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RESUMO

O objetivo deste trabalho foi avaliar o nitrato (NOs") de célcio e fontes adicionais de NO3™ na
producdo in vitro de metano (CH4) e a suplementacdo do NOs™ de célcio para cabras e vacas
em lactacdo. No primeiro estudo, foram avaliadas fontes de NOs™ associadas a dietas com
milho seco ou silagem de grdo Umido como fonte principal de amido. Adotou-se o
delineamento experimental em blocos ao acaso em um sistema fatorial 5 x 2, com cinco
fontes de nitrogénio ndo proteico (NNP) denominados: URE, ureia (grupo controle); PON,
nitrato de potassio; CAN, nitrato de célcio; DON, nitrato dolomitico e AMN, nitrato de
amonia, combinados a milho seco (MS) ou silagem de grdo Umido de milho (SG). A
degradabilidade da matéria seca (MS) e da fibra em detergente neutro (FDN) ndo foram
afetadas pelas fontes de NO3z". A SG aumentou a propor¢do de propionato, reduziu a razao
acetato:propionato e diminuiu a produgdo de CHs. A suplementacdo de NOs™ reduziu a
producdo de CH4 em comparacdo a URE, mas sem diferencas entre as fontes utilizadas. Ao
contrario da hipotese principal, ndo houve interacdo entre as fontes de NO3z™ e de amido para
0s parametros avaliados. Todas as fontes de NO3z™ foram eficazes em mitigar a producéo de
CHa independentemente da taxa de degradacgdo ruminal do amido. No segundo estudo, foram
utilizadas 12 cabras Saanen em lactacéo, distribuidas em quatro quadrados latinos 3 x 3, com
periodos de 21 dias, nos quais 14 dias foram destinados & adaptacdo dos animais as dietas e
0s ultimos 7 dias para coleta de amostras e dados. Os tratamentos foram denominados:
UREA, ureia (grupo controle); CAN10, 10 g de nitrato de calcio (7.65 g/kg de NOs™ na MS)
e CAN20, 20 g de nitrato de céalcio (15.3 g/kg de NO3z" na MS). A ingestdo de MS e a

digestibilidade dos nutrientes ndo foram afetadas pela suplementacdo de CAN. N&o houve
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efeito do NOs™ na producédo, composicéo e perfil de acidos graxos do leite. A capacidade total
antioxidante do leite ndo foi afetada pelos tratamentos, enquanto a concentragdo dos dienos
conjugados reduziram e os TBARS aumentaram. As concentracdes de NOs™ e nitrito (NO2)
residuais no leite foram aumentadas em funcao dos tratamentos. Os tratamentos nao afetaram
as proporcdes e o total de &cidos graxos volateis (AGV) no rdmen, assim como a
concentracdo de nitrogénio amoniacal (NH3-N). O nitrato de célcio pode ser suplementado
para cabras em lactacdo em até 20 g/kg de MS sem afetar a fermentacéo ruminal e a qualidade
do leite. No terceiro estudo, avaliou-se a suplementacdo de CAN na dieta de vacas em
lactacdo. Foram utilizadas seis vacas da raga Holandés distribuidas em dois quadrados latinos
3 x 3, com periodos de 21 dias cada, nos quais 14 dias foram destinados a adaptacdo dos
animais e os demais para coleta de amostras e dados. Os tratamentos foram denominados
UREA, grupo controle; CAN15, 15 g de nitrato de calcio (11.5 g/kg de NO3z” na MS) e
CANB30: 30 g de nitrato de célcio (23 g/kg de NOs™ na MS). A suplementacdo de nitrato de
calcio reduziu o consumo de matéria seca, mas nao afetou a digestibilidade dos nutrientes.
N&o houve efeito dos tratamentos na producdo de leite, no entanto, houve reducdo na
producdo de leite corrigido para energia e gordura. Foram observados niveis residuais de
NOs e NO2 no leite, assim como baixos niveis de metemoglobina no sangue. A quantidade
de gordura no leite foi reduzida pelos tratamentos, assim como a proporcao dos &cidos graxos
saturados. O poder redutor e a concentracdo de TBARS ndo foram afetadas pelos tratamentos,
enguanto os dienos conjugados aumentaram linearmente. A sintese de proteina microbiana
ndo foi afetada pelos tratamentos e poucos efeitos foram observados nos parametros de
fermentacgdo ruminal. Devido ao impacto no consumo e qualidade do leite ao nivel de 30 g/kg
MS de CAN recomendou-se a suplementacao de até 15 g/ kg MS de CAN para vacas leiteiras

sem afetar a qualidade do leite e os parametros fermentativos.

Palavras-chave: aditivo alimentar, mitigacdo de metano, nitrato, nitrogénio nao proteico,

qualidade do leite
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ABSTRACT

The objectives were to evaluate the effects of calcium nitrate (NO3") and additional sources
of NOs™on in vitro methane (CHs) production and calcium nitrate supplementation for dairy
goats and cows. In the first study, NOs™ sources were associated with diets receiving either
dry rolled corn (DRC) or high moisture corn (HMC) as the main source of starch. The
experiment followed a randomized complete block design with a 5 x 2 factorial arrangement.
Treatment were the sources of non-protein nitrogen (NPN) designed as: URE, urea; PON,
potassium nitrate; CAN, calcium nitrate; DON, dolomite nitrate and AMN, ammonium
nitrate) and starch sources (DRC, dry rolled corn and HMC, high moisture corn). The
degradability of dry matter (DM) and neutral detergent fiber (NDF) were not affected by the
sources of NOs™. The HMC increased propionate proportion, reduced the acetate: propionate
ratio, and decreased CHa production. Methane production was reduced by NOs™ compared to
the control group regardless of the sources. Contrary to our main hypothesis, there was no
interaction between NOs3 and starch sources in all parameters. All NOs™ sources were
effective at mitigating CHas production regardless of the rate ruminal starch degradation. In
the second study, 12 Saanen goats were enrolled in four 3 x 3 Latin squares. Each period
lasted 21 days, with 14 days used as an adaptation phase and the last 7 days for sampling and
data collection. Treatments were designed as: UREA, as a control group; CAN10, 10 g of
calcium nitrate (7.65 g/kg of NOs” on DM basis) and CAN20, 20 g of calcium nitrate (15.3
g/kg of NOs  on DM basis). Dry matter intake and nutrient digestibility were not affected by
CAN supplementation. There were no effects of CAN on milk production, composition, and

milk fatty acids. Milk total antioxidant capacity was not affected by treatment, while the
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concentration of conjugated dienes decreased and TBARS increased. Residual
concentrations of NOs™ and nitrite (NO2) in milk were affected by the treatment, but it did
not affect the proportions and total volatile fatty acids into the rumen, as well as the ammonia-
nitrogen concentration. Calcium nitrate can be supplemented to lactating goats up to 20 g/kg
DM without affecting ruminal fermentation and milk quality. Lastly, responses of CAN
supplementation fed to dairy cows were evaluated. Six Holstein cows were enrolled in a
replicated 3 x 3 Latin square design, with periods of 21 days, including 14 days for the
adaptation of the animals and the remaining days for sampling and data collection.
Treatments were designed as: UREA, as a control group; CAN15, 15 g of calcium nitrate
(11.5 g/kg of NOs" on DM basis) and CAN30: 30 g of calcium nitrate (23 g/kg of NO3z™ on
DM basis). Supplemental CAN reduced nutrient intake, but it did not affect nutrient
digestibility. Treatment did not affect milk production; however, energy-corrected milk and
fat-corrected milk decreased as the levels of CAN increased. Low levels of residual NO3z™ and
NO," were detected in milk, as well as the levels of methemoglobin in blood, although the
latter has increased linearly. Milk fat content was negatively affected by CAN, and the
proportion of saturated fatty acids decreased. Reducing power and TBARS concentration
were not affected by the CAN, while conjugated dienes increased. Microbial protein
synthesis was not affected by supplemental CAN and minor effects were observed on rumen
fermentation parameters. Because of the negative effect of CAN on milk contents and quality
at 30 g/kg DM, it was recommended the supplementation of 15 g/kg DM of CAN for dairy

cows without affecting milk quality and fermentation parameters.

Keywords: feed additive, methane mitigation, milk quality, nitrate, non-protein nitrogen
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l. INTRODUCAO

A demanda por alimentos em 2050 sera intensivamente maior, com aumento estimado
em 73 e 58% para carne e leite, respectivamente (Gerber et al., 2013). Simultaneamente, 0
uso da terra e a exploracdo de recursos naturais em decorréncia do aumento da producdo de
alimentos de origem animal sem o devido planejamento e uso racional, podem gerar

consequéncias irreparaveis ao meio ambiente.

O impacto ambiental causado pela expansao da atividade pecuaria, principalmente pela
producdo de ruminantes ganharam destaque em pesquisas nas Ultimas décadas, desde que a
emissdo dos gases do efeito estufa e o aquecimento do planeta se tornaram preocupacao
mundial (Beauchemin et al., 2020). A producdo de metano (CHa) entérico pelos ruminantes
contribui com aproximadamente 6% das emissGes antropogénicas dos gases do efeito, e a
maior parte foi atribuida aos animais voltados para a producao de leite, seguidos de animais

destinados ao abate, com aproximadamente 46 e 43%, respectivamente (Gerber et al., 2013).

Nos ultimos anos, muitos compostos quimicos e bioldgicos tém sido investigados por
grupos de pesquisa com o objetivo de mitigar a producdo de CH4 entérico a curto prazo, entre
eles, aceptores de elétrons, ionoforos antibidticos e enzimas (Herrero et al., 2016). Além
disso, melhor entendimento do metabolismo ruminal e das vias metabdlicas relacionadas a
metanogénese tem contribuido para o desenvolvimento de estratégias alimentares mais
eficazes (Yang et al., 2016).

Dentre os aceptores de elétrons, os sais de nitrato (NO3’) destacam-se como viaveis

aditivos alimentares sobretudo pela alta eficiéncia em reduzir a produgéo de CHa proveniente



22

da fermentacdo ruminal (Feng et al., 2020). Ademais, melhorar a digestibilidade das dietas e
aperfeicoar as estratégias alimentares, como a utilizacdo de alimentos com maior
degradabilidade podem modular o ambiente ruminal e impactar diretamente na

metanogénese (Herrero et al., 2016).

Estudos in vitro tém comprovado a eficacia da utilizacdo do NOs3™ na reducdo de
metanogenos Archaea, e por conseguinte impactado na metanogénese (Patra & Yu, 2014;
Zhou et al., 2012). Em estudos in vivo, dentre as fontes de NO3™ avaliadas, o duplo sal de
nitrato de calcio e amonio decahidratado [5Ca(NO3")2-NHs NO3z-10H0] tem sido o mais
utilizado em pesquisas voltadas para a reducdo de CH4 ao redor do mundo (Henry et al.,
2020; Meller et al., 2019; Silveira et al., 2019). No entanto, fatores como dose utilizada, fonte
de NOs", manejo alimentar e tempo de adaptacdo dos animais, foi possivelmente o motivo da

baixa consisténcia entre os estudos.

Além do impacto na producdo de CHs entérico, os sais de NOs s@o também fontes de
nitrogénio ndo proteico (NNP), e de acordo com pesquisas recentes, podem ser um fator
importante adicional de sua utilizagdo pelo provimento de amodnia a ser incorporada na
sintese de proteina microbiana (Wang et al., 2018). Entretanto, a inconsisténcia de resultados
em parametros como desempenho animal e composicdo do leite sugerem a necessidade de

estudos adicionais.

Apesar de muitas pesquisas demonstrarem reducdo no consumo de nutrientes em
resposta a suplementagdo de NOz™ (Feng et al., 2020; Lee & Beauchemin, 2014), ainda faltam
informacdes sobre 0s impactos na composicao do leite de vacas, no perfil de &cidos graxos e
na capacidade antioxidante. Ademais, até 0 momento, ndo existem trabalhos na literatura

investigando os impactos da suplementacdo de nitrato de calcio para cabras em lactacao.

Diante do exposto, 0 objetivo do presente estudo foi avaliar a utilizacdo do nitrato de
calcio em comparagdo com fontes adicionais de NOs™ na producdo in vitro de metano, assim
como a suplementacdo de nitrato de calcio em dietas para cabras e vacas em lactagdo sobre

o0s parametros de qualidade do leite.
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Il. REVISAO DE LITERATURA

1. Producéo de metano em ruminantes

A producdo de ruminantes tem como funcéo principal produzir proteina animal, seja
carne ou leite, através do fornecimento de dietas balanceadas com a quantidade de nutrientes
necessaria para a mantenca e produgdo dos animais. A propor¢do e a variacdo do uso dos
ingredientes dependem da espécie animal, da fase de producdo e sobretudo do tipo de
sistema. No entanto, a inclusdo de pelo menos uma fonte de fibra fisicamente efetiva na dieta
de ruminantes é altamente recomendada para garantir a fermentacdo ruminal adequada e,

desta forma, prevenir disturbios metabolicos.

A fermentacdo dos carboidratos no rimen é um processo natural e essencial para a
producdo de acidos graxos volateis (AGV), entre eles 0 acetato, 0 propionato e o butirato, 0s
quais séo absorvidos na parede ruminal e posteriormente utilizados como fonte de energia e
na sintese de gordura, lactose e proteina. Além disso, outros produtos sao gerados pela
fermentacdo ruminal da matéria organica, por exemplo, hidrogénio (H), diéxido de carbono
(COy), formato, succinato, lactato, etanol, além de amdnia (NHz) que € fundamental para a

producéo de proteina microbiana (Janssen, 2010).
1.1 Metanogénese
O rdmen é um complexo ecossistema constituido de microrganismos especificos que

atuam sinergicamente em processos quimicos e ciclos de perda e geracdo de energia, por

meio da degradacdo de substratos organicos. Entre os principais microrganismos, estdo as
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bactérias anaerobicas, protozoarios, fungos anaerobicos, e os Archaea, estes ultimos
indispensaveis para a producdo de CHa entérico, que é um essencial para manter o equilibrio

ruminal e, desta forma, garantir satde ao hospedeiro (Huws et al., 2018).

Os microrganismos ruminais denominados Archaea sdo responsaveis pela
metanogénese, processo de geragdo entérica de CHs que tem como objetivo primério reduzir
0 acumulo de H2 no rumen, e consequentemente evitar distdrbios metabdlicos nos animais.
Os metandgenos Archaea séo estritamente anaerobicos e classificados como microrganismos
distintos das bactérias e dos eucariotos (protozoarios e fungos), possuem seu proprio dominio
de classificagdo e sdo caracterizados por apresentar parede celular e membrana Unicas, assim
como vias metabdlicas e enzimas especificas (Eme et al., 2017; Moissl-Eichinger et al.,
2018).

A produgdo de CH4 no rumen desempenhada pelos metandgenos Archaea acontece
através da utilizacdo do Hz livre como fonte de energia e do CO2 como aceptor de elétrons,
0s quais séo indispensaveis para a sintese de CH4 entérico. Neste sentido, a produgdo de CH4
é maior em ambientes com altas concentraces de CO- e menos favoravel em meios ricos em
outros aceptores de elétrons, entre eles o oxigénio (Oz), os NOs’, o ferro no estado férrico
(Fe*") e os sulfatos (S04%) (Lyu et al., 2018).

Metanogénese é um processo essencial para o rimen pois a reducdo das concentragdes
de H> livre neste ambiente permite 0 aumento das taxas de fermentacdo dos substratos
presentes na dieta (Buddle et al., 2011). De acordo com Janssen (2010), as taxas de H2 no
rimen aumentam imediatamente apds a ingestdo de alimentos pelos animais, fazendo deste
processo uma importante via para dissolver o H. acumulado e manter o equilibrio ruminal.
Desta forma, o H, é considerado a principal fonte de energia para a formacdo de CHa4 no
ramen (Figura 1) atraves da reacdo quimica 4H, + CO2—~> CHs + 2H-0, seguido de formato
e metanol que também podem ser utilizados pelos metanégenos como fonte de energia
(Buddle et al., 2011).

Diante do exposto, é notavel a importancia da producéo de CH4 para reduzir os impactos
das altas concentracdes de Hz no rimen. No entanto, 0s ruminantes necessitam liberar o gas
produzido neste processo, o que se da majoritariamente através da eructacao (Janssen, 2010).

Assim, apesar do beneficio para a saude dos ruminantes, segundo Hristov et al. (2013), a
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liberacdo de CH4 pode representar um risco potencial para a natureza a curto prazo, uma vez
que é o segundo maior causador do efeito estufa proporcionalmente, por possuir poder de

aquecimento de até 25 mais quando comparado ao COx.

De acordo com Lyu et al. (2018), as preocupagfes com o impacto do CH4 ao meio
ambiente vém aumentando em decorréncia da concentracdo atmosférica que dobrou desde a
revolucdo industrial, ocasionando elevacdo a cerca de 20% no aquecimento da terra que

deveria ocorrer de forma natural.
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Figura 1. Esquema simplificado da producdo de metano no ramen (Buddle et al., 2011).

1.2 Impactos do metano ao meio ambiente

De acordo com Gerber et al. (2013), a fermentacdo entérica € a segunda maior fonte de
producéo de gases do efeito estufa relacionados a atividade pecuaria, contribuindo a cerca de
40% do total de emissdes. Neste cendrio, 0s bovinos sdo 0s animais que mais produzem
(77%), sequidos de bufalos (13%) e pequenos ruminantes (10%). Ademais, 0 CHa4 € 0 gas
antropogénico mais emitido na pecuaria (44%), com o restante distribuido em oxido nitroso
(N20) com 29% e CO; estimado a cerca de 27% do total das emissdes de gases, este ultimo
principalmente atribuido a atividades como transporte de alimentos e manejo de dejetos.

Ainda segundo Gerber et al. (2013), em escala global, a fermentacao entérica em animais

voltados para a producdo de leite é responsavel a cerca de 46% do total das emissGes de
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gases, seguidos de aproximadamente 43% para animais destinados para a produgéo de carne
dentro destas cadeias produtivas. Devido a variagdo na qualidade das pastagens, os sistemas
exclusivamente a pasto contribuem mais intensamente para o efeito estufa quando
comparados a sistemas mistos (uso de suplementacdo) e confinados, de acordo com a
classificacdo da Food and Agriculture Organization of the United Nations (FAO) (Robinson
etal., 2011).

Somados as preocupacdes com 0 meio ambiente, estudos recentes tém objetivado mitigar
a producdo de CHs através do redirecinamento de H» para vias alternativas, seja pela
utilizacdo de aditivos alimentares ou pelo manejo alimentar, como por exemplo, a
manipulacdo das proporcbes de volumoso e concentrado na dieta. Estas estratégias
supostamente tém reduzido as perdas de energia no processo de metanogénse, e

consequetemente aumentado o desempenho produtivo dos animais (Wang et al., 2018).

Neste contexto, mudancas no manejo alimentar e o uso de aditivos moduladores
ruminais tém sido explorados para interferir em vias metabdlicas da producdo de CHa,
impactando positivamente no efeito estufa e ao mesmo tempo aumentando a efiéncia
alimentar dos animais atraveés do maior aproveitamento dos ingredientes da dieta. Além de
tudo, o uso de ingredientes de melhor qualidade, ou seja, mais digestiveis, aumentam a taxa
de passagem e consequentemente reduzem o tempo da fermentacdo entérica da fibra, que é

considerado o fator principal para a producdo de gases precursores do CH4no ramen.

2. Mitigacdo de metano

A utilizagdo de aditivos e a manipulacdo das dietas para ruminantes ganham destaque
como estratégias alimentares eficazes para minimizar os impactos ambientais causados pela
emissdes de CHgs entérico. Os aditivos mitigadores de gases do efeito estufa possuem
propriedades singulares que interferem de forma especifica no crescimento de metandgenos
Archaea e, por sua vez, em fases da producdo de CHs no radmen, como por exemplo, no
direcionamento de elétrons para vias metabdlicas alternativas e na inibigdo de enzimas
envolvidas no processo (Hristov et al., 2013). Além disso, a utilizacdo de alimentos

concentrados e a reducgdo do teor de fibras em dietas para ruminantes tém sido alvo de estudos
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objetivando minimizar a produgdo de CHa entérico através da modificacdo da producdo de
AGV no rimen (Martin et al., 2010).

2.1 Manejo alimentar

A producgéo de CH4 pode ser diretamente influenciada pela composicéo e proporgéo dos
ingredientes da dieta, principalmente pela quantidade e composicdo dos carboidratos.
Teoricamente, dietas com maior composicdo de carboidratos altamente degradaveis no
ramen, como o amido, podem modificar a microbiota ruminal, afetando consequentemente

0 pH e a proporc¢do dos AGV (Johnson & Johnson, 1995).

Os principais produtos da fermentacdo dos carboidratos séo os AGV, CHs e CO». De
acordo com Van Soest (1994), a estequiometria geral para os produtos da fermentacéo de

carboidratos foi classificada da seguinte forma:
CsH1206 (glicose) + NHz = Microbiota ruminal > CHs + CO2 + AGV

A alteracdo do ambiente ruminal pela inclusdo de fontes de amido em substituicdo a
forragens podem afetar a relacdo acetato:propionato. Essa modulacdo ruminal interfere na
producéo de CHa, uma vez que a fermentacdo do amido favorece a producdo de propionato
que utiliza o Hy livre no ramen (Figura 2), e portanto, compete diretamente com a

metanogénese (Janssen, 2010).

DIETARY CARBOHYDRATES
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Figura 2. Fermentacdo dos carboidratos no rimen (Van Soest, 1994). Adaptacéo:
Hristov et al. (2013).
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O aumento na proporcdo de propionato e reducdo do acetato podem acontecer pela
substituicdo de carboidratos estruturais (forragens) por fontes de carboidratos facilmente
degradaveis (concentrados). A reducdo da producdo de CH4 pode ser determinada por dois
mecanismaos principais, como anteriormente mencionado, o primeiro ocorre pela reducao dos
precursores de CH4, como hidrogénio metabolizavel ([H]) no rdmen, e o segundo pela
reducdo na fermentacdo da fibra devido a efeitos associativos, neste caso, pelo aumento da

taxa de passagem ruminal (Benchaar et al., 2001).

Um estudo in vitro comparando trigo e milho como fontes de amido associados a
suplementacdo de NOs™ (20 mg) por grama de matéria seca (MS) de substrato, gordura (50
mg/g de MS), ou 3-nitrooxopropanol (0,08 mg/g de MS), demonstraram que o efeito
principal do uso de fontes de amido rapidamente degradaveis (trigo) aumentou a propor¢ao
de propionato, e desta forma, elevou a competicdo por [H], tendo como efeito secundario a
reducédo de 22% na produgéo in vitro de CH4. Os efeitos principais de nitrato, gordura e 3-
nitrooxopropanol reduziram a producgéo in vitro de CHs em 21, 19 e 44%, respectivamente
(Alvarez-Hess et al., 2019).

No estudo desenvolvido por Hatew et al. (2015), comparando dietas de répida e lenta
degradacdo ruminal associadas a dietas com alto e baixo nivel de amido para vacas em
lactacéo, foi observado redugdo na producéo de CH4 entérico expresso por kg de matéria
organica fermentada no rimen em dietas com maior taxa de degradacdo do amido, porém
sem efeitos na produgdo de CH4 quando relacionada com a ingestdo de matéria seca e a

producdo de leite.

2.2 Aceptores de elétrons: Nitratos

O uso de aceptores de elétrons como mitigadores de CH4 é uma estratégia alimentar bem
estabelecida (Jones, 1972). Contudo, nos ultimos anos, o uso destes aceptores como aditivo
alimentar vem ganhando amplo destaque principalmente, pelo aumento nas preocupacdes
com o impacto ambiental causado pela atividade humana, sobretudo pela producdo de
alimentos. Dentre os aceptores de elétrons, os sais de NOs™ tém se destacado pela alta eficacia

ao atuar como inibidor da metanogénese.
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Nitratos s&o anions inorganicos que podem estar presentes naturalmente no solo, na
agua, nas pastagens e nas culturas. Dentre as variedades de plantas, os cultivares de azevém
e sorgo sdo particularmente propensos a acumular NOs", com mais intensidade no caule e
menor acumulo nas folhas (Leng, 2008). Em condicGes de estresse, como escassez de agua,
muitas plantas podem aumentar a deposi¢do de NOz", que uma vez consumida pelos animais,

possivelmente causardo intoxicacdo aguda ou crénica (Wright & Davison, 1964).

O uso do anion NO3z™ como aditivo inibidor de CH4 em ruminantes tem recebido mais
atencdo em resposta aos diversos estudos desenvolvidos. Um dos motivos seria relacionado
ao seu beneficio adicional, uma vez que o NOs™ também é considerado como fonte de NNP,
essencial para a producao de proteina microbiana. No entanto, ainda existem preocupacdes
com a possibilidade de intoxicacdo, mesmo ocorrendo em situacGes especificas, como € o
caso da ingestdo de plantas com altas concentra¢des de NO3z™ ou pelo fornecimento em dietas
sem adaptacao prévia e correta.

A suplementacdo dos sais de NOs™ evidenciaram eficacia ndo apenas na mitigacéo do
impacto ambiental, mas também na possivel reducdo de perdas de energia ocasionadas pela
producdo de CHa entérico, que pode variar de 2 a 12% do total da energia bruta da dieta
(Johnson & Johnson, 1995). Além disso, a possibilidade de usar fontes de NOs em dietas
para ruminantes como substituto da ureia e de fontes de proteina verdadeira, como farelo de

soja, também foram investigados (Adejoro et al., 2020; Rebelo et al., 2019).

2.3 Metabolismo do nitrato no riimen

O mecanismo de reducdo de NOsz pelos microrganismos ruminais foi reportado
inicialmente por Sapiro (1949) h& pelo menos 70 anos atras. Na ultima década, as
preocupacfes em encontrar estratégias eficazes para mitigar a producdo de CH4 entérico
intensificaram os estudos utilizando NOsz™ na nutricdo de ruminantes (Leng, 2008).
Recentemente, estudos mais elaborados e dados adicionais relacionados ao metabolismo de
NOs" no rumen foram publicados, facilitando o entendimento das vias metabdlicas que
participam deste processo (Evans et al., 2019; Latham et al., 2016; Torres et al., 2016a; Yang
etal., 2016).
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Atualmente, considera-se estabelecido que o NO2’, intermediario da reacéo nitrato-
amonia, pode ser absorvido na parede do rimen, sobretudo em situa¢Bes nas quais 0s animais
ndo estejam adaptados aos sais de NO3™ na dieta ou se a suplementagdo deste aditivo for feita
em altas doses e de forma incorreta. O acumulo de NO2™ no riumen pode causar prejuizos
severos a salde dos animais e impactar negativamente no desempenho produtivo (Nolan et
al., 2010; Torres et al., 2016a).

Em geral, o metabolismo do NOs™ no rimen pode ocorrer através de duas vias
metabolicas principais, denominadas via assimilatoria e dissimilatoria (Figura 3), ambas
capazes de produzir NHs ao fim da reacdo (Leng, 2008; Yang et al., 2016). A reducéo de
NOs a NO2" é mais favoravel em relacdo a energia termodindmica, portanto, a segunda
reducdo do NO2" a NH3z ocorre mais lentamente no rimen, podendo ocasionar o acimulo de
NO> caso 0s microrganismos ruminais ndo estejam adaptados a introducdo deste aditivo na
dieta (Latham et al., 2016).
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Figura 3. Redugdo do nitrato & amonia no rimen através das vias assimilatoria e
dissimilatoria (Yang et al., 2016).

Bactérias dos géneros Selenomonas ruminantium, Veillonella parvula, e Wolinella
succinogenes sao consideradas como principais responsaveis pela redu¢do do NOz”a NH3z no
ramen (Simon, 2002). No entanto, de acordo Torres et al. (2016), as populacdes de bactérias

Escherichia coli e Salmonella typhimurium também foram classificadas como nitrato-
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redutoras. Entretanto, outros trabalhos demonstraram que tais géneros de bactérias sdo
dificilmente adaptados ao ambiente ruminal (Khafipour et al., 2011).

A reducéo nitrato-aménia é dependente das populacdes de bactérias redutoras e por sua
vez, da concentracdo de enzimas presentes no rimen, entre elas a nitrato e nitrito redutase
(Figura 3). Assim, situacbes especificas, como a ndo adaptacdo dos animais a dietas
experimentais, podem causar impactos negativos aos microrganismos ruminais e favorecer o
acumulo de intermediarios da reducéo do NOs™ a NHs, entre eles 0 NO2", 6xido nitrico (NO)
e oxido nitroso (N20), este ultimo considerado como um gas importante para o efeito estufa
(Lan & Yang, 2019; Torres et al., 2016a).

3. Efeitos da suplementacéo de nitrato para ruminantes leiteiros

Diversos estudos avaliaram a inclusdo de sais de NOs na dieta de ruminantes
principalmente como substituto da ureia (Feng et al., 2020). No entanto, apesar do impacto
positivo por meio da reducdo de metandgenos Archaea e subsequente mitigacdo de CHs
entérico, efeitos adversos relacionados ao desempenho animal podem ocorrer. Assim, a
investigacao de parametros produtivos somados a preocupagdo com a saude dos animais deve

ser considerada na tomada de decisdo do uso destes aditivos.

3.1 Metemoglobina

Um dos parametros mais utilizados para avaliar a presenca de intoxicacdo decorrente da
ingestdo de NOs™ advém da mensuracdo do nivel sanguineo de metemoglobina (MetHb). O
aumento das taxas de MetHb pode ocorrer em animais ndo adaptados ao NOgz", pois o fato da
ndo introducdo gradual na dieta pode afetar os microrganismos ruminais, impactar na reagdo
de reducdo nitrato-amonia, e desta forma, contribuir para o acimulo de NO2 no rdmen
(Lewis, 1951).

A acumulacgdo do NO2" no rimen pode favorecer a absorcéo através da parede ruminal,
cair na corrente sanguinea e rapidamente converter a forma ferrosa (Fe?*) da hemoglobina
(Hb) para o estado férrico (Fe**), considerada como MetHb. Animais com niveis de MetHb

superiores a 30% foram considerados em estado de metemoglobinemia, apresentando
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hipoxia causado pela incapacidade da molécula heme de carrear oxigénio para os tecidos
(Bruning-Fann & Kaneene, 1993).

Nos ultimos anos, diversos estudos foram realizados utilizando a suplementacéo de NOs
para ruminantes. Em geral, o periodo de adaptacdo dos animais as dietas tem garantido baixos
niveis de MetHb, evitando a intoxica¢do dos animais. Os niveis de MetHb em experimentos
avaliando a suplementagdo de NOgz™ para vacas leiteiras foram em média 4,7% (Olijhoek et
al., 2016; van Zijderveld et al., 2011). Silveira et al. (2019) avaliaram trés doses de nitrato
encapsulado (0, 9,4 e 18,3 g/kg de NO3™ na MS da dieta total) em substituicdo ao farelo de
soja para caprinos em crescimento e observaram que os indices de MetHb aumentaram
linearmente, porém com o méaximo indice observado de apenas 0,77%. Tal nivel foi
consideravelmente baixo em relacdo aos considerados como toxicos para ruminantes, de

acordo com os relatos mencionados anteriormente (Bruning-Fann & Kaneene, 1993).

3.2 Impactos no consumo, digestibilidade dos nutrientes e fermentacdo ruminal

Em geral, a ingestdo de produtos compostos por NO3z™ tem gerado efeitos adversos na
ingestdo de nutrientes, que teoricamente podem ser relacionados como respostas a
intoxicacdo dos animais. No entanto, de acordo com a revisao de Lee & Beauchemin (2014),
muitos autores que avaliaram NOs™ na dieta de ruminantes ndo observaram efeitos nos
parametros produtivos e de composic¢éo do leite, como resultado de uma introducédo gradual

do NOs’, que também tem evitado o aumento dos niveis de MetHb sanguineo.

Como ja discutido, de acordo com Bruning-Fann & Kaneene (1993), os niveis de MetHb
considerados toxicos, e portanto capazes de impactar negativamente na produc¢édo dos animais
variam de 20 a 30%, o que ndo tem sido observado até os dias de hoje em animais adaptados
a suplementacdo com NOs". Além de tudo, de acordo com Lee & Beauchemin (2014), a
reducdo da ingestdo de matéria seca e dos nutrientes pode ndo ser causado diretamente por
distarbios fisiologicos relacionados a intoxicacao. Esta reducdo no desempenho animal pode
ser causada apenas por erros de manejo alimentar, como pouca mistura da ragdo total levando
a comportamentos de selecdo, pois os suplementos que possuem NOgz™ apresentam baixa

palatabilidade devido ao sabor amargo (Lee et al., 2015).



33

Olijhoek et al. (2016) avaliaram quatro niveis de nitrato de célcio (0, 5,3, 13,6 e 21,1
g/kg de MS) na dieta de vacas leiteiras e ndo observaram efeitos na ingestdo de agua e da
matéria seca, assim como na digestibilidade dos nutrientes das dietas. Adicionalmente, van
Zijderveld et al. (2011) ndo observaram efeitos no consumo de matéria seca de vacas
alimentadas com 21 g de NOs™ por kg MS em substituigéo a ureia durante 89 dias de estudo.
No mesmo estudo, ndo foram encontrados efeitos de tratamento nas digestibilidades do
amido e da fibra em detergente neutro (FDN), assim como na producao de leite e no balango

de energia.

Conforme mencionado anteriormente, a ndo adaptacéo dos animais a suplementacédo de
NOs" pode causar 0 acimulo de NO2™ no ramen, podendo afetar negativamente a populagao
de bactérias celuloliticas, e desta forma, reduzir a digestibilidade do FDN da dieta. De acordo
com Zhou et al. (2012), a suplementacdo de NOs na concentracdo de 48 pmol/mL™*
(aproximadamente 48 g/kg NOs" na MS da dieta) reduziu significativamente a quantidade de
bactérias celuloliticas dos géneros Fibrobacter succinogenes, Ruminococcus albus, e R.

flavefaciens, porém sem efeitos no total de bactérias ruminais.

Em contrapartida, Patra & Yu (2015) afirmaram que a suplementacéo de nitrato de sddio
na concentragdo de 5 mmol? aumentou a populagio de bactérias celuloliticas e
consequentemente a digestibilidade da fibra. Contrariamente, de acordo Wang et al. (2018)
nédo foram observados efeito na digestibilidade do FDN em vacas alimentadas com 14,6 g de
NOs" por kg de MS ingerida, justificado pela auséncia de impacto na populacdo de bactérias

celuloliticas.

A inconsisténcia dos resultados supracitados pode ser justificada pela variacdo na
dosagem de NOs', fonte utilizada, método de avaliagdo (in vitro ou in vivo), eficiéncia na
reducdo nitrato-amonia, espécie animal e efeitos associativos, quando ha a combinacdo de
NOs com outros aditivos alimentares (Wang et al., 2018). Desta forma, é nitido que ainda
faltam informacdes sobre o impacto de NOs™ nas populagdes microbianas do rumen. Além
do que, experimentos in vivo adicionais Sa0 necessarios para que esta inconsisténcia de

resultados sobre a ingestdo de MS seja amenizada.

Os efeitos no consumo e na digestibilidade dos nutrientes como resposta a

suplementacdo de NO3™ tém relacdo direta com a fermentacéo ruminal e as mudangas na
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producdo de AGV no rimen. Teoricamente, as modifica¢cbes no ambiente ruminal causadas
pelo NO3s™nos precursores da metanogénese podem causar efeitos secundarios nas proporcdes
de AGV.

De acordo com Olijhoek et al. (2016), o uso de NOs™ suplementar até o nivel de 21.1
g/kg MS na alimentacéo de vacas leiteiras ndo afetou o total de AGV ruminal, assim como
as proporcdes individuais de AGV e a relacdo acetato:propionato. Em compensacao, Meller
et al. (2019) observaram reducdo na proporc¢édo de propionato, e consequentemente aumento
na raz&do acetato:propionato quando o nitrato de célcio foi introduzido na dieta de vacas em
lactacdo ao nivel de 20 g/kg de MS. Da mesma forma, Guyader et al. (2016) observaram
reducdo no total de AGV, assim como na proporc¢do de propionato e na relacdo de C,:Csao
suplementar vacas em lactacdo com linhacga extrusada (100 g/kg MS) e nitrato de célcio (18
g/kg MS).

Estudos in vitro (Guo et al., 2009; Lin et al., 2011) demonstraram que, em geral, a
suplementacdo de NOs tem aumentado a propor¢do de acetato e reduzido propionato, e
consequentemente afetado a relacdo acetato:propionato no rumen. Por outro lado, como
detalhado no paragrafo anterior, estudos in vivo tem observado divergéncias nos efeitos de
NOs  na producdo de AGV no ambiente ruminal, provavelmente causados pela dose

suplementada e pelo manejo alimentar adotado.

3.3 ImplicacGes na sintese de proteina microbiana

Nos ultimos anos, diversos estudos in vitro e in vivo tem avaliado a utilizagdo de NOs
como substituto da ureia (Adejoro et al., 2020; De Raphélis-Soissan et al., 2016; Li et al.,
2012). Os nitratos, assim como a ureia, tém a capacidade de atuar como fonte de NNP
concomitantemente ao efeito na producdo de CH4 entérico. Desta forma, sua capacidade de
fornecer nitrogénio disponivel para a sintese de proteina microbiana pode ser também

ponderada como foco de experimentos para animais ruminantes.

Lee & Beauchemin (2014) demonstraram por meio de uma revisao que os sais de nitrato
tém em média 141% de equivaléncia a proteina bruta (PB), enquanto a ureia possui por volta
de 291% de PB, na forma de NNP. De acordo com 0s mesmos autores, considerando que o

NO3™ pode ter o mesmo efeito da ureia como fonte de NNP, dietas que ultrapassem 25 g/kg
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de NOs" com base na MS, equivalendo a aproximadamente 10 g/kg de ureia na MS total,
podem ter efeitos negativos no consumo de MS, assim como na sintese de proteina

microbiana e no desempenho animal.

De acordo com Wang et al. (2018), a suplementagéo de 14,6 g de nitrato de sodio por kg
de MS, contribuiu positivamente para utilizacdo de NH3 na sintese de proteina microbiana
em vacas leiteiras alimentadas com baixo nivel de PB na dieta total. Esse efeito foi justificado
como resposta da menor concentragdo de NH3 no liquido ruminal de animais alimentados
com NOs". Como conclusdo, os autores sugeriram que a suplementacdo de NO3s™ contribuiu
positivamente para o incremento de nitrogénio na sintese de proteina microbiana de vacas

leiteiras.

Silveira et al. (2019) avaliando caprinos em crescimento, observaram que a
suplementacdo de até 25 g de nitrato encapsulado (GRASP Ind. & Com. LTDA, Curitiba,
Parana, Brazil), correspondendo a aproximadamente 18,3 g/kg de NOs na MS em
substituicdo ao farelo de soja, ndo afetou a sintese de proteina microbiana. No entanto, foram
observados efeitos negativos no desempenho dos animais, levando os autores a concluir que
o0 nivel mais adequado de utilizacdo de NOs™ para caprinos aos 6 meses de idade foi de 12,5

g de nitrato encapsulado (9,4 g/kg de NOs na MS) em substituigdo ao farelo de soja.

3.4 Efeitos na producéo, composicao e qualidade do leite

Estudos anteriores avaliando a utilizagcdo de NO3™ na dieta de vacas leiteiras objetivaram
principalmente reduzir a producdo de CH4 entérico e os danos ambientais causado pelos
ruminantes (Meller et al., 2019; Olijhoek et al., 2016; van Zijderveld et al., 2011). Ademais,
devido ao provimento de NNP no rimen, outros autores tem avaliado a suplementacdo de
NOs como potencial estratégia para melhorar a sintese de proteina microbiana no rimen e

assim elevar indices produtivos dos animais (Wang et al., 2018).

No entanto, os sais de NOs™ devem ser utilizados de forma correta, na dose certa e sempre
com a adaptacao prévia dos animais, assim como ja é feito com outros aditivos especificos,
como é o caso da ureia. Desta forma, a salde dos animais seria assegurada pela utilizagéo

adequada do produto, além de garantir a seguranca alimentar dos consumidores, pois animais
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ndo adaptados podem favorecer a absor¢do ruminal de intermediarios da reducéo nitrato-

amonia e possivelmente elevar os residuos no leite.

A producao de leite, em geral, ndo tem sido afetada pela inclusdo de NOs™ na dieta de
vacas leiteiras (Klop et al., 2016; Olijhoek et al., 2016; van Zijderveld et al., 2011). No
entanto, efeitos no consumo de nutrientes foram provavelmente a maior causa dos efeitos da
suplementacdo de NOs™ na composicao do leite, 0 que por sua vez alteram as corre¢des da

producdo de leite para gordura e energia.

Muitos estudos relataram que a suplementagdo de NO3 reduziu a quantidade de proteina
verdadeira do leite (Guyader et al., 2016a; Meller et al., 2019). Contudo, 0 mecanismo de
acdo do NOs na sintese de proteina ainda ndo esta bem estabelecido. Klop et al. (2016)
avaliaram a inclusdo de 21 g de NOs por kg de MS na dieta de vacas em lactacdo e
observaram reducdo significativa na proteina verdadeira no leite. De acordo com estes
mesmos autores, a menor ingestdo de nutrientes, provavelmente interferiu a sintese de

proteina, como resposta da reducdo dos precursores gliconeogénicos.

Os efeitos do NOs™ no perfil de acidos graxos do leite foram reportados pioneiramente
na literatura através do experimento realizado por Klop et al. (2016). De acordo com estes
autores, a suplementacdo de NOs", em geral, ndo provocou efeitos negativos importantes no
perfil de &cidos graxos do leite, aumentando significativamente as proporcdes de acidos
graxos poli-insaturados e ndo impactando as proporcGes de &cidos graxos saturados e
monoinsaturados. Desta forma, estudos adicionais ainda sdo necessarios para avaliar 0s

efeitos da suplementacdo de NOs™ na composic¢do e na proporcdo dos acidos graxos do leite.

Uma das limitagdes da suplementacdo de NOs estéo relacionadas ao possivel aumento
de residuos de NO2 no leite como consequéncia da reducao incompleta do NOs™ a NHa.
Dentre os poucos estudos que avaliaram os residuos de NOs e NO>™ no leite, Olijhoek et al.
(2016) observaram maior nivel de residuo de NOs (1,56 mg/L) como resultado do maior
nivel de suplementagdo de NOz™ (21 g/kg MS), porém, de acordo com mesmo autores, tais
niveis foram considerados seguros para 0 consumo humano, pois estdo bem abaixo do nivel
méaximo recomendado pela Organizacdo Mundial de Saide (WHO, 2011), que é de 50 mg/L
para NO3z™ e 3 mg/L para NO2". Outros estudos ndo observaram residuos de NOs e NO2™ no
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leite, assegurando que os niveis destes residuos foram inferiores ao limite de deteccgdo
(Guyader, et al., 2016; Meller et al., 2019).

Até o momento, ndo existem trabalhos anteriores na literatura explorando os impactos
do fornecimento de NOs" sobre a capacidade antioxidante do leite. Da mesma forma, ainda
faltam informacGes sobre a possibilidade do aumento de residuos de NOs e NO2™ no leite de

animais alimentados com nitrato de calcio.

Além de tudo, é importante ressaltar que ndo foram encontrados estudos avaliando o0s
efeitos do nitrato de calcio na alimentacdo de cabras em lactacdo sobre os parametros
produtivos, a fermentacdo ruminal e a qualidade do leite, o que reforca a necessidade de

pesquisas adicionais para avaliar a viabilidade deste aditivo como estratagia alimentar.
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I11. OBJETIVO GERAL

O objetivo do presente estudo foi investigar a eficacia de fontes adicionais de nitrato na
mitigacdo in vitro de metano e do nitrato de célcio na digestibilidade dos nutrientes, na
fermentacdo ruminal e na qualidade do leite de cabras e vacas em lactacao.

OBJETIVOS ESPECIFICOS

Estudo |

Objetivou-se avaliar fontes de nitrato associadas a dietas a base de milho seco ou silagem
de grdo umido como fonte principal de amido em estudos in vitro sobre a degradabilidade
dos nutrientes, a producdo de metano, a emissao de 6xido nitroso, e 0s parametros de
fermentacao ruminal.

Estudo 11

Objetivou-se avaliar a suplementacdo de nitrato de calcio na dieta para cabras em
lactacdo sobre a composicdo do leite, o perfil de acidos graxos, a capacidade antioxidante e
0s parametros de fermentagdo ruminal.

Estudo Il

Objetivou-se avaliar a suplementacdo de nitrato de célcio na dieta para vacas em lactacdo
sobre a qualidade do leite, a sintese de proteina microbiana e os parametros de fermentacdo
ruminal.
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V. Effects of nitrate sources on in vitro methane production, and ruminal fermentation
parameters in diets differing in starch fermentability

Journal: Animal Feed Science and Technology

Abstract: We evaluated the effects of nitrate (NOs’) sources supplemented with feeds
differing in starch degradability on in vitro DM and NDF degradability, methane (CHa)
production, nitrous oxide (N20) emissions, and ruminal fermentation parameters. The
experiment followed a randomized complete block design with a 5 x 2 factorial arrangement.
Treatments were five levels of non-protein nitrogen (NPN) including urea (URE), potassium
NOs" (PON), calcium NO3™ (CAN), dolomite-ammonium NOs" (DON), and ammonium NO3z
(AMN), supplemented with total-mixed ration constituted with either high-moisture corn
(HMC) or dry rolled corn (DRC). In vitro DM and NDF degradability were not affected by
NOs" sources. High moisture corn improved in vitro DM and NDF degradability, increased
propionate production, and consequently reduced acetate: propionate ratio. Methane
production was reduced by 34% in HMC diets possibly due to the greater propionate
proportion. Supplemental NOs  decreased CHs production (~24%) compared to urea
regardless of the source without major effects on in vitro degradability and ruminal
fermentation parameters. Concomitantly, N2O emissions were increased by all NO3™ sources.
Contrary to our main hypothesis, no interactions were observed between NOs™ and starch
sources in all evaluated parameters, leading to conclude that NOs  sources acted
independently at reducing CHs production regardless of the rate of ruminal starch

degradation.

Keywords: energy loss, feed additives, greenhouse gases, methane inhibitor, starch

degradability
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1. Introduction

Dietary strategies to reduce methane (CH4) emissions from ruminants have been
extensively investigated in the past several years (Beauchemin et al., 2020). Enteric CH4
emissions account for ~6 % of total greenhouse gas emissions and also represent 2-12 % of
the gross energy intake of ruminants (Gerber et al., 2013; Johnson and Johnson, 1995).
Hence, strategies aimed at reducing enteric CHs production have potential to mitigate
environmental impact of livestock production and improve animal performance by

conserving energy lost in CH4 emissions (Beauchemin et al., 2020).

Feed additives have been widely explored to mitigate CH4 emissions (Hristov et al.,
2013). Recently, 3-nitrooxypropanol and nitrate (NOz") have gained attention mainly because
of their efficacy at reducing CHs emissions (Vyas et al., 2018; Wang et al., 2018).
Supplemental NO3™is a competitive hydrogen ([H]) sink in the rumen at the expense of CH4
synthesis while getting reduced to nitrite (NO2) and subsequently ammonia (Lee and
Beauchemin, 2014). Several in vivo and in vitro studies have investigated the efficacy of
NOs3" supplementation and observed significant reduction of CH4 emissions without negative
effects on animal performance and ruminal fermentation (Olijhoek et al., 2016; Zhou et al.,
2012). Among sources of supplemental NOs’, both unencapsulated and encapsulated forms
of the double salt of calcium ammonium nitrate decahydrate [5Ca(NO3z7)2-NH4 NO3™-10H,0]
is most commonly studied (Henry et al., 2020; Lee et al., 2017; Olijhoek et al., 2016).
However, we are still lacking studies on the efficacy of additional sources of NO3™in reducing
CHg4 emissions as well as the effects of NOz™ supplementation on nitrous oxide (N20)

emissions (De Klein and Eckard, 2008; Petersen et al., 2015).
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Starch is a major source of fermentable energy for ruminal microorganisms and
glucogenic energy for lactating dairy cows (Hatew et al., 2015; Koenig et al., 2004). Starch
fermentation results in greater proportion of ruminal propionate creating an alternative [H]
sink to methanogenesis and subsequently reducing CHs production per unit of feed intake
(g/kg DMI) (Janssen, 2010). The rate of starch fermentation also alters CH4 emissions. Mills
et al. (2001, 1999), observed lower CH4 production with slowly fermentable starch sources
such as corn compared to rapidly fermentable starch sources like barley and oats. The effects
on lowering CH4 production were attributed to shift in the site of starch digestion from rumen
to small intestine. While the effects of varying starch fermentability on CH4 has been studied,
we are largely lacking studies evaluating CH4 mitigation with supplemental NOs™ when

included in diets differing in starch fermentability.

Hence, this study was aimed at evaluating the effects of alternative NOs™ sources;
potassium nitrate (KNO3), ammonium nitrate (NHsNO3z), and ammonium nitrate (NH4NO3)
mixed with dolomite on in vitro CHs and N2O production when supplemented with diets
differing in starch fermentability. We hypothesized that supplemental NOs™ will be more
effective at mitigating CH4 production in sources with higher solubility and efficacy will be

greater when NOgz™ sources are included with rapidly rumen degradable starch source.

2. Material and Methods

All experimental procedures involving animals (rumen fluid collection and in situ
incubation) were approved by the University of Florida Institutional Animal Care and Use

Committee under protocol number 202009849.

2.1 Preparation of high moisture corn
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Corn ears (Hybrid 26F87SX, Terral seeds®, Lake Providence, LA) were collected from
four different plots in the same field at the University of Florida Plant Science Research and
Education Unit (Citra, FL). Corn was shelled, homogenized, and coarsely ground using a
Wiley mill (A. H. Thomas, Philadelphia, PA) without sieves to break the kernels and to
simulate farm conditions. After grinding, corn samples were ensiled in vacuum-sealed in
nylon-polyethylene standard barrier vacuum pouches (0.09 mm thickness, 25.4 x 35.6 cm;
Doug Care Equipment Inc., Springville, CA) using a vacuum machine (Bestvac; distributed
by Doug Care Equipment) in triplicates. All bags were filled and sealed within 3 h after

harvesting and stored in a dark room for 45 days.

After the silo opening, 20 g of sample was dissolved in 200 mL of double-distilled water
(DDH0). The extract was collected, and the pH was measured using a pH meter (Thermo-
Orion Dual Star; Thermo Fisher Scientific Inc.) fitted with a glass pH electrode (Thermo-
Orion 9172BNWP; Thermo Fisher Scientific Inc.). The remaining samples were acidified (1
mL of H2SO4 at 50%), centrifuged at 7,000 x g for 15 min at 4 °C and frozen at —20 °C for

further ammonia-N (NHs-N) and VFA analyses.

Particle size distribution was measured in dried samples (at 60 °C for 48 h) by a Tyler
Ro-Tap Shaker (model RX-29; W.S. Tyler, Mentor, OH) using a set of 9 sieves (W.S. Tyler)
with nominal square apertures of 4.75, 3.35, 2.36, 1.70, 1.18, 0.60, 0.30, and 0.15 mm and
pan (ASABE, 2007). Geometric mean particle size (um) was calculated using a log normal

distribution (Baker and Herrman, 2002).

2.2 Chemical analyses
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Feed ingredients (corn silage, dry rolled corn, and soybean meal) collected from
University of Florida Dairy Research Unit (Alachua, FL) and high moisture corn samples
were dried at 60 °C for 48 h in a forced-air oven (Heratherm OMS180; Thermo Fisher
Scientific, Waltham, MA) to determine DM content. Samples were ground to pass through a
4-mm and 1-mm sieves in a Wiley mill (A. H. Thomas Scientific, Philadelphia, PA) for

further in situ starch disappearance and chemical composition analyses, respectively.

Feedstuffs (Table 1) were analyzed according to AOAC (2012) for crude protein (CP)
(method 990.03), acid detergent fiber (ADF) (method 973.18), neutral detergent fiber
(aNDF) using sodium sulfite and heat-stable a-amylase (method: 2002.04) by Ankom 200
Fiber Analyzer (Ankom Technology, Fairport, N.Y.), ash (method 942.05), and ether extract

(EE) (method 920.39). Starch content was analyzed based on Hall et al. (2015).

2.3 Experimental design and diets

The experiment followed a randomized complete block design with a 5 x 2 factorial
arrangement with 5 sources of non-protein N (NPN; urea and 4 sources of NOz’) and 2
sources of corn differing in the rate of starch degradability. The NPN sources used were:
URE, urea (CH4N20), 99.7% DM, 46% N (Thermo Fisher Scientific, Waltham, MA, USA)
as a control; PON, potassium nitrate (KNO3), 99.7% DM, 13.9% N, 61.6% NO3 (Thermo
Fisher Scientific, Waltham, MA, USA); CAN, double salt of calcium ammonium nitrate
decahydrate ([5Ca(NOz’)2-NH4 NOs-10H20]), 84% DM, 18.6% N, 76.5% NOs" (Yara North
America, Inc. Tampa, FL, USA ); DON, ammonium nitrate (NHsNO3) + dolomite, obtained
by mixing ammonium nitrate solution with fine dolomite, 99.5% DM, 27% N, 59,8% NO3"
(Yara North America, Inc. Tampa, FL, USA) and AMN, prilled ammonium nitrate

(NHsNO:s3), 99.2% DM, 34.5% N, 76.6% NO3™ (Yara North America, Inc. Tampa, FL, USA).
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Starch sources used in the diets were either dry rolled corn (DRC) or HMC. Three

independent runs were used as blocks.

Diets (Table 2) were formulated using Dairy NRC (NRC, 2001) to meet the requirements
for a lactating cow of 690 kg of BW, 90 DIM, 40 kg/day of milk yield, 3.5% of milk fat, and
3% of milk true protein. All diets were isonitrogenous and isoenergetic, and the amount of
NO3 was set at 20 g/kg DM for all diets, except 0 g/kg NO3for urea as NPN source. Besides
URE, other diets received urea to equilibrate the amount of NPN. Feed ingredients were
previously dried, ground to pass through a 1 mm screen, and then mixed to obtain 300 g of
total mixed ration (TMR), excluding urea and NOs" sources, which were weighted separately

prior to the incubations in order to warrant the treatment effect.

2.4 In situ DM and starch disappearance

For ruminal in situ degradation (Table 1), 5 g samples (dried, 4 mm) were weighed in
Dacron polyester bags of known weight (R1020, 10 x 20 cm, 50 £ 10 um porosity; Ankom
Technology, Macedon, NY, USA), and incubated in triplicates for 7 h in 2 ruminally
cannulated lactating Holstein cows (3 bags per feedstuff per cow). Cows were fed a TMR
(DM basis) consisting of corn silage (38.2%), alfalfa hay (4.0%), dry rolled corn (27.3%),

soybean meal (14.5%), citrus pulp (9.1%), and a mix of minerals and supplements (6.8%).

After 7 h of incubation, bags were removed and placed immediately on ice to stop the
fermentation, rinsed in a washing machine, and then dried at 60 °C for 48 h. In situ DM
disappearance was calculated by the difference between the weight before and after
incubation. For in situ starch disappearance, bags were opened, and the residues of replicates

were pooled, resulting in one sample per feedstuff per cow for starch analysis. All ingredients
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were analyzed for starch by the enzymatic method according to (Hall et al., 2015) with
thermo-stable a-amylase (Ankom Technology, Macedon, NY) and amyloglucosidase
(Megazyme E-AMGDF, Bray, Co. Wicklow, Ireland) enzymes, before and after the

incubation period.

2.5 In vitro incubation, DM, and NDF degradability

Total mixed ration (dried, 1 mm) was used as substrate for in vitro incubations. Substrate
were weighted (0.50 g) in Ankom F57 bags (25 pm porosity, Ankom Technology, Macedon,
NY) in triplicate for each treatment combination with 5 sources of NPN and 2 sources of
starch in TMR. Bags were sealed using an Uline Tabletop Poly Bag Sealer (Impulse® type
AIE-200) and placed into 160-mL serum bottles. Rumen fluid was collected manually from
the same cows used in the in situ trial, filtered through two-layer cheesecloth, and placed
directly into prewarmed thermos flasks. Thermos were kept airtight until transported to the
laboratory for final filtration with two more layers of cheesecloth, therefore a total of four
layers of cheesecloth were used for rumen fluid filtration. The inoculum was added to a
buffered pre-warmed (39 °C) media (McDougall, 1944) in a 1: 2 ratio (rumen fluid: artificial
saliva). The media was continuously infused with CO, to maintain anaerobic environment

for the rumen fluid inoculum.

Buffered rumen fluid (52 mL) was inoculated into 160 mL serum bottles with Ankom
bags, and a continuous stream of CO. was flushed into the bottles during the whole
inoculation process. The bottles were closed with rubber stoppers and sealed with aluminum
seals. Serum bottles were incubated at 39 °C under a shaking system for 12 h and 24 h. Each

run was repeated three times. Also, there were three blanks (bags without diet) per opening
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time per run, which were used for further gas production calculations as well as for in vitro

DM degradability (IVDMD) and in vitro NDF degradability (IVNDFD).

Incubations were terminated by placing bottles on ice after 12 and 24 h of incubation.
Bags were taken out of serum vials, washed with tap water, and then dried in a forced-air
oven set at 60 °C for 48 h. Dried residues were weighed, and the amount was used to estimate
IVDMD. Bags were then analyzed for aNDF using sodium sulfite and heat-stable a-amylase
in an Ankom 200 Fiber Analyzer (Ankom Technology, Fairport, N.Y.). Bags were dried

again at 60 °C for 48 h, weighted and the final values were used to estimate IVNDFD.
2.6 Gas production, CH4, and N2O analyses

Two sets of 30 bottles were evaluated after 12 and 24 h of incubation in each run.
Headspace gas pressure was measured at 0, 3, 6, 9, 12, and 24 h using a pressure transducer
in the 24 h bottles. Total gas production was estimated after 12 h and 24 h incubation. Net
gas production was estimated by dividing total gas production per DM fermented. Gas
pressure was calculated after correcting for gas pressure in blank bottles. Gas volume was

calculated, based on our lab conditions, using the following equation.
GV (mL) = (GP * 4.8843) + 3.1296; r* = 0.97,
where, GV is the gas volume and GP is the gas pressure expressed by psi.

Gas samples were collected using 20 mL syringe from serum vials after 12 h and 24 h of
incubation and immediately transferred to evacuated glass vials fitted with rubber stoppers.

Glass vials with gas samples were crimped with aluminum seals.
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Methane concentration was analyzed by gas chromatography (Agilent 7820A GC;
Agilent Technologies, Palo Alto, CA) with flame ionization detector and capillary column
(Plot Fused Silica 25m by 0.32mm, Coating Molsieve 5A, Varian CP7536; Varian Inc. Lake
Forest, CA) (Henry et al., 2020). Injector, column, and detector temperatures were
maintained at 80, 160, and 200 °C, respectively. Injector pressure was 20 psi with a total flow
of 191.58 mL/min and a split flow of 185.52 mL/min with a 100:1 split ratio. Column
pressure was 20 psi with a flow of 1.8552 mL/min. Detector makeup flow was 21.1 mL/min.

The carrier gas was N2 and the run time was 3 min.

A second vial of gas sample was collected and analyzed for N>O concentration by gas
chromatography (Agilent 7820A GC; Agilent Technologies, Palo Alto, CA). A micro-
electron capture detector was used with a capillary column (Plot Fused Silica 25 m by 0.32
mm, Coating Molsieve 5A, Varian CP7536; Varian Inc. Lake Forest, CA). Injector, column,
and detector temperatures were 110, 30, and 350 °C, respectively. Injector pressure was 30
psi with a total flow of 24.539 mL/min and a split flow of 18.427 mL/min with a 3:1 split
ratio. Column pressure was 30 psi with a flow of 6.1422 mL/min. Detector makeup flow was

6.7834 mL/min. The carrier gas was N> and the run time was 4 min.

2.7 pH, volatile fatty acids, and NH3 analyses

The pH of rumen inoculum was measured at 12 and 24 after incubation using a pH meter
(Thermo-Orion Dual Star; Thermo Fisher Scientific Inc.) fitted with a glass pH electrode
(Thermo-Orion 9172BNWP; Thermo Fisher Scientific Inc.). After pH measurements, 40 mL
of the residual inoculum (after removing the bags) were placed into 50 mL centrifuge tubes,

acidified with 0.4 mL of H.SO4 at 50% and centrifuged at 7,000 x g for 15 min at 4 °C. An

aliquot of 2 mL was taken and frozen at —20 °C for further NH3-N analysis.
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For VFA analysis, another aliquot (2 mL) was collected and centrifuged for a second time
at 10,000 x g for 15 min at 4 °C (Avanti J-E, Beckman Coulter Inc.). Subsequently, the
supernatant was filtered with a 0.22 um filter, placed into glass vials, and frozen at —20 °C
for further analyses. The VFA concentration were measured using a High-Performance
Liquid Chromatograph system, Hitachi, L2400, Tokyo, Japan) and an Aminex HPX-87H
column (Bio-Rad Laboratories, Hercules, CA) with 0.015M H>SO4 mobile phase and a flow
rate of 0.7 mL/min at 47 °C. Ammonia-N concentration was measured via colorimetric
quantification of N content using the phenol-hypochlorite reaction as described by Broderick

and Kang (1980).

2.8 Statistical analyses

Data were analyzed as a randomized block design with a 5x2 factorial arrangement of
treatments using GLIMMIX procedure of SAS (version 9.4; SAS Institute Inc., Cary, NC).
Run was used as blocking factor. The UNIVARIATE procedure of SAS was used to test the
residuals for normality prior to the final data analyses. Responses without normal distribution
had data transformed using power transformation suggested by Box-Cox procedure using
PROC TRANSREG in SAS (Cox and Box, 1964). Least square means were back
transformed and the respective SEM was calculated (Jorgensen and Pedersen, 1998).
Statistical model included NOs™ source, starch source, and its interactions as fixed effects.

Run was used as random effect.

Gas production over time was analyzed as a repeated measure. Means were determined
using the LSMEANS statement. Statistical significance and trends were declared at P < 0.05

and P > 0.05 to P < 0.10, respectively, and Tukey-Kramer adjustments were used.
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3. Results

3.1 Dry matter and NDF degradability

No interaction was observed between supplemental NPN and starch sources (P > 0.05)
on IVDMD and IVNDFD after 12 and 24 h of incubation (Table 3). Supplemental NPN
sources did not affect (P > 0.05) IVDMD after 12 or 24 h of incubation. Similarly, no
differences were observed between NPN sources on IVNDFD after 12 h of incubation;
however, IVNDFD tended to decrease (P = 0.07) with NO3z™ sources compared to URE diets
after 24 h of incubation. The IVDMD was greater (P < 0.01) in diets receiving HMC
compared to DRC diets regardless of the incubation duration (Fig. 1). Additionally, IVNDFD
increased (P < 0.01) after 12 or 24 h of incubation in diets receiving HMC compared with

DRC (Fig. 2).

3.2 Gas production, CHas, and N2O emissions

No interaction effects were observed between NPN and starch sources for total gas
production, net gas, CHa, and N2O production (P > 0.05). Supplemental NO3" reduced total
gas production (P < 0.05) compared to URE regardless of the incubation duration. However,
starch sources had no effect on total gas production after 12 (P = 0.24) or 24 h (P = 0.15) of

incubation (Table 4).

There was no interaction betweeen NPN and starch for gas production over time. Also,
no effect was observed between starch vs. time; however, there was an effect of NPN sources
and time on gas production as shown in Fig. 3. No effects of supplemental NPN sources were
observed on gas production after 3 h of incubation (P > 0.05); however, gas production

decreased (P < 0.01) with PON compared to other NPN sources after 6 h of incubation.
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Supplemental NOs™ sources decreased gas production compared to URE after 9, 12, and 24

h of incubation (Fig. 3).

Net gas production (mL/g DM fermented) was affected by NPN sources after 12 (P <
0.01) and 24 h (P = 0.05) of incubation. Net gas production was lower for PON diets after 12
and 24 h of incubation (Fig. 4). Nitrous oxide emissions were also affected by NPN sources
ranging from the minimum production (0.96 pl/mL) observed for PON diets after 12 h of
incubation and maximum production also observed for PON (1.24 pl/mL) after 24 h of
incubation (Fig. 5). No starch effects were observed for net gas and N.O production (P >

0.05), regardless of the incubation duration.

Methane production was independently affected by NPN and starch sources, regardless
of the incubation duration. Methane production (mmol/g DM fermented) was lower for PON
and DOM sources compared to URE (P < 0.01) after 12 h of incubation; however, NO3™ salts
decreased CH4 production compared to URE regardless of the source after 24 h of incubation
(Fig. 6). Likewise, HMC had lower (P < 0.01) CH4 production (mmol/g DM fermented)

compared to DRC diets regardless of the incubation duration (Fig. 7).

3.3 Ruminal fermentation parameters

No NPN or starch (P > 0.05) effect was observed for pH and total VFA. Similarly, no
interaction was observed between NPN and starch sources for individual VFA parameters

and NHz-N after 12 and 24 h of incubation duration (Table 5).

Acetate proportion tended to increase (P = 0.07) by NOs"sources after 12 h of incubation,
whereas it was greater (P < 0.01) for PON, DON and AMN compared to URE after 24 h of

incubation (Fig. 8). Diets with HMC reduced acetate proportion after 12 h of incubation (P
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< 0.01) compared with DRC diets (Table 5), while propionate proportion was greater (P <
0.01) with HMC compared to DRC diets after 12 (P <0.01) and 24 h (P = 0.02) of incubation
(Fig. 9).

Butyrate was affected (P < 0.05) by both NPN (P < 0.01) and starch sources (P = 0.04).
Valerate was greater (P < 0.05) in HMC diets after 12 h of incubation, and the same effect
was observed for isovalerate proportion after 24 h of incubation; however, no effects of NPN
were observed (Table 5). Acetate:propionate (C2:Ca) ratio was lower (P < 0.05) for HMC
compared to DRC diets after 12 and 24 h of incubation; however, C,:Cs ratio increased by
supplemental NOs™ sources compared to URE after 12 and 24 h of incubation (Table 5).
Finally, NH3-N was lowered (P < 0.01) by PON and CAN salts when compared to URE
regardless of the time, while DON and AMN did not differ from the control group at both

incubation times (Fig. 10).

4. Discussion

The primary objective of this study was to evaluate different supplemental NOs™ sources
in combination with TMR composed of corn grain differing in ruminal starch disappearance
on ruminal fermentation characteristics and nutrient degradability using in vitro batch culture
experiments. We speculated greater efficacy of supplemental NO3™ sources in mitigating CHs
emissions when provided with highly degradable starch sources. However, contrary to our
expectation, no interaction was observed between NOs™ sources and starch degradability.
Hence, our discussion will be focused on main effects of NOs™ and starch sources observed

in this study.

4.1 Nitrate supplementation
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Supplemental NO3™ has been proposed as useful NPN source for ruminants as substitute
for URE. Most of the research studies have been conducted using CAN as NO3™ source. To
the best of our knowledge, the present study provides first documented evidence of efficacy
of multiple supplemental NO3s™ sources on nutrient digestibility and ruminal fermentation

characteristics.

Supplemental NOz™ sources (PON, CAN, DON, and AMN) had no effects on IVDMD
when compared to URE and effects are probably attributed to the optimal NOs™ level (20 g/
kg DM) used in this study. These findings are in agreement with Lund et al. (2014) who
evaluated double salt of calcium ammonium nitrate (up 20 g/ kg DM) and observed no effects
on IVDMD after 48 h of incubation. Similarly, Liu et al. (2017) observed no differences on
DM digestibility after 24 h of incubation evaluating sodium nitrate (NaNO3) and ammonium

chloride (NH4CI), with means of 535 g/kg DM and 542 g/kg DM, respectively.

The effects of supplemental NO3s™ on fiber degradability may be dose-dependent and
probably attributed to NOz™ effect on ruminal microbial population (Liu et al., 2017; Yang et
al., 2016) specifically abundance of rumen cellulolytic bacteria (Villar et al., 2020; Zhou et
al.,, 2012). Zhou et al. (2012) reported reduced cellulolytic bacteria (Fibrobacter
succinogenes, Ruminococcus albus, and Ruminococcus flavefaciens); however, no effects
were observed on total rumen bacteria with NaNOs supplementation at highest dose (48 pmol
mL™Y). In the present study, IVNDFD was not affected by NOs sources after 12 h of
incubation and only tended to decrease after 24 h. We can speculate that the lack of
significant effects on DM and NDF degradability in this study suggests that dose (20 g/ kg
DM) of NOz™ sources had no adverse impacts on cellulolytic bacteria. Similarly, Wu et al.

(2019) observed no effects on IVNDFD after 48 h incubation with NaNO3z supplemented at
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5 mmol L under in vitro experimental conditions. Additionally, in vivo studies in dairy cows
with fed calcium nitrate supplemented diet (up to 21 g/kg DM) showed no effect on ruminal,

hindgut, and total-tract NDF digestibility (Olijhoek et al., 2016; van Zijderveld et al., 2011).

The effects of NOs™ supplementation on lowering total gas production despite no effects
on DM and NDF degradability may be attributed to lower CH4 production. Capelari and
Powers (2017), evaluated two distinct in vitro experiments (100% grass hay and 10% grass
hay + 90% ground corn) and observed lower total gas production with the double salt of
calcium ammonium decahydrate (up to 25 g/kg DM) and monensin sodium (up to 6 mg/L)

compared to the control group even though no effects on IVDMD were reported.

Net gas production (mL/g DM fermented) was also decreased by NOs™ supplementation;
however, only PON differed from the control group after 24 h of incubation. The absence of
effects on CAN, DON, and AMN compared to the control group (URE) may be explained
by the presence of NHs in the sources. Supplementing NO3™ salts with NHz seem to accelerate
the reduction NOs to NHgs, and consequently alleviate the toxic effect of nitrite (NO2") as an
intermediate of this reduction. This effect possibly reduced the negative effects of NO2
accumulation on rumen microbes probably resulting in absence of effects on net gas

production and NDF degradability.

Nitrate supplementation is an effective way to decrease CHas production through the
reduction of [H] availability as a consequence of its competition between methanogens and
NOgs" reducing bacteria. Thermodynamically, four [H] are consumed in this reaction, and
consequently, one mole of CHgs is inhibited (Van Zijderveld et al., 2010). Nitrate
supplementation lowers CH4 production by NO3™ reduction to NHas. This reaction of NOs" is

energetically more favorable compared to methanogenesis. In addition, NOsz
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supplementation can also decrease CH4 production due to the toxic effects of NO2" on rumen
methanogens. Nitrite is produced as intermediate during NOz™ reduction to NHz (Lee et al.,
2017; Leng, 2008; Van Zijderveld et al., 2010; Zhou et al., 2012). Contrary to our hypothesis,
NO3" supplementation decreased CH4 production with similar efficacy (~24%), regardless of
the sources used. It was expected that sources of NO3z™ with greater solubility (DON and
AMN) would increase CH4 mitigation by accelerate conversion of NOs™ into NH3; however,
differences in solubility and increasing the rate of NOs reduction may not affect CHs

production under in vitro conditions.

To date, few bacteria have been identified as NO3™ reductors (Selenomonas ruminantium,
Veillonella parvula, Wolinella succinogenes) (Simon, 2002). Escherichia coli and
Salmonella typhimurium have been also considered NOgz™ reducing bacteria (Torres et al.,
2016); however, both bacteria are poorly adapted to ruminal conditions (Khafipour et al.,
2011; Rasmussen and Casey, 1993). The capacity of rumen microflora to reduce NOz™ to
NO2" may exceed the capacity for NO2 reduction resulting in ruminal accumulation of NO2
. Under in vivo conditions, NO2™ can be readily absorbed across rumen wall and converts
blood hemoglobin from ferrous to ferric state (methemoglobin), thereby losing capability of
transporting oxygen to the tissues (Morgavi et al., 2010). Besides NO2™ accumulation, N2O
production could be increased, whereas its metabolism still not well established (Torres et

al., 2016).

Although N2O represents only 0.03% of total greenhouse gas emissions, the global
warming potential of N2O is 300 times greater than carbon dioxide (Torres et al., 2016). In
theory, N2O is produced by denitrification, which is another pathway of the dissimilatory

process, when NOz™is reduced to NHz (Latham et al., 2016; Torres et al., 2016). However,
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as mentioned before, the main mechanism of N2O production in the rumen is still unknown.
Our results are in agreement with Petersen et al. (2015) who also evaluated N>O emissions
from feedstuffs and excreta, and observed no effects on those samples, leading to conclude
that N2O emissions came specifically from animals fed NOs". Lee et al. (2017) observed
lower N2O with encapsulated NOs™ compared with un-encapsulated NOs™ suggesting that
slow release of NO3z™ and slower NOs™ availability to microbes is an effective strategy to

reduce N20 production from NO3™ supplemented animals.

The reduction in total gas and CHs production with NO3z™ supplementation are highly
associated with changes in rumen fermentation and effects on VFA profile. Nitrate
supplementation increased acetate and reduced propionate proportion in both in vitro and in
vivo studies (Lietal., 2012; Lin etal., 2011; Nolan et al., 2010). The effects on greater molar
proportion of acetate may be attributed to NO3™ reduction resulting in reduced availability of
[H] for propionate production (Nolan et al., 2010). The NOgz reduction pathway is
thermodynamically more favorable compared to propionate synthesis (Van Zijderveld et al.,
2010). Although acetate was elevated with NO3z™ supplementation, regardless of the source
used, no effects were observed on propionate proportion. The effects of NO3
supplementation of lowering butyrate proportion are in agreement with Lin et al. (2011)
evaluating 12.6 g/kg DM of NaNOs after 12 and 24 h of in vitro incubations. The lack of
effects on isobutyrate, isovalerate, valerate, and total VFA production are in agreement with
Lund et al. (2014), who observed no effects on VFA production and associated it with a low
impact on in vitro rumen fermentation when NOs™ was added in a TMR up to 20 g/kg DM.

The increase on acetate proportion also increased the C»:Cz ratio in both incubation times.
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Based on previous studies it is well established that URE has greater conversion to NH3
during initial hours of feeding (Guo et al., 2009; Lee et al., 2017; Wang et al., 2018). This
might have attributed greater NHs-N concentration with URE supplemented group compared
to NOs™ sources. Although numerical, but greater NHs-N concentration observed with DON
and AMN compared with PON and CAN may be attributed to the presence of free NHz with
DON and AMN resulting in greater NH3 availability to rumen microbes. Leng (2008)
suggested that supplemental NOs’, compared to URE, has generally lower NHs-N
concentration in the rumen because of two-step reduction of supplemental NOz™ as it is first
converted to NO; and then to NHs. The two-step reaction of supplemental NO3z™ s
considered the key-factor to CHs mitigation since reduction at both steps are
thermodynamically more favorable compared to methanogenesis under ruminal conditions

(Latham et al., 2016).

4.2 Starch degradability

The considerable differences in the rates of in situ starch degradability explains greater
DM observed with HMC compared to DRC diets. High-moisture corn has greater ruminal
and total-tract starch degradability compared to DRC because the hydrophobic starch-protein
matrix is broken down during the ensiling process (Ferraretto et al., 2013; Philippeau and
Michalet-Doreau, 1998). The effects observed on increasing NDF degradability with HMC
diets are not in agreement with earlier studies. Krause and Combs (2003), reported that NDF
degradability may be reduced at lower pH as a consequence of greater ruminal starch
degradability. Likewise, Ferraretto et al. (2013), reported in a meta-analytical study that diets
with higher starch degradability generally decreased NDF digestibility in dairy cows mainly

due to negative associate effects such as lower pH and lower abundance of cellulolytic
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bacterial population (Wanapat et al., 2014). The pH of rumen inoculum was not affected,
regardless of the starch source used, and it may have prevented negative effects on NDF
degradability in the present study. Greater effects on NDF degradability with HMC diets are
difficult to explain and may be attributed to greater energy availability with starch
fermentation for microbial biomass synthesis. However, this speculation should be
interpreted with caution since NH3-N concentration tended to increase with HMC after 12 h
of incubation suggesting inefficient capture of ruminally available N for microbial protein

synthesis.

Diets containing HMC decreased CH4 production by 34% in comparison with DRC diets,
partially supporting our hypothesis. Diets with higher starch degradability reduce CH4
synthesis by increasing propionate production, thereby providing an alternative [H] sink
(Bannink et al., 2006; Moate et al., 2017). Alvarez-Hess et al. (2019) compared the effects
of NOs™ supplementation on wheat and corn-based diets and observed lower CH4 production
with wheat-based diets primarily due to rapid starch fermentation and higher propionate
proportion. Diets with HMC reduced molar proportion of acetate proportion after 12 h of
incubation; however, effects on acetate proportion disappeared after 24 h of incubation.
High-moisture corn containing diets had lower NDF content; however, it may not affect
lower acetate proportion after 12 h of incubation since NDF degradability was greater after
12 h and no changes were observed on total VFA concentration. Nevertheless, the changes
in VFA proportions with HMC diets resulted in decreasing the C»:Cs ratio, leading to lower
CHa production. The results are in agreement with Benchaar et al. (2001) who reported,

through a modeling approach, lower CH4 production due to the lower C:Cs ratio.
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Ammonia-N concentration tended to increase in diets receiving HMC compared to DRC
after 12 h of incubation. The effects on NHs-N concentration with HMC diets suggest lower
incorporation of NH3-N for microbial protein synthesis despite greater levels of starch
fermentability. The greater levels of NHs-N concentration may be attributed to higher protein
fermentation from HMC. Hoffman et al. (2011) reported greater NH3-N concentration during
the fermentation process of HMC due to proteolytic degradation of hydrophobic proteins

present in the starch-protein matrix.

5. Conclusions

Contrary to the main hypothesis, no interactions were observed between NPN and starch
sources, leading to conclude that NO3™ sources were individually efficient at reducing CH4
production regardless of the rate of starch rumen degradation. Methane mitigation was
observed by supplemental NOs", regardless of the source used, without negatively affecting
in vitro DM and NDF degradability and ruminal fermentation parameters. However, N2O
emissions were increased with supplemental NOz’, which should be studied further
considering its global warming potential. Greater starch fermentability with HMC diets
reduced CH4 production because relative [H] sources decline due to lower acetate production
and that of [H] sinks increase because of greater propionate synthesis. In addition, HMC diets

improved both DM and NDF degradability
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Chemical composition and in situ disappearance of feedstuffs used for the experimental diets.

Ingredients?

ltem HMC? DRC® cS? SMP
Nutrient composition, g/kg DM
DM, g/kg as fed 608 + 0.83 939+0.07 340+1.20 954+0.08
CP 98.8 +5.24 86.3+4.03 83.1+820 494+3.06
aNDF 74.6 £4.57 100 £4.03 452 + 6.60 118 £2.48
ADF 23.7+1.91 206+0.59 2424+4.02 69.3+0.58
Ash 12.0+£1.13 183+£0.77 40.3+138 859x154
EE 41.6+2.79 225+220 300+1.63 178+1.35
Starch 575+ 0.08 598 £0.12  353+0.32 9.80 + 0.20
In situ disappearance, g/lkg DM
DM 679.3+17.0 4782+17.2 553.1+148 523.2+34.3
Starch 718.9+49.6 487.9+185 864.1+55  739.8+18.9
Particle size
Mean distribution, pm 2,817 + 32
Fermentation parameters, g/kg DM
pH 4.04 £ 0.05 - - -
NHs-N 0.35+0.04 - - -
Total VFA 85.9+2.67 - - -
Lactate 51.1+2.34 - - -
Acetate 16.7 £ 0.52 - - -
Propionate 6.48 +0.31 - - -

®Mean + standard deviation
PHMC: high moisture corn
‘DRC: dry rolled corn

dCS: corn silage

¢SM: soybean meal

fIn situ disappearance after 7 h incubation
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Ingredient proportion and chemical composition of the experimental diets.
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Dry rolled corn

High moisture corn

lttM  URE PON CAN DON AMN URE PON CAN DON AMN
Ingredient, g/kg DM

CS* 5501 550.0 5504 550.0 550.1 5502 550.0 549.9 5502 550.0
DRC® 3544 3268 3350 3381 3464 00 00 00 00 00
HMCC 00 00 00 00 00 3595 331.8 340.9 3431 3516
SM! 759 808 794 784 774 709 760 740 732 723
Urea® 196 99 91 00 00 194 97 91 00 00
NOs' 000 325 261 335 261 000 325 261 335 261
Chemical composition, g/kg DM

DM 8000 8008 798.0 797.0 800.2 8053 805.8 8025 8055 805.4
CcP 170.0 170.0 1700 170.0 170.0 1722 1720 1720 1721 172.1
NDF  249.0 2450 246.0 247.0 2480 2260 2240 2250 2250 226.0
ADF 1350 134.0 1340 1340 1350 133.0 1320 1320 132.0 136.0
EE 310 300 31.0 310 310 330 310 320 320 320
Starch 35. 341 341 343 349 349 335 340 341 345
NOy 00 200 200 200 200 00 200 200 200 200
NES 155 155 155 155 155 156 157 156 156 1.56

4CS: corn silage

bDRC: dry rolled corn
*HMC: high moisture corn
9SM: soybean meal

®Urea (99.7% DM, 46% N)

'NOs™ sources: PON = Potassium nitrate (99.7% DM, 13.9% N, 61.6% NOs’), CAN = Double
salt of calcium ammonium nitrate decahydrate (84% DM, 18.6% N, 76.5% NO3’), DON =
Ammonium nitrate + dolomite (99.5% DM, 27% N, 59.8% NOs3’) and AMN- prilled ammonium
nitrate (99.2% DM, 34.5% N, 76.6% NO3")
9Net energy for lactation (mcal/kg DM)
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Table 3
Effects of nitrate sources supplemented in diets with different starch fermentability on in vitro
dry matter (IVDMD) and neutral detergent fiber degradability (IVNDFD).

Dry rolled corn High moisture corn SEMP P-value

URE PON CAN DON AMN URE PON CAN DON AMN NPNC Starch? Int®
12 h incubation

IVDMD 396.1408.0 377.7 377.3 381.8 408.4 392.0 395.6 413.5400.4 11.21 0.48 0.03 0.13

IVNDFD 530.6 529.4 547.9 552.2 551.3 612.7 602.9 608.3 606.5 603.3 24.03 0.79 <0.01 0.69
24 h incubation

IVDMD 648.0 632.6 630.5 633.4 628.1 653.0 647.2 649.4 663.5 656.7 10.61 0.47 <0.01 0.43

IVNDFD 463.1435.4 444.2 439.4 421.7 580.1 564.5533.5559.8 521.9 25.47 0.07 <0.01 0.71

Item?

%g/kg DM

bSEM: standard error of the mean

°NPN effect: URE = Urea, PON = Potassium nitrate, CAN = Double salt of calcium ammonium
nitrate decahydrate, DON = Ammonium nitrate + dolomite, and AMN = Prilled ammonium
nitrate

dStarch effect: either DRC or HMC

®Int; Interaction NPN x starch sources
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Table 4
Effects of nitrate sources supplemented in diets with different starch fermentability on in vitro

total gas, methane (CHas), and nitrous oxide (N2O) production.

Dry rolled corn High moisture corn P-value

SEM?

Item URE PON CAN DON AMN URE PON CAN DON AMN NPNP Starch® Int?

12 h incubation
Total gas, mL 289 26.1 25,6 259 26.6 31.2 245 255 269 277 168 <0.01 0.24 0.10
Net gas, mL/g DM® 148.5 130.8 135.6 138.2 140.6 156.0 127.4 130.1 133.2141.4 7.20 <0.01 0.58 0.27

CH4, mmol 0.210 0.158 0.185 0.169 0.176 0.104 0.056 0.070 0.066 0.075 0.01 <0.01 <0.01 0.92
CH., mmol/g DM® 0.718 0.556 0.650 0.579 0.611 0.523 0.289 0.3550.328 0.388 0.05 0.01 <0.01 0.88
N20, pl/mL 094 095 100 1.11 121 1.02 098 119 1.12 114 0.14 0.03 0.24 0.50

24 h incubation
Total gas, mL 51.1 479 48.7 47.2 48.2 527 465 496 504 50.2 2.82 0.03 0.15 0.52
Net gas, mL/g DM€ 175.1 167.7 173.2 166.2 171.6 181.5163.5174.2173.2173.7 6.29 0.05 0.33 0.61

CHa4, mmol 0.203 0.156 0.161 0.151 0.128 0.089 0.064 0.069 0.068 0.065 0.02 <0.01 <0.01 0.30
CH., mmol/g DM® 0.692 0.540 0.567 0.527 0.455 0.458 0.321 0.363 0.364 0.340 0.07 <0.01 <0.01 0.43
N20, pl/mL 1.02 127 112 097 117 098 121 1.06 1.07 119 0.15 0.04 0.93 0.78

4SEM: standard error of the mean

PNPN effect: URE = Urea, PON = Potassium nitrate, CAN = Double salt of calcium
ammonium nitrate decahydrate, DON = Ammonium nitrate + dolomite, and AMN = Prilled
ammonium nitrate

“Starch effect: either DRC or HMC

dInt: interaction NPN x starch sources

*Net gas production mL/g DM fermented

fCH4 production mL/g DM fermented
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Effects of nitrate sources on in vitro gas production over time (NPN P <0.01; Time P < 0.01;
SEM = 1.75); URE = Urea, PON = Potassium nitrate, CAN = Double salt of calcium
ammonium nitrate decahydrate, DON = Ammonium nitrate + dolomite, and AMN = Prilled

ammonium nitrate.
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Fig. 4.

Effects of nitrate sources on in vitro net gas production (mL/g DM fermented) (a) after 12 h
of incubation (P < 0.01; SEM = 6.83) and (b) after 24 of incubation (P < 0.05; SEM = 5.65);
URE = Urea, PON = Potassium nitrate, CAN = Double salt of calcium ammonium nitrate

decahydrate, DON = Ammonium nitrate + dolomite, and AMN = Prilled ammonium nitrate.
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Effects of nitrate sources on in vitro N.O emissions (pl/mL) (a) after 12 h of incubation (P =
0.03; SEM = 0.14) and (b) after 24 h of incubation (P = 0.04; SEM = 0.17); URE = Urea,
PON = Potassium nitrate, CAN = Double salt of calcium ammonium nitrate decahydrate,

DON = Ammonium nitrate + dolomite, and AMN = Prilled ammonium nitrate.
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Effects of nitrate sources on in vitro CH4 production (mmol/g DM fermented) (a) after 12 h
of incubation (P < 0.01; SEM = 0.07) and (b) after 24 h of incubation (P < 0.01; SEM =
0.04); URE = Urea, PON = Potassium nitrate, CAN = Double salt of calcium ammonium
nitrate decahydrate, DON = Ammonium nitrate + dolomite, and AMN = Prilled ammonium

nitrate.
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Effects of starch sources on in vitro CH4 production (mmol/g DM fermented) (a) after 12 h

of incubation (P < 0.01; SEM

0.06); DRC

0.03) and (b) after 24 h of incubation (P < 0.01; SEM

Dry rolled corn; HMC = High moisture corn.



80

Table 5
Effects of nitrate sources supplemented in diets with different starch fermentability on in vitro
pH, volatile fatty acid, and NH3-N.

Dry rolled corn High moisture corn SEM? p-value

Item URE PON CAN DON AMN URE PON CAN DON AMN NPNP Starch® Int?

12 h incubation
pH 6.54 6.56 6.54 6.49 6.48 6.48 6.57 6.58 6.51 6.52 0.168 0.24 0.88 0.93
NHs-N, mM/dL 31.8 245 25.2 27.3 28.6 34.7 28.8 25,5 33.4 31.1 3.259 0.04 0.06 0.82
Total VFA,mM 101 98 108 97 104 118 128 99 117 111 11.22 0.71 0.11 0.19
Individual VFA, mol/100 mol

Acetate 51.9 54.8 54.2 55.4 54.6 50.1 50.6 52.0 50.3 53.2 0.922 0.07 <0.01 0.21
Propionate 21.6 19.9 19.6 20.0 19.8 21.0 21.1 21.3 21.0 21.1 0.802 0.28 <0.01 0.14
Isobutyrate 30 33 38 31 34 30 35 30 36 33 0525063 0.76 0.32
Butyrate 14.8 125 119 12.8 12.2 15.1 12.6 13.4 13.1 129 0.758 <0.01 0.06 0.41
Isovalerate 39 40 44 40 39 38 39 39 43 41 0.270 0.37 0.78 0.28
Valerate 45 54 61 47 61 75 59 68 58 63 0.789 033 0.01 0.19
Co. Cs 241 2.76 2.78 2.78 2.76 2.38 2.40 2.45 2.39 2.54 0.105 0.02 <0.01 0.12
24 h incubation
pH 6.12 6.24 6.51 6.20 6.25 6.27 6.22 6.36 6.30 6.20 0.168 0.24 0.88 0.93

NHs3-N, mM/dL 29.2 24.7 26.1 27.6 29.4 31.7 27.7 259 285 29.7 3.232 0.04 0.20 0.82
Total VFA, MM 133 136 137 132 142 125 128 127 122 114 15.07 0.99 0.17 0.93
Individual VFA, mol/100 mol

Acetate 50.3 51.7 50.8 52.0 51.8 49.0 51.4 50.7 51.3 53.0 0.850<0.01 0.53 0.28
Propionate 22.3 22.6 224 220 214 228 222 229 225 233 0.752 0.80 0.02 0.11
Isobutyrate 27 28 27 26 31 27 27 29 26 27 0194 041 0.62 0.62
Butyrate 15.7 142 146 142 139 16.5 14.6 153 150 13.1 0.742 0.01 0.31 0.67
Isovalerate 40 40 41 40 42 42 43 44 43 43 0.146 0.89 0.01 0.90
Valerate 50 46 50 49 51 51 51 47 48 40 0.727 094 0.62 0.72
C2.Cs 2.27 2.29 2.27 237 242 2.16 2.33 2.21 2.28 2.27 0.090 0.01 0.08 0.32

4SEM: standard error of the mean;

PNPN effect: URE = Urea, PON = Potassium nitrate, CAN = Double salt of calcium
ammonium nitrate decahydrate, DON = Ammonium nitrate + dolomite, and AMN = Prilled
ammonium nitrate

¢Starch effect: either DRC or HMC;

dInt: Interaction NPN x starch sources
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Effects of nitrate sources on in vitro acetate proportion (mol/100 mol) (a) after 12 h of
incubation (P = 0.07; SEM = 0.65) and (b) after 24 h of incubation (P < 0.01; SEM = 0.74);
URE = Urea, PON = Potassium nitrate, CAN = Double salt of calcium ammonium nitrate

decahydrate, DON = Ammonium nitrate + dolomite, and AMN = Prilled ammonium nitrate.
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Effects of starch sources on in vitro propionate proportion (mol/100 mol) (a) after 12 h of
incubation (P < 0.01; SEM = 0.03) and (b) after 24 h of incubation (P = 0.02; SEM = 0.06);
DRC = Dry rolled corn; HMC = High moisture corn.
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(b)

Effects of nitrate sources on in vitro NHz-N concentration (mM/dL) (a) after 12 h of incubation
(P < 0.01; SEM = 2.71) and (b) after 24 h of incubation (P = 0.04; SEM = 3.03); URE =

Urea, PON

= Potassium nitrate, CAN =

Double salt of calcium ammonium nitrate

decahydrate, DON = Ammonium nitrate + dolomite, and AMN = Prilled ammonium nitrate.
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V- Effect of dietary calcium nitrate on milk composition, fatty acids profile, antioxidant
capacity, and ruminal fermentation in dairy goats

Journal: Livestock Science

Abstract

We evaluated the effects of calcium nitrate (CAN) fed to dairy goats on milk composition,
fatty acids profile, antioxidant capacity, and ruminal fermentation parameters. Twelve goats
at 98.5 + 13.1 DIM, with 53.5 + 3.3 kg of BW were enrolled in four 3 x 3 Latin square design.
Each period lasted in 21 days, with 14 days for the adaptation of diets and facilities and 7
days for sampling and data collection. Treatments were designed as UREA: control group
(without nitrate), CAN10: 10 g of calcium nitrate (7.65 g/kg of NOs” on DM basis), and
CAN20: 20 g of calcium nitrate (15.3 g/kg of NO3z” on DM basis). Feed intake and nutrient
digestibility were not affected by CAN. Milk yield, energy corrected milk, and fat corrected
milk were similar between diets. Milk composition (fat, true protein, and lactose) and milk
fatty acids had no influence of CAN. Total antioxidant capacity was unaffected by CAN,
while conjugated dienes were elevated and TBARS was reduced. Nitrate and nitrite residuals
in milk were altered by CAN. Supplemental CAN did not affect the concentration of urea in
plasma. Calcium nitrate did not affect the total of volatile fatty acids and their proportions,
as well as the ammonia-nitrogen concentration within the rumen. Calcium nitrate can be fed
(up to 20 g/kg DM) to dairy goats as a urea replacer without affecting feed intake, nutrient

digestibility, and milk quality.

Keywords: feed additive, hydrogen sink, nitrite, non-protein nitrogen
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1. Introduction

Nitrate (NO3") has been established as a feasible feed additive to reduce CH4 production,
as well as a potential substitute to urea because of its capacity to provide ammonia (NH3)
slowly to the microbes in the rumen, and, therefore, acting as an alternative non-protein
nitrogen (NPN) source (Feng et al., 2020; Wang et al., 2018). However, supplementing NO3"
to ruminants requires a gradual inclusion in diets in order to avoid nitrite (NO2") accumulation
into the rumen, as the intermediate of the reduction NOs  to NH3 (Lee and Beauchemin,
2014).

Previous studies have shown that feeding NOs™ to dairy cows with a prior adaptation
avoided high concentrations of NOs™ and NO2™ residuals in milk (Guyader et al., 2016a;
Meller et al., 2019; Olijhoek et al., 2016). Additionality, according to Klop et al. (2016)
supplemental NOz™ fed to dairy cows had minor impacts on milk fatty acids (FA), even
though others have shown a negatively impact on milk composition by following NOz
supplementation (Guyader et al., 2016a; Meller et al., 2019; van Zijderveld et al., 2011).

Despite the well documented data of NO3™ acting at the expense of enteric CH4 production
(Beauchemin et al., 2020; Feng et al., 2020), there is still a lack of information of its impacts
on animal performance and milk quality. To date, according to the best of our knowledge,
there are no previous studies evaluating the effects of NO3z™ fed to dairy goats on milk
characteristics such as milk FA and antioxidant capacity.

We hypothesized that supplemental NO3z™ would replace urea as an alternative source of
NPN for lactating goats without affecting animal performance, milk quality, and ruminal
fermentation. Therefore, our objectives were to investigate the effects of two doses of

calcium nitrate fed to dairy goats on dry matter intake, nutrient digestibility, milk production
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and composition, fatty acids profile, antioxidant capacity, and ruminal fermentation

parameters.

2. Materials and methods

Experimental procedures involving animals were approved and conducted under the
surveillance of the State University of Maringa - Animal Care Ethics Committee to meet the
guidelines of the National Council for the Control of Animal Experimentation (CONCEA)
under protocol number 9512221018. The experiment was conducted at the goat unit of the

State University of Maringa, Maringa, Parana, Brazil.

2.1 Animals, experimental design, and diets

Twelve lactating Saanen goats at 98.5 + 13.1 days in milk, with 53.5 + 3.3 kg of body
weight, and producing 2.53 + 0.34 kg of milk were enrolled in four 3 x 3 Latin square design.
The experiment lasted 63 days, distributed in three periods, with 14 days for acclimation to
the facilities and adaptation to the experimental diets, and 7 days for collections of samples
and data. Animals were housed in individual pens and fed in feeder and water fountain in
order to estimate the voluntary feed intake. Experimental diets were isoenergetic and
isonitrogenous, and formulated to meet the NRC (2007) requirements (Table 1).

Feed ingredients (corn silage, corn, and soybean meal) were analyzed prior to the diet
formulation and the dry matter (DM) of corn silage was measured weekly during the entire
experiment to readjust its inclusion in order to assure the same forage to concentrate ratio.

The source of nitrate was the double salt of calcium ammonium nitrate decahydrate
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[5Ca(NO3)2:NHsNOs-10H20], with 85.0% DM, 16.5% N, 19.6% Ca, and 76.5% NOs3 on
DM basis (Yara North America, Inc. Tampa, FL, USA).

Treatments were defined as UREA (without addition of calcium nitrate) as a control
group, CAN10:10 g of calcium nitrate (7.65 g/kg of NOz™ on DM basis), and CAN20: 20 g
of calcium nitrate (13.5 g/kg of NOs” on DM basis). Animals were pre-adapted to the
treatments during the first 4 days of each period whereby nitrate was added gradually
(increasing 25% per day) until reaching the amount of each diet. Experimental diets were
provided as total mixed ration (TMR) twice per day at 0800 and 1600 h in proportions of 70
and 30% of the total DM intake, respectively. Diets were readjusted daily in order to
guarantee approximately 5% of refusals and to avoid sorting behavior. Body weight was
recorded at the beginning and end of each period before the morning feeding. Voluntary DM

intake was calculated daily by the difference between the DM offered and refused.

2.2 Sample collection and chemical analyses

Sampling and data collection were performed in the last 7 days of each experimental
period. Fecal samples (~30 g) were collected directly in the rectum from day 14 to 21 at
different time points (day 14 at 0600 h, day 15 at 0800 h, day 16 at 1000 h, day 17 at 1200 h,
day 18 at 1400 h, day 20 at 1600 h, and day 21 at 1800 h), and frozen at —20°C for further
analyses. Samples of concentrate, corn silage, and refusals were collected from day 15 to 20
and frozen at —20°C for further analyses. All feed, refusals, and fecal samples were dried at
60°C for 48 h in a forced-air oven (Heratherm OMS180; Thermo Fisher Scientific, Waltham,

MA) to determine DM content. All samples were ground firstly to pass through a 4-mm sieve
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and then to 1-mm in a Wiley mill (A. H. Thomas Scientific, Philadelphia, PA) for further
chemical analyses.

Samples of concentrate and corn silage were pooled separately in order to obtain one
sample per period, and fecal and refusals samples were proportionally composed based on
their DM contents to achieve one sample per animal per period. All samples were analyzed
according to AOAC (2012) for total DM content (method 934.01), crude protein (CP)
(method 990.03), neutral detergent fiber (NDF) (method 2002.04), ash (method 942.05), and
ether extract (EE) (method 920.39). Organic matter was calculated by the difference between
DM and ash. Non-fibrous carbohydrates (NFC) were calculated based on Van Soest et al.
(1991). Fecal excretion was estimated according to the methodology proposed by Cochran
et al. (1986). In brief, indigestible neutral detergent fiber (iINDF) was used as an internal
indicator by weighing ~500 mg of feed, feces, and refusals (dried and ground) into Ankom
F57 bags (25 pum porosity, Ankom Technology, Fairport, N.Y.), and incubating in two rumen
cannulated cows during 288 h, followed by NDF analyses in a Ankom 200 Fiber Analyzer

(Ankom Technology, Fairport, N.Y.).

2.3 Milk composition, fatty acids profile, and antioxidant capacity

Milk samples were collected on day 15 and 16 in each milking (morning and afternoon)
and mixed proportionally according to the milk yield. Daily milk production was recorded
during the last 7 days of each experimental period through meters coupled to the milking
equipment. A 50 mL aliquot was collected into Bronopol® flask (2-bromo-2-nitropopano-
1.3-diol) to analyze fat, protein, and lactose contents by infrared spectrophotometry (Bentley

2000; Bentley Instrument Inc., Chaska, MN), and milk urea nitrogen (MUN) by Berthelot
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methodology (Chemspec 150, Bentley Instrument Inc., Chaska, MN). Fat corrected milk
(FCM) was obtained by correcting milk yield per 3.5% of fat according to Sklan et al. (1992).
Energy corrected milk (ECM) was calculated using the equations proposed by Sjaunja et al.
(1990). Another five aliquots, including backup samples, were collected and frozen at —20°C
for further analyses of NO3z™ and NO2™ on milk, fatty acids profile, and antioxidant capacity.

Milk fatty acids were analyzed through fat extraction by centrifugation as proposed by
Murphy et al. (1995) and esterification according to 1SO 5509 method (ISO, 1978) using
KOH/methanol and n-heptane and the methyl esters were quantified by gas chromatography
(Trace GC 52 Ultra, Thermo Scientific, West Palm Beach, Florida, USA) self-sampling,
equipped with a flame ionization detector at 240°C and a fused silica capillary column (100
m in length, 0.25 mm internal diameter and 0.20 pm, Restek 2560). Gas flow rate was 45
mL/min of H. (carrier gas), 45 mL/min for N (auxiliary gas) and 45 a 400 mL/min of
synthetic air (flame gas). Column temperature was initially set at 50°C (10 min) and raised
gradually up to 200°C (15 min), and finally raised to reach 240°C (8 min) as final
temperature. Fatty acids were quantified by comparing retention time of fatty acid methyl
esters from standards (Sigma Aldrich, St. Louis, MO, USA) and milk samples.

Conjugated dienes (CD) was measured at 232 nm on a UV-vis spectrophotometer
(Spectrum SP2000), calculated, and expressed as mmol/kg of fat (Kiokias et al., 2006).
Thiobarbituric acid reactive substances (TBARS) was analyzed according to Vyncke (1970)
at 532 nm in a UV-vis spectrophotometer (Spectrum SP2000). Results were expressed as
mmol of malonaldehyde (MDA) per kg of fat. The total antioxidant capacity (TAC) was
determined as described by Nenadis et al. (2004). Absorbance was measured at 734 nm on a
UV-vis spectrophotometer (Spectrum SP2000). TAC was expressed in Trolox equivalent

(uM Trolox/mL).
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Concentration of NOs™ was obtained by alkaline catalytic oxidation that converts
nitrogenous compounds to NOgz". Subsequently, through the cadmium metal, NO3z™ was
reduced to NO2™ and determined by the diazotization with sulfanilamide and N-naphthyl (1-

naphthyl-ethylenediaminodihydrochloride) as described by Cortas and Wakid (1990).

2.4 Blood and ruminal fluid collections

Blood was sampled by puncture of the jugular vein on day 19 of each experimental period
before and 4 h after morning feeding into serum separator evacuated tubes, centrifuged at
3,200 x g for 15 min and stored at —20°C for subsequent analyses. Plasma urea nitrogen
(PUN) was analyzed colorimetrically by commercial kits (Gold Analisa®, Belo Horizonte,
BH, Brazil) using a spectrophotometer (Bioplus 2000®, Séo Paulo, SP, Brazil).

Ruminal fluid was collected on day 20 of each period using an esophageal tube accoupled
to a vacuum pump 2 and 8 h after feeding. An aliquot of 50 mL was collected, and pH was
measured immediately using a pH meter (Tecnal®, Piracicaba, SP, Brazil). Another aliquot
of 50 mL was filtered through four layers of cheesecloth, acidified with 1 mL of sulfuric acid
(1:1), and stored at —20°C for further analyses. Volatile fatty acids (VFA) concentration was
determined by gas chromatography using a chromatograph (Shimadzu GC-2010 Plus,
Shimadzu®, Kyoto, Japan) equipped with an AOC-20i automatic injector, Stabilwax-DA ™
capillary column (30 m, 0.25 mm ID, 0.25 um df, Restek®, Bellefonte, PA, USA) and a
flame ionization detector (FID), after acidifying with 1 M phosphoric acid and fortifying with
a WSFA-2 standard. A 1 pL aliquot of each sample was injected with a 40:1 split rate using
He as the carrier gas. Injector and detector temperatures were 250 and 300°C, respectively.

Column temperature ramp started at 40°C, was raised to 120°C at a rate of 40°C/min,
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followed by a gradient of 120 to 180°C at the rate of 10°C/min and a rate of 120°C/min for
180 to 240°C, maintaining the temperature at 240°C for an additional 3 min. Ammonia-N
(NHs-N) concentration was measured via colorimetric quantification of N content using the

phenol-hypochlorite reaction as described by Broderick and Kang (1980).

2.5 Statistical analyses

Data were previously checked for the normality of residuals using the Shapiro-Wilk test.
Responses that violated the assumptions of normality were subjected to power transformation
as described by Box and Cox (1964). The least square means (LSM) and standard error of
the mean (SEM) were back transformed prior to the presentation of results (Jorgensen and
Pedersen, 1998).

Data were analyzed by the MIXED procedure of SAS (SAS ver. 9.4, SAS Institute Inc.,
Cary, NC). The statistical model was:

Yijkl: u+ LSi + Perj + Ani(LS)ki + Treatl + eijkl,
where Yijkl = is the dependent variable, p is the overall mean, LSi = i-th Latin square as
a random effect (i = 1 to 4), Perj = j-th as a random effect of period (j = 1 to 3), Ani(LS) ki =
random effect of the k-th animal nested within the i-th Latin square, Treatl = I-th is the fixed
effect of treatment (1= control group, 2= CAN10, and 3= CANZ20), and eijkl = the residual
error associated with each observation as a random effect.

Orthogonal polynomial contrasts were used to determine linear and quadratic effects of
treatments on the responses analyzed. Differences of LSM were adjusted by the Tukey-
Kramer test. Treatment significances and trends were declared at P <0.05, and 0.05 < P <

0.10, respectively.
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3. Results

3.1 Dry matter intake and nutrient digestibility

Supplemental CAN did not affect (P > 0.05) DM intake with an average of 1.77 kg per
day (Table 2). Similarly, no effects (P > 0.05) of CAN10 and CAN20 were observed on the
intake of OM, CP, EE, NDF, and NFC (Table 2).

There was a quadratic trend on digestibility of DM (P > 0.08), OM (P > 0.09), and (P >
0.06) by supplementing CAN to lactating goats. However, treatment did not affect (P >0.05)

EE, NDF, and NFC digestibility (Table 3).

3.2 Milk composition, fatty acids profile, and antioxidant capacity

Feeding CAN to lactating goats did not affect (P > 0.05) milk yield as well as its
corrections for fat (FCM) and energy (ECM), with means 2.10, 2.02, and 1.97 kg per day,
respectively (Table 4). Likewise, feed efficiency (ECM/DMI) was similar (P > 0.05) between
treatments (URE, 1.11; CAN10, 1.14; CAN20, 1.14). Furthermore, there were no effects (P
> 0.05) of supplemental CAN on milk contents of fat, true protein, and lactose, as well as the
concentration of MUN (Table 4).

Dietary CAN did not affect (P > 0.05) the proportions of saturated fatty acids (C6:0, C8:0,
C10:0, C11:0, C12:0, C13:0, C14:0, C15:0, C16:0, C17:0, C18:0, C20:0, C21:0) in milk of
lactating goats with an average of 77 g/100 g of total lipids (Table 5, 6). No effects (P > 0.05)

of treatment were observed on grouped short, medium, and long chain fatty acids (Table 6).
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There were no effects (P > 0.05) of supplemental CAN on proportions of monounsaturated
fatty acids and polyunsaturated fatty acids (Table 6).

Treatment did not affect (P > 0.05) the total antioxidant capacity of the milk with a total
mean of 203.1 uM of Trolox equivalent/mL (Table 7). However, the TBARS concentration
in milk reduced (P < 0.01) as the levels of CAN increased. Contrarily, conjugated dienes
concentration in milk increased (P = 0.02) linearly as the levels of CAN increased (Table 7).

Residual NOs™ concentration in milk increased (P < 0.01) linearly (URE, 0.33 mg/L;
CAN10, 0.31 mg/L; CAN20, 0.44 mg/L; Figure 1a). In contrast, supplemental CAN caused
a quadratic effect (P = 0.03) on the residual NO2™ in milk, with the maximum concentration
for CAN10 (0.065 mg/L), followed by CANZ20 (0.056 mg/L), and URE (0.042 mg/L) as

shown in Figure 1b.

3.3 Plasma urea nitrogen, volatile fatty acids profile, and NH3-N concentrations

Concentration of PUN presented a quadratic effect (P = 0.02) by supplemental CAN and
increased (P < 0.01) over time, with the greatest values after 4 h of feeding; however, no
interactions were observed between CAN vs. time (Figure 2).

The ruminal pH was not affected (P > 0.05) by supplemental CAN nor time. Ruminal
NH3-N concentration was not affected (P > 0.05) by supplemental CAN; however, it was
decreased over time varying from 20.63 to 9.95 mg/dL between 2 and 8 h after feeding,
respectively. No interaction was observed (P > 0.05) between CAN and time on ruminal
NHz3-N concentration (Table 8).

Dietary CAN did not affect acetate proportion (P > 0.05), although a time effect was

verified for this parameter. There was no effect (P > 0.05) of CAN on propionate and butyrate
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proportion; however, propionate was reduced (P = 0.02) over time while isobutyrate
increased (P = 0.03). Butyrate and valerate proportions were not affected by CAN (P > 0.05),
whereas isovalerate reduced (P = 0.02) linearly as the levels of CAN increased (Table 8).
Total VFA concentration was unaffected by CAN (P > 0.05). Similarly, supplemental
CAN had no influence (P > 0.05) on acetate: propionate ratio, however it was reduced (P <

0.01) according to sampling time from 3.31 (2 h) to 2.88 (8 h) (Table 8).

4. Discussion

4.1 Feed intake and nutrient digestibility

Feeding CAN to lactating goats up to 20 g/kg on a DM basis did not affect DM and
nutrient intake. Treatment was gradually included in the diet during the adaptation period,
and diet was provided as a TMR to prevent sorting behavior, which could partially explain
the absence of effects. According to Lee and Beauchemin (2014), nitrate has a bitter-taste,
which might reduce feed intake in ruminants. Such effects were previously observed by De
Raphélis-Soissan et al. (2014) in sheep by supplementing 31 g of calcium nitrate (~20 g/kg
of NOs on DM basis) compared to urea. However, corroborating with our findings, others
have not observed effects in dairy cows by supplementing calcium nitrate up to 21.1 g/kg on
DM basis or feeding sodium nitrate (14.6 g on DM basis) as a urea replacer in low protein
diets (Olijhoek et al., 2016; Wang et al., 2018).

Nutrient digestibility was also unaffected by supplementing CAN to dairy goats. We can
assume with such response that, providing CAN gradually until amounts of 20 g/kg (on DM

basis) avoided negative effects on rumen microorganisms. Previous in vitro studies have
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shown that supplemental NOs™ (~48 g/kg NOs™ on DM basis reduced cellulolytic bacteria
population, which consequently might reduce NDF digestibility (Zhou et al., 2012).
Nevertheless, according to Wang et al. (2018) supplementing sodium nitrate (14.6 g of NOs
) to dairy cows did not affect fiber digestibility, supported by the absence of changes in
cellulolytic bacteria (Ruminococcus albus, R. flavefaciens, and Fibrobacter succinogenes).
Corroborating with our findings, Olijhoek et al. (2016) observed no effects on DM, OM, CP,
and NDF digestibility in the rumen, small intestine, and hindgut by feeding calcium nitrate

(up to 21.1 g/kg on DM basis) to lactating cows.

4.2 Milk production, composition, and quality

Dietary CAN did not affect ECM, FCM, and feed efficiency (ECM/DMI). Such effects
are directly related to the milk composition, which also was unaffected by treatment. The
lack of response on feed intake, nutrient digestibility, and VFA proportions such as acetate
and propionate, also contributed to the unchanged response on milk components. In line with
our findings, Olijhoek et al. (2016) demonstrated that supplemental CAN (up to 21.1 g/kg on
DM basis) fed to dairy cows did not change milk yield and ECM. The current study did not
find effects on milk protein, fat, and lactose. Contrarily, previous studies investigating dietary
nitrate to lactating cows have observed a reduction in milk true protein, which was supported
by the lower ingestion of nutrient that possibly affected the synthesis of milk components as
a consequence of the lack of gluconeogenic precursors (Guyader et al., 2016a; Meller et al.,
2019; Van Zijderveld et al., 2010).

To our knowledge, there is no previous data evaluating the effects of CAN on milk FA

profile of dairy goats. Milk FA are generally derived from two main sources, diet and ruminal
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microbial activity (Parodi, 2004). According to Mansson (2008), changes on ruminal
fermentation might affect milk FA proportions mainly because acetate and butyrate, where
the latter is converted to B-hydroxybutyrate, absorbed through the rumen wall, and contribute
to the de novo synthesis in the mammary gland. The absence of response on ruminal
fermentation parameters in our study suits as the best explanation for the lack of effects on
milk FA composition. Similar to our results, Klop et al. (2016) investigated for the first time
the impacts of dietary nitrate fed to dairy cows and observed minor effects on milk FA
composition. Indeed, it is still needed information in regard to the rumen microbial role on
milk FA synthesis, especially in goats (Giger-Reverdin et al., 2020).

According to our knowledge, the effect of CAN on milk antioxidant capacity of dairy
goats has also not been reported yet in the literature. Total antioxidant capacity was not
affected by treatment, whereas the concentration of TBARS on milk was reduced by dietary
CAN. Conjugated dienes were elevated by following treatment, which can be related as an
indicator of lipid oxidation (Guillén and Cabo, 2002). Nevertheless, the absence of effects
on TAC could be related as a positive effect because such parameter provides, in general, the
milk status as antioxidant potential, which has been found in higher concentration in milk
goats compared to milk cows (Beghelli et al., 2016). Additionally, the reduction in TBARS
concentration may also be defined as a positive effect meaning that dietary CAN might avoid
milk oxidation, which according to Kiokias et al., (2006) enhances resistance of the product
from sensory deterioration, and therefore, increased the shelf-life.

Nitrate residual concentration in milk increased by treatment. However, the maximum
value observed (0.44 mg/L) by feeding 20 g of CAN is still under the recommendations of

WHO (2011) for human consumption, which is up to 50 mg/L. Corroborating with our
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results, others have observed low or undetectable NO3™ concentration in milk (Meller et al.,
2019; Olijhoek et al., 2016).

Regarding NO2™ in milk, it was observed an unexpected effect whereby CAN10 presented
the greatest concentration. Such effect was not well understood by the authors in the current
study, although, this concentration (0.07 mg/L) is still not considered risky for human safety,
since is under the guidelines of the WHO (2011) that require amounts below 3 mg/L to be
considered safe for human consumption. Also, because of the concern of fatal
methemoglobinemia in infants, it is important to investigate the NOs and NO2

concentrations in food supply and drinking water (Hord et al., 2011).

4.3 Plasma urea nitrogen and ruminal fermentation parameters

The PUN was affected by treatment, with CAN at 10 g/kg MS presenting the highest
concentration regardless of the collection time. One plausible explanation for such effect is
that providing a low dose of calcium nitrate in the diet (7.65 g/kg NOs” on DM basis) favored
a faster conversion from NO3™ to NH3 within the rumen, meaning that CAN20 had a slower
reduction to NH3 by rumen bacteria, and therefore, a more effective NHs utilization.

Overall, supplementing CAN to lactating goats did not affect ruminal fermentation
parameters. As mentioned before, the lack of these effects was likely the main reason that
kept nutrient digestibility and milk composition unaltered. According to Giger-Reverdin et
al. (2020), despite the possible changes in the rumen environment by diets, microbiota of
goats has usually high stability and resilience, which can sustain the absence of impacts on
rumen fermentation in the current study. Similar effects on total VFA and their proportions

were observed by Olijhoek et al. (2016), who also declared no effects on feed intake and milk
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production in cows fed calcium nitrate (up to 21.1 g/kg of NOs™ on a DM basis). In contrast,
Asanuma et al. (2015) observed a reduction on acetate, propionate proportion, and total VFA
concentration by supplementing potassium nitrate (up to 9 g/day) to male goats.

Finally, dietary CAN did not affect ruminal NHs-N concentration. Such response could
be considered as a positive effect, meaning that rumen microbiota acted similarly regardless
of the CAN level. Thus, we can assume that the adaptation period and doses adopted in our
study were effective. Theoretically, the nitrate-ammonia reduction within the rumen occurs
in two steps, whereby NOz™ is converted to NO> rapidly because of higher thermodynamic
energy, and subsequently NO>" is converted to NHs-N (Latham et al., 2016). Corroborating
with our findings, Van Zijderveld et al. (2010) did not find effect on NH3-N concentration
by supplementing 34 g/kg of calcium nitrate(~25.5 g/kg of NOs  on a DM basis) to growing

male lambs.

5. Conclusions

Our findings indicated that CAN can be supplemented up to 20 g (15.5 g/kg NO3z  on a

DM basis) as a urea replacer for dairy goats without affecting feed intake, nutrient

digestibility, ruminal fermentation, as well as milk quality.
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Table 1. Ingredient proportion and nutritional composition of the experimental diets

Treatment
UREA CAN10 CANZ20

Item

Ingredient proportion, g/kg DM

Corn silage 450.0 450.0 450.0
Ground corn 388.2 387.5 386.8
Soybean meal 137.9 138.1 138.2
Urea! 7.32 3.66 0.00
Calcium nitrate? 0.0 10.0 20.0
Limestone® 11.54 5.77 0.00
Mineral supplement? 5.00 5.00 5.00
Nutritional composition, g/kg DM®

DM, as-fed basis 504.3 503.9 503.5
oM 949.1 946.3 943.6
CpP 160.0 160.0 160.0
RDP 106.7 106.7 106.7
EE 32.6 32.6 32.6
NDF 299.8 299.8 299.7
NOs 0.00 7.65 15.30
Ca 6.6 6.6 6.6

P 3.6 3.6 3.6

CaP 1.83 1.83 1.83

Prote-N (GRASP Ind. & Com. LTDA, Curitiba, Brazil). Composition: 99.5% DM and 41.7% N on a
DM basis.

2Double salt of calcium ammonium nitrate decahydrate [5Ca(NO3)2:NHsNOs-10H.0] manufactured
by Yara North America, Inc. Tampa, FL, USA. Composition: 85.0% DM; 16.5% N, 19.6% Ca, and
76.5% NO3~on a DM basis.

3Granisul, Ind. & Com. LTDA, Rio Branco do Sul-Parana, Brazil. Composition (per kg of product):
340 g of Ca and 40 g of Mg.

“Composition (per kg of product):150 g Ca, 60 g P, 509 S, 5 g Mg, 136 g Na, 90 mg Co, 150 mg Cu,
180 mg I, 400 mg Mn, 13 mg Se, and 3000 mg Zn.

Unless otherwise stated.
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Table 2. Effects of calcium nitrate fed to dairy goats on dry matter and nutrient intake

Treatments? P-value*
Item?! M3
UREA CAN10 CAN20 Treat Linear  Quadratic

DMI 1.73 1.78 1.76 0.05 0.29 0.33 0.21
OMI 1.65 1.70 1.68 0.05 0.32 0.38 0.22
CPI 0.25 0.26 0.25 0.00 0.20 0.15 0.27
EEI 0.03 0.03 0.03 0.00 0.24 0.29 0.18
NDFI 0.66 0.66 0.67 0.02 0.36 0.52 0.20
NFCI 0.71 0.72 0.72 0.02 0.44 0.37 0.36
kg per day

2UREA: control group (without nitrate); CAN10: 10 g of calcium nitrate per kg of DM; CAN20: 20 g of
calcium nitrate per kg of DM.
3Standart error of the mean.

“Treat = effect of treatment (UREA vs. CAN10 vs. CAN10); Linear = linear effect of calcium nitrate and
Quadratic = quadratic effect of calcium nitrate.
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Table 3. Effects of calcium nitrate fed to dairy goats on apparent dry matter and nutrient

digestibility
Treatment? P-value?
Item? SEM?®
UREA CAN10 CAN20 Treat Linear  Quadratic

DMD 589.5 618.2 553.3 20.9 0.10 0.23 0.08
OMD 608.9 635.2 574.0 20.2 0.11 0.23 0.09
CPD 590.8 648.8 612.8 19.9 0.13 0.44 0.06
EED 710.5 127.7 685.5 16.2 0.17 0.26 0.12
NDFD 444.6 459.9 416.8 15.6 0.12 0.19 0.11
NFCD 839.2 849.5 815.2 22.7 0.40 0.36 0.32

1g per kg of DM

2UREA: control group (without nitrate); CAN10: 10 g of calcium nitrate per kg of DM; CAN20: 20 g of
calcium nitrate per kg of DM.

3Standart error of the mean.

“Treat = effect of treatment (UREA vs. CAN10 vs. CAN20); Linear = linear effect of calcium nitrate;
Quadratic = quadratic effect of calcium nitrate.
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Table 4. Effect of calcium nitrate fed to dairy goats on milk yield and milk composition

Treatment* P-value®
Item M?

SE
UREA CAN10 CAN20 Treat Linear Quadratic

Milk yield, kg/d 2.05 2.13 2.13 0.12 0.27 0.16 0.41

FCM! 1.97 2.06 2.04 0.14 0.38 0.29 0.36
ECM? 1.92 2.00 1.99 0.13 0.37 0.26 0.40
ECM/DMI 1.11 1.14 1.14 0.07 0.73 0.52 0.65
Fat, % 3.25 3.25 3.19 0.17 0.71 0.48 0.68
Fat, kg/d 0.067  0.070 0.068 0.00 0.53 0.49 0.38
True protein, % 2.76 2.73 2.75 0.07 0.87 0.92 0.61
True protein, kg/d ~ 0.056  0.058 0.059 0.00 0.39 0.20 0.66
Lactose, % 4.09 4.08 4.07 0.06 0.92 0.70 0.98
Lactose, kg/d 0.083 0.87 0.086 0.00 0.32 0.23 0.36
MUN?Z, mg/dL 22.8 22.5 23.4 2.06 0.75 0.66 0.54

Fat-corrected milk

2Energy-corrected milk

3Milk urea nitrogen

4UREA: control group (without nitrate); CAN10: 10 g of calcium nitrate per kg of DM; CAN20: 20 g of
calcium nitrate per kg of DM.

SStandart error of the mean.

Treat = effect of treatment (UREA vs. CAN10 vs. CAN20); Linear = linear effect of calcium nitrate;
Quadratic = quadratic effect of calcium nitrate.
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Table 5. Effect of calcium nitrate fed to dairy goats on milk fatty acids proportions

Treatment? P-value?
Item?! SEM?®
UREA CAN10 CAN20 Treat Linear Quadratic

C6:0 0.47 0.43 0.51 0.11 0.88 0.80 0.68
C8:0 1.74 1.91 2.05 0.29 0.66 0.37 0.96
C10:0 13.36 13.58 14.17 1.27 0.80 0.52 0.86
C11:0 0.22 0.23 0.23 0.02 0.96 0.79 0.94
C12:0 7.73 7.59 8.15 0.58 0.60 0.47 0.48
C13:0 0.25 0.25 0.25 0.02 0.98 0.86 0.99
C14:0 18.01 17.97  17.90 0.43 0.93 0.70 0.98
Cl4:1 0.88 0.94 0.87 0.05 0.40 0.82 0.19
C15:0 1.29 1.19 1.19 0.10 0.66 0.43 0.64
C15:1 0.20 0.24 0.19 0.01 0.15 0.46 0.18
C16:0 32.55 33.03 32.25 1.52 0.78 0.79 0.52
C16:1 0.57 0.55 0.56 0.03 0.81 0.84 0.55
C17:0 0.58 0.55 0.53 0.03 0.53 0.29 0.75
Cl7:1 0.11 0.11 0.10 0.01 0.86 0.60 0.91
C18:0 6.49 6.14 571 0.45 0.31 0.13 0.92
C18:1 not 2.87 2.99 2.96 0.16 0.86 0.70 0.71
C18:1n9c 8.05 7.78 7.75 0.39 0.77 0.52 0.75
C18:2 n6t 0.41 0.45 0.45 0.02 0.48 0.29 0.45
C18:2 n6c 0.68 0.65 0.68 0.05 0.82 0.96 0.54
C18:2 cot11-CLA 0.05 0.07 0.12 0.04 0.33 0.14 0.80
C20:0 0.11 0.11 0.11 0.00 0.81 0.77 0.57
C20:2 0.04 0.04 0.04 0.00 0.91 0.80 0.74
C21:0 0.15 0.14 0.17 0.03 0.74 0.61 0.57

19/100g of total lipids

2UREA.: control group (without nitrate); CAN10: 10 g of calcium nitrate per kg of DM; CAN20: 20 g of calcium
nitrate per kg of DM.

3Standard error of the mean.

“Treat = effect of treatment (UREA vs. CAN10 vs. CAN20); Linear = linear effect of calcium nitrate; Quadratic =
quadratic effect of calcium nitrate.
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Treatment® P-value!®

Item? M° _ _

UREA CAN10 CAN20 Treat Linear Quadratic
SCFA? 2.22 2.35 2.56 0.37 0.77 0.48 0.92
MCFA3 61.19 61.45 61.03 1.24 0.92 0.89 0.72
LCFA* 20.16 19.60 19.23 0.82 0.63 0.35 0.91
MUFAS 12.75 12.66 12.50 0.51 0.91 0.67 0.94
PUFAS® 1.16 1.19 1.26 0.09 0.65 0.36 0.86
SFA’ 76.52 76.98 77.52 0.82 0.59 0.31 0.96

19/100g of total lipids

2SCFA - Short chain fatty acids;

SMCFA - Medium chain fatty acids;

4LCFA - Long chain fatty acids;

SMUFA - Monounsaturated fatty acids;
SPUFA - Polyunsaturated fatty acids;

'SFA - Saturated fatty acids
8UREA: control group (without nitrate); CAN10: 10 g of calcium nitrate per kg of DM; CAN20: 20 g of

calcium nitrate per kg of DM.

9Standard error of the

mean.

OTreat = effect of treatment (UREA vs. CAN10 vs. CAN20); Linear = linear effect of calcium nitrate;

Quadratic = quadratic effect of calcium nitrate.
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Table 7. Effect of calcium nitrate fed to dairy goats on milk antioxidant capacity

Treatment* P-value®
Item M® _ _
UREA CAN10 CAN20 Treat Linear  Quadratic
CcD?! 47.11  55.67 66.02 4.89 <0.01 <0.01 0.78
TBARS? 9.74 7.00 7.34 0.79 0.00 0.01 0.06
TAC? 202.0 2074 199.9 8.21 0.29 0.67 0.13

!Conjugated dienes (mmol/kg of fat).

2TBARS - Thiobarbituric acid reactive substances (mmol of malondialdehyde/kg of fat).
3TAC - Total antioxidant capacity (uM of Trolox equivalent/mL).
4UREA: control group (without nitrate); CAN10: 10 g of calcium nitrate per kg of DM; CAN20: 20 g of

calcium nitrate per kg of DM.
SStandart error of the mean.

Treat = effect of treatment (UREA vs. CAN10 vs. CAN20); Linear = linear effect of calcium nitrate;

Quadratic = quadratic effect of calcium nitrate.
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Figure 1. Effect of calcium nitrate fed to dairy goats on (a) nitrate (NO3z") P-values: Treat =
0.00; Linear = 0.01; Quadratic = 0.06; SEM=0.04 and on (b) nitrite (NO2") concentration in

milk P-values: Treat = 0.03; Linear= 0.11; Quadratic = 0.03; SEM= 0.007.
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45 BUREA BCAN10 @CAN20

Collection time, h
Figure 2. Effect of calcium nitrate fed to dairy goats on plasma urea nitrogen (PUN) before

(0 h) and after (4 h) feeding. P-values: Treat = 0.07; Time <0.01; Treat x time = 0.37 Linear

= 0.52; Quadratic = 0.02; SEM = 1.43.
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Table 8. Effect of calcium nitrate fed to dairy goats on ruminal pH, volatile fatty acids profile, and NH3z-N

concentration

Treatment? Time® P-value®

Item?! SEM*

UREA CAN10 CANZ20 2h 8h Trt  Time Int Lin  Quad
pH 6.89 7.17 6.99 6.92 7.12 026 020 0.11 0.18 041 0.12
Acetate 62.37 63.09 65.54 65.51 61.82 191 018 0.03 059 0.10 0.47
Propionate 22.69 2184 19.23 20.36 22.15 186 022 0.02 019 0.12 0.53
Isobutyrate 0.81 0.85 0.70 0.87 0.77 0.14 052 0.03 0.23 043 042
Butyrate 1219 1256 1294 11.54 13.59 0.77 0.78 0.16 0.67 0.49 0.99
Isovalerate 0.85 0.71 0.71 0.75 0.77 0.11 0.02 080 045 0.01 0.04
Valerate 1.07 0.93 0.85 0.96 0.94 0.10 020 084 090 0.10 o0.70
Total VFA, MM 4954 5055 56.96 46.14 5855 840 098 083 0.20 0.85 0.97
Co: Cs 2.76 2.91 3.60 3.31 2.88 0.37 0.18 0.00 0.07 0.10 0.0

NHz-N, mg/dL 1599 1525 14.63 20.63  9.95 3.79 060 <0.01 016 0.37 0.95

!Molar proportion (unless otherwise stated).

2UREA.: control group (without nitrate); CAN10: 10 g of calcium nitrate per kg of DM; CAN20: 20 g of calcium nitrate per kg of
DM.

3Time of collection

4Standart error of the mean.

5Trt = effect of treatment (UREA vs. CAN10 vs. CAN20); Time = effect of time (2 and 8 h); Interaction: treatment x time. Linear =
linear effect of calcium nitrate; Quadratic = quadratic effect of calcium nitrate.




113

VI. Effect of calcium nitrate fed to dairy cows on feed intake, nutrient digestibility, milk
quality, microbial protein synthesis, and ruminal fermentation parameters

Journal: Journal of Dairy Science

INTERPRETIVE SUMMARY
By Almeida et al. Objectives were to determine the effects of calcium nitrate fed to dairy
cows on milk quality, microbial protein synthesis, and fermentative parameters. Cows
received diets containing urea, as a control, 15, and 30 g/ kg DM of calcium nitrate. Calcium
nitrate reduced dry matter and nutrient intake; however, did not affect digestibility and
fermentation parameters. Milk yield was unaffected, whereas ECM, FCM, and milk
components were reduced. Minor effects of CAN on milk FA and antioxidant capacity were
observed. Treatment did not affect purine derivates and microbial protein synthesis. Dietary
CAN can be fed to dairy cows up to 15 g/kg of DM without affect milk quality and ruminal

fermentation parameters.

Running Head: DIETARY CALCIUM NITRATE ON MILK QUALITY OF DAIRY

COWS

ABSTRACT
The objectives were to evaluate the effects of calcium nitrate (CAN) fed to dairy cows on
dry matter intake, nutrient digestibility, milk yield and composition, fatty acids profile,
antioxidant capacity, microbial protein synthesis, and rumen fermentation. Six multiparous

Holstein cows were enrolled (106.3 £ 14.8 DIM; 550.7 £ 21.8 kg of BW; mean + SD) in a
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replicated 3 x 3 Latin square design. Experimental period lasted 21 d, with 14 d as an
adaptation phase and the remaining days for sampling and data collection. Treatments were
designed as UREA, as a control group (only urea), CAN15: 15 g of CAN (11.5 g/kg of NOs
on a DM basis), and CAN30: 30 g of CAN (23 g/kg of NO3™ on a DM basis). Diets were
isonitrogenous and cows were fed ad libitum after 5 d of gradual introduction to CAN.
Sampling of feed, orts, feces, urine, blood, and ruminal fluid were carried out in the last 7 d
of each experimental period. Supplemental CAN reduced dry matter and nutrient intake,
whereas nutrient digestibility was not affected. Treatment did not affect milk yield; however,
ECM and FCM decreased as the levels of CAN increased. Nitrate and nitrite residuals were
detected in low quantities in milk, as well as the level of methemoglobin in blood. Milk fat
content was negatively affected, and the proportion of saturated fatty acids was decreased by
CAN. Reducing power and TBARS had no effect of treatment, whereas conjugated dienes
increased. Microbial protein synthesis was not impacted by treatment and minor effects on
ruminal fermentation were observed. Supplemental CAN at 30 g/kg increased conjugated
dienes in milk and reduced its contents, leading to recommend that CAN can be fed up to 15

g/kg of DM to dairy cows without affect milk quality and ruminal fermentation.

Key words: antioxidant capacity, non-protein nitrogen source, methemoglobin, milk fatty

acids

INTRODUCTION
Nitrate (NOs") is an inorganic anion that has been explored in ruminant production as a
feed additive by supplementing low doses on diets mainly because of its potential to decrease

methane (CHa) production. In a recent meta-analysis, Feng et al. (2020) have shown through
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an average of 24 studies that NO3z™ was effective at reducing CH4 emissions in both dairy
cows (17%) and beef cattle (12%) production. Therefore, NO3™ has been considered an
important feed strategy to reduce the environmental impact caused by enteric CH4 generation,
which according to Gerber et al. (2013) represents up to 6% of the total anthropogenic
greenhouse gas emissions.

Providing an additional electron acceptor such as NOs™ salts would also reduce the
energy losses by enteric CH4 production that according to Johnson and Johnson (1995) ranges
from 2 to 12% in ruminants. Besides acting as a hydrogen ([H]) sink, and therefore, impacting
at the expense of CHs production, supplemental NO3z™ could replace urea and act
concomitantly as non-protein nitrogen (NPN) source, that after being converted to ammonia
(NHs) has been incorporated by rumen microorganisms to synthesize essential AA (Nolan et
al., 2010). Indeed, Wang et al. (2018) have reported that sodium nitrate increased the NH3
utilization for microbial protein synthesis in dairy cows fed to low protein diets.

The reduction from NOs™ to NHs is more thermodynamically favorable than carbon
dioxide (COz) to the CHa synthesis and occurs by two steps into the rumen, whereby NO3"is
first converted to nitrite (NO2) and subsequently to NHs by a dissimilatory pathway (Latham
et al., 2016; Leng, 2008). Nitrite as an intermediate of NO3™ reduction can be accumulated
within the rumen, absorbed into the bloodstream through the rumen wall, and cause
methemoglobinemia in ruminants. Methemoglobin (MetHb) is caused as a result of the
transformation from ferrous iron (Fe?*) form of hemoglobin to the ferric iron (Fe®)
producing MetHb (Takahashi and Young, 1991). Under certain circumstances (e.g. animals
not adapted to the diets) the percentage of MetHb in red blood cells might increase, and

consequently reducing its capacity to carry oxygen (Leng, 2008). Therefore, a previous
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adaptation is extremely required to avoid MetHb and to prevent NOz™ or NO>™ accumulation
in body tissues and products.

Beauchemin et al. (2020) have reported in a recent review that supplemental NOs™ might
produce residues in tissues and products such as milk even though it has not affected food
security due to its low concentration. Indeed, a previous study has shown that supplementing
NOs up to 21 g/kg DM in dairy cow diets produced negligible concentrations of NO3™ in
milk, and therefore considered safe for human consumption (Olijhoek et al., 2016).
According to Klop et al. (2016), dietary NO3™ had no major impacts on milk fatty (FA) acids
composition.

It is well documented that NOs™ is a feasible CHs4 inhibitor (Feng et al., 2020; Lee and
Beauchemin, 2014). However, it is important to keep investigating NOs™ effects in ruminant
nutrition since there is still a lack of information on how its supplementation would change
milk components and milk properties such as FA profile and antioxidant capacity. We
hypothesized that including calcium nitrate (CAN) as a source of NPN in dairy cow diets
would improve microbial protein synthesis without affecting milk components, fatty acids
profile, antioxidant capacity, as well as the parameters of digestibility and ruminal
fermentation. Therefore, objectives were to determine the effects of a low and high dose of
CAN fed to dairy cows on dry matter intake, nutrients digestibility, milk yield, milk
composition, milk fatty acids, antioxidant capacity, microbial protein synthesis, and ruminal

fermentation parameters.

MATERIAL AND METHODS
All procedures involving animals in the experiment were approved by the State

University of Maringa - Animal Care Ethics Committee under protocol number 9512221018.
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The experiment and laboratorial analyses were conducted at the dairy unit and ruminant
nutrition lab of the State University of Maringa, Brazil.
Cows, Experimental design, and Diets

Six multiparous Holstein cows (106.3 £ 14.8 DIM; 550.7 + 21.8 kg of BW; mean £ SD)
were enrolled in a replicated 3 x 3 Latin square design. The experiment lasted 63 d,
distributed in three periods of 21 d each, whereby 14 d were destined for acclimation of
animals to the facilities and adaptation to the experimental diets, and 7 d for sampling and
data collection. Animals were housed in tie-stalls and fed by a feeder and water fountain in
order to evaluate the individual feed intake. Experimental diets were formulated to meet the
NRC (2001) requirements for a Holstein cow at mid-lactation with 600 kg of BW, 110 DIM,
and producing 25 kg of milk per day (Table 1). Diets were isocaloric and isonitrogenous.

Feedstuffs (corn silage, corn, and soybean meal) were analyzed prior to the diet
formulation and the corn silage DM was measured weekly during the entire experiment for
readjusting the diets and keeping the same forage to concentrate ratio. The source of nitrate
was the double salt of calcium ammonium nitrate decahydrate [5Ca(NOs3)2-NHsNO3
-10H20], with 85.0% DM, 16.5% N, 19.6% Ca, and 76.5% NOs™ on DM basis (Yara North
America, Inc. Tampa, FL, USA). To ensure that all treatments had the same amount of
nitrogen and calcium, urea (Prote-N, GRASP Ind. & Com. LTDA, Curitiba, Brazil.
Composition: 99.5% DM, and 41.7% N), and limestone (Granisul, Ind. & Com. LTDA, Rio
Branco do Sul-Parand, Brazil, composition per kg of product: 340 g of Ca and 40 g of Mg)
were used to balance the diets.

Treatments were control group, defined as UREA (urea without adding nitrate), CAN15:
15 g of calcium nitrate (11.5 g/kg of NOs  on a DM basis), and CAN30: 30 g of calcium

nitrate (23 g/kg g/kg of NO3™ on a DM basis). Animals were pre-adapted to the treatments
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during the first 4 d of each experimental period, whereby nitrate was added gradually
(increasing 25% per day) until reaching the amount of each diet. Experimental diets were
provided as total mixed ration (TMR) twice a day at 0630 and 1530 h in proportions of 70
and 30% of the total DM intake, respectively. Diets were readjusted daily in order to
guarantee 5% of refusals and to avoid sorting behavior. Animals were weighed at the end of
each period before the morning feeding and the voluntary DM intake was calculated daily
during the week of data collection by the difference between the total DM offered and refused.
Sampling and Proximate Analyses

Sampling and data collection were performed in the last 7 d of each experimental period.
Fecal samples (~100 g) were collected through the rectum from d 14 to 21 at different times
throughout the week (d 14 at 0600, d 15 at 0800, d 16 at 1000, d 17 at 1200, d 18 at 1400, d
20 at 1600, and d 21 at 1800 h) and frozen at —20°C for further analyses. Grain mix, corn
silage, and refusals were collected from d 15 to 20 and frozen at —20°C for further analyses.
All feed and fecal samples were dried at 60°C for 48 h in a forced-air oven (Heratherm
OMS180; Thermo Fisher Scientific, Waltham, MA) to determine DM content and then
ground to pass through a 4-mm and 1-mm sieves in a Wiley mill (A. H. Thomas Scientific,
Philadelphia, PA) for further chemical analyses.

Feedstuffs were pooled in order to obtain one sample per period, and fecal and refusals
samples were proportionally composed based on its DM to achieve one sample per animal
per period. All samples were analyzed according to AOAC (2012) for total DM content
(method 934.01), crude protein (CP) (method 990.03), neutral detergent fiber (NDF) (method
2002.04), ash (method 942.05), and ether extract (EE) (method 920.39). Organic matter was
calculated by the difference between DM and ash. Non-fibrous carbohydrates (NFC) were

calculated based on Van Soest et al. (1991). Fecal excretion was estimated according to
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Cochran et al. (1986). Briefly, indigestible neutral detergent fiber (iINDF) was used as an
internal indicator by weighing ~500 mg (dried and ground) of feed, feces, and refusals into
Ankom F57 bags (25 pum porosity, Ankom Technology, Fairport, N.Y.), and incubating in two
rumen cannulated cows during 288 h, followed by NDF analysis in a Ankom 200 Fiber
Analyzer (Ankom Technology, Fairport, N.Y.).
Milk Collections and laboratorial Assays

Milking was performed mechanically twice daily at 0600 and 1500 h and milk production
was recorded during the last 7 d of each experimental period. Milk samples were collected on
d 15 and d 16 proportionally to the production of each milking (morning and afternoon). A 50
mL aliquot was collected and placed into Bronopol® flask (2-bromo-2-nitropopano-1.3-diol)
to analyze fat, protein, and lactose contents by infrared spectrophotometry (Bentley 2000;
Bentley Instrument Inc., Chaska, MN), and milk urea nitrogen (MUN) by Berthelot
methodology (Chemspec 150, Bentley Instrument Inc., Chaska, MN). Fat corrected milk
(FCM) was obtained by correcting milk yield per 3.5% of fat according to Sklan et al. (1992).
Energy corrected milk (ECM) was calculated using the equations proposed by Sjaunja et al.
(1990). Another five aliquots, including backup samples, were collected and frozen at —20°C
for analyses of NOs™ and NO2 on milk, fatty acids profile, and antioxidant capacity.

Concentration of NOs™ was obtained by alkaline catalytic oxidation that converts
nitrogenous compounds to NOgz". Subsequently, through the cadmium metal, NO3™ was
reduced to NO>™ and determined by the diazotization with sulfanilamide and N-naphthyl (1-
naphthyl-ethylenediaminodihydrochloride) as described by Cortas and Wakid (1990).

Milk fatty acids were analyzed through fat extraction by centrifugation as proposed by
Murphy et al. (1995) and esterification according to I1SO 5509 method (ISO, 1978) using

KOH/methanol and n-heptane, and the methyl esters were quantified by gas chromatography
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(Trace GC 52 Ultra, Thermo Scientific, West Palm Beach, Florida, USA) self-sampling,
equipped with a flame ionization detector at 240°C and a fused silica capillary column (100 m
in length, 0.25 mm internal diameter and 0.20 um, Restek 2560). Gas flow rate was 45 mL/min
of H> (carrier gas), 45 mL/min for N> (auxiliary gas) and 45 a 400 mL/min of synthetic air
(flame gas). Column temperature was initially set at 50°C (10 min) and raised gradually up to
200°C (15 min), and finally raised to reach 240°C (8 min) as final temperature. Fatty acids
were quantified by comparing retention time of fatty acid methyl esters from standards (Sigma
Aldrich, St. Louis, MO, USA) and milk samples.

Milk reducing power was analyzed according to Zhu et al. (2002), whereby the
absorbance was measured at 700 nm on a UV-vis spectrophotometer (Spectrum SP2000,
Castelnuovo, DB, Italy). Reducing power was expressed as gallic acid equivalent (GAE) per
kg of milk. Conjugated dienes (CD) was measured at 232 nm on a UV-vis spectrophotometer
(Spectrum SP2000, Castelnuovo, DB, Italy), calculated, and expressed as mmol/kg of fat
(Kiokias et al., 2006). Thiobarbituric acid reactive substances (TBARS) in milk was analyzed
as described by Vyncke (1970) at 532 nm on a UV-vis spectrophotometer (Spectrum
SP2000, Castelnuovo, DB, Italy). Results were expressed as mmol of malonaldehyde (MDA)
per kg of fat.

Urine, Blood, and Ruminal Fluid Analyses

Urine samples were collected on d 17 and d 18 within 4 h after morning feeding, filtered
through layers of cheesecloth, and then placed into 50 mL plastic bottles. Uric acid and
creatinine were analyzed subsequently by enzymatic and colorimetric methods (Gold
Analisa®, Belo Horizonte, MG, Brazil), respectively. An aliquot of 10 mL of urine was
acidified with 40 mL of sulfuric acid (0.036 N) for further allantoin analyses according to the

methodology of Chen and Gomes (1992). Creatinine was used as a marker to estimate daily



121

urinary volume, assuming a factor for urinary creatinine excretion of 29 mg/kg of BW per
day (Valadares et al., 1999). Microbial synthesis was calculated considering 1 mmol of
derivate of purines per kg of milk (Chen and Gomes, 1992).

Blood was sampled by puncture of the jugular vein on d 20 of each experimental period
before and 4 h after morning feeding and transported to a commercial laboratory within 1 h
after collecting for MetHb analysis. Other samples were collected into serum separator
evacuated tubes, centrifuged at 3,200 x g for 15 min and stored at —20°C for subsequent
analyses. Plasma urea nitrogen (PUN) was analyzed colorimetrically by commercial Kkits
(Gold Analisa®, Belo Horizonte, MG, Brazil) using a spectrophotometer (Bioplus 2000®,
Séo Paulo, SP, Brazil).

Ruminal fluid was collected on d 21 of each period using an esophageal tube accoupled
to a vacuum pump 2 and 8 h after feeding. An aliquot of 50 mL was collected, and pH was
measured immediately using a pH meter (Tecnal®, Piracicaba, SP, Brazil). Another aliquot
of 50 mL was filtered through four layers of cheesecloth, acidified with 1 mL of sulfuric acid
(1:1), and stored at —20°C for further analyses. Volatile fatty acids (VFA) concentration was
determined by a gas chromatograph (Shimadzu GC-2010 Plus, Shimadzu®, Kyoto, Jap&o)
equipped with an AOC-20i automatic injector, Stabilwax-DA ™ capillary column (30 m, 0.25
mm ID, 0.25 um df, Restek®, Bellefonte, PA, USA) and a flame ionization detector (FID),
after acidifying with 1 M phosphoric acid and fortifying with a WSFA-2 standard. A 1 pL
aliquot of each sample was injected with a 40:1 split rate using He as the carrier gas. Injector
and detector temperatures were 250°C and 300°C, respectively. Column temperature ramp
started at 40°C, was raised to 120°C at a rate of 40°C/min, followed by a gradient of 120°C to
180°C at the rate of 10°C/min and a rate of 120°C/min for 180°C to 240°C, maintaining the

temperature at 240°C for an additional 3 min. Ammonia-N (NHs-N) concentration was
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measured via colorimetric quantification of N content using the phenol-hypochlorite reaction
as described by Broderick and Kang (1980).
Statistical Analyses

Normality of residuals and homogeneity of variance were examined for each variable
analyzed using the Shapiro-Wilk test. Responses that violated the assumptions of normality
were subjected to power transformation as described by Box and Cox (1964). The LSM and
SEM were back transformed for the presentation of results (Jorgensen and Pedersen, 1998)

Data were analyzed by the MIXED procedure of SAS (SAS ver. 9.4, SAS Institute Inc.,
Cary, NC) using treatment (UREA, CAN-L, and CAN-H) as a fixed effect, cow within Latin
square, and period as random effects. Responses with repeated measures were analyzed with
statistical models that included the fixed effects of treatment, time, and their interactions, and
the random effects of cow within Latin square, and period. Hour was used as the term in the
REPEATED statement.

Orthogonal polynomial contrasts were used to determine linear and quadratic effects of
treatments on the responses analyzed. Differences of LSM were adjusted by the Tukey-
Kramer test. Treatment significances and trends were declared at P <0.05, and 0.05 < P <

0.10, respectively.

RESULTS
Intake and Digestibility of DM and Nutrients
Treatment did not affect (P > 0.05) the body weight of the animals with an average of

555 kg (Table 2). Nevertheless, feeding calcium nitrate reduced linearly (P < 0.001) the
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intake of DM, OM, CP, EE, NDF, and NFC. Similarly, CP intake had also a quadratic effect
(P < 0.001) in cows fed CAN (Table 2).

Supplemental CAN did not affect (P > 0.05) parameters of DM, OM, CP, EE, and NDF
digestibility. However, NFC digestibility was increased (P < 0.01) linearly as treatment
levels increased (Table 3).

Milk Composition, Nitrate, and Nitrate Concentration

Cows fed supplemental NOs™ did not differ (P > 0.05) on milk yield (Table 4). On the
other hand, FCM and ECM were affected (P = 0.05) negatively by treatments. Furthermore,
treatment increased (P = 0.03) linearly the ECM:DMI ratio, and therefore, changed feed
efficiency. Additionally, supplemental CAN reduced (P = 0.03) linearly fat content, whereas
true protein had a quadratic effect (P = 0.05). Lactose content was unaffected (P > 0.05) by
NO3" levels. Similarly, treatment did not affect (P > 0.05) MUN concentration (Table 4).

Nitrate concentration in milk had a positive linear response (P = 0.02) with the increase
of NOs levels in the diet (Figure 1a). Nevertheless, supplemental CAN did not affect (P <
0.05) concentration of NO2™ residual in milk (Figure 1b).

Milk Fatty Acids and Antioxidant Capacity

Dietary treatment did not affect (P > 0.05) the proportions of C6:0, C8:0, C10:0, and
C11:0 (Table 5). However, feeding NOs™ decreased linearly (P = 0.03) the proportions of
C12:0 and C13:0. The proportion of C14:0 was unaffected (P > 0.05) by treatment, whereas
C14:0 tended (P = 0.07) to increase linearly. Treatment did not affect (P > 0.05) the
proportion of C15:0, but a quadratic response (P = 0.05) was observed on C15:1 proportion,
and a linear effect (P = 0.02) was observed on the proportion of C16:0. Nevertheless,

increasing supplemental NOs™ in dairy cow diets did not affect (P > 0.05) the proportions of
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Cl16:1, C17:0, C17:1, C18:1 n9t, C18:1 n9c, C18:2 n6c, C18:2 n6t, C18:2 n6e, C18:3 nb,
C18:3 n3. Similarly, no effects (P > 0.05) of NOz supplementation were observed (P > 0.05)
on C18:2¢c9t11-CLA and C18:2110 c12-CLA. Finally, supplemental CAN increased linearly
(P < 0.05) the proportions of C20:0 and C21:0, whereas C20:1 and C20:2 were not affected
by treatments (Table 5).

Total CLA was not (P > 0.05) affected by supplemental CAN fed to dairy cows (Table
6). Likewise, short chain FA in total was not influenced (P > 0.05) by treatments, whereas
medium chain FA decreased linearly (P < 0.05), and a positive linear tendency was observed
on the total of long chain FA (P = 0.06) and monounsaturated FA (P = 0.08). The total of
saturated FA was reduced (P < 0.05) linearly; however, treatment did not affect (P > 0.05)
the total of polyunsaturated FA. Similarly, there were no treatment effects (P > 0.05) on n-
3, n-6, as well as on n-6/n-3 ratio (Table 6).

Treatment did not affect (P > 0.05) the reducing power of the milk (Table 7). Similarly,
no effect (P > 0.05) of CAN supplementation was observed on TBARS concentration;
however, conjugated dienes concentration in milk increased (P = 0.02) linearly as the levels
of CAN increased (Table 7).

Blood, Microbial Protein Synthesis, and Ruminal Fermentation Parameters

Plasma urea nitrogen was not affected by supplemental CAN; however, its concentration
was higher 4 h after feeding when compared to the collections before feeding (0 h) (Figure
2). Additionally, there was no interaction (P > 0.05) between PUN and time in cows fed
supplemental CAN. Methemoglobin proportion increased (P < 0.01) linearly as the levels of
CAN increased (Figure 3). Also, there was an increase (P < 0.01) on MetHb by supplemental
CAN over time, although no interactions (P > 0.05) between treatment and time was

observed.



125

Supplemental CAN did not affect (P > 0.05) allantoin excretion, whereas uric acid
tended to increase (P = 0.06) linearly according to the levels of CAN (Table 8). Similarly,
no effect (P > 0.05) of CAN supplementation was observed on allantoin:creatinine ratio as
well as on uric acid:creatinine, and allantoin + uric acid:creatinine. Additionally, treatment
did not affect (P > 0.05) microbial protein synthesis (Table 8).

The pH was not affected (P > 0.05) by treatment either 2 or 8 h after feeding. Ammonia-
N concentration was not affected (P > 0.05) by supplemental CAN and similarly had no
effect of collection time. Also, no interaction was observed (P > 0.05) between treatment and
time on NHs-N concentration (Table 9).

The proportion of acetate increased linearly (P < 0.01) as the levels of CAN increased.
Acetate proportion decreased linearly (P < 0.01) throughout time; however, there was no
interaction (P > 0.05) between treatment and time. Propionate proportion was unaffected (P
> 0.05) by supplemental CAN, but an increase was observed (P < 0.01) over time, even
though there was no interaction (P > 0.05) between treatment and time. Contrarily, the
proportion of isobutyrate reduced (P < 0.01) throughout time and tended (P = 0.08) to
decrease linearly. Treatment had no influence (P > 0.05) on butyrate proportion but reduced
linearly (P < 0.01) the proportions of isovalerate and valerate. Acetate: propionate ratio
tended to increase linearly (P = 0.07) by supplemental CAN and decreased (P < 0.01) over

time (Table 9).

DISCUSSION
Supplementing CAN has been established as a feasible nutritional strategy acting at the
expense of CHa4 synthesis in ruminants (Beauchemin et al., 2020; Feng et al., 2020; Lee and

Beauchemin, 2014). However, there still a lack of information regarding the effects of NOs
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on milk quality, microbial protein synthesis, and ruminal fermentation in dairy cows. Despite
the current experiment did not show the impact of NO3™ on methane production, once was
not its objective, proving additional data on dairy production are necessary to support it as a
feasible nutritional strategy and would contribute for the development of novel commercial
products.

Feed Intake and Nutrient Digestibility

Dry matter intake was lowered up to 13% by supplemental CAN. Similar to urea, it is
believed that nitrate has a bitter taste, which could decrease feed palatability and be a
limitation for animal feeding (Lee and Beauchemin, 2014). In line with our findings, Lund
et al. (2014) reported a significant decrease on DMI by supplementing 20 g/kg DM of
calcium nitrate in a metabolic study. Similarly, supplemental CAN reduced intake of both
pasture and concentrate (up to 23 g/kg NOz™ on DM basis) in grazing cows, impacting
negatively on milk production. Furthermore, in a recent study, Meller et al. (2019) also
observed a reduction on DMI caused by the main effect of CAN in a factorial study (Live
yeast culture vs. 20 g/kg NO3z™ on DM basis) in Jersey cows.

Nutrient intake was also reduced by supplemental NOs™ fed to dairy cows. Such effects
are related directly as a response to the reduction on total DMI and to the negative effects on
milk performance in this study. Poor palatability was possibly the main effect that caused
negative effects on nutrient intake. The encapsulation of nitrate salts would be a possible
solution to prevent such effects; however, previous studies using an encapsulated nitrate
source with vegetable oil (GRASP Ind. & Com. LTDA, Parana, Brazil, EW| Nutrition
GmbH, Visbek, Germany) has not alleviated negative effects on feed intake (Lee et al.,
2015a; Rebelo et al., 2019). New studies are necessary to explore whether feed additives

capable to increase feed palatability, such as molasses (DeVries and Gill, 2012), would
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minimize negative effects on dry matter intake by supplementing NOz™ and possibly
enhancing milk yield.

Supplemental CAN did not affect DM, OM, CP, and NDF digestibility in dairy cows.
Such effects indicated that the adaptation of the animals to diets was properly applied. The
lack of response on nutrient digestibility has been observed across many trials evaluating
NOg" in the diet of dairy cows (Olijhoek et al., 2016; van Zijderveld et al., 2011; Wang et al.,
2018). Zhou et al. (2012) observed in an in vitro approach that supplementing NO3™ at the
dose of 12 pmol mI* (~12 g/kg DM) reduced methanogens population properly (~97% less)
but also reduced drastically cellulolytic bacteria (Fibrobacter succinogenes, Ruminococcus
albus, and Ruminococcus flavefaciens) caused possibly by a raising in the redox potential
and nitrite accumulation, which might affect negatively NDF digestibility. An unexpected
increase on NFC digestibility was observed as the levels of supplemental CAN increased;
however, no effects on NDF digestibility was observed, which possibly would impact in such
parameters.

Milk contents, Nitrate and Nitrite residuals

Supplemental NOs™ did not impact affect milk yield. However, FCM and ECM were
negatively impacted by treatment. Fat corrected milk decreased as a result of the lower fat
content observed in our study. Similarly, ECM, that besides fat considers protein content in
its calculation was reduced due to their linear reduction and tendency to decrease,
respectively. Similar to our findings, Olijhoek et al. (2016) did not find differences on milk
yield by supplementing calcium ammonium nitrate up to 21 g/kg on DM basis, and related
such effect to the absence of responses on DM digestibility and VFA proportions. Altogether,
van Wyngaard et al. (2018) have shown negative effects on FCM and ECM also due to the

reduction in fat and protein content, respectively, supporting the explanation for our findings.
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As mentioned sooner, milk fat content decreased as the CAN levels increased. This
effect could be directly related to the reduction on NDF intake. Another plausible explanation
would be a reduction on NDF digestibility, which, although did not show statistical
significance was decreased numerically. Supplemental CAN did not change true protein yield
(kg/ per day); however, the percentage of protein had a quadratic effect, meaning that CAN15
improved its content, and CAN30, on the contrary, negatively affected protein content
compared to the control group. Corroborating with our results, van Zijderveld et al. (2011)
observed a reduction in milk protein content by supplementing 21 g/kg NOz™ on DM basis
for 89 days and attributed such impact to a dilution effect, whereas Klop et al., (2016) in a
factorial study (nitrate vs. docosahexaenoic) also observed low protein content by also
supplementing 21 g/kg NOs™ to dairy cows. Lactose content and yield was not affected by
treatment with an average of 4.61%, 1.06 kg/d, respectively. Milk urea nitrogen was also
unaffected by treatment, assuming that CAN15 and CAN30 were properly converted to NHs,
and similar to URE, provided enough nitrogen for rumen microbiota utilization. In line with
our findings, others have found no effects on MUN by supplemental NO3™ (van Zijderveld et
al., 2011; Klop et al., 2016; van Wyngaard et al., 2018).

It is important to emphasize that supplemental NOs™ still not approved as a feed additive
in many countries worldwide due to a concern of likely toxicity for the animals and possible
residuals of NOs™ or NO2™ in milk, which in high concentrations may cause health problems
in humans (Bryan and van Grinsven, 2013). Our study observed an increase of NOz™ in milk
by supplementing CAN for dairy cows, varying from 0.30 to 0.38 mg/L between URE and
CANB30, respectively. However, such effects were much lower than those reported by
Olijhoek et al. (2016) who found 1.56 mg/L of NOgz" residual in milk by supplementing levels

(21.1 g/kg on DM basis) of calcium nitrate for dairy cows, although, as well as our findings,
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it was considered safe for human consumption for being under the guidelines of WHO (2011)
which is at maximum 50 mg/L. In the same study, NO>" in milk was not found because its
concentration was considered below the detection limit (<30 pg/L) in their evaluation method
(Olijhoek et al., 2016). Despite the absence of effect, our results demonstrated an average
between treatments of 43 ug/L of NO2™ in milk. Altogether, other studies have shown low
and undetectable NOs and NO2 residuals in milk, respectively, supporting that
supplementing NOs™ at adequate levels for dairy cows would not be a concern for human
food safety (Guyader et al., 2016a; Meller et al., 2019).

Milk Fatty Acids and Antioxidant Capacity

It is well documented that supplemental NO3z™ may reduce DMI and NDF digestibility
due to its impact on palatability and toxicity for cellulolytic bacteria, respectively, which in
our understanding may affect milk FA composition. According to our knowledge, Klop et al.
(2016) was the pioneer to investigate the effects of NOs™ and its interactions with DHA fed
to dairy cows on milk FA composition. Hence, there is still a lack of information on whether
supplementing NOsz™ in diets for dairy cows would impact milk FA composition.
Corroborating with Klop et al. (2016), our findings demonstrated minor effects on individual
milk FA profile, supported by the absence of effects on nutrient digestibility. For a better
understanding, besides presented the effects of NO3™ on milk FA individually, we have shown
such parameters grouped.

The absence of effects on CLA indicates that fat depression was not caused by its
synthesis. In theory, C18:2 trans10-cis12-CLA, produced via biohydrogenation, has been
considered a potent inhibitor of milk fat synthesis and secretion (Baumgard et al., 2000).
Supplemental CAN reduced the proportion of medium chain FA, and individually, treatment

reduced C12:0, C13:0, and C16:0 proportions. Saturated FA were reduced by increasing
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NOg levels in the diet; however, separately, treatment effect was only observed on C12:0,
C13:0, C16:0, and C20:0 proportions, the latter in agreement with the findings by Klop et al.
(2016). Such effect may be considered positive for milk quality, as according to Lock and
Bauman (2004), saturated FA in bovine milk has led to a negative consumer perception ever
since intaking saturated fats became a health concern, representing up to 70% of total fat
weight (Lindmark Mansson, 2008). One plausible cause for the reduction on saturated FA
can be the reduction on NDF intake by treatment, even though no effect on its digestibility
was observed.

To date, according to our knowledge, there is no previous data with regard to
supplemental NO3 fed to dairy cows on milk antioxidant capacity. Besides FA, vitamin, and
minerals, other properties of milk have been also linked to the benefits of its antioxidant
capacity for improving health in humans by removing free radicals from the body (Khan et
al., 2019). In our study, reducing power and TBARS were unaffected by treatment, meaning
that supplemental CAN did not change milk oxidative properties. Conjugated dienes
increased with increasing levels of CAN, which has been considered an indicator of lipid
peroxidation caused by lower stability on milk FA (Guillén and Cabo, 2002). The reduction
on SFA proportion possibly was the main reason for increasing conjugated dienes in milk of
cows receiving supplemental CAN.

Blood Methemoglobin and Plasma Urea Nitrogen

As mentioned sooner, there is still a concern of supplemental CAN regarding animal
toxicity. However, a prior and proper adaptation to the animals has been guaranteed low
levels of MetHb. The incidence of MetHb in blood in our study was augmented as the levels
of NOgz™ in the diet of dairy cows increased over time, however, the highest level observed 4

h after feeding (3.26%) for CAN30 was much lower than the considered sufficient to cause
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methemoglobinemia, which according to Bruning-Fann and Kaneene (1993) ranges from
30% to 40% of the total hemoglobin. Our data also are lower than the observed in previous
studies evaluating dietary nitrate salts fed to dairy cows either in short (Olijhoek et al., 2016)
and long-term studies (van Zijderveld et al., 2011), with 4.8% and 4.7%, respectively. Thus,
supplementing CAN up to 23 g/kg on DM basis with a prior and adequate adaptation,
increasing the addition of NOz3™ in the diet gradually, has guaranteed low levels of MetHb in
the blood, and therefore, without risk of intoxication to the animals.

Treatment did not affect the concentration of PUN; however, there was an increase on
its amount over time. We assume, with such effect, that URE and CAN provided similar
amounts of N to be absorbed through the rumen wall, and posteriorly dropping into the
bloodstream. Differently to our findings, (Wang et al., 2018) have observed higher amounts
of NHz in the plasma of cows receiving urea compared to supplemental NOs™ (14.6 g/kg DM).
Microbial Protein Synthesis, Ammonia-N, and VFA proportions

Besides acting as a [H] sink, reducing CH4 production, nitrate salts are sources of non-
protein nitrogen, essential for the rumen microbiota to synthesize microbial protein. Indeed,
Wang et al., (2018) affirmed that sodium nitrate increased NH3 incorporation into microbial
protein in the rumen compared to urea in cows fed a low-protein diet. However, in our study,
treatment did not affect microbial protein synthesis, meaning that compared to URE,
supplemental CAN seemed to have the same efficacy at providing NHs for bacteria growth,
which is in line with Olijhoek et al., (2016) who evaluated NOs™ fed to dairy cows up to 21
g/kg DM. The absence of response may be caused by the lack of effects observed in the
excretion of purine derivates, demonstrated by their concentrations and ratios (e.g., allantoin,
uric acid). Additionally, estimation of microbial protein synthesis through purine derivates

must be interpreted with caution, since Hristov et al. (2019), in a recent review, affirmed that
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there is an inaccurate relationship between microbial protein synthesis and urinary excretion
of purine derivatives.

Treatment did not affect the concentration of NHs-N within the rumen, corroborating
with previous studies evaluating supplemental NO3 fed to dairy cows (Guyader et al., 20164a;
Meller et al., 2019). Despite the absence of effects in our study, it is well established that
supplemental NO3™ has a slower conversion to NH3z-N within the rumen compared to urea
mainly because nitrate reduction occurs by two steps, whereby first NOs™ is converted into
NO:", and posteriorly NO2" into NH3 (Lee et al., 2017; Leng, 2008).

Total VFA was unaffected by treatment. Collectively, the present results corroborated
findings from others showing that supplementing CAN for dairy cows does not seem to have
implications on VFA concentrations (Meller et al., 2019; Olijhoek et al., 2016). However,
VFA concentrations in our study were lower than the latter studies probably due to the rumen
fluid collection method, since it has been shown that using a stomach tube to collect rumen
fluid in ruminants generally affect such parameters (Shen et al., 2012)

Supplemental CAN increased the proportion of acetate, resulting in a tendency to
increase C»:Cs as the levels of NOs™ increased. Our findings corroborate with Latham et al.
(2016), who observed that dietary NOs™ salts generally increased acetate production, and
different from other feed additives aiming at methane mitigation, could reduce propionate
production, although, such effect was not observed in the current study. Indeed, the current
findings are also supported by other studies exploring NO3™ supplementation that indicated
changes on VFA proportions caused by NOgz action as a [H] sink during the nitrate-ammonia
reduction (Guyader et al., 2016b; Patra and Yu, 2013; Wang et al., 2018). As mentioned

sooner, the collection method applied in our study might have implicated fermentation
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parameters, although a common inconsistency was observed between studies that accessed

rumen fluid via cannula (Meller et al., 2019; Olijhoek et al., 2016; Wang et al., 2018).

CONCLUSIONS

Supplementing CAN at 30 g/kg DM to dairy cows reduced nutrient intake and negatively
affected milk fat, and milk protein content. Minor effects were observed on milk FA and its
antioxidant capacity. A proper and gradual adaptation to dietetic NO3™ guaranteed low NO3
and NO; residuals in milk, as well as the low proportion of MetHb in blood. Providing NO3
to dairy cows seemed not to affect microbial protein synthesis and ruminal fermentation
parameters, although such effects must be carefully interpreted when estimated by purine
derivates and rumen collection via stomach tube, respectively. Altogether, dietary CAN at
15 g/kg DM, according to the results in this study, can be considered proper for dairy cow

diets as a feed additive replacing urea without affecting milk quality.
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Table 1. Ingredient proportion and nutritional composition of the experimental diets

Treatment
Item

UREA CAN15 CAN30

Ingredient proportion, g/kg DM

Corn silage 530.00 530.00 530.00
Ground corn 304.99 304.49 303.98
Soybean meal 120.84 120.92 121.02
Ureal 11.87 5.94 0.00

Calcium nitrate? 0.00 15.00 30.00
Limestone? 17.30 8.65 0.00

Mineral and vitamin supplement* 15.00 15.00 15.00

Nutritional composition, g/kg DM®

DM, as-fed basis 469.06 468.50 467.94
oM 932.29 928.20 924.10
CP 164.22 164.22 164.23
RDP 114.25 114.25 114.26
EE 29.84 29.82 29.80
NDF 341.76 341.71 341.67
Forage NDF 288.85 288.85 288.85
Nonfibrous carbohydrates 420.63 420.27 419.91
NOs 0.00 11.47 22.94
Ca 9.71 9.71 9.71

P 3.67 3.66 3.66

CaP 2.65 2.65 2.65

Prote-N (GRASP Ind. & Com. LTDA, Curitiba, Brazil). Composition: 99.5% DM and 41.7% N on a
DM basis. 2Double salt of calcium ammonium nitrate decahydrate [5Ca(NO3)2-NH4sNO3-10H,0] (
Yara North America, Inc. Tampa, FL, USA): 85.0% DM; 16.5% N, 19.6% Ca, and 76.5% NO3z on a
DM basis). *Granisul, Rio Branco do Sul-Parana, Brazil. Composition per kg: 340g of Ca and 40g of
Mg. “Bovigold® CRINA® (DSM Tortuga, Sao Paulo, Brazil) Composition per kg: 120g Ca, 35g P, 15g
S, 38g Mg, 50g K, 106g Na, 15mg Co, 417mg Cu, 16.5mg Cr, 875mg Fe, 17.5mg I, 1,165mg Mn,
15mg Se, 2,300mg Zn, 350mg F, 170,000 IU of vit A, 60,000 1U of vit D, 1,000 IU of vit E. SUnless
otherwise stated.

140



141

Table 2. Effect of calcium nitrate fed to dairy cows on body weight, dry matter intake, and

nutrients intake

Treatment® P-value®
Item?! SEM*
UREA CAN15 CAN30 Treat Linear  Quadratic

BW? 555.17 558.00 551.00 10.27 0.45 0.46 0.32
DMI 19.06 18.88 16.51 0.68 <0.001 <0.001 0.09
OoMI 18.16 17.87 15.67 0.65 <0.001 <0.001 0.11
CPI 2.74 2.78 2.28 0.09 <0.001 <0.001 <0.001
EEI 0.42 0.44 0.37 0.01 <0.001 <0.001 0.01
NDFI 7.07 7.13 6.21 0.25 <0.001 <0.001 0.05
NFCI 7.60 7.48 6.57 0.26 <0.001 <0.001 0.13

Ikilograms per day (unless otherwise stated).

2kilograms

SUREA: control group (without nitrate); CAN15: 15 g of calcium nitrate per kg of DM; CAN30: 30 g of
calcium nitrate per kg of DM.
“Standart error of the mean.

Treat = effect of treatment (UREA vs. CAN15 vs. CAN30); Linear = linear effect of calcium nitrate;
Quadratic = quadratic effect of calcium nitrate.
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Table 3. Effect of calcium nitrate fed to dairy cows on apparent dry matter, and nutrient

digestibility
Treatment? P-value*
Item?! SEM?
UREA CAN15 CAN30 Treat Linear  Quadratic

DMD 632.70 627.00 638.99 10.09 0.53 0.55 0.34
OMD 649.42 645.23 657.59 10.10 0.49 0.44 0.37
CPD 593.79 607.27 587.95 20.32 0.61 0.77 0.35
EED 660.66 671.15 670.30 10.91 0.41 0.27 0.45
NDFD 47433 47283  456.05 21.87 0.69 0.45 0.71
NFCD 818.83 824.54  869.37 17.01 0.03 0.01 0.22

grams per kilograms of DM

2UREA: control group (without nitrate); CAN15: 15 g of calcium nitrate per kg of DM; CAN30: 30 g of
calcium nitrate per kg of DM.

3Standart error of the mean.

“Treat = effect of treatment (UREA vs. CAN15 vs. CAN30); Linear = linear effect of calcium nitrate;
Quadratic = quadratic effect of calcium nitrate.
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Table 4. Effect of calcium nitrate fed to dairy cows on milk yield, and milk composition

Treatment* P-value®
Item M?®
UREA CAN15 CAN30 Treat Linear Quadratic

Milk yield, kg/d 23.32  23.17 22.94 1.31 0.83 0.55 0.93
FCM? 22.83  22.50 20.73 1.03 0.09 0.05 0.38
ECM? 22.63 22.43 20.69 0.99 0.08 0.05 0.32
ECM/DMI 1.19 1.19 1.26 0.05 0.06 0.03 0.27
Fat, % 3.39 3.35 2.94 0.23 0.06 0.03 0.25
Fat, kg/d 0.78 0.77 0.66 0.04 0.06 0.03 0.30
True protein, % 3.03 3.10 2.91 0.07 0.05 0.09 0.05
True protein, kg/d  0.71 0.72 0.67 0.04 0.25 0.19 0.29
Lactose, % 4.64 4.61 4.58 0.07 0.63 0.35 1.00
Lactose, kg/d 1.08 1.07 1.05 0.06 0.63 0.35 0.90
MUNS3, mg/dL 13.36  14.04 13.83 0.96 0.64 0.53 0.50

IFat-corrected milk
2Energy-corrected milk
3Milk urea nitrogen

“UREA: control group (without nitrate); CAN15: 15 g of calcium nitrate per kg of DM; CAN30: 30 g of

calcium nitrate per kg of DM.
5Standart error of the mean.

5Treat = effect of treatment (UREA vs. CAN15 vs. CAN30); Linear = linear effect of calcium nitrate;
Quadratic = quadratic effect of calcium nitrate.
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Figure 1. Effect of calcium nitrate fed to dairy cows on (a) nitrate (NO3’) (P-values: Treat =
0.05; Linear = 0.02; Quadratic = 0.87; SEM= 0.02) and (b) nitrite (NO2") concentration in
milk (P-values: Treat = 0.49; Linear = 0.26; Quadratic = 0.69; SEM=0.009).
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Table 5. Effect of calcium nitrate fed to dairy cows on milk fatty acids proportions

Treatment? P-value*
Item?! SEM?
UREA CAN15 CAN30 Treat Linear Quadratic

C6:0 0.40 0.39 0.46 0.05 0.61 0.42 0.58
C8:0 1.00 0.97 1.02 0.07 0.80 0.82 0.54
C10:0 4.64 4.49 4.46 0.32 0.76 0.50 0.79
C11:0 0.29 0.28 0.26 0.03 0.41 0.20 0.81
C12:0 7.26 6.82 6.53 0.43 0.06 0.02 0.74
C13:0 0.39 0.36 0.31 0.03 <0.01 <0.01 0.57
C14:0 21.2 21.5 21.3 0.51 0.91 0.96 0.68
Cl4:1 1.65 1.66 1.81 0.08 0.13 0.07 0.34
C15:0 2.40 2.36 2.22 0.18 0.23 0.10 0.62
C15:1 0.28 0.26 0.33 0.03 0.05 0.11 0.05
C16:0 375 36.9 35.0 1.18 0.06 0.02 0.42
Cl6:1 1.30 1.32 1.38 0.13 0.86 0.61 0.90
C17:.0 0.73 0.73 0.79 0.05 0.39 0.24 0.48
Cl7:1 0.14 0.14 0.17 0.03 0.37 0.21 0.56
C18:0 6.51 6.56 7.08 0.45 0.54 0.33 0.63
C18:1 n9t 3.29 2.27 3.73 0.36 0.36 0.23 0.44
C18:1 n9c 9.08 9.79 10.66  0.92 0.38 0.18 0.93
C18:2 nét 0.63 0.65 0.73 0.05 0.19 0.08 0.55
C18:2 n6e 0.75 0.86 0.94 0.09 0.30 0.13 0.94
C18:3n6 0.03 0.04 0.03 0.00 0.54 0.86 0.28
C18:3n3 0.04 0.05 0.06 0.01 0.41 0.19 0.96
C18:2c9111-CLA 0.00 0.14 0.09 0.07 0.42 0.38 0.33
C18:2t10 c12-CLA 0.01 0.01 0.01 0.01 0.99 0.94 0.99
C20:0 0.10 0.11 0.12 0.00 0.12 0.04 0.86
C20:1 0.02 0.02 0.03 0.01 0.55 0.28 0.96
C20:2 0.05 0.05 0.06 0.01 0.60 0.37 0.66

C21:0 0.16 0.20 0.31 0.04 0.08 0.03 0.46
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19/100g of total lipids

2UREA: control group (without nitrate); CAN15: 15 g of calcium nitrate per kg of DM; CAN30: 30 g of calcium

nitrate per kg of DM.

*Treat = effect of treatment (UREA vs. CAN15 vs. CAN30); Linear = linear effect of calcium nitrate; Quadratic =

quadratic effect of calcium nitrate.

Table 6. Effect of calcium nitrate fed to dairy cows on milk fatty acids grouped

Treatment® P-valuel!
Item? M0 _ _
UREA CAN15 CAN30 Treat Linear Quadratic
Total CLA? 0.02 0.15 0.10 0.08 0.51 0.45 0.39
SCFA3 1.41 1.37 1.49 0.12 0.75 0.63 0.57
MCFA* 71.1 70.1 67.8 1.43 0.08 0.03 0.55
LCFA> 22.8 24.0 26.2 1.57 0.13 0.06 0.69
MUFAS 15.8 16.5 18.1 1.25 0.19 0.08 0.66
PUFA’ 1.46 1.79 1.86 0.19 0.28 0.14 0.57
SFAS 76.2 75.2 72.9 1.50 0.12 0.05 0.64
n-3 0.04 0.05 0.06 0.01 0.41 0.19 0.96
n-6 1.42 1.74 1.80 0.18 0.28 0.14 0.55
n-6/n-3 28.2 29.5 27.7 1.75 0.72 0.83 0.45

19/100g of total lipids

2Total CLA - Conjugated linoleic acid,;

3SCFA - Short chain fatty acids;
4MCFA - Medium chain fatty acids;
SLCFA - Long chain fatty acids;

SMUFA - Monounsaturated fatty acids;

"PUFA - Polyunsaturated fatty acids;
8SFA - Saturated fatty acids

SUREA: control group (without nitrate); CAN15: 15 g of calcium nitrate per kg of DM; CAN30: 30 g of calcium

nitrate per kg of DM.
10Standard error of the mean.

UTreat = effect of treatment (UREA vs. CAN15 vs. CAN30); Linear = linear effect of calcium nitrate; Quadratic

= quadratic effect of calcium nitrate.
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Table 7. Effect of calcium nitrate fed to dairy cows on antioxidant capacity

Treatment? P-value®
Item SEM® _ _
UREA CAN15 CAN30 Treat Linear Quadratic
RP! 12.66 13.66 12.31 1.91 0.86 0.89 0.61
CD? 47.56 52.66 63.39 6.56 0.06 0.02 0.59
TBARS? 6.42 6.04 7.03 1.23 0.68 0.60 0.49

'Reducing power, mg of gallic acid equivalent/L

2Conjugated dienes, mmol/kg of fat

STBARS - Thiobarbituric acid reactive substances, mmol of malondialdehyde/kg of fat

4UREA: control group (without nitrate); CAN15: 15 g of calcium nitrate per kg of DM; CAN30: 30 g of
calcium nitrate per kg of DM.

SStandart error of the mean.

Treat = effect of treatment (UREA vs. CAN15 vs. CAN30); Linear = linear effect of calcium nitrate; Quadratic
= quadratic effect of calcium nitrate
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Figure 2. Effect of calcium nitrate fed to dairy cows on plasma urea nitrogen (PUN) before
(0 h) and after (4 h) feeding. P-values: Treat = 0.64; Time <0.01; Treat x time = 0.28 Linear
=0.37; Quadratic = 0.91; SEM = 1.43
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Figure 3. Effect of calcium nitrate fed to dairy cows on methemoglobin (% of total
hemoglobin) before (0 h) and after (4 h) feeding. P-values: Treat <0.01.; Time <0.01; Treat
X time = 0.17 Linear <0.01; Quadratic = 0.05; SEM = 0.25
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Table 8. Effect of calcium nitrate fed to dairy cows on allantoin, uric acid excretion, and microbial

protein synthesis

Treatment® P-value®

Item SEM? _ _

UREA CAN15 CAN30 Treat Linear Quadratic
Allantoin, mmol/d 343.25 35412 345.19 25.1 0.78 0.90 0.50
Uric Acid, mmol/d 50.89 55.83 67.25 8.56 0.14 0.06 0.63
Allant:Creat 3.03 2.97 2.96 0.38 0.94 0.76 0.90
Uric Acid:Creat 0.43 0.43 0.57 0.07 0.18 0.11 0.33
Allant+Uric Acid:Creat 3.46 3.40 3.54 0.42 0.84 0.74 0.64
Microbial Protein, g/d 1996.30 2079.10 2093.37 275 0.63 0.39 0.72
L UREA: control group (without nitrate); CAN15: 15 g of calcium nitrate per kg of DM; CAN30: 30 g of calcium nitrate
per kg of DM.

2Standart error of the mean.
3Treat = effect of treatment (UREA vs. CAN15 vs. CAN30); Linear = linear effect of calcium nitrate; Quadratic =
quadratic effect of calcium nitrate.
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Table 9. Effect of calcium nitrate fed to dairy cows on pH, volatile fatty acids, and NH3z-N concentration

Treatment? Time® P-value®

Item?! SEM*

UREA CAN15 CAN30 2h 8h Treat Time Int  Lin Quad
pH 6.80 6.75 6.78 6.74 6.81 012 092 035 09 088 0.71
NHz-N, mM 13.30 10.86 10.43 1222 1084 244 048 025 061 0.27 0.64
Total VFA,mM 73.00 7251 71.69 72.88 71.92 725 098 083 020 0.85 0.97
Acetate 590.20 60.66 62.98 62.15 59.74 133 <0.01 <0.01 0.10 <0.01 0.54
Propionate 23.61 23.88 21.67 22.10 24.01 1.74 029 001 037 020 0.34
Isobutyrate 0.83 0.75 0.77 0.88 0.69 0.05 0.07 <0.01 0.17 0.08 0.10
Butyrate 1275 11.37 11.79 1161 1233 0.82 028 0.18 068 0.27 024
Isovalerate 1.81 1.61 1.33 1.61 1.56 0.19 0.04 057 037 001 o081
Valerate 1.77 1.71 1.44 1.63 1.64 0.16 0.03 084 0.70 0.01 0.33
C2Cs 2.59 2.65 2.95 2.86 2.59 0.21 0.13 <0.01 0.16 0.07 042

!Molar proportion (%) (unless otherwise stated).

2UREA: control group (without nitrate); CAN15: 15 g of calcium nitrate per kg of DM; CAN30: 30 g of calcium nitrate per kg of
DM.

bStandart error of the mean.

4Treat = effect of treatment (UREA vs. CAN15 vs. CAN30); Interaction: treatment x time. Linear = linear effect of calcium nitrate;
Quadratic = quadratic effect of calcium nitrate.
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CONSIDERACOES FINAIS

O nitrato de célcio e as fontes adicionais de NOz™ (nitrato de amonio, nitrato de amonio
+ calcério dolomitico e nitrato de potassio) foram eficazes em reduzir a producdo in vitro de
metano. Ademais, o uso de silagem de grdo umido como fonte de amido rapidamente
degradavel no rimen também reduziu a emissdo in vitro de metano, embora tais estratégias
alimentares ndo interagiram entre si.

A suplementacéo de nitrato de calcio para cabras em lactacdo pode ser realizada em até
20 g/kg de MS, o que corresponde a 15.3 g de NOs", sem afetar a digestibilidade dos
nutrientes e os parametros de qualidade do leite.

O fornecimento de nitrato de calcio na dose de 30 g/kg de MS (23 g de NOs" com base
na MS) para vacas em lactacdo reduziu o consumo e os componentes do leite. Portanto,
recomenda-se a suplementacdo deste aditivo em até 15 g/kg de MS na dieta de vacas em

lactacdo sem alterar a digestibilidade dos nutrientes e a qualidade do leite.



