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Partição de energia e utilização de nitrogênio por caprinos em crescimento 

alimentados com nitrato de cálcio encapsulado 

RESUMO 

O nitrato de cálcio encapsulado (NCE) tem sido estudado nos últimos anos como 

uma fonte de nitrogênio não proteico (NNP) e representa uma alternativa ao uso do 

hidrogênio livre no ambiente ruminal, reduzindo assim a emissão de metano e 

possibilitando uma maior eficiência no uso da energia. Assim, o objetivo do presente 

estudo foi avaliar o uso do nitrato de cálcio encapsulado como substituto do farelo de 

soja na partição de energia, oxidação do substrato e síntese de N microbiano. Para 

isso, doze caprinos machos castrados em crescimento, com peso inicial de 21,95 kg 

± 3,19 kg foram usados em um quadrado latino 3 x 3 quadruplicado com três 

períodos de 48 dias, agrupados pelo peso corporal e distribuídos aleatoriamente em 

um dos três tratamentos ECN0(SBM) – controle baseado em farelo de soja; 

ECN1.25 – 1,25% de NCE na matéria seca; ECN2.5 – 2,5% de NCE na matéria 

seca. Cada período consistia de 21 dias de adaptação, 5 dias de ensaio de 

metabolismo e 15 dias de mensuração de gases. Entre os períodos foi feito um 

washout de 7 dias onde todos os animais recebiam a dieta controle. Os dados foram 

analizados usando o procedimento MIXED do SAS (versão 9.4; SAS Inst., Cary, NC, 

USA). O modelo usado foi Yjkm: µ + LSi + Periodj + Ani(LS)ki + Treatm + єijkm. Quando 

significante, o efeito de níveis de NCE foi decomposto em dois contrastes 

polinomiais ortogonais (linear e quadrático). A significância declarada foi de P < 0,05. 

As variáveis de produção de calor (PC) e produção de calor em jejum (PCJ) foram 

covariadas com a ingestão de energia metabolizável. A PC não foi influenciada pelos 

tratamentos (P > 0,05) e a PCJ mostrou uma redução de aproximadamente 22% (P 

< 0,05) entre o tratamento ECN0(SBM) e ECN2.5. A emissão de metano reduziu 

0,21g pra cada grama de nitrato ingerido. A inclusão de aproximadamente 1% de 

NCE na material seca resultou em um máximo consumo de energia digestível e 

metabolizável. Além disso, a PCJ foi menor com a inclusão de NCE mostrando um 

efeito residual em caprinos em crescimento. Não foi observado efeito significativo na 

síntese de N microbiano.  
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PALAVRAS-CHAVE: calorimetria indireta, digestibilidade, gases de efeito estufa, 

respirometria 

Energy partition and nitrogen utilization by growing goats fed encapsulated 
calcium nitrate 

ABSTRACT:  

Encapsulated calcium nitrate (ECN) has been studied in last years as a source of 

non-protein nitrogen (NPN) and represents an alternative to use of free hydrogen in 

the ruminal environment, thus reducing the emission of methane and a higher 

efficiency in use of energy. Thus the aim of this study was to assess the impact of the 

use of encapsulated calcium nitrate as a substitute for soybean meal in the energy 

partition, substrate oxidation, and microbial N synthesis. For this, twelve castrated 

male growing goats, with initial average weight of 21.95 kg ± 3.19 kg were used in a 

quadruplicated 3 x 3 Latin square design with three 48-d periods, grouped by body 

weight (BW) and randomly assigned to three diets: ECN0(SBM) – control based on 

soybean meal; ECN1.25 - 1.25% of encapsulated calcium nitrate (ECN) on dry 

matter (DM) basis; ECN2.5 - 2.5% of ECN on DM basis. Each period comprised 21 

days for adaptation, five days for metabolism trial (d22 to d26) and 15 days for gas 

measurements (d27 to d38). Between periods, a washout period was provided for 7 d 

during which the control diet was fed. The data were analyzed using MIXED 

procedure of SAS (version 9.4; SAS Inst., Cary, NC, USA). The model used for each 

treatment was the following: Yjkm: µ + LSi + Periodj + Ani(LS)ki + Treatm + єijkm. When 

significant, the effect of levels of ECN was decomposed into two orthogonal 

polynomial contrasts (linear and quadratic). Significance was declared at P < 0.05. 

The heat production (HP) and fast heat production (FHP) were covariated with the 

metabolizable energy intake. The HP was not influenced by treatments (P > 0.05) 

and FHP showed a reduction of approximately 22% (P < 0.05) between ECN0(SBM) 

and ECN2.5. The emission of methane reduced 0.21 g for each g of nitrate intake. 

The inclusion of approximately 1% of ECN on DM results in a maximum DE and ME 

intake. Also the FHP is lower with ECN inclusion showing a residual effect on 

growing goats. No effect is observed in MicN synthesis.  

KEYWORDS: digestibility, greenhouse gas, indirect calorimetry, respirometry 
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Capítulo 1. Considerações Gerais 

1. Introdução 

 

Dados do senso agropecuário (IBGE, 2015) mostram que a quantidade de 

cabeças de animais ruminantes é superior a 249 milhões de cabeças. Com base 

nesse elevado número e considerando o aumento constante da produtividade 

pecuária, esta vem sendo apontada como uma das principais causas do efeito 

estufa (GEE). A emissão global de metano advinda de processos entéricos é 

estimada em 80 milhões de toneladas por ano e esse valor corresponde a 

aproximadamente 22% do total de emissão de CH4 provenientes de fontes 

antrópicas como esterco (7%), culturas de arroz (17%), tratamento de águas de 

esgoto (7%), combustível fóssil (28%), terras cultivadas (8%) e queimadas (11%) 

(USEPA, 2000). Sabendo que animais ruminantes produzem gases durante o 

processo de fermentação ruminal, entre eles o metano (ZOTTI E PAULINO, 2009) 

que está entre os gases responsáveis pelo efeito estufa, estratégias que reduzam a 

emissão desse gás, que representa uma menor eficiência energética e um problema 

para o meio ambiente, vem sendo cada vez mais buscadas (MARTIN et al.,2010). 

Apesar de apresentar pontos negativos, a existência do metano no ambiente 

ruminal é um fator necessário para a manutenção do ambiente e do bom 

funcionamento dos microrganismos, uma vez que ao utilizarem o H2 presentes no 

ambiente ruminal, os organismos metanogênicos regeneram cofatores como NAD+ e 

NADP+ que são fundamentais para a manutenção de todos os processos 

fermentativos no rúmen, ou seja, a pressão parcial de H2 no rúmen deve ser mantida 

baixa para permitir a ação das hidrogenases. Assim, ao buscarem-se estratégias 

que reduzam a emissão desse gás, deve-se atentar para uma modificação na 

utilização do hidrogênio presente no ambiente ruminal (JOBLIN, 1999).  

O nitrato vem recebendo atenção especial nos últimos anos por representar uma 

alternativa na utilização do H2 que está livre no ambiente ruminal, reduzindo assim a 

produção de metano e funcionando também como uma fonte de nitrogênio não 
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proteico, podendo substituir parte da energia verdadeira da dieta. Ao chegar no 

ambiente ruminal, o nitrato será reduzido a nitrito e posteriormente à amônia, reação 

mais favorável energeticamente que a redução do CO2 a metano e que capta H2 do 

ambiente (ALLISON AND REDDY, 1984). No entanto, ainda não se sabe ao certo 

como o produto interfere na utilização de energia pelos animais e nem sua relação 

com a produção de proteína microbiana, já que o produto final da redução do nitrato 

é amônia e esta está diretamente relacionada à produção de proteína microbiana. 

2. Objetivo 

Determinar o impacto da utilização de nitrato de cálcio encapsulado como 

substituto do farelo de soja na partição de energia, oxidação do substrato e síntese 

de N microbiano. 

3. Revisão de Literatura 

3.1 Utilização de nitrato na alimentação animal  

A concentração de gases do efeito estufa (GEE) na atmosfera tem sido 

apontada como a principal causa do aquecimento global e poluição ambiental. O 

Brasil possui um amplo rebanho comercial de animais ruminantes, alimentados com 

forragens tropicais e esse fato tem sido apontado como importante fonte de emissão 

de metano (ZOTTI E PAULINO, 2009) já que esses animais produzem o gás durante 

o processo de utilização de energia do alimento. Devido à oscilação na 

disponibilidade e qualidade da forragem disponível, buscam-se cada vez mais 

estratégias nutricionais que possam maximizar a eficiência de utilização dos 

nutrientes no ambiente ruminal. O processo fermentativo que ocorre no rúmen é 

resultante da atividade física e microbiológica que age convertendo os componentes 

dietéticos a ácidos graxos de cadeia curta, proteína microbiana e vitaminas do 

complexo B e vitamina K, metano, dióxido de carbono, amônia, nitrato, etc. (OWENS 

AND GOETSCH, 1993). Os microrganismos do gênero Archeae, destacando-se no 

rúmen as metanogênicas, utilizam o processo de formação, preferencialmente, de 

CH4 para gerar energia para o crescimento, utilizando primariamente H2, CO2 e 

formato como substrato durante o processo, mantendo assim a baixa pressão de H2 
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no rúmen, uma das condições que garantem o adequado funcionamento do 

ambiente ruminal (BOADI et al., 2004). Apesar de ser um fator importante na 

manutenção do ambiente ruminal, o metano pode intensificar o efeito estufa na 

atmosfera, considerando que sua capacidade de armazenar calor é 20 vezes 

superior ao CO2
 (Kurihara et al., 1999), além de representar uma redução na 

eficiência de utilização de energia (RUSSEL, 2002). Assim, espera-se que a 

utilização de vias alternativas de H2 possa constituir uma estratégia para reduzir a 

produção de metano, consequentemente, aumentando a eficiência energética 

desses animais.  

Algumas estratégias podem ser utilizadas na mitigação de metano entérico, 

desde que não prejudiquem o desempenho dos animais e objetive inibir as reações 

que produzam H2 no ambiente ruminal, capturar o H2 livre por outras vias 

metabólicas ou eliminar parte dos microrganismos metanogênicos. Considera-se a 

manipulação do H2 no ambiente ruminal um ponto chave para a redução na 

produção de metano (JOBLIN, 1999). Dentre as formas de alterar a via de utilização 

do H2 livre no ambiente ruminal, podemos citar estratégias como inclusão de lipídios 

(MARTIN et al., 2008), leveduras (DEHORITY, 2003), ácidos orgânicos (O’MARA, 

2004), ionóforos (MORAIS et al., 2006) e nitratos (VAN ZIJDERVELD et al., 2010). 

 Neste sentido, a suplementação com nitrato, como uma forma de reduzir a 

emissão de metano entérico, tem recebido recente atenção já que o nitrato é 

considerado um inibidor da metanogênese a partir da fermentação ruminal 

(HUNGATE, 1965; AKUNNA et al., 1994; LEE AND BEAUCHEMIN, 2014). A 

redução do nitrato a amônia é composta por duas reações distintas. Primeiro, o 

nitrato é reduzido a nitrito (equação 1) e posteriormente este é reduzido à amônia 

(equação 2). Em ambas reações ocorre utilização de H2 ruminal como demonstrado 

abaixo (KOZLOSKI, 2011): 

Equação 1: NO3
- + H2 → H2O + NO2

- 

Equação 2: NO2
- + 3H2 + 2H+ → 2H2O + NH4 

A amônia produzida ao final da reação estaria disponível e seria uma 

importante fonte de N em dietas pobres em proteína, podendo assim o nitrato atuar 
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também como fonte de nitrogênio não proteico (NNP). Quando utilizado abaixo do 

nível tóxico (por exemplo, não causando metahemoglobinemia) o nitrato tem um 

comportamento semelhante ao da ureia com relação à digestibilidade aparente de N 

e retenção de N (LI et al., 2012; LEE et al., 2015b). Um estudo relatou que o nitrato 

aumentou a síntese de N microbiano in vitro (GUO et al., 2009) enquanto outro 

encontrou um suprimento similar de N microbiano in vivo (LI et al., 2012), 

necessitando assim de mais estudos. 

Estudos anteriores com bovinos e ovinos tem claramente mostrado que a 

adição de nitrato nas dietas de ruminantes reduz efetivamente a produção de 

metano (VAN ZIJDERVELD et al., 2010; HULSHOF et al., 2012; EL-ZAIAT et al., 

2014; NEWBOLD et al., 2014; LEE et al., 2015). Apesar disso, o uso do nitrato de 

forma indevida pode levar à intoxicação dos animais, de forma que investigações 

das consequências metabólicas do uso de nitrato em ruminantes são essenciais 

para estabelecer parâmetros para o uso seguro do produto, assim como para 

determinar o impacto na produtividade e na redução de metano. 

 O efeito tóxico do nitrato é devido à limitada capacidade dos microrganismos 

ruminais em converter nitrato à amônia via nitrito como intermediário, resultando em 

acúmulo de nitrato e nitrito no rúmen, os quais são absorvidos através da parede 

ruminal. Uma porção do nitrato no sangue será reciclado de volta ao intestino, 

excretado na urina ou pode ser incorporado no metabolismo do óxido nítrico. No 

entanto, o nitrito no sangue se liga às células vermelhas e muda a forma ferrosa da 

hemoglobina para a forma férrica, chamada de metemoglobina (LEE AND 

BEAUCHEMIN, 2014), impedindo a hemoglobina de carrear oxigênio e causando 

vários sinais clínicos. Felizmente, estudos anteriores demonstraram que a 

intoxicação por nitrato ou altos níveis de metemoglobina no sangue podem ser 

evitados por alguns fatores como adaptação estratégica (ZHOU et al., 2012), manejo 

alimentar (ad libitum no lugar de alimentação restrita) (LEE AND BEAUCHEMIN, 

2014; LEE et al., 2015a) e dosagem adequada na dieta (LEE et al., 2015b). 
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3.2 Métodos de estimativa de produção de metano em ruminantes 

Considerando o impacto ambiental causado pela produção de metano por 

animais ruminantes e a perda energética que esse gás representa, várias técnicas 

vêm sendo desenvolvidas nos últimos anos objetivando estimar e quantificar a 

produção de metano. Todas as técnicas apresentam vantagens e desvantagens, 

podendo ser realizadas em mais ou menos animais, de forma mais cara ou mais 

barata, em animais a pasto ou confinados. O método utilizado afetará diretamente os 

resultados e a forma de analisar os mesmos. 

Dentre esses métodos, podemos citar: 

a) Mensuração de metano em câmaras respirométricas: vem sendo utilizadas de 

várias formas diferentes ao longo dos anos como forma de avaliar o 

metabolismo dos animais e, considerando que a produção de gás metano é 

uma parte importante do metabolismo energético de ruminantes, este vem 

sendo avaliado a partir deste método. O princípio deste método consiste em 

coletar todo o ar exalado pelos animais e mensurar a concentração de gás 

metano neste (STORM et al., 2012). Os sistemas de calorimetria, onde a 

composição do ar exalado é analisada, pode ser um sistema aberto ou 

fechado. Vários tipos de câmaras têm sido construídas com o passar do 

tempo, inclusive câmaras com controle de temperatura e umidade (DERNO et 

al., 2009). 

b) Mensuração de metano por meio do gás traçador SF6: um método 

relativamente novo, descrito pela primeira vez na década de 90 e criado 

devido à necessidade da mensuração de metano com animais a pasto 

(ZIMMERMAN, 1993; JOHNSON et al., 1994). A ideia por trás do método é 

que a emissão de metano pode ser mensurada se a taxa de emissão do gás 

traçador no rúmen for conhecida (STORM et al., 2012). 

c) Mensuração de metano por meio da produção de gás in vitro: a técnica da 

produção de gases in vitro simula o ambiente ruminal e vem sendo utilizada 

por décadas pois permite a obtenção de digestibilidade dos alimentos de uma 

forma mais rápida, com menor quantidade de alimentos e com a possibilidade 

da avaliação de vários alimentos simultaneamente, além da possibilidade de 
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conhecer os produtos oriundos da degradação dos alimentos e de sua alta 

correlação com os parâmetros in vivo (OLIVEIRA, et al., 2014). Com o 

interesse crescente na produção de gases na agricultura, a técnica foi 

modificada para mensurar também a produção de metano (NAVARRO-VILLA 

et al., 2011). 

d) Mensuração de metano por meio da técnica do CO2: técnica semelhante a do 

gás SF6, mas usa o CO2 como gás traçador (MADSEN et al., 2010). 

e) Alimentador e analizador de CH4: uma nova técnica combina alimentadores 

automáticos com analisadores de CH4, mas possui a desvantagem de só 

fazer a medição quando o animal está com a cabeça dentro do alimentador, 

ingerindo alimento (STORM et al., 2012). 

f) Modelos de predição de emissão de metano: em alguns casos onde a 

mensuração não é possível de ser realizada, modelos são aplicados para 

estimar a produção desse gás. Dentro eles, tem-se o IPCC (2006), Yan et al. 

(2006), Jentsch (2007) entre outros. Os parâmetros para a estimativa mudam 

de acordo com o modelo, alguns utilizam a relação V:C na dieta enquanto 

outros utilizam a quantidade dos nutrientes digeridos.  

3.3 Calorimetria indireta e produção de calor 

A calorimetria foi primeiramente utilizada no século XVIII quando Lavoisier e 

Crawford, de forma independente, fizeram seus experimentos pioneiros com 

respiração e perda de calor. Primeiramente Lavoisier mediu a perda de calor dos 

animais isolados do ambiente. Posteriormente, mediu o consumo de oxigênio e após 

isso classificou os componentes dos alimentos – carboidratos, gordura e proteína – 

como combustível para o corpo (FRENZ, 1999). Nesse aspecto Lavoisier merece 

uma atenção especial, pois foi o primeiro a definir a respiração como um lento 

processo de combustão e constatou a importância do gás oxigênio. Os estudos de 

Lavoisier possibilitaram a criação da calorimetria indireta e direta (KLEIBER, 1972). 

As leis da termodinâmica e a lei de Hess são aspectos fundamentais para o estudo 

da transformação da energia em sistemas biológicos, pois afirma que a energia não 

é criada e nem destruída, apenas transformada e que todas as formas de energia 
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podem ser convertidas quantitativamente em calor e esse calor gerado será 

independendo dos caminhos de conversão (RESENDE et al, 2011). 

 A técnica da calorimetria indireta (CI) é baseada no fato de que, 

normalmente, o consumo de O2 e a produção de CO2 são diretamente relacionados 

com a produção de calor que pode ser mensurada pela relação entre CO2 produzido 

e O2 consumido. A energia contida nas ligações químicas dos carboidratos, lipídios e 

proteínas é liberada através da oxidação desses substratos, processo que consome 

oxigênio e produz água, gás carbônico, energia química armazenada nas ligações 

fosfato da adenosina trifosfato (ATP) e calor que é dissipado para o meio ambiente 

(DIENNER, 1997). Essa relação resulta no quociente respiratório (QR), relação entre 

CO2 produzido e O2 consumido, e cujo valor varia de acordo com a natureza do 

substrato oxidado. A calorimetria é utilizada ainda nos dias atuais, em maior parte da 

calorimetria indireta do que a direta. A CI teve papel fundamental no último século 

nos estudos de metabolismo dos seres vivos pois foi utilizada amplamente na área 

clínica até a década de 50 objetivando avaliar a glândula tireóide e seu estado 

funcional através da determinação do metabolismo basal (DIENNER, 1997). 

Diferente da calorimetria direta que mensura a perda de calor baseando-se na perda 

de calor desprendido pelo próprio animal, a calorimetria indireta avalia o gasto 

energético a partir das trocas gasosas e excreção de nitrogênio, resultante da 

oxidação dos três principais substratos (gordura, proteína e carboidrato) que 

compõem os alimentos, considerando sua a composição química e a estequiometria 

de combustão, (FRENZ, 1999). Dessa forma, pode-se definir a calorimetria indireta 

como a dedução da produção de energia feita a partir das reações químicas que 

ocorrem no organismo (LAGE, 2011). Essa produção de energia é equivalente à 

conversão de energia química que está armazenada nos nutrientes em energia 

química armazenada no ATP mais a energia que é dissipada como calor durante o 

processo oxidativo (SIMONSON E DEFRONZO, 1990). 

A CI baseia-se em alguns pressupostos (BEM-PORATI et al., 1983; LIVESY 

et al., 1988; SWYER, 1991): 

a) As perdas de gases através da pele são mínimas e desconsideradas e O2 e 

CO2 não são armazenados no organismo. 
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b) O aporte de energia consiste somente de carboidratos, proteínas e gorduras, 

sendo estes com uma composição química definida. 

c) O organismo está em constante equilíbrio e a duração dos estudos é 

suficiente para corrigir possíveis flutuações dos gases. 

3.4 Partição de energia e oxidação do substrato 

As leis da termodinâmica e de Hess são indispensáveis para o estudo da 

energia e de sua utilização nos sistemas biológicos e esse interesse já é relatado 

desde o século XV com Leonardo da Vinci (1452 – 1519), Joseph Priestley (1733 – 

1804) e Antonie Lavoisier (1743 – 1794). Afirmações de que a energia não é criada 

nem destruída apenas transformada e que todas as formas de energia podem ser 

transformadas em calor e que o calor gerado é independente dos caminhos de 

conversão, nos ajudam a compreender a importância do estudo da mesma nos 

sistemas biológicos. A energia não é considerada um nutriente como os demais 

componentes do alimento, ela é liberada através do processo oxidativo que ocorre 

nos mesmos. A energia química que está presente nos alimentos é denominada 

energia bruta (EB) e é obtida através da oxidação completa do substrato a CO2 e 

H2O. Apesar da quantidade de EB estar relacionada com a composição química do 

alimento, esta guarda pouca relação com a real quantidade de energia que está 

disponível de fato para o animal devido às perdas variáveis que ocorrem durante o 

processo de utilização do alimento. A primeira perda na energia corresponde à 

fração que é eliminada nas fezes, valor variável de acordo com a digestibilidade dos 

alimentos. Quando contabilizada a energia bruta das fezes e subtraída da energia 

bruta ingerida no alimento, tem-se então a energia digestível (ED). A segunda perda 

de energia ocorre na urina e gases. No caso de animais ruminantes, a perda por 

gases recebe uma maior atenção devido ao processo de fermentação do substrato 

no ambiente ruminal. Quando descontada a energia perdida na urina e nos gases, 

temos a energia metabolizável (EM). A última parte da perda de energia é o 

incremento calórico que representa a perda de energia na forma de calor durante o 

processo de metabolização dos nutrientes. Após esse processo, temos a energia 

líquida (EL) que representa a energia utilizada pelos animais para a formação do 

produto. O quadro de partição de energia é detalhado abaixo. 
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Figura 1: Partição de energia. Adaptado de Chwalibog (2004) 

Do ponto de vista energético, a redução na produção de metano decorrente 

da utilização do nitrato pode resultar em um aumento na metabolizabilidade (EB/EM) 

da dieta e, consequentemente, mais energia ficará disponível para o animal. 

Recentemente, Lee and Beauchemin (2014) apresentaram uma análise de 

regressão e não reportaram interação entre o nível de nitrato e o consumo de 

matéria seca e ganho de peso corporal, indicando que os benefícios fisiológicos da 

redução da produção de metano em ruminantes podem não ser diretamente 

relacionados à produção animal. Uma possível explicação para isso, discutida pelos 

autores, foi o aumento da produção de hidrogênio em bovinos alimentados com 

dietas à base de nitrato comparadas com dietas à base de ureia reportadas no 

estudo de van Zijderveld et al. (2011), dado que a produção de hidrogênio entérico é 

outra fonte de perda de energia, o qual não é considerado na equação de Brouwer 

(equação amplamente aceita e utilizada para estimar a produção de calor em 

estudos de calorimetria indireta). Apesar da calorimetria indireta (CI) ser reconhecida 

como método referência para outros métodos para mensurar a produção de calor, 

essa técnica também pode ser verificada pela comparação com o balanço de 

energia e proteína, chamada técnica do balanço carbono-nitrogênio (CN) 

(FERNANDEZ et al., 2012; LOPEZ E FERNANDEZ, 2013). Quando se executa o 
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balanço de CN, o balanço de N é mensurado pela metodologia convencional e o 

balanço de C requer mensurações quantitativas pela metodologia convencional de 

todas as entradas de C (alimento) e perdas (urina, fezes, CH4 e CO2), usando 

equipamentos similares aos da calorimetria indireta. O balanço de energia e proteína 

pode ser estimado, e a produção de calor é o resultado da diferença entre a ingestão 

de energia metabolizável e a energia retida, de modo que os pressupostos 

subjacentes à equação de Brouwer (1965) ou equivalentes são evitados (GERRITS 

et al., 2013). A vantagem óbvia da CI (ou método do coeficiente respiratório) em 

relação ao CN é que o método de CI fornece uma boa direção para estimar a 

oxidação líquida do substrato.  

3.5 Produção de proteína microbiana 

O total de proteína metabolizável (PM) que chega ao intestino de ruminantes 

é representado pelos aminoácidos provenientes da digestão intestinal de proteína 

microbiana (Pmic) metabolizável no rúmen, proteína não degradável no rúmen de 

origem alimentar (PNDR) e proteína endógena (SANTOS E MENDONÇA, 2011). 

Sabendo que a Pmic é uma importante fonte de PM para ruminantes atendendo de 

60 a 85% das exigências de mantença, crescimento, gestação e lactação 

(TIMMERMANS JR. et al., 2000) tem-se buscado cada vez mais métodos para 

otimizar a fermentação ruminal e maximizar a eficiência de síntese de proteína 

microbiana. A produção de Pmic está diretamente correlacionada com o teor de 

carboidratos fermentáveis, proteína degradada no rúmen e minerais (NRC, 2001), já 

que a principal fonte de nitrogênio para os microrganismos ruminais são amônia, 

aminoácidos e peptídeos. Dependendo da concentração de amônia ruminal, a 

fixação da amônia pode ocorrer com ou sem gasto de ATP, sendo que em elevada 

concentração de amônia ruminal, a enzima glutamato desidrogenase fixa amônia 

sem uso de ATP, ao passo que em baixa concentrações de amônia ruminal, a 

enzima glutamato sintetase utiliza 1 mol de ATP para cada mol de amônia fixada 

(SANTOS E MENDONÇA, 2011). 

Diferentes métodos podem ser utilizados para estimativa da síntese de 

proteína microbiana. Broderick e Merchen (1992), utilizando a técnica de marcadores 

microbianos, recomendaram a utilização de bases de purinas e 15N como 
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indicadores, objetivando a medição de biomassa microbiana, no entanto o método 

possui o viés de que bactérias e protozoários possuem relação purinas:N diferentes 

além da necessidade da utilização de animais fistulados. Um método alternativo aos 

marcadores microbianos é a estimativa da produção de proteína microbiana a partir 

da excreção dos derivados de purina (DP) na urina que não precisaria de animais 

fistulados para sua estimativa, sendo, portanto uma técnica menos invasiva. Os DP 

podem se originar de duas formas distintas: purinas absorvidas no intestino delgado 

e fração endógena – DP que entram na circulação sanguínea e podem ser 

degradadas à ácidos nucléicos no tecido. 
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Chapter 2: Energy partition and nitrogen utilization by growing goats fed 

encapsulated calcium nitrate1 

ABSTRACT:  

Encapsulated calcium nitrate (ECN) has been studied in last years as a source of 

non-protein nitrogen (NPN) and represents an alternative to use of free hydrogen in 

the ruminal environment, thus reducing the emission of methane and a higher 

efficiency in use of energy. Thus the aim of this study was to assess the impact of the 

use of encapsulated calcium nitrate as a substitute for soybean meal in the energy 

partition, substrate oxidation, and microbial N synthesis. For this, twelve castrated 

male growing goats, with initial average weight of 21.95 kg ± 3.19 kg were used in a 

quadruplicated 3 x 3 Latin square design with three 48-d periods, grouped by body 

weight (BW) and randomly assigned to three diets: ECN0(SBM) – control based on 

soybean meal; ECN1.25 - 1.25% of encapsulated calcium nitrate (ECN) on dry 

matter (DM) basis; ECN2.5 - 2.5% of ECN on DM basis. Each period comprised 21 

days for adaptation, five days for metabolism trial (d22 to d26) and 15 days for gas 

measurements (d27 to d38). Between periods, a washout period was provided for 7 d 

during which the control diet was fed. The data were analyzed using MIXED 

procedure of SAS (version 9.4; SAS Inst., Cary, NC, USA). The model used for each 

treatment was the following: Yjkm: µ + LSi + Periodj + Ani(LS)ki + Treatm + єijkm. When 

significant, the effect of levels of ECN was decomposed into two orthogonal 

polynomial contrasts (linear and quadratic). Significance was declared at P < 0.05. 

The heat production (HP) and fast heat production (FHP) were covariated with the 

metabolizable energy intake. The HP was not influenced by treatments (P > 0.05) 

and FHP showed a reduction of approximately 22% (P < 0.05) between ECN0(SBM) 

and ECN2.5. The emission of methane reduced 0.21 g for each g of nitrate intake. 

The inclusion of approximately 1% of ECN on DM results in a maximum DE and ME 

intake. Also the FHP is lower with ECN inclusion showing a residual effect on 

growing goats. No effect is observed in MicN synthesis. 

KEYWORDS: digestibility, greenhouse gas, indirect calorimetry, respirometry 

                                            
1
 Following the guidelines of the Journal of Animal Feed Science and Technology except spaces 

between lines and position of tables.  
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Introduction 

Encapsulated calcium nitrate has been used experimentally in recent years 

due to its role on mitigating enteric methane, a greenhouse gas (GHG). Upon 

ingestion by the animals, nitrate will be reduced to nitrite and then to ammonia in the 

ruminal environment, thus functioning as a free H2 drain and inhibiting methanogens 

to use H2 to form methane (Lee and Beauchemin, 2014). In fact, previous studies 

with cattle and sheep have clearly shown that the addition of nitrate in ruminant diets 

effectively reduces the production of methane (van Zijderveld et al., 2010; Hulshof et 

al., 2012; El-Zaiat et al., 2014; Newbold et al., 2014; Lee et al., 2015b). Even though 

the use of nitrate has been extensively studied recently, some aspects of its energy 

and protein metabolism in ruminants remain unknown and might prevent the 

establishment of optimum strategies for using nitrate supplements safely and 

effectively.  

From energetic point of view, the decrease in methane production would result 

in an increased of diet metabolizability and, consequently, more energy available to 

the animal. However, the data are still unclear regarding energy use by animals fed 

with this product. On the other hand, recent studies observed that replacing urea with 

nitrate (NO3) improved the rate of clean wool growth (Li et al., 2013; de Raphelis-

Soissan et al., 2014), presumably because the vasodilator effect of nitrous oxide 

(NO) formed from reduction of absorbed nitrite (NO2) and its conversion to NO 

following absorption (Vanhatalo et al., 2011). Other studies assert the NO3-NO2-NO 

pathway involvement in regulation of blood flow and pressure (Larsen et al., 2006), 

cell signaling and glucose homeostasis (Carlstrom et al., 2010) and tissue responses 

to hypoxia (Gladwin et al., 2005; Lundberg et al., 2008; van Faassen et al., 2009). 

Additionally, dietary nitrate has been reported to reduce resting metabolic rate due to 

an improvement in mitochondrial efficiency in humans (Larsen et al., 2011).  

Therefore, we hypothesized that nitrate supplementation to ruminants could 

reduce basal metabolism and, consequently, spare energy to be used for weight gain 

or milk production. However, the residual effect of nitrate on basal metabolism of 

ruminants fed nitrate has not been studied yet. Hence, the aim of this study was to 
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assess the impact of the use of encapsulated calcium nitrate as a substitute for 

soybean meal in the energy partition, substrate oxidation, and microbial N synthesis. 

Material and methods 

This study was conducted at the Goat Laboratory of “Universidade Estadual 

Paulista/Jaboticabal” (UNESP, São Paulo, Brazil). All procedures were conducted in 

accordance with the University Animal Care Commission (Comissão de Ética e Bem-

Estar Animal-CEBEA, protocol 22774/15). 

Animals, diets and experimental design 

Twelve castrated male growing goats, with initial average weight of 21.95 kg ± 

3.2 kg were used in a quadruplicated 3 x 3 Latin square design with three 48-d 

periods. Each period comprised 21 days for adaptation, five days for metabolism trial 

(d22 to d26) and 15 days for gas measurements (d27 to d38). Between periods, a 

washout period was provided for 7 d during which the control diet was fed. Goats 

were grouped by BW (i. e., 3 goats per group or Latin square). Goats in each group 

within each period were randomly assigned to three diets: ECN0 (SBM) – control diet 

based on soybean meal; ECN1.25 - 1.25% of encapsulated calcium nitrate (ECN) on 

dry matter (DM) basis; ECN2.5 - 2.5% of ECN on DM basis (Table 1). The amounts 

of limestone were adjusted to maintain the same Ca content for all diets due to the 

high content of Ca (about 20% Ca on a DM basis) of ECN. 

Table 1. Feed ingredients and chemical composition of experimental diets 

  ECN
1
  

Item ECN0(SBM) ECN1.25 ECN2.5.5  

Ingredients (DM, %)     
Corn silage

2
 55 55 55  

Corn grain, ground 33 35.1 38  
Soybean meal 7.5 4.4 1  
Soybean oil 1.5 1.5 1.5  
Mineral supplement 2 2 2  
Limestone 1 0.7 0  
ECN 0 1.25 2.5  

Chemical composition      
(% of DM ± SD)     

DM, % of as-fed basis 60.44 ± 0.57 60.44 ± 0.57 60.49 ± 0.58  
OM 91.94 ± 0.12 91.93 ± 0.10 92.40 ± 0.09  
CP 10.53 ± 0.2 10.19 ± 0.16 9.78 ± 0.12  
NDF 33.02 ± 1.71 32.95 ±1.77 33.02 ± 1.85  
ADF 14.96 ± 0.64 14.85 ± 0.65 14.74 ± 0.64  
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NO3
-
 0.055±0.001 0.94±0.003 1.83±0.003  

GE, MJ/ kg DM 17.12 ± 0.07 16.83 ± 0.08 16.60 ± 0.09  
1
Encapsulated calcium nitrate was manufactured by GRASP Ind. & Com. LTDA and EW|Nutrition GmbH; 85.6% DM; 17.6% N, 
19.6% Ca, and 71.4% NO3 − on a DM basis. The source of nitrate was the double salt of calcium ammonium nitrate 
decahydrate [5Ca(NO3)2∙NH4NO3∙10H2O] (Lee et al., 2015);. 

2
 Chemical composition of corn silage: DM = 36.99 ± 1.03; CP = 

6.99 ± 0.46; FDN = 42.21 ± 1.5; FDA = 23.77 ± 1.20; N = 1.12 ± 0.07; C = 43.73 ± 0.6.  

 The goats were allocated in individual pens protected from rain and wind. The 

animals were fed ad libitum (105% consumption) twice daily (at 8 and 16h) with free 

access to water. The ECN was provided in a gradual manner to adapt the rumen 

microorganisms and prevent potential nitrate toxicity. The ECN inclusion was 0.625% 

on DM basis from d 1 to 4 of the adaptation period, 1.25% on DM basis from d 5 to 8 

and, then, 2.5% on DM basis from d 9 to the end of each period. On the 17th day of 

each period, 3 hours after the morning meal, arterial blood samples were collected to 

determine the methemoglobin (MetHb) and the state of oxygenation, ventilation and 

acid-basic conditions of the animal (Cobas b 123 Roche diagnostics Ltda, Rotkreuz, 

Switzerland). 

Metabolism assay 

  After a previous adaptation, the animals were placed in individual metabolic 

cages for metabolism assay from d 21 to 26. Offered feed, orts, and total fecal and 

urinary output were recorded daily, 10%-subsampled and stored at -20 ° C until later 

analysis. Total urine was collected into plastic containers containing 100 mL of 10% 

H2SO4. Acidified urine was checked for pH with a strip pH indicator, and total volume 

was measured once daily. Urine sample was taken after passing urine through a 

sieve to remove large particles.  

Samples of feed ingredients, orts and feces were dried at 55 °C for 72 h in a 

forced-air oven for DM determination and ground in a Wiley mill through a 1-mm 

screen. Dried and ground samples were analyzed for analytical DM by drying at 105 

°C for 24 hours (method 934.01; AOAC, 1990), ash (complete combustion in muffle 

at 600 °C for 24 h; AOAC, 1990; Method 942.05) , total N and C content by Dumas 

principle (CN628, Leco Instruments Inc., St. Joseph, MI, USA), ether extract (based 

on weight loss of dry sample upon extraction with petroleum ether in a Soxhlet 

apparatus for 6h; AOAC, 1990; method number 920.39), neutral detergent fiber 

(NDF; Van Soest et al, 1991) using an Ankom 200 fiber Analyzer (Ankom 

Technology, Fairport, NY), acid detergent fiber (ADF; Goering and Van Soest, 1970), 
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lignin (AOAC 1990; method number 973.18), nitrite and nitrate (AOAC 1990; method 

number 968.07), and gross energy (GE) using bomb calorimeter (Parr Instrument 

Co., Moline, IL) . Urine was analyzed for DM, N, C, energy, nitrate and nitrite (AOAC 

1990; method number 968.07) as previously described. Total CP content was 

calculated by multiplying N content by 6.25. 

 The microbial protein supply (MicP) was estimated based on excretion of 

purine derivatives in the urine. As previously mentioned, urine was acidified with 

sulfuric acid (H2SO4, 10%) to maintain pH less than 3, preventing losses of nitrogen, 

destruction of the bacterial purine derivatives and precipitation of uric acid. Allantoin 

and uric acid were quantified by a colorimetric method and xanthine and 

hypoxanthine via enzymatic method (Chen & Gomes, 1992). The total excretion of 

purine derivatives was calculated by summing the amounts of uric acid, allantoin, 

xanthine and hypoxanthine in the urine (mmol/d) and the amount of absorbed 

microbial purine (X mmol / day) was estimated from the excretory purine derivatives 

(Y, mmol / day) using the equation (Eq. 1) proposed by Chen & Gomes (1992) to 

sheep: 

Y = 0.84X + (0.15×BW0.7  exp-0.25X)                                                              (1) 

Where Y = the rumen synthesis of nitrogenous compounds (Y, C g/day) and was 

calculated as a function of the absorbed purines (X mmol/day), for the equation 

proposed by Chen & Gomes (1992) (Eq 2) 

Y = 70X/0.83×0.116×1000                                                                               (2) 

Where Y = 70 is the N content of purines (mg C/mmol), the relationship 0.116 N 

purine: N total in bacteria and 0.83 digestibility of the microbial purine. 

Open-circuit facemask respirometry 

The gas exchange was measured using an open-circuit facemask 

respirometry as described by Fernandes et al. (2016). The goats were conditioned to 

the use of the facial mask 90 days before the beginning of the experimental period. 

During this period of adaptation to facial mask the animals were subjected daily to the 

use of facial mask uninterruptedly and the respiratory rate was measured, by 
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counting the moviments of the flank for 60 s, without using the mask, during and after 

its use, to monitor the stress of the animal. 

Concomitantly to gas exchange measurements, the rectal and skin 

temperature were measured. To measure the rectal temperature (TR), a sensor 

(Model MLT1407, Ad Instruments Ltda, New South Wales, AU) was inserted into the 

rectum of the animal. To measure skin temperature, a sensor (Model MLT22/A, Ad 

Instruments Ltda, New South Wales, AU) was placed on left side rib of animal. The 

exhaled air temperature (Texpair) sensor of the (Model MLT415/AL, Ad Instruments 

Ltda, New South Wales, AU) was placed inside the mask near to the animal’s nose. 

Another sensor (Model MLT415/AL, Ad Instruments Ltda, New South Wales, AU) 

continuously measured ambient temperature (Tair). These sensors were connected 

directly to the thermistor pods (Model ML309, Ad Instruments Ltda, New South 

Wales, AU).  

All analytical devices (gas analyzer units, flowmeter, spirometer and thermistor 

pods) were connected to Data acquisition system (Model PowerLab 16/30, Ad 

Instruments Ltda, New South Wales, AU) which was connected to a computer. The 

software used to operate the system was Labchart® (Ad Instruments Ltda, New 

South Wales, AU). The data recording was set up at 1 observation per second. 

During 12 days within each period, the gas exchange were measured for 30 

minutes per animal within each 1-h window (7:00 to 8:00, 8:00 to 9:00, 9:00 to 10:00, 

10:00 to11:00, 11:00 to 12:00, 12:00 to 13:00, 13:00 to 14:00, 14:00 to 15:00, 15:00 

to 16:00; 16:00 to17:00; 17:00 to 18:00, 18:00 to 19:00). Each animal was assessed 

in a different time each day so that by the end of the period 12th day, there was a 

representative sample of 12 h of measurements for each goat. After the 12th day, the 

animals were subjected to a fasting (no feed) of approximately 60 hours and gas 

exchange was measured again to estimate the fast heat production. 

The O2 consumed (VO2) and CO2 (VCO2) and CH4 (VCH4) released in the 

respiratory system were estimated according to the equations below. where VO2 and 

VCO2 represent O2 and CO2 consumed (L/h) respectively; VE represent ventilation 

(L/h); O2EXP and O2ATM are the proportions of O2 breath and inspired, respectively; 
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CO2 EXP and CO2 ATM are the proportions of CO2 in exhaled air and inspired, 

respectively; CH4 EXP and CH4 ATM are the CH4 ratios breath and inspired, 

respectively. The respiratory exchange ratio or respiratory quotient (RQ) was 

calculated by the VCO2/VO2. Ventilation is the product of respiration rate (BPM, 

breaths/minute) and tidal volume (TV). Gas volumes were corrected to standard 

conditions of temperature, pressure and dry air (STPD). 

VO2 = VE×(O2 ATM – O2 EXP)                                                                         (3)  

VCO2 = VE×(CO2 EXP – CO2 ATM)                                                                 (4) 

VCH4 = VE×(CH4 EXP – CH4 ATM),                                                                 (5) 

Heat production was calculated according to Brouwer (1965). 

HP = 16.18×5.02×VO2 + VCO2 - 2.17×VCH4 - 5.99×NUR                                        (6) 

Where HP is the production of heat (KJ), VO2 is the oxygen consumed (L), 

VCO2 is carbon dioxide produced (L) VCH4 is the production of methane (L) and NUR 

is urinary nitrogen (g). 

The energy associated with protein oxidation (OXP), carbohydrate (OXCHO) 

and fat (OXF) was calculated by the method of Chwalibog et al. (1997) for ruminants. 

VCO2x = VCO2 - (CO2/CH4×VCH4)                                                                 (7) 

OXP = 6.25×NUR×18.42                                                                                 (8) 

OXCHO = (- 2. 968×VO2 + 4.174×VCO2x – 2.446×Nur)×17.58                       (9) 

OXF = (1.719×VO2 – 1.719×VCO2 – 1.963×Nur)×39.76                                (10) 

Where OXP, OXCHO, OXF are energy (kJ) associated with the oxidation of 

protein, carbohydrate and fat, respectively; O2 is the oxygen consumed (L), VCO2 is 

carbon dioxide produced (L) is VCO2x carbon dioxide produced by oxidation; VCH4 is 

the production of methane (L) and Nur is urinary nitrogen (g). 

 Thus, heat production from the oxidation (HPX, kJ) is: 

HPx = 16.18×O2 + 5.02×CO2x − 5.99×Nur.                                                          (11) 
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Statistical Analysis 

The data were analyzed in Latin square 3x3 quadruplicate using MIXED 

procedure of SAS (version 9.4; SAS Inst., Cary, NC, USA). The model used for each 

treatment was the following: Yjkm: µ + LSi + Periodj + Ani(LS)ki + Treatm + єijkm, where 

Y = the observation, LS = latin square as a random effect, Period as a random effect, 

Ani(LS) = random effect of animal in latin square, Treat = level of inclusion of ECN, 

LS × (Treat ) = interaction latin square and levels of ECN and є = the residual as a 

random effect. When significant, the effect of levels of ECN was decomposed into 

two orthogonal polynomial contrasts (linear and quadratic). Significance was declared 

at P<0.05 and the tendency between 0.05 and 0.1. The HP and FHP were covariated 

with the metabolizable energy intake. 

Results  

Despite the linear increase in MetHb levels (P<0.05, Table 2), the animals 

showed no symptoms of intoxication. The other blood parameters did not differ with 

nitrate inclusion (P>0.05). 

Table 2. Blood effects of encapsulated calcium nitrate  
  

  ECN
1 

  P-value 

Item  ECN0(SBM)
 

ECN1.25
 

ECN2.5
 

SEM Lin Quad 

MetHb, % 0.63 0.70 0.77 0.06 0.02 0.99 

pCO2, mmHg 46.8 47.0 46.8 1.6 0.90 0.80 

pO2, mmHg 35.8 36.9 34.9 1 0.42 0.10 

cHCO3
-
, mmol/L 27.23 27.42 27.13 0.72 0.82 0.54 

Ca2
+
, mmol/L 1.15 1.17 1.17 0.05 0.16 0.46 

pH 7.4 7.4 7.4 0.009 0.17 0.42 
1
Encapsulated calcium nitrate was manufactured by GRASP Ind. & Com. LTDA and EW|Nutrition GmbH; 5.6% DM; 17.6% N, 

19.6% Ca, and 71.4% NO3
−
 on a DM basis. The source of nitrate was the double salt of calcium ammonium nitrate decahydrate 

[5Ca(NO3)2∙NH4NO3∙10H2O] (Lee et al., 2015);  

During the experimental period, body weight (BW) was not significantly 

influenced (P>0.05) by the inclusion of nitrate in diets (Table 3). As a percentage of 

body weight, the DMI showed a quadratic effect (P<0.05). 

The DMI (P=0.0034), organic matter intake (OMI; P=0.0036), NDF intake 

(P=0.0025), ADF intake (P=0.0034) and GE intake (P=0.004) showed a quadratic 

effect (Table 3). The relationship between DMI and ECN inclusion (Eq. (14), 
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P=0.023, RMSE=54.6) indicated that the maximum intake occurred with the inclusion 

of 0.95 % ECN. 

DMI = 1250.1 ± 72.7 + 133.2 ± 52.3×ECN – 70.7 ± 20.1×ECN2                   (12) 

Where DMI = dry matter intake, in g/d; ECN = inclusion of encapsulated 

calcium nitrate, in % of dry matter. 

The DM, OM and GE digestibility was not different among treatments 

(P>0.05). The NDF and ADF digestibility increased with the inclusion of nitrate (linear 

effect; P≤0.05). 

Table 3. Effects of encapsulated calcium nitrate (ECN) on intake and total-tract apparent digestibility in 

growing goats 

  ECN
1

   P-value 

Item  ECN0(SBM)
 

ECN1.25
 

ECN2.5
 

SEM Lin Quad 

BW, kg 30.95 31.12 30.71 3.62 0.5 0.30 
DMI_BW, % 4.09 4.04 3.52 0.41 0.0002 0.03 
Intake (g/d)       

DM 1250.1 1306.1 1141 72.7 0.0094 0.0034 
OM 1189.4 1239.3 1080.5 69.9 0.0068 0.0034 
NDF 398.18 425.3 381.37 19.7 0.15 0.0025 
ADF 175.9 189.1 170.2 11.3 0.29 0.0034 
GE, MJ/d 21.4 22.0 19.0 1266.3 0.0015 0.004 

Digestibility             

DM 0.774 0.784 0.785 0.01 0.35 0.64 
OM 0.818 0.835 0.823 0.02 0.69 0.14 
NDF 0.616 0.660 0.662 0.01 0.02 0.21 
ADF 0.540 0.600 0.591 0.02 0.04 0.10 
GE 0.776 0.787 0.784 0.02 0.55 0.55 

1
Encapsulated calcium nitrate was manufactured by GRASP Ind. & Com. LTDA and EW|Nutrition GmbH; 85.6% DM; 17.6% N, 
19.6% Ca, and 71.4% NO3 − on a DM basis. The source of nitrate was the double salt of calcium ammonium nitrate 
decahydrate [5Ca(NO3)2∙NH4NO3∙10H2O] (Lee et al., 2015).

 

The N intake decreased linearly (P<0.05) while N as nitrate (N – NO3
-) 

consumption increased at decreasing rate (quadratic effect; P < 0.006) with the 

increasing inclusion of ECN (Table 5). Excretion of fecal N was not influenced by 

treatments as well the excretion of N – NO3
- in feces (P>0.05).The total N and N – 

NO3
- excreted in urine did not differ among treatments (P>0.05). The total N retained 

decreased linearly (P<0.05) with the inclusion of ECN on DM, however the ratio 

between N retained and N intake did not differ among treatments (P>0.05). Microbial 

protein synthesis did not differ between treatments (P>0.05). 
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Table 4. Effects of encapsulated calcium nitrate (ECN) on N digestibility and N utilization in growing 

goats 

  ECN
1 

  P-value 

Item ECN0(SBM)
 

ECN1.25
 

ECN2.5
 

SEM Lin Quad 

g/d       
Nintake

 
21.17 20.48 17.00 0.97 <0.0001 0.054 

N   NO3 intake
 

0.16 2.93 5.15 0.14 <0.0001 0.006 
N   NO2 intake

 
0.02 0.02 0.02 0.004 0.13 0.09 

N   feces
 

6.46 6.53 5.81 0.38 0.16 0.30 
N digestibility 0.692 0.688 0.660 0.014 0.05 0.40 
N   NO3 feces

 
0.038 0.045 0.04 0.004 0.65 0.09 

N   urine
 

5.03 4.76 4.56 0.77 0.29 0.94 
N   NO3 urine

 
0.002 0.002 0.002 0.001 0.36 0.09 

Nretained
 

10.11 9.01 6.66 0.77 <0.0001 0.30 
Nretained_Nintake

 
0.45 0.45 0.40 0.05 0.16 0.47 

MicP, g/d
 

127.3 136.3 132.0 15.3 0.82 0.70 
MicP, g/kg DOMI

 
13.06 13.35 13.80 1.73 0.69 0.96 

1
Encapsulated calcium nitrate was manufactured by GRASP Ind. & Com. LTDA and EW|Nutrition GmbH; 5.6% DM; 17.6% N, 

19.6% Ca, and 71.4% NO3
−
 on a DM basis. The source of nitrate was the double salt of calcium ammonium nitrate decahydrate 

[5Ca(NO3)2∙NH4NO3∙10H2O] (Lee et al., 2015). 

During gas exchange measurements, the DMI decreased at increasing rate 

(quadratic effect; P=0.06, Table 5). The daily enteric methane production decreased 

linearly (P=0.0015) with the inclusion of ECN on DM, and a production of methane in 

relation to consumption has a tendency to reduce linearly. (P=0.06). 

Table 5. Effects of ECN on enteric CH4 emissions and CH4 emission per kilogram of DMI in growing 

goats 

  ECN
1 

  P-value 

Item ECN0(SBM)
 

ECN1.25
 

ECN2.5
 

SEM L Q 

DMI 1223 1235 1051 52.1 0.0002 0.006 
CH4, g/d 19.83 17.53 15.11 1.98 0.0015 0.958 
CH4, g/kg DMI 16.18 14.17 14.26 1.32 0.06 0.22 
1
Encapsulated calcium nitrate was manufactured by GRASP Ind. & Com. LTDA and EW|Nutrition GmbH; 85.6% DM; 17.6% N, 

19.6% Ca, and 71.4% NO3 − on a DM basis. The source of nitrate was the double salt of calcium ammonium nitrate 
decahydrate [5Ca(NO3)2∙NH4NO3∙10H2O] (Lee et al., 2015). 

 The figure 1 shows the interaction between nitrate consumption and methane 

production. The emission of methane reduced 0.21 g for each g of nitrate intake. 
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Fig

ure 1: Relationship between nitrate intake (NO3, g/d) and methane production (CH4) 

in growing goats fed encapsulated calcium nitrate. CH4, g/d = 19.82 ± 1.98 – 0.21 ± 

0.057×NO3 intake, g/d; P = 0.0098, RMSE = 2.95. 

The GEI, DEI and MEI showed a quadratic effect (P<0.05, Table 6). The 

energy as methane reduced linearly (P=0.06) and the urinary energy showed a 

quadratic effect (P=0.09). The HP was not influenced by treatments (P>0.05) and 

FHP reduced linearly with increasing of nitrate levels (P<0.05). 

Table 6. Effects of ECN on energy balance in growing goats 

  ECN
1
   P-value 

Item  ECN0(SBM) ECN1.25 ECN2.5 SEM Lin Quad 

Energy balance, 
kJ/kgBW

0.75
       

GEI 1734 1739 1523 158 <0.001 0.02 
DEI 1352 1370 1197 144 <0.001 0.01 
MEI 1206 1214 1046 120 0.001 0.01 
q 0.686 0.698 0.687 0.009 0.95 0.21 
GE_CH4 133 131 122 27 0.06 0.47 
GE_feces 364 368 326 19 0.16 0.31 
GE_urine 13.24 24.07 20.75 4.72 0.12 0.09 
HP 519 518 513 68 0.91 0.95 
FHP 245 214 191 34 <0.001 0.71 
RE 1206.84 1214.94 1046.03 119.60 <0.001 0.112 
1
Encapsulated calcium nitrate was manufactured by GRASP Ind. & Com. LTDA and EW|Nutrition GmbH; 85.6% DM; 17.6% N, 

19.6% Ca, and 71.4% NO3 − on a DM basis. The source of nitrate was the double salt of calcium ammonium nitrate 
decahydrate [5Ca(NO3)2∙NH4NO3∙10H2O] (Lee et al., 2015). 
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 The oxidation of protein (OXP) and fat (OXF) reduced linearly (P<0.05) with 

treatments while the energy of carbohydrate oxidation (OXCHO) did not differ 

(P>0.05, Table 7). As percent of heat production, the protein oxidation did not differ 

between treatments (P>0.05), the oxidation of carbohydrate increased and fat 

decreased linearly (P<0.05). The heat production from oxidation and non-protein 

respiratory quotient decreased linearly (P<0.05) with treatments. 

Table 7. Oxidation of protein, carbohydrate and fat and non-protein respiratory quotient of growing 

goats 

  ECN
1
   P-value  

Item  ECN0(SBM) ECN1.25 ECN2.5 SEM Lin Quad  

OXP
2
, kJ/kg BW

 0.75
 42.22 42.54 34.65 3.83 0.04 0.18  

OXCHO
3
, kJ/kgBW

0.75
 303.62 268.06 268.39 115 0.33 0.55  

OXF
4
, kJ/kgBW

0.75
 217.34 191.61 157.69 23.1 0.0064 0.79  

HEx
5
, kJ/kgBW

0.75
 536.33 504.70 441.71 98.90 0.003 0.44  

OXP_HEx (%)
6
 9.20 9.70 9.00 0.02 0.87 0.47  

OXCHO_HEx (%)
7
 45.30 48.50 52.10 0.14 0.009 0.91  

OXF_HEx (%)
8
 45.70 41.80 38.00 0.13 0.008 0.97  

RQnpx
9
 0.85 0.86 0.87 0.04 0.006 0.98  

1
Encapsulated calcium nitrate was manufactured by GRASP Ind. & Com. LTDA and EW|Nutrition GmbH; 5.6% DM; 17.6% 

N, 19.6% Ca, and 71.4% NO3
−
 on a DM basis. The source of nitrate was the double salt of calcium ammonium nitrate 

decahydrate [5Ca(NO3)2∙NH4NO3∙10H2O] (Lee et al., 2015);
2,3,4

Oxidation of protein, carbohydrate and fat, respectively; 
5
Heat production from oxidation covariated with metabolizable energy intake. 

6,7,8
Oxidation of protein, carbohydrate and fat 

in relation to heat production, respectively; 
9
Non-protein respiratory quotient. 

Discussion 

Recently, encapsulated calcium nitrate has been pointed as an alternative to 

mitigate enteric methane, because nitrate can act as a hydrogen sink in the rumen, 

deviating available hydrogen from methanogens to synthetize methane (Lee and 

Beauchemin, 2014). Therefore, to establish optimum strategies for using nitrate 

supplements safely and effectively, this study evaluated the impact of feeding 

encapsulated calcium nitrate as a substitute for soybean meal on energy and protein 

metabolism of growing goats. 

One of the limitations of nitrate use is its toxic effect due to limited capacity of 

the rumen microbes in converting the nitrate to ammonia via nitrite as an 

intermediate, resulting in an accumulation of nitrate and nitrite in the rumen that is 

absorbed through the rumen wall (Nolan et al., 2010; van Zijderveld et al., 2011; El-

Zaiat et al., 2014). Consequently, nitrite in blood binds to red blood cells and changes 

the ferrous form of hemoglobin to the ferric form, called MetHb (Lee and 



46 
 

 

Beauchemin, 2014), preventing hemoglobin of carrying oxygen and causing various 

clinical symptoms. Thus, as previously reported (Lee et al., 2015; Benu et al., 2017), 

the blood levels of MetHb increase with the inclusion of nitrate. However, despite of 

the increase of MetHb levels with the augment of ECN inclusion in this study, no 

intoxication effect was detected since the animals were previously submitted to an 

adaptation period for the product (Zhou et al., 2012). Moreover, encapsulated nitrate 

is characterized by a slower release in the ruminal environment (El-Zaiat, 2013), 

which also have contributed for the lack of intoxication symptoms. 

Besides MetHb, other blood parameters are also important to attest animal 

health. The blood pH is a factor of great biological importance as it will directly 

influence the enzymatic activity. For this reason, the body has lines of defense 

against changes in this parameter. The pH remained within normal values, as 

previously reported for animals fed 1% of NO3
- of DMI (Benu et al., 2017). Both 

HCO3
- and pCO2 constitute the most important buffer system in the body since they 

are found in high concentrations and are regulated by the kidneys and lungs, 

respectively (Carlson and Bruss, 2008). In this study, the inclusion of ECN in the diet 

did not affect blood concentrations of HCO3
- and pCO2, corroborating the results 

reported by Benu et al. (2017). 

The lack of difference in HP between treatments was discussed in a previous 

study with cows fed nitrate-based diet compared with urea-based diet, in which an 

elevated hydrogen production was reported, given that enteric hydrogen production 

is another loss of energy, which is not accounting in the Brower equation (van 

Zijderveld et al., 2011). Moreover, the reduction in FHP might suggest a possible 

residual nitrate effect. Nitrate is naturally present in green vegetables and studies 

with humans have shown that individuals supplemented with nitrate present a 

reduction in mitochondrial O2 consumption indicating a higher efficiency of 

conversion of O2 and oxidized substrates to the production of ATP (Larsen et al., 

2011). Nitrous oxide may indirectly optimize oxidative phosphorylation by the partial 

inhibition of cytochrome c oxidase which will reduce proton leakage, maintaining ATP 

production at a higher degree than O2 consumption, increasing the rate of ATP 

produced by O2 consumed (Larsen et al., 2012). We can conclude then that nitrate is 
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not limited only to ruminal performance, but also at the cellular level. In humans, 

dietary nitrate is absorbed at the plasma level from the stomach and small intestine 

and then recycled through saliva (Duncan et al., 1995; Tannenbaum et al., 1976; 

Spiegelhalder et al., 1976). Our hypothesis is that the nitrate ingested, after being 

absorbed by the ruminal wall, will be metabolized and absorbed in the tissues as 

nitrous oxide, which acts to increase mitochondrial energy efficiency. Future studies 

evaluating gas exchanges at the mitochondrial level in ruminants would be of 

interesting application for a better understanding of the performance of nitrous oxide. 

Several studies have shown that the inclusion of nitrate in the diet of ruminants 

has a depreciative effect on DMI (van Zijderveld et al., 2011; Hulshof et al., 2012; El-

Zaiat et al., 2014; Newbold et al., 2014; Lee et al., 2015). Corroborating with these 

studies, we observed that the inclusion above 9.5 g ECN/kg DM caused a reduction 

in nutrient intake, suggesting that the maximum inclusion level for goats is lower than 

the inclusion level for cattle where studies only reported reduction in consumption 

above 20 g NO3
-/kg DM (Hulsholf et al., 2012; Lee et al., 2015). Despite the 

depreciative effect of consumption, DMI proportional to BW for all treatments was 

slightly higher than that proposed for growing goats (AFRC, 1998; NRC, 2007), 

suggesting that intake was not a limiting aspect in the use of ECN in this study, 

irrespective of its inclusion level. 

Very few studies have shown the effect of nitrate inclusion on nutrient 

digestibility coefficients and some of them did not observe differences (Nolan et al., 

2010; Li et al., 2012). In this study, however, we reported differences in nutrient 

digestibility coefficients, mainly regarding nitrogen (ECN0(SBM) = 0.692; ECN1.25 = 

0.688; ECN2.5 = 0.660. P = 0.02) and NDF (ECN0(SBM) = 0.616; ECN1.25 = 0.660; 

ECN2.5 = 0.662. P = 0.05). 

On the other hand, this study agrees with others reporting that fiber apparent 

digestibility increased with the inclusion of non-protein nitrogen (NPN) sources (Costa 

et al., 2008; Detmann et al., 2011). The different N source may limit the availability of 

microbial fibrolytic enzymes in the rumen and therefore a nitrogen supplementation 

may provide a greater amount of N for the synthesis of microbial enzymes (Detmann 

et al., 2009). Although previous studies have reported a reduction in ammonia-N 
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concentration with the inclusion of nitrate (El-Zaiat et al., 2014; Lee et al., 2015), this 

reduction did not limit the microbial protein synthesis in the rumen as ammonia-N 

levels were within the range required for ruminal microorganisms. In fact, we also did 

not observe differences in microbial protein synthesis between diets with or without 

ECN. Additionally, ammonia-N is the main source of N for microorganisms that 

degrade structural carbohydrates (Berchielli et al., 2011), which might have 

contributed to the linear increase in NDF digestibility with the inclusion of ECN in this 

study  

The lack of effect of ECN diets compared to soybean meal diets on microbial 

protein synthesis, even though ECN diets resulted in a decrease in CP intake might 

suggest that ECN was efficiently used as an N source to promote microbial growth in 

the rumen. Studies with sheep have shown that the N-capture efficiency is higher in 

animals supplemented with nitrate when compared to animals supplemented with 

urea (Nolan et al., 2010; Li et al., 2012). The synthesis of MicP is directly related to 

the synchronism between energy and protein in rumen. Oliveira et al. (2010) reported 

an improvement in the efficiency of microbial N (MicN) synthesis with inclusion up to 

4% of NPN in DM in the diet of lactating cows and a reduction in efficiency with levels 

between 6 and 8% of NPN in DM. In our study, using about 2% on DM of N from 

ECN, the synthesis of MicN was not affect. 

 Although we observed a linear reduction in N retention, the ratio between 

Nretained and Nintake did not differ between treatments (averaging 43%) and values 

were close to those reported for sheep supplemented with 1.5 and 3% DM of urea 

and calcium nitrate, respectively (Li et al., 2005). In general, small ruminants showed 

higher ratio between Nretained and Nintake when compared to cattle whose reported 

value was 16% (Lee et al., 2015). 

As previously reported (Nolan et al. 2010; van Zijderveld et al., 2010; Hulsholf 

et al., 2012; Li et al., 2012, 2013; El-Zaiat et al., 2014; Lee et al., 2015), nitrate 

supplementation reduces methane emissions. Nitrate and its reduced products, such 

as nitrite, nitric oxide and nitrous oxide, lead to suppression in methane production 

(Clarens et al., 1998; Kluber and Conrad, 1998; El-Mahrouki and Watson-Craik, 

2004). According to Kaspar and Tiedje (1981), the apparent non-enzymatic 



49 
 

 

production of nitrogen oxides when nitrate metabolism occurs in the rumen implies 

the control of methanogenesis. Upon reaching the ruminal environment, nitrate 

undergoes two stages of reduction (Leng, 2008) until it is reduced to ammonia. 

In this process, the use of free electrons in the ruminal environment, characterizing 

the nitrate as a sink of electrons. Stoichiometrically, 1 mol of NO3 should reduce 1 

mol of CH4. Our data showed a reduction of 0.21g of CH4 per g of NO3 consumed, 

showing an efficiency of 81% of the product. The literature reports an average 

efficiency of 84.5% (minimum 59%, maximum 97.5%), varying with the type of 

product used (Nolan et al., 2010; van Zijderveld et al., 2010; Li et al., 2012; El-Zaiat 

et al., 2014). It is pertinent to point out that there was a lower emission of methane 

with the inclusion of ECN in relation to the DMI, isolating the effect of the reduction in 

the DMI and evidencing the effect of the nitrate on the effective decrease of the 

methane emission. 

As previously described, nitrate acts in the rumen as a sink of free electrons. 

However, other studies have pointed out that its mode of action has not been already 

fully defined, proposing that nitrate can also act by reducing the number of 

methanogenic microorganisms in the rumen due to the toxicity of its reduced 

elements such as nitrite, nitric oxide and nitrous oxide (Klüber and Conrad, 1998). 

Previous in vitro studies have demonstrated nitric and nitrous oxide almost 

completely inhibited the action of Methanobacterium bryantii and Methanosarcina 

barkeri (Clarens et al., 1998; Klüber and Conrad, 1998). 

 Similar to DMI, the DE and ME intake was maximized up the inclusion of 

approximately 1% ECN on DM. A previous study also reported a quadratic effect of 

ECN inclusion on DEI and MEI, but the intake was maximized up the inclusion of 

approximately 2% DM for beef heifers (Li et al., 2012), suggesting that goats are 

more sensitive to nitrate than cattle, as aforementioned . We can observe a reduction 

in the energy lost in the form of methane, although in relation to the GEI this 

difference was not significant - on average 7% of energy was lost in all the 

treatments. The energy loss as methane varied between 2 to 15% depending on the 

diet ingested by the animals (Harper et al., 1999; Johnson and Johnson, 1995; 

Crutzen, 1986; Blaxter and Clapperton, 1965). 
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In ruminants, the total CO2 production comes from the oxidation of the 

nutrients and the fermentation process, so that a separation is necessary in order to 

calculate the energy coming from the oxidation of the substrates (Chwalibog et al., 

1997). The OXP is directly related to diet. It is observed that with the increase in 

nitrate levels, there was a reduction in the true protein supply of the diet and 

therefore a reduction in OXP. The OXCHO and OXF values are linked to the level of 

fermentation. With the reduction in fermentation, evidenced by the lower values of 

methane produced with the increase in nitrate content in the diet, a greater amount of 

glucose will be oxidized as OXCHO while a smaller amount of carbohydrate will be 

converted to SCFA and oxidized as OXF, as we can observe with highest OXCHO 

and lowest OXF in relation to HEx. The results in the oxidation values reiterate the 

results related to a lower emission of methane with the addition of nitrate. 

The effect of nitrate in reducing methane emission in ruminants is visible 

regardless of animal species. In addition, considering protein as a high-cost nutrient 

in diets, the use of encapsulated calcium nitrate was beneficial because despite the 

reduction of true protein in the diet no effects were observed on the synthesis of 

microbial N. The effect of the inclusion of encapsulated calcium nitrate in fasting heat 

production opens the door for future studies to evaluate the inclusion of the product 

in the reduction of basal metabolism and consequently reduce the maintenance 

requirements of the animals. 

Conclusions  

 The inclusion of approximately 1% of ECN on DM results in a maximum DE 

and ME intake. Also the FHP is lower with ECN inclusion showing a residual effect on 

growing goats. No effect is observed in MicN synthesis. Moreover, the substrate 

oxidation shows a lower concentration of SCFA being oxidized with ECN 

supplementation. 
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