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INFLUENCIA DE NITRATO ENCAPSULADO E ENXOFRE NA DIETA SOBRE
METABOLISMO E EMISSAO DE METANO EM BOVINOS

RESUMO - Este estudo objetivou avaliar o efeito da substituicdo da fonte de proteina
verdadeira e da ureia por nitrato encapsulado (En) e enxofre (S) elementar sobre
consumo, digestibilidade, parametros ruminais, eficiéncia de sintese de proteina
microbiana e emissdo de CH4 em bovinos Nelore. Foram utilizados cinco novilhos Nelore
(352.7 + 38.4 kg PV) canulados no rumen, e distribuidos em um delineamento em
quadrado latino 5 x 5 (5 tratamentos e 5 periodos, 21 dias cada). O volumoso utilizado
foi feno de Tifton 85 e o0 concentrado basal foi composto por milho, farelo de soja, e
suplemento mineral comercial. Ureia, En e S foram adicionados para compor demais
dietas. Os tratamentos foram: farelo de soja (SBM) como tratamento controle; ureia (U);
U mais S elementar (US); nitrato encapsulado (EN); e EN mais S elementar (ENS). O En
foi incluido nos tratamentos EN e ENS em 2% da MS (1,42% de NOs anion), enquanto
gue a incluséo de ureia nos tratamentos U e US foi de 0,8% na MS da dieta. A inclusdo
de S nos tratamentos U e EN foi em 0,24% da MS, e a relagdo N:S foi reduzida de 8:1
para 4:1 com a adicdo de S. O En foi incluido gradualmente de 0,5% até 2% da MS da
dieta. Os contrastes ortogonais para avaliar os efeitos de tratamento foram: SBM vs. EN
+ ENS; U+ USvs. EN + ENS; U vs. US; e EN vs. ENS. Os novilhos apresentaram baixos
niveis de MetHb (média de 1,1%) a medida em que a quantidade de En foi aumentada.
O consumo de OM e NDF foram menores (P < 0,01) para os animais alimentados com
En comparado a SBM. A digestibilidade da DM, OM, e GE foram maiores (P < 0,01)
quanto fornecido En comparado a ureia. O pH ruminal foi maior (P = 0,01) e N-NHs3 foi
menor (P = 0,01) para animais recebendo En na dieta comparado a ureia. Comparado a
ureia, o fornecimento de En causou reducdo (P = 0,01) na proporcdo de propionato,
assim como aumento (P < 0,03) na proporcdo de acetato e na relacdo
acetato:propionato. O consumo de N foi menor (P < 0,07) em animais alimentados com
En comparado a SBM e ureia. O N retido (g N/d) foi menor (P = 0,01) com dietas com En

comparado a SBM e ureia. Nitrogénio microbiano (MN; g MN/d) tendeu a aumentar (P =



viii

0,06) com a incluséo de En comparado a SBM, e foi aumentado (P < 0,04) pela adicdo
de S elementar a dietas com NNP. O fornecimento de dietas com En aumentou (P <
0,01) MN quando em proporg¢éo a ingestado de PB (CPI; g MN/kg CPI) e aumentou (P =
0,02) a eficiéncia de sintese de MN com base na ingestdo de OM digestivel (DOMI; g
MN/kg DOMI) comparado a SBM, assim como tendeu a aumentar (P = 0,09) g MN/kg
DOMI comparado a ureia. A adicdo de S elementar as dietas com NNP tendeu a
aumentar (P = 0,05) g MN/kg CPI, e aumentou (P = 0,04) g MN/kg DOMI quando incluido
na dieta EN. Animais alimentados com En tiveram reducgéo (P = 0,02) na emisséao de CHa4
em cerca de 31,2 g CH4/d, e tenderam a reduzir (P = 0,06) a emissdo de CH4 em g
CHa/kg DMI e como % da GEI, quando comparados a SBM. Portanto, En mais S
elementar em substituicdo parcial a proteina verdadeira da racdo ou substituindo
totalmente a ureia pode otimizar a eficiéncia de sintese de proteina microbiana e

concomitantemente reduzir a emissao de CHa por bovinos Nelore.

Palavras-chave: bovinos, emissdo de metano, enxofre, nitrato encapsulado, sintese de

proteina microbiana



INFLUENCE OF ENCAPSULATED NITRATE AND SULFUR IN THE DIET ON
METABOLISM AND METHANE EMISSION BY CATTLE

ABSTRACT - The objective of this study was to investigate the replacement of true protein
source as well as the conventional NPN source (urea) by encapsulated NOs™ (En) plus
elemental sulfur (S) on microbial protein synthesis efficiency, and CH4 emission in Nellore
beef cattle. Five ruminally-cannulated Nellore steers (352.7 £ 38.4 kg BW) were used in
a 5 x 5 Latin square design with 5 periods of 21 d each. Tifton 85 hay was used as forage
and the basal concentrate consisted of corn, soybean meal, and commercial mineral
supplement (50:50 wt/wt, forage:concentrate). Urea, En and S were added to compose
the other diets. The treatments were: true protein from soybean meal as control (SBM);
urea (U); U plus elemental S (US); encapsulated NO3™ (EN); and EN plus elemental S
(ENS). En was included in 2% on dietary DM (1.42% NOs™ anion), while the inclusion of
urea in U and US diets was 0.8% on dietary DM. The inclusion of S for U and EN diets
was 0.24% on dietary DM, and the N:S ratio was reduced from 8:1 to 4:1 with the addition
of S. En was gradually included from 0.5 to 2% on dietary DM by 0.5% every 4 d. The
orthogonal contrasts for specific partitioning of treatment effects were: SBM vs. EN + ENS;
U + USvs. EN + ENS; U vs. US; and EN vs. ENS. Steers displayed adequate MetHb
levels as dietary En content increased. Organic matter and aNDF intake were smaller (P
< 0.01) for animals fed En diets compared to SBM. Digestibility of DM, OM, and GE were
greater (P < 0.01) when fed En diets compared to urea. Ruminal pH was greater (P =
0.01) and ruminal NHs-N was smaller (P = 0.01) for animals fed En diets compared to
urea. Compared to urea, En supply resulted in lower propionate proportion (P = 0.01), but
increased (P < 0.03) acetate proportion and acetate:propionate ratio. Nitrogen intake was
smaller (P < 0.07) with En supply compared to SBM and urea. Retained N (g N/d) for
animals fed En diets was smaller (P = 0.01) compared to SBM and urea. Microbial N (MN;
g MN/d) tended to increase (P = 0.06) with En inclusion compared to SBM, and was
increased (P < 0.04) by the addition of elemental S to NPN diets. Encapsulated NO3s™ diets
supply increased (P < 0.01) MN as a proportion of CPI (g MN/kg CPI), increased (P =



0.02) MN efficiency based on digestible OM intake (DOMI; g MN/kg DOMI) compared to
SBM, and as well tended to increase (P = 0.09) g MN/kg DOMI compared to urea. The
addition of elemental S to NPN diets tended to increase (P = 0.05) g MN/kg CPI, and
increased (P = 0.04) g MN/kg DOMI when included in EN. Animals fed En diets decreased
(P = 0.02) CH4 emission by 31.2 (g CHa4/d), and tended to decrease (P = 0.06) CHas
emission (g CHa/kg DMI, and CH4 as % of GEI) when compared to SBM. Thus, En plus
elemental S as a dietary additive replacing part of true protein of the ration or totally urea
can optimize microbial protein synthesis efficiency and concomitantly decrease CHa

emission by Nellore beef cattle.

Keywords: beef cattle, methane emission, sulfur, encapsulated nitrate, microbial protein

synthesis



CAPITULO 1 - CONSIDERACOES GERAIS

1. INTRODUCAO

A producéo pecuéria atualmente tem enfrentado desafios, tais como, escassez de
recursos ambientais, reducdo das margens de lucro, e preocupacdes sobre os danos
ambientais. Ainda, o0 aumento de producao tem sido constante em funcdo do aumento
populacional. Assim, surge a necessidade de aperfeicoamento do manejo alimentar nos
sistemas produtivos de ruminantes.

Uma série de estudos tem sido conduzidos a fim de se estabelecer estratégias
para melhoria da eficiéncia de producdo. O foco dos estudos tem se baseado na
alimentacao, genética e manejo dos animais, sendo que a alimentagao € o principal ponto
chave do sistema de producéo para melhorias nessa eficiéncia, e tem sido alvo de estudo
h& décadas.

O fornecimento de fonte de nitrogénio (N) ndo proteico (NNP) em substituicdo
parcial a proteina verdadeira da dieta se enquadra como estratégia para aliar
produtividade com o barateamento dos custos com a alimentagcdo. O N proteico pode ser
substituido parcialmente por NNP, uma vez que, 0S microrganismos exigem amonia
(NH3) para o seu metabolismo e constituicdo da proteina microbiana (PMic) (NRC, 2016).
A PMic tem papel fundamental na produtividade, pois representa de 50 a 80% do total de
proteina absorvida pelo animal (STORM; @RSKOV, 1983).

Além de NHs, os microrganismos também requerem enxofre (S) para constituigcdo
dos aminoacidos sulfurados: metionina, cisteina, e cistina. Assim, o fornecimento de uma
fonte complementar de S, via alimentagéo, se torna necessario em dietas onde uma fonte
de NNP substitui parcialmente a proteina verdadeira dietética (NRC, 2016).

A inclusédo de nitrato (NO3) como fonte de NNP que em quantidades adequadas
atende as exigéncias microbianas por NHs, juntamente com o S que é importante para
crescimento microbiano, ambos ainda podem modular a fermentagdo microbiana,

atuando como aceptor de elétrons no meio ruminal. Estratégias para modular a



fermentacdo ruminal e reduzir a produgédo de metano (CHs4) tém sido amplamente
estudadas, e ingredientes na dieta que funcionam como aceptores de elétrons tém
apresentado resultados promissores (HRISTOV et al., 2013).

O redirecionamento do hidrogénio (Hz2) disponivel no rumen, que seria o
complemento da conversao de CO2 em CHas para a entéo utilizagdo na redugéo do NOs"
(NO3z" = NO2 - NHz) e do enxofre (S° 2 SO4> - S? - H2S), fazem com que a producéo
de CHa pelas Archea seja suprimida (VAN ZIJDERVELD et al., 2010; LI et al., 2013).

Uma vez que a supresséo da produgdo de CHas reduz as perdas de energia
dietética via metanogénse, aumenta-se a energia metabolizavel da dieta (LEE et al.,
2015a; KLOP et al.,, 2016). O aumento na eficiéncia energética juntamente com o
aumento no aporte de proteinas absorvidas pelo animal é portanto, contribuinte para o
aumento na eficiéncia de producéo animal.

Alguns estudos tem apresentado que a inclusdo de NOs™ nao influencia a ingestao
de matéria seca (IMS) quando adicionado na dieta de ruminantes (2% de NO3z na MS da
dieta; EL-ZAIAT et al., 2014; GUYADER et al., 2015; TROY et al., 2015; OLIJHOEK et
al., 2016), assim como a inclusédo de S juntamente com o NOs", também ndo exercem
efeitos na IMS (PATRA; YU, 2014).

Por outro lado, a inclusdo de NOs na dieta de ruminantes pode causar a
intoxicacdo, e tem sido motivo de alerta ha um longo tempo (THORP Jr., 1938;
BRADLEY; EPPSON; BEATH, 1939). A preocupacao é devido a absorcéo de nitrito (NO2
, intermediario da reducdo NO3z > NH3) pela parede ruminal e seu efeito toxico na
corrente sanguinea pela conversdo da hemoblogina (Hb) em metahemoglobina (MetHb).
Entretando, com o fornecimento de NOs~ em uma quantidade adequada, procedendo-se
uma adaptacao a sua inclusdo na dieta, a possibilidade de intoxicacdo é reduzida (LEE;
BEAUCHEMIN, 2014).

Além do mais, a associacdo de quantidades adequadas, juntamente com prévia
adaptacao, e com a lenta liberacdo do ion NOs no rumen, possivel pela utilizacdo do
NOs encapsulado, tem minimizado qualquer possibilidade de acimulo de NO2z (EL-
ZAIAT et al.,, 2014; LEE et al.,, 2015b). A lenta liberacdo do ion em fungcdo do



encapsulamento também pode contribuir para uma melhor sincronizacao entre energia e
N disponiveis, que contribui para a eficiéncia de sintese de proteina microbiana (EPMic).

Poucos estudos avaliaram as possiveis interacdes entre 0 NOs e 0 S em dietas
para ruminantes, inclusive quando se refere ao En. Sendo assim, a hipotese deste estudo
foi que o fornecimento de En, como fonte de NNP, em substituicdo parcial a proteina
verdadeira, juntamente com uma fonte de S, potencializa a eficiéncia de sintese de

proteina microbiana e reduz a emissao de CHa.

Nitrato na dieta de ruminantes

O NOs3™ é um anion presente na natureza, essencial para a vida por fazer parte do
ciclo do N. E encontrado nos solos, 4gua, e comumente compde a proteina bruta (PB) de
uma variedade de alimentos que sdo consumidos pelos animais. Como ingrediente
presente na dieta de ruminantes, tem sido objeto de estudo a um longo tempo (LEWIS,
1951; HOLTENIUS, 1957; WANG; GARCIA-RIVERA; BURRIS, 1961; GUYADER;
UNGERFELD; BEAUCHEMIN, 2017).

Para ruminantes, o NOs comporta-se como uma fonte de NNP, sendo 100%
degradado no rumen. Sendo assim, o NO3z™ pode substituir totalmente a convencional
ureia (GUO et al., 2009; VAN ZIJDERVELD et al., 2010, 2011; HULSHOF et al. 2012; LI
et al., 2012; SILIVONG; PRESTON; VAN MAN, 2012; THANH; THU; PRESTON, 2012;
LIN et al., 2013), e parcialmente a proteina verdadeira da dieta (LEE; BEAUCHEMIN,
2014). Essa substituicdo parcial da proteina verdadeira pode ser uma estratégia para
reduzir os custos com a alimentagcéo (CALDAS NETO et al., 2008).

Devido ao fato que o N-nitrato € convertido a NHs, este ultimo sendo o principal N-
substrato para a sintese de PMic (LENG; NOLAN, 1984), a inclusdo de NOs™ ha dieta de
ruminantes pode resultar em aumento na EPMic (GUO et al, 2009), e
consequentemente, contribuir com aporte de proteina metabolizavel (PMet) para o
animal. Como ja é sabido, entre 50 e 80% da PMet é advinda de PMic (STORM,;
@PRSKOV, 1983). Adicionalmente, estudos recentes com inclusdo de NOs para

ruminantes tém apresentado resultados consistentes relacionados a modulacdo da



fermentacao entérica, em prol de se reduzir a emisséo de CHa pelos animais (DUTHIE et
al.,, 2015; GUYADER et al.,, 2015; LEE et al., 2015a,b; OLIJHOEK et al., 2016;
PETERSEN et al., 2015; TROY et al., 2015; ZHAO et al., 2015; KLOP et al., 2016).

A quantidade segura para o fornecimento de NOsz na alimentacdo tem sido
elucidada pelos estudos publicados recentemente (BENU et al.,, 2015; LEE et al.,
2015a,b; OLIJHOEK et al., 2016). Basicamente, a recomendacéo para a quantidade de
NOs na dieta considera as seguintes precaucdes: (1) O N advindo da fonte de NO3™ deve
respeitar a relacdo aproximada de 30 g N por kg de matéria organica (MO) digestivel,
para que a quantidade de N fermentavel atenda a tedrica 100% de eficiéncia da
fermentacao ruminal para um étimo crescimento microbiano (LENG, 2008), pois como
comentado acima, o NOs é uma fonte de NNP; e (2) Deve ser incluido a uma quantidade
suficiente para que a microbiota consiga metabolizar todo o NOs™ fornecido até a molécula
de NHs, pois se a quantidade de NOs exceder a capacidade dos microrganismos de
metaboliz4-lo até o composto final, ocorrerd acimulo de NO2 no rumen (NOs™ > NOz2” >
NHzs). Se ocorrer acimulo de NO2 no rumen, com a consequente absor¢cdo em taxas
elevadas para a corrente sanguinea, surge a possibilidade de intoxicacdo por
metahemoglobinemia (i.e. andxia tecidual).

Os recentes estudos utilizam uma inclusdo de 2 a 3% de NOs na MS da dieta
(LUND et al., 2014; BENU et al., 2015; DUTHIE et al., 2015; GUYADER et al., 2015; LEE
et al., 2015b; TROY et al., 2015; ZHAO et al., 2015; KLOP et al.,, 2016; NGUYEN;
BARNETT; HEGARTY, 2016), geralmente fornecendo-o com a forma quimica associada
ao metal calcio [nitrato de calcio - Ca(NOs3)2]. Ainda, a ado¢do de adaptacdo com inclusdo
gradativa tem sido ferramenta para o alcance da dose final de NOs sem implicacdes
toxicoldgicas (LUND et al., 2014; NEWBOLD et al., 2014).

Outros fatores devem ser levados em consideracado, além do nivel de inclusédo de
NOs na dieta. Fatores estes que influenciam na velocidade de dissociacao do elemento
no rumen, e consequentemente, a possibilidade ou ndo de eventual intoxicacdo, assim
como na obtencao ou ndo de resultados positivos pela inclusdo desse ion na dieta. Sendo
assim, a utilizacdo de NOs™ na dieta de ruminantes deve considerar: (1) Ado¢&o de prévia
adaptacdo (CHENG et al., 1985); (2) Forma quimica do NOs  fornecido; (3) Demais



ingredientes que comp®e a dieta, que influenciam no aspecto fermentativo da dieta como
um todo; (4) Frequéncia de fornecimento da dieta (1, 2, ou mais vezes ao longo do dia);
(5) Velocidade que o animal ingere o alimento nas primeiras horas apos o fornecimento;

(6) Caracteristicas genéticas; e (7) Caracteristicas particulares de cada animal.

Fontes de nitrato, metabolismo e parametros de estudo

Os efeitos da utilizacdo de NOs na dieta dos animais sdo dependentes da
quantidade fornecida e disponibilidade dentro do rumen. A disponibilizagédo do ion para a
fermentagcdo microbiana ruminal é influenciada consideravelmente pela fonte fornecida
de NOgz, pois essas fontes tém velocidades diferentes de solubilizagédo (LATHAM et al.,
2016).

As fontes de NOs  que s&o mais comumente utilizadas para inclusdo na dieta de
ruminantes sao: Nitrato de potassio (KNOs3); Nitrato de calcio [Ca(NO3)2]; Nitrato de sédio
(NaNOz); 50:50 Nitrato de calcio:Nitrato de amonio [Ca(NO3)2:NH4NOs]; e 50:50 Nitrato
de potéassio:Nitrato de sédio (KNO3:NaNO3) (LATHAM et al., 2016).

O NOs conjugado com célcio [Ca(NOs)z] € menos efetivo na reducdo da producédo
de CH4 comparado as formas KNOs e NaNOs, e isso € causado provavelmente pelas
diferencas de solubilidade (LATHAM et al., 2016). De acordo com esses autores, o calcio
tem menor solubilidade a um pH acima de 5,5, e considerando que o pH ruminal
raramente se encontra abaixo de 5,5, provavelmente uma porcdo significante do
Ca(NO3)2 permanece insolubilizado e portanto indisponivel para exercer o pleno efeito da
inclusdo do NOs'.

No ambiente anaerdbico ruminal, o0 NOs € reduzido por dois distintos passos
(LENG, 2008): (1) Reducéo Dissimilatoria e (2) Assimilatoria do NO3z até NHs. Os
mecanismos de controle que determinam a dominancia da atividade da redutase no
rumen sao complexos, e a via predominante do metabolismo do NOs no rumen é incerta
(LENG, 2008). Contudo, as informacgdes disponiveis sobre metabolismo anaerdbico em
outros sistemas naturais prové uma ideia talvez mais simples sobre o sistema ruminal de

reducdo de NOs e NO2 até NHs, e tem sido assumido e afirmado que a reducédo



dissimilatoria do NO3™ para NH3 segue dois caminhos de redugédo (LENG, 2008), como

apresentado abaixo:

NOsz™ + 2H" = H20 + NO2 ------m-mmmmmmmmmmmmo oo Equagéo 1
NO2 + 6H* 2 H20 + NH3 ----------------- e Equacéo 2

A reducdo dissimilatoria é a producéo de NHs pela redugéo de NOs e/ou NOz', que
ocorre quando os valores do potencial redox no meio estdo baixos, frequentemente na
presenca de sulfeto, ou alta concentracdo de matéria organica. A reducao dissimilatoria
ndo € afetada pela quantidade de NHs, e a rapida conversdo de NOs para NHs ocorre
mesmo com altas concentra¢des de NHs (LENG, 2008). Na redugé&o assimilatoria, ocorre
0 uso de enzimas que catalizam a reducdo de NO3 para NOz e entdo para NHs. O termo
“assimilatoria” refere-se ao fato de que os produtos da atividade enzimética permanece
no organismo. NOs" é reduzido a NO2 pela reducao de NADH e NOz é reduzido a NHs
pela amonificacdo assimilatéria de NO2 que é acoplada com a formacdo de ATP
(adenosina trifosfato) (LENG, 2008).

Em dietas balanceadas em termos de energia e N, 0 NOsz™ (fonte de NNP) apos ser
reduzido pelas bactérias até NHs, fica entdo disponivel para a microbiota incorporar NHs
em seu metabolismo para constituir a PMic. Se ocorre um excesso de proteina
degradavel no rumen, como no caso de um desbalanco da dieta com alta quantidade de
NNP em relacdo a carboidratos rapidamente fermentesciveis, ocorre um acumulo de
NNP. O acumulo de NNP no rumen € caracterizado pelo excesso na quantidade das
formas de N (NOs", NO27, ou NH3), 0 qual supera a capacidade de sua metabolizacéo pela
microbiota.

Ambas as formas de NNP, tais como NOs™ ou as suas formas reduzidas (NO2z e
NHs3) podem ser absorvidas pelo epitélio ruminal, e ser direcionado para a corrente
sanguinea (Figura 1). Quando alcanca o sangue, NOs e NHsz podem ser reciclados e
retornar ao rumen via saliva, podem serem eliminados na urina, ou mesmo ser excretado

através das nas fezes. Particularmente na urina, os ruminantes eliminam somente uma



pequena por¢cdo de NOsz™ (LEWIS, 1951), enquanto que em monogastricos a maioria do
NOs é excretado na urina (GREENE; HIATT, 1954).

Corrente
Rumen sanguinea

Saliva

NO3_ *’J

NO; nos |
alimentos

MetHb| Rim

Urina

Figura 1. Rotas metabdlicas do NOs™ em ruminantes.

Os recentes estudos disponiveis na literatura apresentam que a inclusdo de NO3z
dentre as fontes NO3™ de célcio e NOs™ de calcio encapsulado, ndo interferiram na IMS
(VAN ZIJDERVELD et al., 2011; Ll et al., 2012; EL-ZAIAT et al., 2014; NEWBOLD et al.,
2014; GUYADER et al., 2015; TROY et al., 2015; OLIJHOEK et al., 2016), enquanto que
demais estudos apresentam o contrario (LEE et al., 2015a,b; KLOP et al., 2016).

Os trabalhos que obtiveram reducdo da IMS comparado ao tratamento controle
(com ureia como fonte de NNP) e explicam que o gosto amargo do nitrato pode ter
influenciado negativamente a palatabilidade da dieta. Ao mesmo tempo, uma menor IMS
pode implicar em maior tempo de retencédo do alimento ou do fluido ruminal, e entdo
portanto maior sera o tempo para o NOs ser completamente reduzido a NH3 (KLOP et
al., 2016).



A suplementagao de ruminantes com determinados ingredientes pode influenciar
a fermentacédo ruminal, fazendo com que as rotas metabdlicas sigam caminhos distintos.
As pesquisas com inclusédo de NOs™ concluiram néo interferir diretamente na fermentacéo
ruminal, assim como, resultados contrarios também foram apresentados.

A inclusédo de crescentes niveis de NOs (0; 0,5; 1,3; e 2,1% de NOs na MS da
dieta) aumentou linearmente N-NHs ruminal, mas o pH ruminal ndo diferiu (Olijhoek et al.
2016). Concordando com esses resultados, em um outro estudo, as inclusdes crescentes
de NOs (0; 0,7; 1,4; 2,1; 2,8; 3,4; e 4,1% de NOs na MS da dieta) aumentou linearmente
N-NHs ruminal, enquanto que o pH ruminal ndo diferiu (LEE et al. 2015b). Entretando,
embora De Raphélis-Soissan et al. (2014) ndo encontraram diferencas para o N-NH3
ruminal com a inclusdo de 2% de NOs na MS comparado ao tratamento ureia, foi
observado um aumento no pH ruminal para os tratamentos com NOs'.

Os experimentos com inclusdo de NOs™ geralmente utilizam a ureia no tratamento
controle para a devida comparagéao ao NNP suprido pelo NOs". Ambos séo fontes de NNP
(NOs™ e ureia) e rapidamente solubilizados no rumen, portanto, considera-se que ambos
fornecem semelhantes quantidades de N, sendo provavel que n&do ocorra diferenca nas
concentracdes de N-NHs ruminal. Entretanto, € importante também considerar que esses
parametros da fermentacdo ruminal podem depender das caracteristicas da dieta.

Areducdo do NO3z™ a NHs é mais favoravel energeticamente do que a propiogénese
(UNGERFELD; KOHN, 2006) desviando a fermentacao de glicose da propiogénese para
a formacao de acetato. Portanto, o fornecimento de NO3™ tende a modificar a fermentacéo
ruminal em favor da producdo de acetato, em contrapartida, reduzindo a producao de
propionato. Concordando com a explicacdo, De Raphélis-Soissan et al. (2014) e Troy et
al. (2015) ao fornecerem NOg3™ obtiveram aumento na concentracdo de acetato em cerca
de 8% e reducdo de propionato em cerca de 21,2%. Este ultimo citado, obtiveram
aumento em 29,9% na relacéo acetato:propionato para os tratamentos com NOs'.

Em contrapartida, Olijhoek et al. (2016) ao fornecer crescentes doses de NOs™ ndo
obtiveram diferengas para acetato, propionato e para a relacdo acetato:propionato, e

ainda, no estudo de Lee et al. (2015b) o propionato ruminal ndo diferiu, o acetato diferiu



guadraticamente, ocorrendo uma reducao para as inclusdes de 1,4; 2,1; e 2,8% de NOgz
na MS, e a relacdo acetato:propionato nao diferiu.

O crescimento microbiano no rumen € funcdo da quantidade de energia derivada
do processo da fermentacao ruminal e da quantidade de N disponivel (CALSAMIGLIA et
al., 2010). Processos de redugéo que permitem uma maior conservacao da energia para
0 crescimento devem ser mais vantajosos para 0s microrganismos (GUO et al., 2009). O
processo termodinamico da redugéo de NOs é energeticamente mais favoravel que a
metanogénese (reducdo: CO2 - CHa) (GUO et al., 2009). Sendo assim, o fornecimento
de NOs como uma fonte suplementar de NNP, além de fornecer N prontamente
disponivel para o inicio da atividade microbiana em sincronia com os carboidratos
rapidamente fermentesciveis, beneficia 0 metabolismo microbiano.

Considerando que, a presenca de NOs™ na dieta de ruminantes além de suprir
parcialmente as exigéncias microbianas de N, pode possibilitar um metabolismo
energético mais eficiente (reducao de NOs" vs. reducdo de CHa), portanto, pode aumentar
a EPMic. EPMic é representada pela quantidade de proteina microbiana sintetizada por
mol de ATP hidrolizado, e com 0 seu aumento, consequentemente ocorre aumento do
fornecimento de PMic para o animal. Esse metabolismo se faz importante, pois a PMic é
a principal fonte de suprimento de aminoacidos metabolizdveis para o animal
(BRODERICK, 1994).

Embora Olijhoek et al. (2016) apresentaram que as crescentes inclusdes de NO3
em substituicdo a ureia néo influenciou a sintese de PMic (g PB/d) e a EPMic (g PB/kg
MO digerida no rumen), é possivel encontrar asser¢cdes com relacdo a melhoria na
sintese de PMic in vitro (GUO et al., 2009; GUYADER; UNGERFELD; BEAUCHEMIN,
2017) e in vivo (NGUYEN; BARNETT; HEGARTY, 2016).

Nitrato encapsulado frente a intoxicacdo e adaptacdes metabdlicas
Assim como a ureia, o NOsz também é uma fonte de NNP, entretanto as

recomendacfes para quantidade a ser incluida na dieta, assim como a estratégia de

adaptacdo para inclusdo na alimentacdo de ruminantes de ambos, sdo diferentes. O
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protocolo de adaptacdo da ureia ja € bem estabelecido na literatura, enquanto que para
o NOg3™ ainda nao se tem um guia de adaptacéo definido.

O NOs € metabolizado pelos microrganismos até sua conversdo em NHs (NO3z™ -
NO2 - NHa) (TIEDJE, 1988). O NO2 é o intermediario dessa reacéo, e quando ocorre
um acumulo de NO2 no rumen, este é absorvido pela parede ruminal até a corrente
sanguinea. No sangue, o NO2 se liga ao grupo heme da Hb (BRUNING-FANN;
KANEENE, 1993), convertendo a Hb da forma ferrosa (Fe?*) para a forma férrica (Fe3*)
(LUNDBERG et al., 2008). A forma férrica, denominada MetHb, confere incapacidade a
molécula de transportar oxigénio para os tecidos, o que acarreta uma condi¢cdo de anOxia
geral, levando o animal a quadros clinicos (LEE et al., 2015b). O efeito téxico do NO2
pelo consumo de NOs™ no contetado de alimentos tem sido observado ha muito anos
(THORP, 1938; BRADLEY; EPPSON; BEATH, 1939; DAVIDSON; DOUGHTY; BORON,
1941).

A MetHb é um parametro diretamente relacionado com a absorgdo de NO2 (LEE;
BEAUCHEMIN, 2014), e anaise de sua concentracdo (MetHb) no sangue tem se tornado
rotina nos experimentos que trabalham com a inclusdo de NOs3, principalmente para
aqueles que testam crescentes niveis de incluséo.

N&do somente o0 NO2, mas o NOsz e NHsz também podem ser absorvidos pelo
epitélio ruminal e alcancar a corrente sanguinea (Figura 1). Assim como o NO2z', 0 NOs"
e NHs em concentragfes elevadas no sangue também podem ser tdxicas para o animal.
Na corrente sanguinea essas diferentes formas de N, quando presentes, se diferem
quanto a dosagem toxica, sendo o NO2  com potencial toxico muito maior do que as
formas NOs e NHs. Sendo assim, certas quantidade de NHs e NOsz podem estar
presentes no sangue sem problemas, pois o préprio metabolismo animal é capaz de lidar
com a detoxificacdo. Enquanto que, quando se trata do NO2", mesmo que em pequenas
quantidades, ja ocorre respostas metabdlicas a toxidez.

Qualquer potencial substancia pode ocasionar intoxicagao ao animal quando a sua
concentracdo no organismo excede a capacidade de metabolizagdo, como comentado
anteriormente. Com relagdo a intoxicacao por NO2z', 0 manejo alimentar tem fundamental

participacdo na predisposicdo para 0 seu acumulo no organismo animal. Dentre os
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fatores que podem estar relacionados com a propensao a intoxicacdo estdo (LENG,
2008): (1) Pouca quantidade de carboidratos ndo fibrosos (CNF) com relacdo a
guantidade de NNP, pois assim como 0 NNP o CNF é rapidamente solubilizado no rumen,
e se ndo ha energia que possa ser disponibilizada rapidamente aos microrganismos para
sincronizar com a disponibilizacdo do N a partir do NNP, pode ocorrer acimulo de NHs
pela incapacidade da microbiota metaboliza-lo; (2) Elevada quantidade de NNP na dieta,
independente da presenca ou ndo de CNF, pois 0s microrganismos possuem capacidade
limitada de metabolizacdo dos compostos nitrogenados; (3) Quantidade de NOs™ na dieta;
(4) Taxa de consumo da dieta fornecida; (5) Incompleta redugcéo de NO3s e NO2 no rumen
até NHs; e (6) Lenta taxa de passagem ruminal (e.g., longa retencdo de NO3 e NO2 no
rumen).

Uma estratégia para se evitar a intoxicagdo com inclusdo de NOs na dieta é a
adocdo de prévia adaptacdo, procedida com incrementos crescentes e graduais até
alcancar a dose final (LEE; BEAUCHEMIN, 2014). A importancia dessa inclusao gradual
€ devido ao aumento potencial (3 a 10 vezes) da capacidade dos microrganismos de
converter NOs™ até o metabdlito final (NHs) (ALLISON; REDDY, 1984; ALABOUDI,
JONES, 1985; CHENG et al., 1985; SHI et al., 2012). Portanto, com 0s microrganismos
adaptados a presenca de NOs, evita-se que a sua incapacidade de conversao total até
NH3 resulte em acumulo de NO2z". Outro beneficio conferido pela adaptacao da microbiota
a inclusédo de NOs™ seria o0 efeito mais pronunciado sobre a inibicdo da metanogénese
(ALLISON; REDDY, 1984).

Algumas especulacdes sdo apresentadas no tocante a adaptacdo que o proprio
organismo do animal pode apresentar apés a inclusdo do NOs” em doses crescentes. E
possivel que o animal apresente sensiveis modificacdes adaptativas, que por sinal
permitem reduzir a sua susceptibilidade a intoxicacdo pela presenca de NO2™ na corrente
sanguinea, como por exemplo, aumento no volume sanguineo e na quantidade de
eritrocitos circulantes, aumentando a concentragdo de Hb (JAINUDEEN; HANSEL,;
DAVISON, 1964).

Uma outra estratégia que tem sido utilizada para com a reducao do potencial toxico

que o NOs apresenta, € o fornecimento do NOs em sua foérmula encapsulada com
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componentes quimicos inertes, que permitam uma lenta liberacdo do &nion em meio a
fermentacdo. Estudos com NOs™ encapsulado apresentaram resultados positivos para 0s
parametros avaliados, dentre eles a concentracdo estavel da MetHb sanguinea (EL-
ZAIAT et al.,, 2015; LEE et al., 2015b). Entretanto, por mais que esse elemento seja
encapsulado e de lenta liberagéo, é recomendado que se proceda uma adaptacao para
a sua incluséo.

Além da especulacdo relacionada a possibilidade de intoxicacdo, o
encapsulamento do NOs também apresenta beneficios no tocante a uma
disponibilizagéo de N para os microrganismos de uma maneira mais sincronizada com a
energia provida pela dieta. Como comentado anteriormente, embora haja uma
consideracao entre sincronismo de energia e proteina, no sentido de que a presenca de
CNF em dietas com NNP possibilita uma melhor sincronizacdo entre os metabdlitos
exigidos pela microbiota, de qualquer maneira, ambas fontes de NNP (e.g. NOs™ ou ureia)
sdo mais rapidamente solubilizadas em meio ruminal do que os CNF. Para tanto, a fonte
de NOs encapsulado pode apresentar melhores beneficios relacionados a parametros

produtivos, quando se comparada a fonte convencional de NOs-.

Enxofre na dieta de ruminantes e requerimentos

O enxofre, macromineral essencial na dieta de ruminantes, faz parte da
composicdo de proteinas, fazendo parte da composicdo dos aminoacidos (metionina,
cisteina e cistina), de algumas vitaminas (vitaminas B, tiamina e biotina) e de diversos
outros compostos organicos como os horménios (NRC, 2016). Por ser parte destes
compostos, 0 S no organismo animal esta relacionado com as funcdes de sintese e
metabolismo de proteinas, metabolismo de carboidratos e lipideos, coagulacéo
sanguinea, fungbes endodcrinas e balango &cido-base do fluido intra e extracelular
(MCDOWELL, 1999).

Para os ruminantes, o S € um nutriente essencialmente fornecido com o obijetivo
de suprir as exigéncias dos microrganismos ruminais. E requerido para o crescimento e

normal metabolismo celular de bactérias (ANDRIGUETTO, 1993), particularmente as
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bactérias celuloliticas (SPEARS et al., 1976). A microbiota é capaz de sintetizar todos os
compostos organicos que contém S, requeridos pelo tecido mamifero, a partir de S
inorganico, assim como a partir do S em sua forma organica por meio dos aminoacidos
sulfurados presente nos alimentos (NRC, 2016). Ao metabolizar os compostos sulfurados
no rumen, 0S microrganismos incorporam-os na PMic, que posteriormente serd utilizada
pelo animal.

A quantidade de S preconizada pelo NRC (2016) para bovinos em crescimento e
terminacdo é de 0,15% da MS da dieta, considerando os niveis maximos entre 0,30-
0,50% para essa categoria animal. Para a inclusao de S na dieta deve-se atentar as
seguintes consideracdes: (1) Quantidade de S j& presente nos ingredientes alimentares
pré-estabelecidos na dieta, a fim de se respeitar a quantidade de S preconizada para a
categoria animal; (2) Quantidade de N na dieta para respeitar a relacdo entre N:S de
acordo com as exigéncias microbianas; (3) Caracteristica dos demais ingredientes da
dieta, como a relacdo volumoso:concentrado e as caracteristicas fermentativas
particulares de cada ingrediente; e também (4) Deve-se considerar que a fonte de S
adicional que serd incluida na dieta pode se relacionar diferentemente com os fatores
anteriormente descritos.

O S presente nos ingredientes da dieta algumas vezes ja suprem os requerimentos
dos ruminantes, mas € importante considerar que dependendo da caracteristica da dieta,
nem todo o S é disponibilizado para fermentacdo microbiana. Os requerimentos para S
podem aumentar a medida em que a dieta proporciona uma maior taxa de passagem,
com maior escape ruminal de proteina, limitando a quantidade 6tima de S para a
fermentacéao ruminal (NRC, 2016).

O teor de S na dieta esta diretamente relacionado com o teor de proteina dos
ingredientes, em que uma maior quantidade de proteina dietética frequentemente pode
resultar em niveis mais altos de S. Sendo assim, quando se fornece uma fonte de NNP
substituindo parcialmente a fonte de proteina verdadeira, uma suplementagdo com S
adicional se faz necesséria (NRC, 2016). A inclusédo de S deve ser realizada para adequar
relacdo nitrogénio:enxofre na dieta entre 4:4 a 16:5 (LI et al., 2013), a fim de se atender

0s requerimentos microbianos desses dois elementos.
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Fontes de enxofre, metabolismo e parametros de estudo

O enxofre pode entrar no trato gastro intestinal por intermédio dos alimentos, da
agua, ou por secrecdo enddgena da saliva. Pela alimentacdo, o S pode ser consumido
pelo animal pelas formas organicas e inorganicas.

As formas organicas sdo as que estdo presentes na composicao dos ingredientes,
fazendo parte das proteinas que contém o S na composi¢ao dos aminoacidos, tais como,
metionina, cisteina, homocisteina, taurina, cistationina, acido cisteico e cistina (NRC,
2005), assim como também das vitaminas do complexo B, tiamina e biotina (NRC, 2016),
gue também contém S. Dentre as formas inorganicas pode se destacar: Sultafo de sodio
(Naz2S0a4); Sulfato de amdnio [(NH4)2SO4]; Sulfato de célcio (CaS0Oa); Sulfato de potassio
(K2S04); Sulfato de magnésio (MgSOa); e Enxofre elementar (S°).

Cada uma das fontes de S apresenta diferentes disponibilidades para a
fermentacdo (SARAN NETTO et al.,, 2009). A fonte de S elementar e 0 S organico
produzem menos radicais livres quando metabolizados do que o sulfato (SO4%) (NILES;
MORGAN; EDWARDS, 2002). As fontes com SO4%, tais como CaSOas e (NH4)2S04, sédo
mais prontamente disponiveis para o metabolismo microbiano, sendo aproximadamente
50% disponivel. Enquanto que, a disponibilidade de S° é aproximadamente 35% para o
crescimento microbiano ruminal (KAHLON et al., 1975). Esses fatores de disponibilidade
devem ser levados em consideracéo durante a formulacéo da dieta.

No rumen, duas classes de microrganismos sao classificadas como responsaveis
pelo metabolismo de S: (1) os que realizam a Reducdo Dissimilatéria; (2) e os que
realizam a Reducdo Assimilatéria. Na reducdo assimilatéria as bactérias reduzem SO4*
a sulfeto de hidrogénio (H2S), que € incorporado a aminoacidos, enquanto que a redugao
dissimilatéria, as bactérias utilizam do SO4? como um aceptor de elétrons e produzem
H2S como um produto final do seu metabolismo (SINGLETON Jr.,1993; BRADLEY;
LEAVITT; JOHNSTON, 2011).

As formas pelas quais o S sai do rumen em dire¢cdo a0 omaso S&o por meio da

proteina ndo degradavel rimen, pela PMic, ou entdo pelas proprias formas inorganicas



15

de S que nao foram fermentadas pela microbiota. Assim que alcangca o abomaso as
fontes inorganicas de S sao primeiramente absorvidas por meio de transporte ativo,
enguanto que as formas organicas contidas nas proteinas sdo quebradas pela proteolise,
até os aminoacidos contendo S. Os aminoacidos séo transportados para 0 sistema
circulatorio através de um mecanismo dependente de sédio, e a maioria do S absorvido
em excesso é excretado na urina como SO42".

Com a presenca de S no fluido ruminal os microrganismos o utilizam para seu
metabolismo, sintetizam aminoacidos contendo S e entdo produzem a PMic. Se a
quantidade de S na dieta ndo atende as exigéncias microbianas, o metabolismo
microbiano pode ser prejudicado e consequentemente reduzir a digestdo ruminal dos
nutrientes dietéticos (VIDAL et al., 2007). Sendo assim, tem sido sugerido que o
fornecimento de S na dieta estimula a atividade microbiana, aumentando a eficiéncia de
fermentacdo dos nutrientes, provendo maior quantidade de PMic para o metabolismo
animal. Isso se faz importante pois a PMic representa de 50 a 80% da proteina
metabolizavel para o animal (STORM; GRSKOV, 1983).

A melhoria da atividade microbiana pela presenca de S pode aumentar a
digestibilidade da dieta, o consumo de matéria seca, e portanto pode melhorar a eficiéncia
de conversdo dos nutrientes dietéticos para o metabolismo animal. Os efeitos da
presenca de S na dieta de ruminantes foram estudados, e encontra-se disponivel na
literatura desde trabalhos pioneiros (BLOCK; STEKOL, 1950; THOMAS et al., 1951;
BLOCK; STEKOL; LOOSLI, 1951; STARKS et al., 1953), assim como trabalhos recentes
(DREWNOSKI; HANSEN, 2013; SARTURI et al., 2013; JOSE DA SILVA et al., 2014;
JOSE DA SILVA etal., 2016), incluindo recentes revisdes (KLOPFENSTEIN; ERICKSON;
BREMER, 2008; DREWNOSKI; POGGE; HANSEN, 2014).

Rees, Minson e Smith et al. (1974) e Rees e Minson (1978) encontraram que a
fertilizac&o de forragem tropical Digitaria sp. com S reduziu o tempo de retencdo no rumen
e aumentou o consumo e digestibilidade comparado com o consumo em areas nao
fertilizadas. A menor digestibilidade obtida foi das dietas que nao receberam fertilizagao
com S, foi possivelmente causada pela redugdo da atividade microbiana, como sugerem

os autores. Whanger (1965) sugere que a taxa de reducéo de SO4* e incorporacdo deste
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na proteina bacteriana é 10 vezes mais rapida para animais alimentados com dieta que
contém quantidade adequada de S, quando comparada a quantidade deficientes de S.

Em estudo com a incluséo de 0,29 até 0,37% de S na dieta ndo houve influéncia
na IMS (SPEARS; BURNS; HATCH, 1985); assim como também a IMS nao foi
influenciada pela inclusdo de S nos niveis 0,15; 0,20; até 0,25% no trabalho de Zinn et
al. (1997). Os niveis de 0,22 até 0,51% de S (ARTHINGTON et al., 2002), e a inclusao
de 0,6% comparado com 0,3% no trabalho de Richter, Drewnoski e Hansen (2012),
ambos também n&o exerceram influéncia na IMS. Entretanto outros estudos, observaram
gue o consumo de dietas com 0,11; 0,20; 0,28; e 0,38%, reduziu o consumo quando o S
fornecido foi acima de 0,20% da MS da dieta (Ql; LU; OWENS, 1993). O nivel de 0,31 ou
0,46% S, também acarretou em reducdo na IMS comparado ao tratamento controle com
0,13% de S no estudo de Spears, Lloyd e Fry (2011), e assim como também, o
fornecimento total de 0,29% de S tendeu a reduzir a IMS no estudo de Loneragan et al.
(2001).

Os estudos anteriormente citados utilizaram diferentes fontes de S suplementar, o
gue resultou em resultados contrastantes no que se refere a IMS, e estes podem estar
associados com a relativa diferenca na disponibilidade total do S. Embora as diferentes
fontes de S tem sido apresentadas como fatores influentes aos resultados, no estudo de
José da Silva et al. (2014) nado foi observada diferenca em qualquer fator nutricional
avaliado para as diferentes fontes de S testadas para bovinos, dentre elas o ion SO4* e
S elementar. Neste Ultimo, os parametros que foram avaliados sao: ingestdo de MS, MO,
e PB; pH ruminal; e concentracdo de N-NHs ruminal.

No estudo de Rumsey (1978) a incluséo de S reduziu o pH ruminal de 5,59 para
5,35, mas a inclusédo do elemento S em si ndo é preponderante para uma variacdo no
valor de pH. Neste mesmo estudo a concentracdo de acetato reduziu com a inclusdo de
S, enquanto que a concentracdo de propionato e de outros AGVs nao diferiram.
Concordando com os resultados anteriores, Zinn et al. (1997) com as inclusdes de 0,15;
0,20; e 0,25% de S, nao observaram diferenca em IMS, pH ruminal, AGVs total ruminal
e EPMic (g Nmic/kg MO fermentada), entretanto aumentou propionato (efeito linear, P <
0,10) de 30,8 para 35,5 mol/100 mol, reduziu acetato (efeito quadratico, P < 0,10) de 50,7
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para 47,4 mol/100 mol, e reduziu a producdo estimada de CHas (efeito quadratico, P <
0,05) de 6,81 para 5,66 mol/d. Semelhantes resultados de AGVs ruminal também foram
encontrados por Thompson et al. (1972), com o decréscimo na concentracdo de acetato
e aumento de propionato em bovinos confinados quando o S dietético foi aumentado de
0,12 para 0,37%.

Respostas positivas para com o aumento de EPMic foram encontradas por Zinn et
al. (1997), assim como também apresentadas no estudo de McSweeney e Denman
(2007), mas € importante considerar que a EPMic pode apenas ser alcancada com niveis
adequados ndo somente de S, mas assim como também de N. Os tratamentos controle
sem a adicdo de S resultaram em aumento no nivel de N-NHs ruminal, menor
concentracdo de S?, e menor EPMic (MCSWEENEY; DENMAN, 2007).

Nitrato e enxofre como mitigadores da emissao de CHa

Os estudos recentes com inclusdo de NOs na alimentacdo de ruminantes
apresentam efeitos consistentes em relacdo a reducédo da producdo de CHs entérico
(GUYADER et al., 2015; LEE et al., 2015a; KLOP et al., 2016; GUYADER; UNGERFELD;
BEAUCHEMIN, 2017). Assim como, a inclusdo de fonte de S juntamente com NOsz
potencializa a mitigacédo da producéo de CH4 no rumen (VAN ZIJDERVELD et al., 2010,
2011; Ll et al., 2013).

Referindo-se a metanogénesese, o foco da utilizacdo de ambos componentes se
da por conta do efeito como aceptor de elétrons. No rumen o NOs™ € reduzido a NHs,
assim como também, o S é reduzido a H2S. Para que a reducdo aconteca sao
necessarios equivalentes de reducao (elétrons de hidrogénio). Dessa forma, o NOs e S
funcionam como um dreno de hidrogénio do ambiente ruminal. A menor quantidade de
elétrons no rumen implica em menor quantidade de substrato para as bactérias
metanogénicas, que resultara em menor producao e emissdo de CHs pelos ruminantes
(HULSHOF et al., 2012).

A conversao do NOs™ até NH3 no rumen € mais favoravel que a converséo do CO:2

em CHas pelas bactérias metanogénicas (LEE; BEAUCHEMIN, 2014), pois a reducao de
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NO3s para NO2 (Equacgao 1) e a subsequente redugcédo de NO2 para NHs (Equacéo 2)
rende mais energia que a reducgdo de CO2 para CH4 (Equacéo 3) (UNGERFELD; KOHN,

2006). Ambas equac0Oes estdo apresentadas na Figura 2, abaixo.

| Reducao do NOs & NH; |

NQg + 2H* > H,0 + NOy" ---------- Equacgéo 1 (AG®=-130 kJ/ mol de H,)
L[N]@g T e TR R [ — Equago 2 (AG® = —124 kJ/ mol de H,)

| Redugao do CO, a CH, | p =
‘ COy + 8H* > CH4 + 2H,0 - Equagéo 3 (AG° = -16,9 kJ/mol de H,) ‘

Figura 2. Estequiometria da reducéo de NOs e CHa.

O célculo tedrico da reducdo da producdo de CH4 baseado na estequiometria
que para cada 1 mol de NO3 (100 g) totalmente reduzido até NHs, usando 4 mols de Ho,
a supressdo da producdo de CHs4 serd em torno de 1 mol de CHa4 (26 g) (LEE;
BEAUCHEMIN, 2014). Enquanto que, a reducéo de SO4? consome 8 elétrons no total, e
portanto oferece o mesmo potencial de reducéo da producéo entérica de CHa4 que 0 NO3s
. Estequiometricamente a total reducdo de 100 g de SO4*> até H2S deve suprimir a
produgéo de CH4 em cerca de 16,7 g (VAN ZIJDERVELD et al., 2011).

Os resultados reportados na literatura do efeito da inclusdo de NOs sobre a
producdo de CH4 variam de 16 a 57% de reducdo em g CHa/d (KNAPP et al., 2014). No
estudo de Lee et al. (2015a) foi obtido uma reducao de 7% para cada 1% de NOs™ na MS
para bovinos de corte; Olijhoek et al. (2016), obtiveram reducéo de 10.9% para cada 1%
de NOs na MS para bovinos de leite; e Klop et al. (2016) apresentaram uma reducao de
10% para cada 1% NO3 na MS também para bovinos de leite.

Com relacdo ao potencial da inclusdo de S na dieta de ruminantes frente a
mitigagdo da metanogénese, avaliado em estudos recentes, foram obtidas consideraveis

reducdes na producdo de CHs4 em torno de 26% (g CHa4/d) quando fonte de S foi
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adicionado comparado a dietas que receberam NO3z” mas sem fonte externa de S (VAN
ZIJDERVELD et al., 2011; Ll et al., 2013).

Mediante o exposto, 0 presente estudo objetivou avaliar o efeito da substituicéo
parcial da fonte proteina verdadeira ou totalmante a convencional fonte de NNP (ureia)
por nitrato encapsulado com adigéo de enxofre elementar sobre consumo, digestibilidade,
parametros ruminais, eficiéncia de sintese de proteina microbiana e emisséo de metano

entérico em bovinos Nelore.
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CHAPTER 2 - ENCAPSULATED NITRATE PLUS ELEMENTAL SULFUR IMPROVE
MICROBIAL PROTEIN SYNTHESIS AND REDUCE METHANE EMISSION IN
NELLORE STEERS

ABSTRACT - The objective of this study was to investigate the replacement of soybean
meal or urea by encapsulated nitrate (En) plus elemental sulfur (S) on the efficiency of
microbial protein synthesis (MPS) and methane (CH4) emission in Nellore beef cattle. Five
ruminally-cannulated Nellore steers were used in a 5 x 5 Latin square design with 5
periods of 21 d each. The basal diet was prepared as TMR and included chopped Tifton
85 hay as a forage source in a 50:50 (wt/wt) concentrate to forage ratio. The treatments
were: soybean meal as control (SBM); urea (U); U plus S (US); En (EN); and EN plus S
(ENS). The orthogonal contrasts were: SBM v. EN + ENS; U + US v. EN + ENS; U v. US;
and EN v. ENS. Microbial N (MN; g/d) tended to increase (P = 0.06) with En inclusion
compared to SBM, and was increased (P < 0.04) by the addition of S to NPN diets. En
diets supply increased (P < 0.01) MN as a proportion of crude protein intake (CPI; g MN/kg
CPI), increased (P = 0.02) MN efficiency based on digestible organic matter intake (DOMI,;
g MN/kg DOMI) compared to SBM, and as well tended to increase (P = 0.09) g MN/kg
DOMI compared to urea. The addition of elemental S to NPN diets tended to increase (P
2 0.05) g MN/kg CPI, and increased (P = 0.04) g MN/kg DOMI when included in EN.
Animals fed En diets decreased (P = 0.02) CH4 emission by 31.2 (g CHa4/d), and tended
to decrease (P = 0.06) CH4 emission (g CHa/kg DMI, and CH4 as % of GEI) when
compared to SBM. Thus, En plus elemental S partially replacing soybean meal or totally
replacing urea can optimize MPS efficiency and concomitantly decrease CH4 emission by
Nellore beef cattle.

Keywords: beef cattle, Encapsulated nitrate, Sulfur, Methane emission, Microbial protein
synthesis
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1. INTRODUCTION

The use of nitrate (NOsz) for ruminants has gained research interest due to its
potential as an antimethanogenic compound®3. In rumen fermentation, NOz" is reduced
by microbes to ammonia (NHs) with nitrite (NO2’) as the intermediary product. Ammonia
generated becomes available for microbial protein synthesis (MPS) as a N source®,
which can replace non-protein N (NPN; e.g. urea) or dietary true protein.

The replacement of rumen-degraded protein from soybean meal to NPN is
interpreted with caution due to uncertain benefical results®. Meanwhile, encapsulated
nitrate (En) designed to provide slow release of NOs™ anion, further than contribute to
improve the synchronism of N and energy supplied to microbial fermentation, might confer
an energetic advantage on microrganisms due to energy conserved in NO3s reduction
(against CO2 reduction; CO2 > CHa4). Decrease in methanogenesis result in more
availability of CO2 in the rumen, and the energy benefit is proven by the positive correlation
between CO2 and MPS®). MPS has a critical role in the ruminant protein metabolism,
because metabolizable protein is composed in 50 to 80% from microbial protein(®),

Dietary adaptation to NOgs" is required (e.g., a stepwise increase in dietary NO3™ to
the target concentration over a certain period of time), and when is performed, the capacity
of the rumen microbes reduce NO3™ until NHz is improved, resulting in less risk of NOgz
INO2 accumulation™, Furthermore, the slower release of NOs in the rumen from En than
NOs salt®9), results in an effective microbial adaptation to NOs™ supply.

In diets with NPN source inclusion, it is important to include sulfur (S) sources to
meet the microbial constitution requirements of S amino acids (cystine, cysteine and
methionine). The S reduction in the rumen fermentation as well NOs", may act as an
electron acceptor®® enabling additional reduction in the enteric methane (CHa)
production. Moreover, S metabolism can donates eletrons to the NOs™ reduction, thus
contributing to avoid accumulation of the reaction intermediate (e.g. NO2")D),

Some studies have evaluated the possible interactions between NO3z salt and S in
ruminant diets1%12), However, the use of NOs" in its encapsulated form with S source

replacing true protein, needs to be explored. Thus, the objective of this study was to
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evaluate the effect of the partial replacement of soybean meal or total replacement of urea
by En with the addition of elemental S on the efficiency of MPS and CH4 emission in

Nellore cattle.

2. MATERIALS AND METHODS

The experimental protocol was approved by the Ethics, Bioethics, and Animal
Welfare Committee of Sdo Paulo State University (UNESP), School of Agricultural and
Veterinarian Sciences, Jaboticabal (protocol number 15046/15). This experiment was
conducted at the Department of Animal Science, UNESP, School of Agricultural and

Veterinarian Sciences, Jaboticabal, Sdo Paulo, Brazil.

2.1. Animals and Experimental Design

Five ruminally-cannulated Nellore steers (308.0 £ 46.0 kg of initial BW, 397.4 + 30.8
kg of final BW) with an average of 12 + 2 months were used. The experiment was
conducted in a 5 x 5 Latin square experimental design with five treatments and five
periods (21 d). Each period consisted of 14 d for diet adaptation and 7 d for sampling (Fig.
1).

Adaptation period | Sampling period
En 5 g/kg DM En 10 g/kg DM En 15 g/kg DM En 20 g/kg DM
1|23 sle |7 ]s8]o 10|11|12|13\14|15|16|1?|18|L9[20|21
T T I T 3 7
Blood Blood Blood Blood SFs Usine andFeces Rumen
sampling sampling sampling sampling sampling sampling sampling

Fig. 1. Sampling protocol during the experimental period. Number from 1 to 21 represent
the days of each period.

Animals were kept in individual pens (3 x 4 m) for housing, with individual feeders

and water dispensers. Rumen cannulation surgeries were conducted 2 months prior the
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beginning of the experiment, and was obtained a standard post-surgical recovery

procedure with no leakage of ruminal contents for all animals.
2.2. Diets and Treatments

The diets were formulated according to the Brazilian Nutrient Requirements for
Zebu Beef Cattle system®®, Treatment diets were rumen degradable protein

isonitrogenous (Table 1).

Table 1. Proportion of ingredients and chemical composition of the experimental diets

Diets*
ltem SBM U us EN ENS
Ingredient proportions, g/kg DM
Chopped Tifton 85 hayt 500.0 500.0 500.0 500.0 500.0
Soybean meal 105.0 40.0 40.0 40.0 40.0
Ground corn 370.0 427.0 425.0 415.0 413.0
Urea - 8.0 8.0 - -
Encapsulated NOsf - - - 20.0 20.0
Elemental S§ - - 24 - 2.4
Mineral premix 25.0 25.0 25.0 25.0 25.0
Chemical composition, g/kg DM||
DM, as-fed basis 927.0+5 926.0 + 6 924.0+6 924.0 £ 6 922.0+6
OM 927.0x1 923.0x1 921.0%x1 911.0x1 909.0x1
CP 150.0+4 146.0+4 146.0£ 4 140.0+4 14004
aNDF{ 452.0 £ 13 447.0 £ 16 446.0 = 16 444.0 £ 16 444.0 + 16
GE, MJ/kg DM 15.9+0.4 15.9 + 0.4 15.9 + 0.4 15.5+0.4 15.5+0.4
Calculated concentration, g/kg DM
RDP** 89.0+2 92.0%2 91.0+2 86.0+2 86.0+2
RUP** 61.0x1 540%1 540%1 53.0+1 53.0+1
Dietary S + Supp. S*** 29+0.0 2.7+0.0 27+24 2.7+0.0 27+24
N:S ratio 81 81 4:1 8:1 4:1

*SBM = Soybean meal; U = Urea; US = Urea + Elemental S; EN = Encapsulated nitrate; ENS = Encapsulated

nitrate + Elemental S.

TTifton 85 hay chopped to a 5-cm patrticle size.

FEncapsulated nitrate (NOs) was manufactured by GRASP Ind. & Com. LTDA and EW/|Nutrition GmbH; 85.6%
DM; 17.6% N, 19.6% Ca, and 71.4% NO3z~ on a DM basis. The source of nitrate was the double salt of calcium
ammonium nitrate decahydrate [5Ca(NO3)2:NH4NO3-10H2Q].

8Elemental sulfur source (99% of S).

||Diet was analyzed by the individual composition of the ingredients (n 5).
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fAssayed with heat stable amylase and expressed inclusive of residual ash.

**Estimated based on ingredient values from Valadares Filho et al.(13),

***Dietary S: amount of S contained in the ingredients (hay + soybean meal + corn + mineral premix).
Supplementary S: amount of S added via elemental S source. Amount presented as g/kg DM. The maximum tolerable
limit for S in beef cattle is 5 g/kg DM of S in diets containing more than 400 g/kg DM of forage®4.

Encapsulated NOs~ (GRASP Ind. & Com. LTDA, Curitiba, PR, Brazil), urea
(Petrobras S.A., Rio de Janeiro, RJ, Brazil) and elemental S (Carbotex Quimica Ind., Com.
& Part. LTDA, Aracariguama, SP, Brazil) were added to the concentrate mixture
accordingly to the experimental treatment (Table 1). The treatments used were a basal
diet containing: True protein from soybean meal as control diet (SBM), urea (U), U plus
elemental S (US), encapsulated NO3™ (EN), and EN plus elemental S (ENS).

The inclusion level of En (20 g/kg DM; 14.3 g/kg DM of NOgz3") used in the present
study was chosen according to previous studies®14, while the urea inclusion level (8 g/kg
DM) was calculated to supply the same amount of N from NPN sources than En diets.
Furthermore, 8 g/kg DM of urea is commonly used by brazilian livestock farmers in diets
for beef cattle. The N supplied by En and urea (both added as NPN sources) replaced
about 62% the N from soybean meal in the control diet. Elemental S was included by 2.4
g/kg DM on US and ENS diets, and reduced the N:S ratio from 8:1 to 4:1.

2.3. Feeding and Management

All diets were prepared daily and fed once a day (07.00 hours) as total mixed ration
(TMR). During adaptation and sampling periods (d 1 to 21) the diets were offered ad
libitum.

Encapsulated NOs™ was introduced in the diet in a stepwise manner. In the En
treatments (EN and ENS), En was gradually included from 5 to 20 g/kg DM by 5 g/kg DM
increments every 4 d (Fig. 1). The inclusion of soybean meal (on all treatments), urea (on
U and US) and elemental S (on US and ENS) was performed without prior adaptation.
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2.4. Data Collection and Sampling

Nutrients intake. Nutrient intake was obtained from d 17 to 21. Orts were collected
during the same period. Tifton hay was collected weekly, whereas the diets and the
ingredients were collected from ever new feed batch (every 15 d). Immediately after
collection, hay and orts samples were weighed and dried in an air circulating oven (55°C)
for 72 hours. All samples were ground in Willey mill (Thomas Scientific, Swedesboro, NJ,
USA) through a 1 mm sieve, and then stored for further chemical analysis.

Total Collection of Feces and Urine. Total tract apparent digestibility and N balance
were performed from d 17 to 21. At each spontaneous defecation, feces were collected
from the floor and stored in 20-L containers. At each 24 h cycle, total fecal amount was
weighed and 5% of the total was sampled. The fecal samples were dried, ground as
described before for feeds, and stored for further chemical analysis. Total urine was
collected using a collecting funnel attached to the animals waist. The funnels were
connected to polyethylene hoses that carried the urine to 20-L containers. A quantity of
200 mL H2S04 (20% v/v) was placed in each container to maintain the urine pH below 3.
At the end of each 24 h collection period, the amount of urine was weighed, mixed, filtered
through a cheesecloth and then an aliquot of 10 mL of urine was diluted with 40 mL H2SOa4
(0.036 N) for analysis of purine derivatives and another aliquot (undiluted) was obtained
for analysis of total N. All samples were stored at -20°C for later analysis.

Ruminal Fermentation. Ruminal fluid was obtained ond 20 at 0, 2, 4, 6, 12, and 24
h after feeding. Rumen content was obtained from several sites within the rumen-reticulum
and subsequently filtered through two layers of cheesecloth. Rumen pH was immediately
measured using digital pHmeter (Nova Técnica, PHM, Piracicaba, SP, Brazil).
Subsamples of ruminal content were obtained for later analysis of volatile fatty acids
(VFAs), and preserved by addition of 0.2 mL of 50% (v/v) H2SOa for later analysis of
ammonia nitrogen (NHs-N). These samples were stored at -20°C.

Blood Sampling. During adaptation (d 1 to 14), blood samples were collected on d

1, 4, 7, and 10 from individual animals to measure blood methemoglobin (MetHb). Blood
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samples were taken from the jugular vein 3 hours after feeding(”-141%). Acording to Lee and
Beauchemin(, 3 hours after feeding nitrate occur the peak of MetHb on blood.

Methane Measurements. Sulfur hexafluoride (SFs) tracer gas technique was used
as a described by Johnson et al.6) and adapted by Primavesi et al."). From d 15 to 19,
enteric CH4 production was monitored from individual animals. Prior to the experiment,
PVC canisters were placed around the animal’s neck for adaptation to the apparatus. In
addition, prior to the experiment, SFe calibrated permeation tubes were placed in the
reticulum-rumen of individual animals. The background air was also collected during the

measurement.

2.5. Laboratory Analysis and Calculations

Feed ingredients, orts, and feces were analyzed as follows: dry matter (DM);
organic matter (OM); neutral detergent fiber (aNDF); nitrogen content; and gross energy
(GE). The analysis of DM (934.01) and OM (942.05) were done according to the
recommendations of Association of Official Analytical Chemists®®). The aNDF was
analyzed following the recommendations of Van Soest et al.(1®), containing thermostable
alpha-amylase®®? using the Ankom?® Fiber Analyzer (ANKOM Technology Corp.,
Fairport, NY, USA). Nitrogen content in samples was determined by DUMAS method®@
(LECO Corp., model FP-528 nitrogen analyzer, St. Joseph, MI, USA). Crude protein (CP)
content was calculated by multiplying total N by 6.25. The analysis of GE was performed
by combustion of samples in an adiabatic bomb calorimeter (Parr Instrument Co., model
6300, Moline, IL, USA).

After thawing, urine subsamples (undiluted) were composited by animal and period
and analyzed for total N using LECO (as described above). The purine derivatives
(allantoin and uric acid) were determined in the diluted urine subsamples by the
colorimetric method, according to Fujihara et al.??, described by Chen and Gomes(@3,
The absorbed microbial purines (X, mmol/d) was calculated from the excretion of purine
derivatives in the urine (Y, mmol/d), by the equation: Y = (0.85 x X) + (0.385 x BW?7),

where 0.85 is the recovery of purines absorbed as urinary derivatives of purines, and
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0.385 x BWO975> represents the endogenous contribution to purine excretion®®. The
intestinal flow of N microbial compounds (Y, g N/d) was calculated as a function of
absorbed microbial purines (X, mmol/d) using the following equation:

Y = (70 x X) / (0.83 x 0.116 x 1000),
where 70 represents N content in purine (mg N/mmol); 0.83, the digestibility of microbial
purines; and 0.116, purine-N:total-N in bacteria®®3.

Ruminal fluid samples were thawed and NHs-N analysed by steam distillation with
2N KOH according to the method described by Fenner®) adapted for use in Kjeldahl
distillation, in the TECNAL equipment (Nitrogen Distiller TE-036/1, Piracicaba, SP, Brazil).
The ruminal samples for VFAs analysis were centrifuged at 15,000 x g (4°C) for 15 min
and quantified by GC (GC2014, Shimatzu Corporation, Kyoto, Japan) with an HP-
INNOWax capillary column (30 m x 0.32 mm; 0.50 mm film thickness; Agilent
Technologies, Colorado, US) at an initial temperature of 80°C and a final temperature of
240°C.

Blood samples were analyzed for MetHb within 1 h after collection using a blood
gas analyzer (ROCHE co-oximeter, Cobas b 123 POC, Sao Paulo, SP, Brazil). The
concentrations of SFs and CHa4 gas were analyzed using Gas Chromatograph (GC-2014,
Shimadzu, Kyoto, Japan) equipped with column Porapak Q (2m x 3mm i.d., 80 to 100
mesh, Shimadzu, Kyoto, Japan), flame ionization detector for CHa4, and electron capture
detector for SFe, as described by Johnson et al.(),

The CHa4 production was calculated using the following equation:

QCHa (g/d) = QSFs x [CH4] / [SF],
where QCHya is the emission rate of CH4 by animal in g/d, QSFes is the known release rate
of SFe from permeation tube in rumen, [CH4] = CH4 concentration in animal canister minus
the CH4 concentration in background canister, and [SFe] = SFs concentration in animal

canister minus the SFe concentration in background canister.
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2.6. Statistical Analyses

The Mixed procedure of SAS (version 9.3, SAS Inst. Inc., Cary, NC, USA) was used
for the analysis of intake, digestibility, N digestibility and utilization, and CH4 emission. The
experimental design was 5 x 5 Latin square, described by the following mathematical
model:

Y= u+Ti+Aj+Pk+ €ijk,
in which y is the overall average; Ti is the treatment effect (i = 1 to 5); Aj is the animal
effect (j = 1 to 5); Pk is the period effect (k = 1 to 5); and Eijk is the error term. Treatment
was included as a fixed effect. Animal, period and residual experimental error were
included as random effects. The LSMEANS option was used to generate the individual
means for each treatment. Means were compared by orthogonal contrasts for specific
partitioning of treatment effects. The contrasts were: 1) SBM v. EN + ENS; 2) U + US v.
EN + ENS; 3) U v. US; and 4) EN v. ENS. Ruminal parameters (pH, NHs-N, and VFAS)
were analyzed as time-repeated measures according to the model:
Y= utTi+Pj+Ak+TPAijk+TimeL+(T*Time)iL+eijkL,

in which u is the overall mean, Ti is the treatment effect (i = 1 to 5), Pj is the period effect
(=1to5), Ak is the animal effect (k = 1 to 5), TimeL is the effect of collection time (L =0
to 24), (T*Time)iL is the interaction treatment*time after feeding, and EijkL is the error
term. Treatment was included as a fixed effect. Animal, period and residual experimental
error as random effects. The LSMEANS was used to generate the means of variables.
The effects of treatment, time, and interaction between treatment and time were defined
by the F-test of ANOVA using the SLICE option to separate significant interaction. Means
were compared by orthogonal contrasts as indicated above. Statistical significance was
declared at P < 0.05. Differences with 0.05 < P < 0.10 were considered a trend toward

significance.
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3. RESULTS

3.1. Adaptation to the Encapsulated Nitrate

Steers displayed levels of 1.1 of MetHb (% of Hb) on average, with maximum
values of 1.4% as dietary En content increased (Fig. 2). In each day of stepwise increase
of En level (d 3, 6, 9, and 12), feed consumption rate in the first three hours after feeding,
as % of the total DMI, was measured, and was not different between diets (data not shown

in tables).
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Fig. 2. Box plot of blood methemoglobin (MetHb as % of Hb) determined 3 h postfeeding
during the adaptation period in blood of Nellore steers (n 10) fed incremental levels of En in
their diet. Encapsulated NO3s was gradually included from 5 to 20 g/kg DM by 5 g/kg DM
increments every 4 d in EN and ENS diets. The upper error bar represents the highest MetHb
level measured. The top of the box represents the third quartile value for MetHb level. The
line within the box represents the median MetHb level. The bottom of the box represents the
first quartile MetHb level, and the lower error bars represent the minimum MetHb level
measured. Dotted line represents the limit of MetHb level for onset the toxicity expressed on
depression of intake and performance.
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3.2. Nutrient Intake and Digestibility

Intake and digestibility based on total collection of feces are presented in Table 2.
Dry matter and GE intake tended to decrease (P = 0.05) for animals fed En diets compared
to SBM, as well as OM and aNDF intake were lower (P < 0.01) with En diets compared to
SBM. Organic matter intake tended to decrease (P = 0.06) for En diets compared to urea.
Digestibility of DM, OM, and GE were greater (P < 0.01) with En diets supply compared

to urea.

Table 2. Effect of encapsulated nitrate or urea with or without elemental sulfur on intake and apparent
total-tract digestibility in Nellore steers

Diets* Contrasts (P-value)
Item SBM U us EN ENS SEM SEIEI/ITV. Uv. ENT Uv. UsS EN v. ENS
Intake, kg/d§
DM 6.5 6.2 6.3 6.0 6.0 0.38 0.05 0.15 0.66 0.87
oM 6.0 5.7 5.8 55 55 0.35 0.01 0.06 0.72 0.92
aNDF 2.9 2.8 2.8 2.7 2.7 0.17 0.01 0.18 0.84 0.79
GE, MJ/d 111.7 107.5 109.2 103.7 104.6 1.58 0.05 0.17 0.68 0.86
Digestibility, g/kg DM
DM 769 752 745 768 759 1.35 0.40 0.01 0.34 0.24
OoM 782 761 753 779 770 1.40 0.30 0.007 0.33 0.30
aNDF 721 696 701 713 704 1.47 0.11 0.12 0.56 0.29
GE 756 736 729 755 747 1.45 0.50 0.01 0.47 0.38

*SBM = Soybean meal; U = Urea; US = Urea + Elemental S; EN = Encapsulated nitrate; ENS = Encapsulated nitrate +

Elemental S.

TSBMv. EN = soybean meal v. En treatments.
FU v. EN = urea treatments v. En treatments.
8Intake measured during the total collection of feces and urine (d 17 to 21).

3.3. Ruminal Fermentation

Sampling time interactions (P < 0.001) occurred for ruminal pH, NH3-N, and VFAs

(Table 3; Fig. 3, 4, and 5). Ruminal pH was greater (P = 0.01) and ruminal NH3-N was

smaller (P = 0.01) for animals fed En diets compared to urea. Treatments did not affect

(P = 0.12) ruminal concentration of total VFAs. Compared to urea diets, En supply had
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lower (P = 0.01) propionate proportion, but increased (P < 0.03) acetate proportion and
acetate:propionate ratio.

Table 3. Effect of encapsulated nitrate or urea with or without elemental sulfur on ruminal pH, NHs-
N, and VFAs in Nellore steers

Diets* Contrasts (P-value)
SBM v. Uv. Uwv. ENv.
Item SBM u us EN ENS SEM ENt ENt Us ENS
pHS,|| 6.78 6.78 6.76 6.87 6.83 0.05 0.11 0.03 0.62 0.37
NHs-N, mg/dL§,|| 20.14 2181 23.70 2059 19.70 141 0.99 0.01 0.19 0.52

Total VFAs, mmol/L§ 96.66 97.26 104.85 102.27 98.76 6.47 0.46 0.61 0.12 0.57
VFAs as proportion of total, %8

Acetate|| 7141 70.20 70.63 7255 7292 1.16 0.16 0.007 0.68 0.72
Propionate|| 1466 15.36 15.85 13.85 13.26  1.02 0.25 0.01 0.64 0.58
Butyrate 9.88 10.52 9.63 9.75 10.06 0.54 0.97 0.71 0.20 0.64
Isobutyrate 1.13 1.07 1.03 0.98 1.05 0.04 0.11 0.45 0.54 0.28
Valerate 1.07 111 111 1.10 1.02 0.07 0.76 0.25 1.00 0.25
Isovalerate 1.83 1.72 1.72 1.75 1.67 0.14 0.47 0.95 1.00 0.68

Acetate:Propionate 5.00 4.63 4.48 5.32 6.00 0.59 0.25 0.03 0.81 0.30
*SBM = Soybean meal; U = Urea; US = Urea + Elemental S; EN = Encapsulated nitrate; ENS = Encapsulated nitrate
+ Elemental S.
1SBM v. EN = soybean meal v. En treatments.
U v. EN = urea treatments v. En treatments.
8§Sampling time interaction (P < 0.001).
||Time x treatment interaction (P < 0.001).
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Fig. 3. Effect of encapsulated nitrate or urea with or without elemental sulfur
on ruminal pH. The 0 h represents the collection before the morning



feeding. Time effect (P < 0.001); and time x treatment interaction (P <
0.001) at 4, 6, and 12 h. The ruminal pH was greater (P < 0.03) for En diets
compared to urea at 4, 6, and 12 h. Error bars are defined a SE.
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Fig. 4. Effect of encapsulated nitrate or urea with or without elemental sulfur
on ruminal NHs-N. The 0 h represents the collection before the morning
feeding. Time effect (P < 0.001); and time x treatment interaction (P <
0.008) at 2, 4, 6, and 12 h. The ruminal NH3-N was smaller (P < 0.01) for
En diets compared to urea at 2 and 4 h; NHs-N was greater (P = 0.03) for
En diets compared to urea at 6 h; and NHs-N was smaller (P = 0.007) for
En diets compared to SBM at 12 h. Error bars are defined as SE.
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Fig. 5. Effect of encapsulated nitrate or urea with or without elemental sulfur on ruminal
VFAs. The 0 h represents the collection before the morning feeding. Time effect (P < 0.001);
and time x treatment interaction (P < 0.001) at 6, and 12 h. At 6 h, acetate was greater (P =
0.02) for En diets compared to SBM; and at 12 h, propionate was greater (P < 0.04) for urea
diets compared to En.
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3.4. Nitrogen Utilization and Excretion

Nitrogen intake was lower (P < 0.07) with En diets supply compared to SBM and
urea. Animals fed En diets tended to decrease (P < 0.07) the fecal N losses (g/d)
compared to SBM and urea (Table 4). Retained N (g/d) with En supply was lower (P =
0.01) compared to SBM and urea. Retained N as proportion of N intake was not different
(P = 0.18) between diets.

Table 4. Nitrogen digestibility and utilization in Nellore steers fed diets containing encapsulated
nitrate or urea with or without elemental sulfur

Diets* Contrasts (P-value)

Item SBM U US EN ENS SEM ng‘" E’N"i' %; 'g}'\lé
N intake, g/d§ 156.0 146.8 149.2 1354 1358 9.36 0.001 0.01 0.68 0.94
N ATTD, g/kg DM]| 7498 737.0 7377 7406 7353 1.30 0.12 0.91 0.93 0.53
Fecal N,

g/d 39.8 38.5 39.1 35.0 36.0 3.39 0.05 0.07 0.82 0.68

As % of N intake 25.0 26.3 26.2 25.9 26.5 1.30 0.12 0.91 0.93 0.53
Urinary N,

g/d 55.5 49.7 53.6 52.3 50.4 3.00 0.24 0.91 0.33 0.64

As % of N intake 36.3 344 36.2 38.9 374 2.54 0.45 0.17 0.51 0.59
Retained NT,

g/d 60.6 58.6 56.5 48.1 49.4 6.61 0.01 0.01 0.66 0.78

As % of N intake 38.7 39.3 375 35.2 36.2 2.89 0.23 0.18 0.54 0.72
Microbial N,

g/d 78.5 75.0 89.9 82.1 97.0 5.47 0.06 0.14 0.03 0.04

g/kg CPI 76.8 76.8 91.9 91.8 110.0 6.23 0.004 0.01 0.08 0.05

g/kg DOMI** 15.5 15.7 19.3 17.9 21.3 1.30 0.02 0.09 0.04 0.07
CP intake per DOMI

g/kg DOMI 203.1 204.3 2079 1932 1943 4.49 0.003 0.001 0.23 0.71

*SBM = Soybean meal; U = Urea; US = Urea + Elemental S; EN = Encapsulated nitrate; ENS = Encapsulated
nitrate + Elemental S.

TSBMv. EN = soybean meal v. En treatments.

FU v. EN = urea treatments v. En treatments.

8N intake measured during the total collection of feces and urine (d 17 to 21).

||Apparent total-tract digestibility.

flintake - feces - urine.

**DOMI = Digestible organic matter intake.
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Microbial N (MN; g MN/d) tended to increase (P = 0.06) with En inclusion compared
to SBM, and was increased (P < 0.04) by the addition of elemental S to NPN diets.
Encapsulated NO3™ diets supply increased (P < 0.01) MN as a proportion of CPI (g MN/kg
CPI), increased (P = 0.02) MN efficiency based on digestible OM intake (DOMI; g MN/kg
DOMI) compared to SBM, as well as tended to increase (P = 0.09) g MN/kg DOMI
compared to urea. The addition of elemental S to NPN diets tended to increase (P = 0.05)
g MN/kg CPI, increased (P = 0.04) g MN/kg DOMI when included in EN, and tended to
increase (P = 0.07) g MN/kg DOMI when included in U. The relation between CP intake
and digestible OM intake was decreased (P < 0.003) by En inclusion when compared to
SBM and urea diets.

3.5. Enteric Methane Emission

Animals fed En diets decreased (P = 0.02) CH4 emission by 31.2 (g CH4/d), and
tended to decrease (P = 0.06) CHa emission (g CHa/kg DMI and CH4 as % of GEI) when
compared to SBM (Table 5).

Table 5. Effect of encapsulated nitrate or urea with or without elemental sulfur on enteric
methane emission in Nellore steers
Diets* Contrasts (P-value)

SBM v. Uv. Uv. EN v.
ENt ENZ uUs ENS

Item SBM U us EN ENS SEM

CHa4 emission

g/d§ 94.8 81.9 74.4 66.0 61.1 14.76 0.02 0.17 0.55 0.75
g/kg DMI|| 14.0 12.6 114 115 10.3 154 0.06 0.40 0.45 0.58
% of GEI|| 4.5 4.1 3.6 3.7 3.3 0.49 0.06 0.39 0.44 0.56

*SBM = Soybean meal; U = Urea; US = Urea + Elemental S; EN = Encapsulated nitrate; ENS = Encapsulated
nitrate + Elemental S.

1SBM v. EN = soybean meal v. En treatments.

FU v. EN = urea treatments v. En treatments.

8Collection of gases using the SFe technique during five consecutive days (from d 15 to 19).

||Calculated based on intake measured from d 15 to 19.
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4. DISCUSSION

The results suggested that the inclusion of En as a supplementary source of NPN
plus elemental S could improve the efficiency of microbial protein synthesis and reduce
CHa4 emission by Nellore beef cattle.

Dry matter intake and blood MetHb levels three hours postfeeding( during the 2-
wk stepwise increase of En for animals fed the EN and ENS diets were verified to check
signs of NO2z" intoxication. Dry matter intake can be used as a practical parameter for
checking eventual metabolic disorders, as well as blood MetHb is a parameter to check
the absorption of NO2" to blood stream when animals are feeding NOs %), With En
inclusion, feed consumption rate in the first three hours after feeding (as % of the total
DMI) did not change compared to the diets without En. This comparison was made for
each one of the increased levels of NOs™ on dietary DM (5, 10, 15, and 20 g/kg DM). These
results agree with found by Van Zijderveld et al.19, with no difference in feed intake with
NOs" inclusion over the adaptation period. Blood MetHb levels remained far below (0.9 to
1.4% of MetHb) the levels reported to cause toxicity®”) (methemoglobinemia; 30 to 40%
of MetHb). Previous studies also showed low MetHb levels (2% in average) at similar
feeding rates of NO3™ than in our study, i.e., 20 g/kg DM®8-30)_In addition, other studies
that used the same source of En also observed basal levels (around 1%) of blood
MetHb(132), Besides the slow anion release from En, other explanation for no difference
found to these parameters, might be due to low level of NOs™ included, as well the stepwise
adaptation adopted.

During the collection period (d 17 to 21), DMI for En diets tended to be lower than
urea, and this result could affected OM, aNDF, and GE intakes as observed. Nitrate has
bitter taste, so DMI might be altered with NOs" inclusion by lowered diet palatability.
Although other studies presented no influence on DMI with similar NOs level
inclusion®%33) and Bruning-Fann and Kaneene®” related that DMI was only influenced
when dietary NOs™ level was above 30 g/kg DM, our result is in agreement with recent
studies®34), Compared to SBM, although animals fed En had lower nutrient intake, the

digestibility was not affected, resulting in better nutrient usage. Even though animals fed
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En diets compared to urea had no differences in nutrients intake, those fed with En had
improved digestibility of DM, OM, and GE. Encapsulated NOs™ might have induced dietary
synchronism of N and energy as a result of the reduction in solubility of NPN in that form,
and therefore benefited microbial potential fermentation.

Nitrogen intake was lower for animals fed En diets compared to SBM and urea.
This might have been influenced by different amount of CP supplied on diets or by lower
OMI obtained with En diets. Results for retained N (g N/d) were consistent with N intake,
however, N digestibility were not different, and thus retained N as a proportion of N intake
was not different. In agreement, other studies also reported that supplementary NOs™ can
substitute urea as a source of NPN without influencing losses of N(12:35.36),

When NOs in its unencapsulated form is introduced into the rumen, there is a rapid
disappearance of nitrate from the rumen fluid®D. While NOz™ may be rapidly taken up by
bacteria and metabolized to NHs for their own use, the NOs™ also could take different
pathway, as be absorved to blood stream in the recycling pathway, or be absorbed by
microbes to future utilization®. Other pathway than direct conversion to NHs, makes the
conversion of NOs to NO2z", and then to NHs, not exactly like is expected. Consequently,
these other pathways could makes the NO3™ availability slower, and reduce the potential
of intoxication. However, must be consider that other factors are involved in this
metabolsim, as the other dietary components, amount of NO3™ given, and the time taken
for the delivery. This knowledge needs be improved, to be sure about the pathways from
NO3 metabolism. Anyway, is known that En supply nitrogen slowly (rapidly degradable
fraction, 45%; and slowly degradable fraction, 51%©") and prevents elevated ammonia
production that is inherent of feeding urea to ruminants (disappearance of 100% at first
hour). In the present study, lower En solubilization compared to urea was suggested by
lower ruminal NHs-N concentration at 2 and 4 h postfeeding. In agreement, El-Zaiat et
al.® reported higher concentrations of NH3-N with urea compared with En treatments.

Efficiency of microbial protein synthesis was potencialized by En supply compared
to SBM and to urea, and it is confirmed by greater microbial N (g) per DOMI (kg) (1.26-
and 1.12-fold increase relative to SBM and urea, respectively). This improves on efficiency

of MPS may have increased the yield of usage of dietary N, expressed by microbial N (g)
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per CPI (kg) (1.31- and 1.19-fold increase relative to SBM and urea, respectively).
Agreeing with our results for MN by NOs™ supply, other studies confirmed the potential
positive effect of NOs- on MPS®©3839 The amount of protein synthetized per mole of ATP
hydrolyzed, previously cited as efficiency of MPS, might be an indicative of the adequate
supply of nutrients (protein) for ruminants. This efficiency is related to nutrients conversion
in animal product, because microbial protein is one of the main contributors of
metabolizable amino acid supply for beef cattle*?). Agreeing with this assumption, a study
with En supply on cattle performance, shows animals feeding En on finishg phase
improved feed efficiency (Gain:Feed) at similar level of inclusion as the present(®D.
Altough Zhou et al.*9, Patra and Yu®“?, and Guyader et al.® observed a decrease
in isobutyrate and isovalerate with NO3 diets, in the present study, isobutyrate,
isovalerate, as well valerate, and butyrate, did not show differences. However our results
is in agreement with Olijhoek et al.%, as well as Liu et al.*3 that observed no differences
for isobutyrate, valerate, isovalerate. Guyader et al.®® do mention that the decrease
obatined for isobutyrate and isovalerate with NOs  diets, suggests a decrease in
deamination of branched-chain amino acids. This possible decrease in amino acid
degradation should explain the greater daily microbial protein production®. As the present
study did not differ those VFASs, we could not suggest the same explanation. Nonetheless,
the efficiency of NOs for MPS could be explained by the slow N release from nitrate, that
may enhances the synchrony between N and energy availability for MPS, as by the
energetic and thermodynamic process of NO3z reduction against methanogenesis
pathway. Nitrate reduction (NOs~ = NO2 - NH3) is energetically more favorable than
reduction of CO2 by methanogenesis (CO2 = CHa)®®. Given the positive potential redox,
NOs" can serve as an electron sink more competitive than COz. Thus, first by supression
on CHa production, with less energy lost by CH4 emission, and second by the energy
conserved in NOs™ reduction (against COz2 reduction), more energy may be available for
microbial growth. Decrease on production of CH4 with increase on CO2 available, confer
an energetic advantage on organisms in the rumen ecosystem, and is confirmed by the

positive correlation between CO2 and MPS®),



48

Besides nitrogen, sulfur is required for rumen microbes to synthesize their own S
amino acids (methionine, cysteine, and cystine) for their growth and normal cellular
metabolism®®, The amount of S in the diets should be balance with the N content (9:1).
In the current study, the calculated amount of S in the basal diet (2.7 - 2.9 g/kg DM) already
achieved the amount recommended by NRC®“0 (1.5 g/kg DM). The addition of elemental
S (2.4 g/kg DM) in the US and ENS treatments were above NRC®% recommendation for
dietary S, but within the acceptable inclusion threshold of 5 g/kg DM for cattle fed more
than 400 g/kg DM of forage®). This dosage of elemental S was chosen to challlenge the
animal with a greater amount of S to combined with NPN sources, as well as, the source
of S was chosen based on its lower solubility into ruminal fermentation, compared to
sulfate source (S04%)#546), Even with the calculated N:S ratio reduced from 8:1 to 4:1
when S was added to the respective treatments (US and ENS) the amount of microbial N
increased (g MN/d) as well the microbial N efficiency (g MN/kg DOMI). In agreement with
our results, Thompson et al.*”), with N:S ratio reduced from 15:1 to 5:1 when elemental S
was added to NPN diet, showed improved feed utilization, expressed by cattle
performance. In contrast with these findings, Li et al.*? did not found differences on the
microbial N outflow (g/d) with addition of elemental S (1.8 - 4.0 g/kg DM) to 18.8 g/kg DM
of CaNOs in lamb diets. This last study reduced the N:S from 16:1 to 4:1.

The total VFAs production were unaffected by treatments, although compared with
urea diets, animals fed En increased the proportion of acetate and decreased propionate.
Consequently, acetate:propionate ratio was greater with En diets compared to urea.
Nitrate is a strong reducing agent, and NOs" reduction rapidily consumes electrons leading
to decreased concentrations of NADH and increased NAD*, which in turn modify the
rumen fermentation in favor of acetate production?. Otherwise, NO3" conversion to NH3
is energetically more favorable than propionogenesis®?. Therefore, with NO3z~ supply,
glucose fermentation is deviate away from the propionigenesis into acetate, explaining
the smaller propionate proportion. These findings are expected with NO3z™ supply to
ruminants, and have been reported®-30.43),

Rumen pH was greater for En diets compared to urea, but all values remained

within the range of 6.25 to 7.1 throughout the day (‘normal’ range is between 6 and 7).
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Agreeing with our results, Guo et al.®®, Lee et al.®, and Nguyen et al.®V) also observed
increased rumen pH with NOs diets. Elemental S included on US and ENS diets did not
change the rumen pH, and this also was reported with S inclusion“”52), Although others
reported no difference on rumen pH in cattle when NO3 was added in diets®®, and
differences when S was added®®, must be consider that the composition of diet
(concentrage v. forage) is determining. The proportion of concentrate to forage in this
study is equal (50:50, wt/wt), thus this pH average is expected. However, even with
minimum values (6.4) of rumen pH obtained by all treatments above the critical pH (5.5),
the minimum pH value for En diets (6.44) is slightly higher compared with urea (6.25).
Thus, in diets with greater inclusion of concentrate, those slightly higher minimum value
of pH in En diets, could maintain the pH values at levels more reasonable for rumen
fermentation.

Mitigation of CH4 emission by NO3™ supply for ruminants is a pattern comproved by
several studies published®@®-39), Our study used cannulated animals to measured CHa
emission by SFe method, and considering the reported that there is the possibility of gas
leakage from cannula that is not computed by SFe technique®, the absolute values of
CHa4 emission should be interpreted with caution because they could underestimate the
real emission. However, our results showed that feeding En diets compared to SBM, daily
CHa production was decreased by 31.2 g CHa4/d, even with no effect in acetate (role as
methanogenesis precursor) proportion. Furthermore, our results are in agreement (g
CHa/kg DMI, and CH4 as % of GEI) with studies in which cattle were used without cannula
in the rumen, from the same research group as our®>5)_Beyond all, must be into account
that, firstly the animals had the cannula well fitted, because the surgeries were performed
with care and, secondly, the present study was designed by latin square. Thus, when
experimental procedures are standardized among treatments and experimental periods
within an experiment, as performed in this study, in spite of possible bias in the absolute
values, the relative comparisons between treatments should be valid.

Methane decrease obtained for En diets by 15.3% in CH4/DMI (g/kg) for each 10
g/kg of NOs" included was consistent with the range of previous studies by NO3s™ supply
(16.3%1%); 8.4%®7; 16.3%©7); both to beef cattle). Nitrate reduction (NO3™ to NH3) is more
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favorable than the reduction of CO2 to CH4 (methanogenesis)(”). Based on stoichiometry,
the theoretical CHa4 reduction is that for 1 mol of NOz™ (100 g) reduced to NHs, use of 4
mols of hydrogen, and will suppress CHa production by 1 mol (26 g). In our study, the
CHa production decrease with En diets was 7.3% higher compared to the theoretical
expected. The greater efficiency in CH4 reduction potential than expected suggests that
the NO3" lowering effect can not only be attributed to competition for H2%. Other factors
could be related to the high efficiency of NO3™ to reduce CH4 production, and between
them, might be due to rumen pH (6.8 on average) remained around 6.5 or 5.6, pH in which
nitrate and nitrite reductases work optimally®859: due to the availability of substrates
(nutrients) that stimulate ruminal microbes metabolism, together with the availability of
electron-donator for NOs and NO2 reduction metabolism®80, considering the slow NOs-
anion release, and finally, by forming NO2" that is directly toxic to methanogens(61.62),
Excess of nitrogen excreted, as well as CH4 emission from livestock production are
damaging to environment. Our study shows that En plus elemental S could be a strategy
to include NPN in place of urea and replacing partially soybean meal, improving N usage
efficiency by microbes, aligned with the potential to mitigate CH4 emissions. Even with
less CP intake proportional to DOMI, the efficiency of MPS was improved and, thus, arises
the possibility to reduce dietary N maintaining adequate metabolizable protein to the host.
Future research could address the supply of En and S with less amount of dietary N.

5. CONCLUSION

Encapsulated nitrate plus elemental S partially replacing soybean meal of the ration
or totally replacing urea can optimize the efficiency of microbial protein synthesis and

concomitantly decrease methane emission by Nellore beef cattle.
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APENDICE - Implicagdes da utilizagdo nitrato encapsulado mais enxofre para

bovinos

Frente aos desafios de mercado, a agropecudria encontra-se em um cenario no qual
se tem buscado continuamente por estratégias que visam o aumento na eficiéncia
produtiva. O termo eficiéncia produtiva é relacionado a consideracédo que se faz para a
obtencdo de um melhor rendimento de producdo com o minimo de dispéndios. O
fornecimento de nitrato (NOs’) e enxofre (S) na dieta de ruminantes se adentra a esse
cenario pois possibilita agregar dois fatores chaves vinculados a eficiéncia: maximizagéo
e otimizacao.

A eficiéncia de sintese de proteina microbiana (PMic) pode ser estimulada por
ambos NOg3™ e S. Por ser uma fonte de nitrogénio nao proteico (NPN), o NOs estimula o
metabolismo microbiano pelo fornecimento de N prontamente disponivel, assim como, o
S também o estimula, por ser requerido pelos microrganismos para composicao de seus

aminoécidos sulfurados (maximizacéo da sintese de PMic). Além do mais, ambos atuam

durante a fermentacao ruminal como aceptores de elétrons (Hz), proporcionando reducao
na producdo de metano (CHa4) pelas bactérias metanogénicas, logo, reduzindo o
desperdicio de energia via eliminacdo de carbono pela emissdo de CH4 (otimizacdo do
metabolismo energético).

O NOs em sua forma encapsulada é uma estratégia que traz beneficios e pode
favorecer a decisdo para a sua inclusdo na dieta de bovinos. O encapsulamento da
molécula permite que o ion seja liberado lentamente durante a fermentacédo ruminal. A
solubilizacdo gradual e lenta, otimiza a disponibilizacdo de nitrogénio (N) para os
microrganismos, conciliando o fornecimento de N proporcionalmente a fermentabilidade
das fontes de energia da dieta. Aléem disso, 0 NOs  encapsulado também colabora na
reducdo do potencial de intoxicacdo por nitrito devido a sua liberagdo mais lenta no
ramen.

Embora os pesquisadores que tém trabalhado com inclusdo de NO3z™ encapsulado

para ruminantes nao utilizam um protocolo de adaptacédo padronizado, ao produtor que
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optar pela sua utilizagédo, recomendo que se faca uma adaptacdo dos animais de forma
gradual. O protocolo de adaptagcédo adotado neste trabalho foi bem sucedido, dessa forma
posso sugerir que a forma gradual como foi incluido NOs™ neste estudo, seja base para
consolidacdo de uma padronizacéo.

Com base nos resultados deste estudo, recomendo a incluséo de NOs" encapsulado
a um nivel de 2% da MS da dieta juntamente com a adicado de 0.24% de S elementar
como estratégia para melhorar a eficiéncia de sintese de PMic e reduzir a producao e
emissdo de CHas pelos animais. Com relacdo a adaptacdo dos animais ao NOs
encapsulado, recomendo que a sua inclusao na dieta seja feita de forma gradual com o

aumento de ¥ da dose a cada trés dias, até alcancar a dose alvo.



