type of diet.

Keywords: biocarbon, methane, monensin, nitrate, ruminants.

4.2 Introduction

Methane (CHa) is a greenhouse gas produced by anaerobic fermentation in the
rumen (Moss et al., 2000) and has been considered a concern due to its negative effects
on the environment. Despite having a higher global warming potential (IPCC, 2007), CH4
has a shorter residence time in the atmosphere than carbon dioxide (CO>) (Lynch et al.,
2020). In addition to environmental issues, methanogenesis means a loss of energy
efficiency on the ruminal fermentation process (Russell and Strobel, 1989; Johnson and
Johnson, 1995).

Therefore, to reduce the production of enteric methane many nutritional strategies
have been evaluated. lonophores, such as monensin, which act on the microorganisms
involved in the methanogenesis is an example of additive that have shown to reduce
methane production in the rumen. However, antibiotics utilization in animal feed has been
restricted by international market, due to a possibility to develop resistant pathogens. In
this scenario, nitrate is an alternative because it works as a drain for hydrogen, decreasing
its availability for methanogens. However, nitrate can pose a risk of poisoning if supplied
without adaptation and have a deleterious effect on microorganisms (Van Zijderveld et
al., 2011; Leng, 2014).

Hence, natural alternatives, such as biochar, could be able to reduce methane
production and thus increase the energy efficiency of fermentation. Biochar is a product
from the pyrolysis process that gives to the product characteristics of adsorption, porosity,
and recalcitrance (Harvey et al., 2012; Farrell et al., 2013), which brings features such as:
changes in the microbiological community soil, carbon retention in soil, complexation of
toxins, changes in rumen biofilms, changes in the ratio of methanogenic to

methanotrophic bacteria (Erickson et al., 2011; Lehmann et al., 2011; Feng et al., 2012;
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Leng et al., 2012a; b; Leng et al., 2012c; Farrell et al., 2013; Toth and Dou, 2016; Wang
etal., 2016).

In this scenario, we hypothesize that the use of biochar of beef cattle diets, would
reduce methane production and improve ruminal fermentation in vitro. Therefore, the aim
of the present study was to evaluate biochar effects on ruminal in vitro fermentation
parameters and methane production of tropical beef cattle diets containing high or low

forage proportion.

4.3 Material and methods

All experimental procedures involving animals followed the ethical precepts for
animal studies. For this purpose, this project was reviewed and approved by the
Committee of Ethics in the Use of Animals of the Federal University of Lavras (Protocol
number 029/20). The experiment was conducted at the Animal Research Laboratory and
in the feedlot facilities of Department of Animal Science, College of Animal Science and
Veterinarian Medicine (DZO/FZMV) in Lavras, Minas Gerais, Brazil.

This experiment was divided in tree studies, that will be discriminated ahead. The
Study | was conducted to define the optimal dose of biochar that reduces the CHa
production without negatively affecting the digestibility. With the optimal dose, more two
studies were conducted to determinate the effects of biochar on ruminal fermentation,
methane production and gas production (Study I1) and in vitro digestibility (Study I11) of
beef cattle diets. All the studies were conducted in two different productive scenarios,
simulating high forage inclusion (Exp.1, Exp.3, Exp.5) and high inclusion of concentrate
(Exp.2, Exp.4, Exp.6) (Figure 1).

4.3.1 Biochar production

The biochar for the present study was produced from sawmill waste (sawdust)
collected in wood industries. To obtain the biochar, the saw powder was processed in a
slow pyrolysis reactor, whose temperature was progressively increased 100°C to 100°C
until the final carbonization phase, which took place at 600°C. Biochar was activated with
the injection of superheated steam in the final step of the pyrolysis process. This activation

treatment was carried out to eliminate condensable volatile compounds formed during the
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pyrolysis process, unclogging the pores, and increasing the specific surface area. Some

chemical and physical characteristics of biochar are shown in Table 1.

4.3.2 Study | - Determination of the inclusion level of biochar of beef cattle
diets

The first study was performed to evaluate the effects of increasing levels of
biochar on gas and CH4 production of two beef cattle diets to simulate: diet with high
forage inclusion (Exp. 1), and diet with high concentrate inclusion (Exp. 2). The
treatments were five levels of biochar: 0, 10, 20, 30 e 40 g/kg dry matter (DM) in four
independent incubation runs with four replicate per treatment and four blanks for each
type of substrate, totalizing 48 observations per run. For the Exp. 1, substrate was
constituted by 800g of low-quality grass/kg DM to simulate the situation of high forage
inclusion as observed in similar in vivo experiments (Detmann et al., 2001; Porto et al.,
2011). For the Exp. 2, the substrate had a high proportion of concentrate (800 g of
concentrate/kg DM) and will be established in order to represent the current feeding
condition in Brazilian feedlots (Pinto and Millen, 2016). The forage was collected during
the dry season cutting of the forage available in a signal grass pasture located in the
southwest region of Brazil. For the high inclusion of concentrate situation, substrate was
constituted by 200 g of corn silage and 800 g/kg DM of concentrate. Each one of the
substrates was implemented to represent a practical situation that could have beneficial
results of additives, related to the supplementation of grazing rearing cattle or finishing

phase in the feedlot.

4.3.2.1 Ruminal fluid collection and buffer solutions preparation

Rumen inoculum for Exp. 1 was collected from 2 non-pregnant cows ruminally
cannulated zebu cattle (average BW of 560 + 102.5 kg) grazing Marandu palisade grass
(Brachiaria brizantha) pasture and received 2.0 kg/day of concentrate (DM basis;
approximately 77% corn, 5% soybean meal, 8% urea, and 10% mineral mixture) provided
once daily. On the other hand, inoculum for Exp. 2 was collected from 2 ruminally
fistulated Nellore heifers (average BW of 481 + 107,5 kg) fed a total mixed ration with
20:80 forage:concentrate ratio (DM basis). The diets were provided for cows and steers
for 2 weeks to ensure the ruminal microbial ecosystem had properly adapted to the
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respective diets. The ruminal digesta of each animal was collected before the morning
feed in different points of the rumen. About 1 L of rumen fluid was collected from each
heifer, immediately filtered through cheesecloth and kept into pre-warmed thermal
containers and immediately transported to the lab. The rumen fluid of the two animals for
each experiment was mixed following the recommendations of Yéafez-Ruiz et al. (2016).

The buffer mineral solutions of both experiments were prepared according Menke
and Steingass (1988), with the addition of sodium sulfite (Gemeda et al., 2014). The
buffer solution was kept in a water bath at 39°C and purged continuously under anaerobic
conditions by flushing CO>. The ruminal fluid was mixed with the buffer solution by the

ratio 1:2 vol/vol and then later was added to the incubation flasks.

4.3.2.2 In vitro gas production and digestibility

Aliquots of each substrate (500 mg DM) was weighed into serum bottles (120
mL). Before inclusion into the substrates, all ingredients were air dried for at least 48 h
and ground to pass a 1-mm screen (except, urea and calcium ammonium nitrate which
was ground using mortar and pestle, and mineral supplement which was in a powdered
form). Before incubation, substrates were hydrated with 2 mL of deionized water to avoid
the particle dispersion. Then, 50 mL of the mixture of ruminal fluid and buffer solution
were added into each bottle under CO: flushing, following by the sealing with rubber
stoppers.

The bottles were maintained in a climatized room (39 + 1°C) for 48 hours. The
pressure of gas produced was recorded at 0, 6, 12, 24, and 48h using the pressure
transducer (Extech Instruments, Waltham, USA) as described by Theodorou et al. (1994).
The gas volume produced (ml) was calculated as 6.571 x measured pressure (psi),
according to an equation adjusted in the UFLA Animal Research Laboratory that was
prepared after injecting increasing volumes of gas into vials and measuring their
corresponding pressures. The net cumulative GP was obtained during 48 h of incubation.

Methane was determined after 48 h of incubation by collecting 20 ml of gas from
the bottle headspace using a 20 ml syringe and stored in a 10 ml vacuum tube of the
bottles that were not emptied during the incubation. The proportion of methane was
analyzed by gas chromatography. After the gas sampling, bottles were then opened, and
contents of each serum bottle were filtered under vacuum through glass crucibles with a

sintered filter (coarse porosity no. 1, pore size 100 to 160 um; Pyrex, Stone, UK). The
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fluid pH was measured with a pH meter (HI 2221, Portable pH meter; Hanna Instruments)
by submerging the probe approximately 3 cm in the fermentation media. After that,
fermentation residues in grass crucibles were dried at 105°C overnight to estimate DM
disappearance with loss in weight after drying being the measure of undegradable DM.
For the evaluation of the OM residue, crucibles were incinerated in a muffle (500°C/4 h)

to obtain the inorganic residue and to estimate the in vitro digestibility of OM (DIVOM).

4.3.2.3 Chemical analysis

Samples of ingredients were analyzed for dry matter content (INCT-CA method
G-003/1), organic matter (OM, INCT-CA method M-001/1), crude protein (CP, INCT-
CA method N-001/1), neutral detergent fiber (NDF, using thermostable a-amylase and
omitting the use of sodium sulfite; INCT-CA method F-002/1) and acid detergent fiber
(ADF, INCT-CA method F-002/2) according to the methods defined by the National
Institute of Science and Technology in Animal Science (INCT-CA;(Detmann et al.,
2012)). Ingredient proportion and chemical composition of the experimental diets are

presented in Table 2.

4.3.2.4 Definition of Biochar Inclusion Level

The criterion used to select the best biochar inclusion level for forage-based and
feedlot diets was the lowest level that reduces CH4 production by at least 15% [based on
studies of Leng et al. (2012c) e Saleem et al. (2018)] and that does not have any adverse
effect on the in vitro digestibility and the total gas production. After evaluating the
increasing levels of biochar and defining the best level of inclusion, Study Il and Study
I11 were conducted to compare the effects of biochar, monensin, and nitrate on ruminal
fermentation (Study II); and in vitro digestibility (Study IlI) of beef cattle diets in two

contrasting situations, high forage inclusion and high inclusion of concentrate.

4.3.3 Study Il — Comparison effects between biochar, monensin and nitrate

on ruminal in vitro fermentation and gas production of beef cattle diets

After defined the best biochar inclusion level at study I, study Il was carried out

to compare the effects of biochar, monensin, and nitrate on in vitro gas and CHs
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production. By using similar substrates described in Study I, another four independent
incubations runs were conducted following a randomized block design. As reported above
for Exp. 1 and Exp. 2, Exp. 3 was assigned to simulate a diet with high forage inclusion,
and Exp. 4 for diet with high inclusion of concentrate. Then, there were four treatments:
i) negative control, without additive; ii) better level of inclusion of biochar (40 and 20
g/kg DM at Exp. 3 and Exp. 4, respectively); iii) monensin (30 mg/kg DM; Bovensin®
200, Phybro, EUA), and iv) calcium ammonium nitrate (20 g/kg DM; Calcinit, Yara
International ASA, Oslo, Norway). Monensin was added as a positive control on
methanogenic microorganisms, while nitrate was a positive control for H, uptake and
reduction of methanogenesis. Ingredient proportion and chemical composition of the
experimental diets are presented in Table 3.

The ruminal fluids of Exp. 3 and Exp. 4 were obtained from four ruminal
cannulated Nellore non-pregnant cows (467 + 69.5 kg body weight). The cows were
assigned to a 4 x 4 balanced Latin square design (4 animals x 4 periods). The treatments
consisted of the use of ruminal fluid adapted for 12 days within each period to the four
treatments (control, biochar, monensin, and nitrate; Machado et al., 2016). The cows were
fed a corn-silage based diet with a forage-to-concentrate ratio of 60:40 to maximize
microbial activity (Nagadi et al., 2000). Solid fraction was also collected with the ruminal
fluid. The inoculum was prepared after mixing the ruminal fluid plus the solid fraction in
a blender and filtered by a cheesecloth (Holden, 1999). Treatments at Exp. 3 and 4 were
incubated in four 96- and 48-h to assess the in vitro GP profiles and enteric CH4 and CO>
production. It was incubated six repetitions and four blanks for each dietary situation in
each experiment, totalized 52 repetitions per run.

4.3.3.1 Partioning Factor

The partitioning factor at the end of incubations (PF; a measure of fermentation
efficiency) was calculated as the ratio of DM degradaded in vitro (DMD, mg) to the
volume (mL) of GP (i.e., DMD/total GP), according to Blimmel et al. (1997). A higher
PF means that a greater proportion of substrate was assimilated by microbial cells and a
lower proportion of substrate used for volatile fatty acids and gas production. This
variable is expressed as mg DM degrade/mL of gas (Baba et al., 2002) and express the

amount of energy actually degraded to produce 1 mL of gas (Blimmel et al., 1997).
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oM,
GP

PF (mg OM;/mL) =

4.3.3.2 In vitro gas production

Following the same procedure of incubation used in Study I, gas pressure was
measured at 0, 2, 4, 6, 8, 10, 12, 16, 20, 24, 30, 36, 48, 72 and 96 hours, according to each
dietary conditions. With six repetitions, two of them was designated to measurements at
all times, two was designated to the initial and final measurement and the other two was
exclusive for sampling gas for methane analysis. The sample for methane analysis was
collected all at the same time, 48 hours after the incubation, for both experiments. For all
times of measured, the bottle was vented. For the total gas production over the time, the
cumulative pressure values were adjusted to assess biological values using the following
dual-pool model (Schofield et al., 1994):

Vi
1+ (exp (2 +4x(Cx(L- time))))
V2
1+ (exp (2 +4x(C;x(L— time))))

Vt =

+

where: Vt = gas volume produced up to the specific time, mL; V1 and V2 =
maximum gas volume achieved from complete digestion of each pool, mL; C1 and C2 =

specific rate of digestion of each pool, h*; Lt = lag time, h.

4.3.3.3 Ammonia nitrogen (NHs-N)

For both experiments, subsamples of 2 mL from the filtrate liquid after each
incubation. Samples were collected and placed into Eppendorfs with 20 pL of sulfuric
acid to preserve and frozen at -20°C until analysis. Samples were used to determinate
NH3-N concentration by the colorimetric method (INCT-CA method N-006/1; Detmann
etal., 2012).
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4.3.4 Study 11l — Comparison of the effects of biochar with monensin and

nitrate on in vitro digestibility of beef cattle diets

The Exp. 5 was assigned to simulate a diet with high forage inclusion, and Exp.
6 for diet with high inclusion of concentrate and the rumen fluid collection procedures
were similar to the previous study. Four runs of incubation were realized, for each of the
dietary situations, utilizing artificial fermenter TE-150 (Tecnal Equipamentos Cientificos,
Piracicaba, SP, Brasil) (Silva et al., 2017; Camacho et al., 2019). The treatments were
similar to Study Il and were evaluated following a balanced Latin square design 4 x 4,
each of the four treatments being applied to one of the jars in each battery, totaling 4
repetitions per treatment.

The substrates of each treatment were heavy individually (500 mg) in heat-sealed
nonwoven textile filter bags (100 g/m?) of 4 x 4.5 cm (Valente et al., 2011). The filter
bags were washed following the method suggested by Detmann et al. (2012). The
fermenter possessed 4 jars and each jar randomly received 1 treatment for each battery.
Besides, each jar received 24 filter bags (18 containing substrate and six blank filter bag)
and 400 mL of ruminal inoculum and 1,600 mL of buffer solution, which were prepared
according McDougall (1948). Before close and placed the jar into the fermenter, the head
space was exhaust by COo.

After 96-h for diets with high forage inclusion and 48-h of incubation for diets
with high inclusion of concentrate, as reported at Exp. 3 and Exp. 4, respectively, filter
bags were washed using hot distilled water until the water became clear, and bags were
gently pressed to remove gases. Then, to estimate the apparently undigested DM residue,
the others filter bags were oven-dried (55 °C/24 h and 105°C/16 h, sequentially), placed
in a desiccator, and weighed. All filter bags were submitted to the oven-dried process.
After this, five filter bags plus 2 blanks were submitted to the analyzes of organic matter
(OM), neutral and acid detergent fiber (NDF and ADF) and crude protein (CP) to
calculated in vitro digestibility of dry matter (IVDMD), in vitro digestibility of organic
matter (IVDOM), in vitro digestibility of NDF (IVDNDF), in vitro digestibility of ADF
(IVDADF) and in vitro digestibility of PB (IVPBD), respectively.

For the IVMDO evaluations, filter bags containing the incubation residues after
over-dried were placed into crucibles and were incinerated in a muffle (600°C/4 h) to
obtain the inorganic residue. For the IVDNDF evaluations, the filter bags were placed

into a plastic beaker with 50 mL of neutral detergent solution per sample and 250 pL of
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a heat-stable amylase (Termamyl 2X, Novozymes, Sao Paulo, Brazil). Then, the beaker
was autoclaved for 1 hour at 100 °C according Detmann et al. (2012). Sequentially, the
filter bags were washed again with hot distillated water and acetone, dried and weighted
to obtain the NDF residue. Posteriorly, the filter bags were autoclaved again with the acid
detergent solution to obtain the IVDADF, following the same procedure for the NDF
residue. The hemicellulose (HEM) was calculated by the difference between NDF and
ADF. To evaluate the IVPBD, five filter bags and two blanks were analyzed for the
nitrogen content (INCT-CA N-001/1; Detmann et al., 2012) considering the factor 6.25,
the residue of CP was obtained.

The digestibility coefficients were calculated according to the following equation

(g/kg) = M - (IS — B 1000

where; M = mass of DM, OM, NDF, ADF or CP incubated (g); R=residue of DM,
OM, NDF, ADF or CP from incubation (g); B = residue of DM, OM, NDF, ADF or CP
obtained in “white” filter bags (g).

4.3.5 Statistical Analysis

All the results were tested for normality (P > 0,05). For study I, the mean of the
bottles (n = 4) of each treatment in each incubation (true replication) were considered as
experimental units. Comparisons between means of treatments with increasing levels of
inclusion of biochar were performed by decomposing the sum of squares related to this
source of variation in orthogonal contrasts comparing the control treatment (without
addition of additives) vs. treatments containing biochar (10, 20, 30 and 40 g/kg DM); the
other related to the effects of linear, quadratic, and cubic order of biochar inclusion levels.
Data were collected and analyzed following the randomized block design using the mixed
model methodology with treatments considered as fixed factors (4 degrees of freedom)
and batteries of incubation considered as a random effect (3 degrees of freedom). For
study I1, the true replication and the experimental design was the same as study I, but with
different degrees of freedom for treatments (3 degrees of freedom). For Study IllI, the
experimental units were the mean of the filter bags of each jar in each battery of
incubation (true replication), being IVDMD, n = 15, IVDOM, IVDNDF, IVDADF, n =
5, and data were collected and analyzed according to a Latin square design, with
treatments and jar considered fixed effects and incubation battery as random effect.
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All the statistical procedures were conducted using PROC MIXED implemented
in the SAS (Statistical Analysis System, version 9.4) program, adopting the critical level
of 0.05 probability for type | error, with tendencies associated with P-values between 0.05
and 0.10.

4.4 Results

4.4.1 Effects of biochar increasing levels of beef cattle diets (Exp. 1 and 2)

For the Exp. 1, biochar increasing levels linearly decreased IVDMO (P < 0.01;
Table 4), without affect total GP. Methane proportion (%), production (mL/g DM), and
yield (mL/g OMd) linearly decreased according to the biochar inclusion (P = 0.01). The
addition of 40 g of biochar/kg DM reduced CHa yield in about 15% compared with the
control. For Exp. 2, total GP was also not affected to the increasing levels of biochar
(Table 4). Treatment effects were not detected for in vitro digestibilities, but CH4
proportion, production, and yield presented a cubic effect (P < 0.02) with provision of
biochar. Following a similar pattern of total GP, lowest values of CH4 yield were observed

for 20 g of biochar. In average, CHa yield reduction was 11% compared to the control.

4.4.2 Comparative effects between biochar, monensin, and nitrate on
ruminal in vitro fermentation of beef cattle diets (Exp. 3 and 4)

The IVDOM in Exp. 3 (Table 5) was affected by the additives (P = 0.05).
Monensin showed the lowest value compared to control and nitrate (P < 0.05). Moreover,
NH3-N concentration was affected by the treatments (P = 0,02). When nitrate was
included, NHs-N concentration significantly increased (P < 0.05) compared to control and
monensin, but it was similar to biochar. The CHs yields were not affected by the
treatments (P = 0.14), although they reduced in about 20% when biochar and nitrate was
included. For Exp. 4, tendency of treatment effects was observed on total GP (P = 0.08).
The highest total GP was verified with biochar inclusion compared to monensin, but
control and nitrate was similar to them (P < 0.05). Treatments did not affect the in vitro
digestibilities and CH4 proportion, production, as well as yield (P > 0.13). However, NHz-

N concentration increased by biochar and nitrate compared to control and monensin (53.3
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and 55.9 vs. 45.8 and 44.9 mg/dL, respectively; P < 0.05). The kinetic variables (Table
7) were not affected by the different additives (P >0.05) in both experiments (Exp. 3 and
4).

4.4.3 Comparative effects between biochar, monensin, and nitrate on

ruminal in vitro digestibilities of beef cattle diets (Exp. 5 and 6)

A description of the in vitro digestibilities for the Exp. 5 for diets with high
inclusion of forage and Exp. 6 for diets with high inclusion of concentrate are shown in
Table 6. For Exp. 5, IVDMD was highest for monensin, intermediate for nitrate and
biochar, and lowest for control (P < 0.05). On the other hand, nitrate had greatest IVDMO
than monensin and biochar (P < 0.01), while control did not differ between them (P >
0.05). The IVDCP was smallest for nitrate than the other treatments (P < 0.001). For Exp.
6, biochar and nitrate had the greatest IVDMD (P < 0.001) than control and monensin.
The IVDMO was higher for nitrate compared to the control, but biochar and monensin
were not different to them (P > 0.05). Biochar had a greater IVDCP than control and
nitrate, while monensin presented the lowest value (P < 0.02). The IVDNDF and
IVDHEM were improved with biochar and nitrate addition (P < 0.001). The lowest
fibrous digestibilities were verified with monensin (P < 0.001), while control had

intermediate values between other additives.

4.5 Discussion

4.5.1 Effects of biochar increasing levels of beef cattle diets (Exp. 1 and 2)

We evaluated the inclusion of biochar on the rumen fermentation, methane
production and digestibility because it has been suggested positive effects by previous
studies (Hansen et al., 2012; Leng et al., 2012b; Saleem et al., 2018). It was demonstrated
that biochar has a potential as a feed additive to control the methanogenesis and
consequently efficiency of fermentation. But recent studies did not show positives effects
on the ruminal fermentation, digestibility, volatile fatty acids, N-NHs, microbial protein
synthesis, and methane production (Teoh etal., 2019; PaulTamayao et al., 2021; Tamayao
et al., 2021a; Mengistu et al., 2022; Tamayao et al., 2022).
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Our results show that the biochar did not affect the in vitro GP, independent of the
dietary characteristics (Table 4) which are consistent with previous studies (Hansen et al.,
2012; Leng et al., 2012a; Pereira et al., 2014; Saleem et al., 2018; Teoh et al., 2019;
Qomariyah et al., 2021). The present study reveals that the addition of biochar in
increasing levels in more fibrous diets (Exp. 1) reduces linearly the IVDMO. Erickson et
al. (2011) and Teoh et al. (2019) suggests that the effectiveness of biochar can be related
with the quality of the forage used, which was also reported by McFarlane et al. (2017).
These authors proposed that biochar selectively improved fermentation kinetics when
incubated with forage of intermediate quality, in contrast to higher-quality roughages.
Our first experiment used a low-quality tropical grass harvest during the dry season, while
Exp. 2 carried out to simulate a diet with high-concentrate inclusion and corn silage as
forage. In accordance with these authors, we did not found significance in DM
digestibility with increasing levels of biochar at Exp.2, but we had linear decrease on
IVDMO at Exp. 1.

When more fibrous diets were incubated (Exp. 1) the increasing level of biochar
reduces linearly the CH4 production. However, when high-concentrate diet was incubated
(Exp. 2), CH4 proportion, production, and yield responded cubically. Despite this
unexpected pattern, differences between the two contrasting diets were expected. In
general, CH4 variables were lowest with addition of 20 g biochar/kg. These results are
also consistent with previous studies where biochar reduced CH4 emissions in vitro and
in vivo (Leng et al., 2012a; b; Leng et al., 2012c; Leng et al., 2013; Porsavathdy et al.,
2017; Saleem et al., 2018). Leng et al. (2012a) evaluated the increasing level of biochar
and found a reduction of 12% in methane production by adding 1% of biochar. These
authors suggested that this is due of the large surface area of biochar, which can provide
a favorable habit changing the methanogenic methanotrophic interaction, increasing the
methane oxidation. Also, they discard the possibility of a toxic effect of biochar on
methanogenic. Another possibility is that the biofilms increase the efficiency of ATP
production and utilization (Leng et al., 2012c¢) because microbial cells are more reduced
then the substrate they use and are therefore a hydrogen sink. Another theory of how
biochar works is that the porous structure possibly adsorbed the CH4 (Hansen et al., 2012;
Toth and Dou, 2016). But this physical theory is questionable due to the volume of CH4
produced and the availability of biochar in the rumen (Saleem et al., 2018). The large
surface area of biochar allows the formation of biofilms that increase the microbial

efficiency (Leng et al., 2012c). Our biochar has an surface area of 571 m?/g, while Leng
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et al. (2012c) reported the mean of 2-40 m?/g and are also different from the number
reported by Terry et al. (2019) that was 200-250 m?/g. In most cases, the methodology
used to measure the surface area is not reported, different methodologies can change the
final porosity value and therefore it is difficult to compare the results between works.
We hypothesized that inclusion level of biocarbon to reduce CH4 production and
improve the ruminal fermentation is dependent of dietary characteristics. Our hypothesis
was confirmed because the inclusion level to reduce CHjs yield, at least 10%, it was 40
g/kg for high-forage diet (Exp. 1) and 20 g/kg for high-concentrate diet (Exp. 2).
Nevertheless, following experiments carried out to compare biochar inclusion with other

additives did not demonstrate differences regarding CH4 production.

4.5.2 Comparative effects between biochar, monensin, and nitrate on ruminal

in vitro fermentation and digestibility of beef cattle diets (Exp. 3 to 6)

The ruminal CHs is dependent on carbon dioxide (CO2) and hydrogen (H2)
availability (Miller, 1995). In this sense, metabolic pathways which the Hz production and
utilization are involved are important factors that should be considered when developing
strategies to reduce CHs emissions from ruminants (Martin et al., 2010). In the rumen,
nitrate is reduced to ammonia (NHz), and this reaction provides an alternative - and
energetically more favorable - pathway for disposal of Hz generated during fermentation
(Ungerfeld and Kohn, 2006). Stoichiometrically, if all nitrate is reduced to NH3, then CH4
production should decrease by 25.8 g/100 g NIT (Leng and Preston, 2010). On the other
hand, monensin reduces acetate-producing bacteria and protozoal populations, especially
Entodinium spp., that utilize CO> for H disposal (Chen and Wolin, 1979; Guan et al.,
2006), consequently reducing CH4 production. As reported before, biochar affects CHa
production due to large surface area, possibility of a toxic effect of biochar on
methanogenic, porous structure that adsorbed the CH4, and other theories. Due to the
different mechanism of the biochar to control methanogenesis than nitrate and monensin,
we compare them after defining the best level of inclusion with the different diets.

Due to the lower CH4 production in feedlot than grazing cattle, there are few
studies that test additives for this purpose. Winders et al. (2019) evaluated the effects of
increasing biochar levels on digestibility, CHsand CO production of beef cattle receiving
finishing diets. These authors found no difference in CH4 production in the finishing
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study, but a numeric decreased in about 10 and 18% on CHj production and vyield,
respectively, there was no explanation about why this happened. Others studies also did
not find significance difference about CH4 production (Hansen et al., 2012; McFarlane et
al., 2017; Teoh et al., 2019; PaulTamayao et al., 2021; Tamayao et al., 2021a; Mengistu
et al., 2022; Tamayao et al., 2022). In agreement with these studies, we did not find
significant effect on CH4 production and yield when biochar was included at the Exp. 3
and 4, even with a reduction of about 20 and 10% on CHg yield, respectively. According
to Terry et al. (2019), the point that biochar favors the formation of more efficient biofilms
is questionable. These biofilms maybe favors more the increase of methanogens than
methanotrophic microorganisms. Other justifications for the lack of results it is related to
differences on the experimental design, gas sampling, and also intrinsic characteristics of
each biochar.

The lack of significance observed on the GP, in vitro digestibility and methane
variables in Exp. 3 and 4 differ from Capelari and Powers (2017), which were observed
a reduction in the total GP and methane using when nitrate and monensin were added. In
the trials of these authors, CH4 mitigation observed with nitrate and monensin was about
67 and 52%, respectively. Different that study, we collected ruminal fluid samples from
cattle fed the additives. Therefore, differences compared to our experiments could be due
to the ruminal fluid characteristics.

The NH3-N concentrations in the in vitro fluid were improved when nitrate and
biochar were included, while reduced with monensin addition in the Exp. 3 and 4. This
variable is a protein metabolism indicator that represents the extent of protein degradation
by rumen microbes (Sujarnoko et al., 2020). With a high availability of NHs-N,
microorganisms are able to increase the protein synthesis (Qomariyah et al., 2021).
However, only the greater NH3-N concentrations for biochar suggest an increase on AA
deamination (Saleem et al., 2018), because the IVDCP was significantly enhanced (Table
6) at Exp. 4. The higher NH3-N concentration in fluid with nitrate was not expected,
because all diets were isonitrogenous and nitrate was replaced by another nitrogen source
in the control diet. On the other hand, monensin lowered protein degradation due to the
effects on inhibition of Gram-positive bacteria presented in ruminal fluid (Van Nevel and
Demeyer, 1977). This is corroborated by the lowest IVDCP verified in Exp. 5 and 6.

The results of in vitro digestibility in Exp. 5 were consistent with previous studies
that do not show positive effects of biochar on in vitro or in vivo digestibility (Hansen et

al., 2012; Tamayao et al., 2021a; Tamayao et al., 2021b; Mengistu et al., 2022; Tamayao
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et al., 2022). However, other studies had found improvements in digestibility (Erickson
etal., 2011; Leng et al., 2012a). These differences among studies may be due to differing
sources of biochar, biomass source, particle size, and pyrolysis conditions which may
alter rumen fermentation to varying degrees (Hansen et al., 2012; McFarlane et al., 2017).
The biochar-starting material as well as temperature of pyrolysis may also contribute to
the absorptive potential of biochar (Lehmann and Joseph, 2009). When biochar is
subjected to low temperatures of pyrolysis during carbonization, it has been noted that
surface area per unit weight is reduced, potentially decreasing its capacity to adsorb
nutrients and provide a habitat suitable for the formation of biofilms (Leng, 2014). Other
factor is the differences regarding the methodology. Biochar used in the Hansen et al.
(2012) and Saleem et al. (2018) studies was made from wood or straw, whereas biochar
in the Leng et al. (2012a, 2012b, 2013) studies was derived from rice husks. On the other
hand, our biochar is from sawmill waste (sawdust) collected in wood industries.

Contrary to the Exp.5, at Exp. 6 our hypothesis that biochar can enhance the
digestibility was confirmed. The greater in vitro digestibility in biochar treatment may be
explained by an increase in microbial efficiency (Saleem et al., 2018) or the complexation
of secondary metabolites that may interfere in the digestion (Mui and Ledin, 2006). The
increase on the in vitro digestibility suggests that ruminal microbial population were more
efficient than other treatments. Nevertheless, partitioning factor which is an indicator of
microbial efficiency (ratio of substrate truly degraded to gas volume; Blimmel et al.,
1997a) was not affected.

4.6 Conclusion

We demonstrated that 2 and 4% of biochar inclusion level decrease in about 10
and 20% of CH4 yield when high- and low-concentrate diets were incubated, respectively.
However, subsequent studies did not present significative CH4 reductions with biochar
addition, regardless of type of diet. Nevertheless, an improvement in substrate

digestibility with high-concentrate diet was verified.
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4.8 Tables and figures

Table 1 — Physical and chemical properties of biochar
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Item Value
Surface Area, m?/g 571
Density, g/cm® 0,32
Dry Matter, g/kg 810
Oxidizable Carbon, g/kg 31
Carbon, g/kg 810
Nitrogen, g/kg 28

Table 2 — Ingredients and chemical composition of incubated experimental substrates for

Study I.
Exp. 1 — Grazing cattle diet Exp. 2 — Feedlot diet
Item? Levels of biochar g/kg DM
0 10 20 30 40 0 10 20 30 40
Ingredient, % of DM
IC_;(;XVS;quality tropical 80 80 80 80 80 ] ) ] ] ]
Corn Silage - - - - - 20 20 20 20 20
Ground corn 19 19 19 19 19 612 612 612 612 61.2
Soybean Meal 109 109 109 109 109 93 93 93 93 9.3
Urea 1 1 1 1 1 12 12 12 12 1.2
Mineral Mixture 2 2 2 2 2 41 41 41 41 4.1
Biochar 0 1 2 3 4 - 1 2 3 4
Kaolim 4 3 2 1 - 4 3 -
Chemical composition, % of DM
DM 91.3 911 911 910 909 913 912 911 91.0 909
oM 739 739 739 739 739 204 204 204 204 204
CP 120 120 121 122 123 136 13.6 13.7 137 13.8
NDF 450 450 451 452 453 209 209 210 21.0 21.1

496 of dry matter (DM); OM: organic matter; NDF = neutral detergent fiber.
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Table 3 — Ingredients and chemical composition of incubated experimental substrates for
Study 1.

ltem? Exp. 1 — Grazing cattle diet Exp. 2 — Feedlot diet
Control Biochar Monensin Nitrate Control Biochar Monensin Nitrate

Ingredient
vopioalgrass 0 80 8B : -
Corn silage - - - - 20 20 20 20
Ground corn 14 15 15 3.3 60.1 60.2 60.1 59.8
Soybean Meal  10.3  10.3 10.3 103 95 9.6 9.5 9.5
Urea 1.2 1.2 1.2 0.3 1.2 1.2 1.2 0.4
m:gg‘i 20 20 20 20 41 41 4.1 41
ﬁr"’r‘]'g;‘é?]e 10 10 1.0 .10 10 1.0 i
Kaolin 4.0 - 3.9 2.0 2.0 1.9 2.0
Biochar - 4.0 - - - 2.0 - -
Monensin - - 0.1 - - - 0.1 -
Nitrate - - - 2.0 - - - 2.0

Chemical composition
DM 91.4  91.0 91.4 91.0 914  93.1 91.4 93.1
oM 86.2 895 86.2 886 895 914 89.5 89.9
cP 123 123 12.3 12.0 141 142 14.1 13.9
NDF 571 571 57.1 57.4 194 195 19.4 19.4
ADF 345 345 34.5 346 65 6.5 6.5 6.4

296 of dry matter (DM); OM: organic matter; CP: crude protein; NDF: neutral detergent fiber; ADF:
acid detergent fiber.
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Table 4 — Effects of different additives on gas production (GP), in vitro dry matter
(IVDMD) and organic matter digestibilities (IVDMO), and methane production in Study

Item @

Biochar levels

p-value

0g 10 g 20¢

Exp. 1 — High forage inclusion

Total GP, mL/g DM
IVDMD (%)
IVDOM (%)
Methane %
Methane, ml/g DM
Methane, mL/g OMd

134.01 135.36 138.12
54.9 53.9 55.2
57.4 56.4 56,0
4.7 5.5 4.3
9.4 11.0 8.6

Exp. 2 — High concentrate inclusion

Total GP, mL/g DM
IVDMD (%)
IVDMO (%)
Methane %
Methane, ml/g DM
Methane, mL/g OMd

18.9 21.9 17.2
2379 2287 2194
86.4 86.1 82.4
87.8 88.7 84.3
6.5 9.3 6.9
15.9 22.3 13.8
21.8 30.0 19.4

309 40g SEM Linear Quadratic Cubic
130.37 127.85 11.67 0.18 0.23 0.76
54.1 535 156 0.63 0.80 0.74
54.8 543 0.85 0.01 0.94 0.97
4.3 3.7 052 0.01 0.25 0.22
8.6 743 1.04 0.01 0.25 0.22
17.4 150 196 0.01 0.22 0.20
246.3 269.2 345 0.28 0.54 0.59
85.9 86.9 23 0.90 0.25 0.91
86.2 86.6 1.9 0.36 0.41 0.48
7.2 8.0 0.8 0.68 0.59 0.02
15.5 17.3 20 042 0.85 0.01
20.9 23.7 3.2 043 0.88 0.01

4DM: dry matter; OMd: organic matter digested.
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Table 5 — Effects of different additives on gas production (GP), in vitro dry matter
(IVDMD) and organic matter digestibilities (IVDMO), methane production, and
ammonia nitrogen (NHs-N) in Study I1.

Item @ Treatments SEM P-value

Control Biochar Monensin Nitrate

Exp. 3 — High forage inclusion

Total GP, mL/g DM 570.3 599.4  550.8 618.7 32.6 0.47
IVDMD, % 4495% 4537%  42.87° 4893 185 0.09
IVDMO, % 52.01° 50.50%  47.55° 52.30° 1.62 0.05
Methane, % 136 119 12.9 131 108 0.72
Methane, mL/ g DMI 87.1 65.1 79.5 780 7.95 0.27
Methane, mL/ g OMd 182.6 1456 180.1 137 192 0.14
PF, mg OMd/mL 0.88  0.88 0.82 089 01 0.92
NHs-N, mg/dL 492 526®  51.7° 56.4° 163 0.02

Exp. 4 — High concentrate

inclusion
Total GP, mL/g DM 659.5%® 690.4°  624.6° 647.0° 246 0.08
IVDMD, % 80.0  79.1 80.8 839 164 0.21
IVDMO, % 83.7 826 85.4 825 1.37 0.35
Methane, % 1156 111 1154 1233 6.3  0.40
Methane, mL/ g DMI 8351 76.32 7443 8167 4.83 041
Methane, mL/ g OMd 105.2 951 89.8 1054 6.19 0.13
PF, mg OMd/mL 1.06  1.08 1.23 1.21 0.07 023
NHs-N, mg/dL 458> 5332 449°  559% 1.89 <0.0001

2 [VDMD: in vitro digestibility of dry matter; IVDOM: in vitro digestibility of organic
matter; PF: partitioning factor; RAN: ruminal ammonia nitrogen.
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Table 6 — Effects of different additives on in vitro digestibilities of dry matter (IVDMD),
organic matter (IVDMO), crude protein (IVDCP), neutral detergent fiber (IVDNDF),
acid detergent fiber (IVDADF), and hemicellulose (IVDHEM) using an artificial

fermenter of four 4-L digestion vessels in four fermentation runs in Study III.

Treatments

ftem * Control Biochar  Monensin Nitrate SEM P-value

Exp. 5 — High forage inclusion
IVDMD, % 57.78¢ 57.02° 58.942 57.08° 228.73 <0.0001
IVDMO, % 56.96% 55.78° 56.43" 57.91° 0.45 0.01
IVDCP, % 87.012 86.68% 84.61% 81.45° 0.92 0.0001
IVDNDF, % 41.22 42.8 41.26 41.38 0.74 0.33
IVDADF, % 14.03 16.03 14.04 14.72 0.79 0.16
IVDHEM, % 34.54 35.6 33.87 34.64 1.75 0.90

Exp. 6 — High concentrate inclusion
IVDMD, % 81.11° 82.822 80.58° 83.48% 0.42 <0.0001
IVDMO, % 81.88" 82.62% 83.23% 84.782 0.91 0.06
IVDCP, % 81.26° 85.502 77.10° 81.57° 1.27 <0.0001
IVDNDF, % 61.33° 67.732 54.52¢ 67.91° 1.5 <0.0001
IVDADF, % 2.87° 4.452 2.35° 3.73° 5.51 <0.0001

IVDHEM, % 69.68" 77.212 64.27°¢ 74.05% 1.74 <0.0001
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Table 7 — Effects of different additives on kinetic variables of gas production in Study II.

Item 2 Treatments SEM P-value
Control Biochar  Monensin Nitrate
Exp. 3 — High forage inclusion
KR 0.106 0.084 0.091 0.100 0.005 0.12
LAG 3.43 3.23 3.19 3.12 0.32 0.92
V1 234.94 232.47 216.12 237.59 10.65 0.51
KL 0.02 0.02 0.02 0.02 0.00008 0.17
Exp. 4 - High
concentrate inclusion
KR 0.13 0.13 0.13 0.12 0.06 0.53
LAG 3.31 3.62 3.41 2.94 23.33 0.11
V1 240.79 294.06 246.75 266.77 814.7 0.08
KL 0.03 0.03 0.03 0.03 0.26 0.356

2 LAG: lag time; V1: Maximum gas volume of each pool, mL; KR and KL: Specific rate
of digestion of each pool
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Study I

EXp. 1 high forage inclusion EXp 2 high concentrate inclusion

Treatments :
0, 10, 20, 30, 40 g’kg of DM

& Four replicate + four blank
Four independent incubation run per Exp.

: ,

best biochar inclusion level: 40 g/’kg of DM best biochar inclusion level: 20 g/kg of DM

© Study Tl

EXp 3 high forage inclusion EXp 4 high concentrate inclusion
Treatments : Treatments :
Control Control
Biochar (40 g/kg of DM) Biochar (20 g/kg of DM)
Monensin (30 mg/'kg of DM) Monensin (30 mg/kg of DM)
Nitrate (20 g’kg of DM) Nitrate (20 g'kg of DM)

5 Six replicate + four blank
Four independent incubation run per Exp.

Study 1T

EXp. 5 high forage inclusion EXp 6 high concentrate inclusion
Treatments : Treatments :
Control Control
Biochar (40 g/kg of DM) Biochar (20 g'kg of DM)
Monensin (30 mg/kg of DM) Monensin (30 mg/kg of DM)
Nitrate (20 g’kg of DM) Nitrate (20 g'’kg of DM)

24 filters bags (18 containing substrate + 6 blanks
Four independent incubation run per Exp.

Figure 1- Experiment flowchart



