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RESUMO

O objetivo com este estudo foi avaliar o consumo, digestibilidade dos nutrientes e
metabolismo energético em cordeiros alimentados com torta de macauba aditivada ou ndo
com fungos autdctones celuloliticos. Foram avaliados 18 cordeiros, mesticos, machos nédo
castrados, distribuidos em trés grupos experimentais: dieta controle (CTRL), dieta com torta
de macalba (TM) e dieta com torta de macalba e fungos autéctones celuloliticos (TM+FAC).
Os animais foram adaptados as condi¢Oes experimentais do ensaio de digestibilidade por 15
dias, quando permaneceram em gaiolas metabdlicas e foram alimentados duas vezes ao dia.
Apbés a adaptacdo, as dietas, sobras, fezes e urina foram mensuradas e amostradas
diariamente, por cinco dias, para determinagdo do consumo e digestibilidade da matéria seca
(MS), proteina bruta (PB), extrato etéreo (EE), fibra em detergente neutro (FDN), fibra em
detergente &cido (FDA) e carboidratos ndo fibrosos (CNF). Posteriormente foi realizado o
ensaio de respirometria, no qual os animais foram transferidos de forma individual para uma
camara respirométrica de pequenos ruminantes. Foram mensurados o consumo de oxigénio e
producdo de gas carbdnico e metano durante 20 horas/animal, sendo a mensuragédo feita com
0s animais alimentados e posteriormente em jejum. Os dados foram submetidos a anélise de
variancia e as medias comparadas pelo teste Tukey ao nivel de 5% de probabilidade. Nao
houve diferenca no consumo de matéria seca (MS), proteina bruta (PB) e materia mineral
(MM) entre os grupos de animais avaliados, sendo as médias 1258,43, 256,75 e 101,87 g/dia,
respectivamente. O consumo de EE, FDN e FDA foram maiores (P<0,05) nos animais que
receberam a dieta contendo a torta de macauba, com valores respectivos de 61,0, 553,34 e
355,20 g/dia. Os animais que receberam a dieta CTRL tiveram maior consumo (P<0,05) de
carboidratos ndo fibrosos (CNF) (539,44 g/dia). Nos animais alimentados com a dieta CTRL
a digestibilidade da MS (69,20%) e FDN (59,51%) foram maiores (P<0,05) que os demais
grupos (média de 59,51% e 43,59%, respectivamente). A energia digestivel ingerida foi
menor nos grupos com TM e TM+FAC (280,34 e 257,04 kcal/kg®"°PV/dia) que CTRL
(306,80 kcal/kg®"°PV/dia), em razdo da maior porcentagem de perda de energia nas fezes. O
consumo de energia metabolizavel e energia liquida grupos avaliados foi semelhante entre os
grupos de animais, sendo as médias 245,51 e 179,85 kcal/kg®"°PV/dia, respectivamente.
Conclui-se que a inclusdo da torta de macaiba na dieta reduz a digestibilidade da dieta,
entretanto ndo altera o consumo e o aproveitamento energético dos animais, além disso, 0 uso
do aditivo fungico ndo resultou em melhora no aproveitamento da dieta.

Palavras-chave: Aditivo microbiano. Coproduto. Ovinos. Respirometria.



ABSTRACT

The aim of this study was to evaluate the intake, nutrient digestibility, and energy metabolism
in lambs fed with non-additive or additive macauba cake with autochthonous cellulolytic
fungi. Eighteen crossbred, non-castrated male lambs were evaluated and distributed into three
experimental groups: control diet (CTRL), diet with macauba cake (MC), and diet with
macauba cake and autochthonous cellulolytic fungi (TM+ACF). The animals were adapted to
the experimental conditions of the digestibility trial for 15 days, during which they remained
in metabolic cages and were fed twice a day. After adaptation, diets, leftovers, feces, and
urine were measured and sampled daily for five days to determine the intake and digestibility
of dry matter (DM), crude protein (CP), ether extract (EE), neutral detergent fiber (NDF), acid
detergent fiber (ADF), and non-fiber carbohydrates (NFC). Subsequently, a respirometry trial
was conducted, during which the animals were individually transferred to a small ruminant
respirometric chamber. Oxygen consumption and carbon dioxide and methane production
were measured for 20 hours/animal, with measurements taken while the animals were fed and
subsequently fasting. Data were subjected to analysis of variance, and means were compared
by Tukey's test at a 5% probability level. There was no difference in dry matter (DM), crude
protein (CP), and mineral matter (MM) intake, with means of 1258.43, 256.75, and 101.87
g/day, respectively. Ether extract (EE), neutral detergent fiber (NDF), and acid detergent fiber
(ADF) intake were higher (P<0.05) in animals fed with the diet containing macauba cake,
with respective values of 61.0, 553.34, and 355.20 g/day. Animals fed with the CTRL diet
had higher (P<0.05) non-fibrous carbohydrate (NFC) intake (539.44 g/day). In animals fed
with the CTRL diet, DM (69.20%) and NDF (59.51%) digestibility were higher (P<0.05) than
in the other groups (mean of 59.51% and 43.59%, respectively). The digestible energy intake
was lower in the MC and MC+ACF (280.34 and 257.04 kcal’lkg BW°"°/day) than in the
CTRL (306.80 kcal’lkg BW®'/day), due to a higher percentage of energy loss in feces.
Metabolizable energy consumption and net energy were similar among the evaluated animal
groups, with means of 245.51 and 179.85 kcal/kg BW®®/day, respectively. It is concluded
that the inclusion of macauba cake in the diet reduces diet digestibility; however, it does not
alter animal intake and energy utilization. Additionally, the use of fungal aditives does not
result in improved diet utilization.

Keywords: Coproduct. Microbial aditive. Respirometry. Sheep.
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1. INTRODUCAO

Mesmo com avango da tecnologia, alguns produtores ainda seguem um padrdo antigo
de criacdo, principalmente em producgdes de baixa escala, onde os animais sdo criados quase
sempre de forma extensiva, sem suplementacdo, o que resulta em baixo desempenho e menor
retorno econdémico com a atividade (LIRA, 2020). Para que o sistema de producdo funcione
de forma rentavel é necessario considerar todas as etapas desse processo, sendo a alimentacdo
um dos principais gargalos da producgéo animal (STASIAK, 2017; CARNEIRO, 2021).

Diante disso, observa-se 0 aumento na busca por alimentos alternativos que possam
reduzir os custos com a alimentacdo do rebanho, além de substituirem os alimentos
convencionais em periodos de maior escassez, sem comprometer o desenvolvimento dos
animais (BIZZUTI, 2019; CARNEIRO, 2021). Estudos revelam que a utilizacdo de
coprodutos oriundos do processo industrial de gréos, farelos, extracdo de Oleos, producdo de
biodiesel entre outros, apresenta resultados promissores para a nutricdo animal, mas é
necessario avaliar sempre a composicdo desses alimentos, para maior certeza de que 0sS
mesmos sdo nutricionalmente viaveis (BIZZUTI, 2019; SANTQOS, 2020).

A torta de macauba € coproduto da industria do biodiesel, com potencial de ser
utilizada na alimentacdo de ruminantes, pois possui em sua composicao nutrientes necessarios
para dieta desses animais, podendo substituir alimentos convencionais e diminuir os custos de
producdo (ALMEIDA, 2018; GOULART, 2018). Porem é importante salientar que a torta
apresenta altos teores de fibra e lipideos e, quando em excesso esses nutrientes podem reduzir
0 aproveitamento do alimento (ALMEIDA, 2018).

Embora a fibra seja essencial para o metabolismo energético, visto que auxilia a
manter a microbiota ruminal e fermentacdo, alimentos com altos teores de FDN possuem
baixa taxa de degradacdo no ramen e isso pode comprometer a digestibilidade, o consumo, a
producdo de proteina microbiana e, consequentemente, o aporte energético (ALVES et al.,
2016). Teores elevados de lipideos também podem ocasionar efeitos indesejaveis, pois a
inclusdo desses acima de 6% na dieta do animal promove diminui¢do nadegradacédo da fibra,
devido a toxicidade que esses Aacidos graxos insaturados sdo capazes de causar aos
microrganismos presentes no rimen (MACHADO et al, 2019).

Aditivos alimentares podem ser utilizados na dieta de ruminantes para minimizar
efeitos indesejaveis ocasionados por alimentos com composi¢do parecida com a TM, pois

estes podem atuar como promotores de crescimento de microrganismos no ramen, além de
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elevar a durabilidade do produto/alimento, entre outras acfes (MELO et al. 2018; DANIELI,
SCHOGOR, 2015).

Os aditivos mais utilizados na nutricdo de ruminantes sdo os iondforos, devido a sua
atuacdo eficiente na fermentacdo ruminal. Ainda assim, tem crescido a utilizacdo de
probioticos, estes, atuam melhorando a populagdo de microrganismos do rumem, que
possibilita melhor aproveitamento do alimento e desempenho dos animais (COELHO;
ALVES; MEZZOMO, 2020).

Nesse cenario, os fungos possuem capacidade de tornar o ambiente mais propicio para
bactérias celuloliticas devido a sua capacidade de remocao de oxigénio do ambiente ruminal,
logo, a utilizacdo desses pode melhorar a digestibilidade da fracdo fibrosa do alimento. O
género Trichoderma longibrachiatum, por exemplo, possui atividade de celulose e
hemicelulose no rumen, que pode melhorar a digestdo da fibora (ALMEIDA, 2019). Martins
Junior et al, (2023), observaram esse fato quando avaliaram a digestibilidade in vitro da TM
inoculada com mistura dos fungos Trichoderma longibrachiatum e Paecilomyces sp. Os
autores relataram aumento na digestibilidade da MS (DIVMS) e da FDN (DIVFDN)
reforcdndo a possibilidade de utilizagdo de aditivos microbianos em sumplementacdo de

alimentos com alto teor de fibra.
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2. REVISAO DE LITERATURA
2.1. Panorama da Ovinocultura

A producéo de ovinos € uma atividade bastante difundida em vérias regides do mundo,
principalmente por sua versatilidade de producdo. Essa pode fornecer desde alimentos como
carne e leite até produtos como a Ia e o couro, que podem ser utilizados como matéria prima
para industria téxtil (VIANA, 2008).

De acordo com dados do Centro de Inteligéncia de Mercado de Ovinos e Caprinos da
Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA, 2016), o rebanho efetivo de
ovinos esta concentrado em paises da Asia, sequido da Europa e Africa, ja os paises da
América do Norte e Sul representam porcentagem mais reduzida que os demais continentes.
O Brasil representa aproximadamente 0,9% do rebanho mundial e 44,08 % do efetivo total da
América do Sul (EMBRAPA, 2016).

Conforme dados do Instituto Brasileiro de Geografia e Estatistica (IBGE, 2020) o
efetivo do rebanho esta concentrado em estados da regido nordeste, chegando a representar
70,59% da criacdo total do pais. Os estados que possuem 0s maiores rebanhos de ovinos séo
Bahia, Pernambuco, Rio Grande do Sul, Ceara e Piaui, respectivamente. Apesar da regido
nordeste possuir o maior efetivo de rebanho, é a regido Sul que possui maiores indices
econdbmicos, devido ao maior desenvolvimento tecnoldgico, introducdo de racas
geneticamente melhoradas e inovacdo de técnicas de manejo (MONTEIRO; BRISOLA,;
FILHO, 2021).

Na regido nordeste, caracterizada pelo clima semiarido, predomina o sistema de
criacdo extensiva, no qual a vegetacdo nativa € a principal fonte de alimento dos animais
(LIRA, 2020). Nesse caso, ha maior nimero de animais e menores indices zootécnicos,
fazendo com que a produtividade seja reduzida, sendo a criacdo de ovinos voltada para fins de
subsisténcia (LIRA, 2020).

Diante disso, os atuais sistemas de producdo do Brasil tém baixa viabilidade para
garantir a sustentabilidade do segmento. O maior gargalo na ovinoculturaestd em ampliar o
consumo dos produtos originados desse sistema (VIANA, 2008), pois com 0 aumento da
demanda ha maiores investimentos eincentivos aos produtores. Em um futuro préximo, a
producdo de ovinos tem grande potencial de crescimento e de destaque no agronegocio, tanto
no Brasil como no mundo.

2.2. Utilizacao de coprodutos na alimentacéo de ruminantes — torta de macauba
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A producdo de alimentos é muito discutida na nutricho animal. Os sistemas
produtivos, principalmente de ruminantes, tém ligacdo direta com a producdo vegetal, pois a
dieta desses animais é basicamente composta por alimentos convencionais a base de graos e
forragens. Quando ha baixa precipitacdo essa producéo é afetada, devido a interferéncia direta
dos fatores climaticos. Com isso hd maiores investimentos em tecnologia para obter melhores
resultados, o que eleva os custos de producdo (SANTOS, 2020).Dessa forma, ha uma busca
por medidas que possam minimizar 0s custos com insumos para alimentacdo animal sem
afetar a produtividade (NUNES et al, 2017).

Junto a expansdo de agroindUstrias responsaveis pela extracdo de Oleos vegetais,
empresas de processamento de frutas e industrias de biocombustiveis, cresceram também a
geracdo de coprodutos (OLIVEIRA et al, 2013; ROSA et al, 2019), isso fez com que
houvesse a possibilidade da utilizacdo desses na alimentacdo de ruminantes (OLIVEIRA et al,
2013). De acordo com o Ministério de Agricultura, Pecuéria e Abastecimento (MAPA, 2018)
Instrucdo Normativa n° 81, Capitulo 1, Art. 4°, coproduto: é o produto destinado a
alimentacdo animal obtido a partir de residuos solidos provenientes de industrias alimenticias.

A viabilidade na utilizacdo de coprodutos na alimentagdo animal acontece por serem
produtos que possuem valor qualitativo interessante para a dieta dos animais e ndo possuem
competicdo com alimentacdo humana, por causa da sua composicdo, alem do baixo custo,
quando comparados aos alimentos convencionais. Outro fator € que a comercializacdo desses
coprodutos beneficia as industrias por ser fonte de renda extra e ajuda a reduzir os problemas
no descarte de residuos (B1ZZUTI, 2019).

A inclusdo na alimentacdo de ruminantes ainda é muito estudada, devido avariedade
nas composicdes, que ocorre de acordo a origem, que podem ser: destilaria; processamento de
frutas e vegetais, moagem,processamento de grdos e industria de petroleo (B1ZZUTI, 2019;
ROSA et al, 2019).Esses coprodutos das agroindustrias sdo normalmente os farelos
resultantes da moagem e beneficiamento, farinhas residuais, grdos quebrados ou com avarias,
decorrentes do processo de limpeza, além das tortas(SILVA, 2021; BIZZUTI, 2019).

A torta de macatba (TM) é um coproduto obtido a partir da extracdo do 6leo da polpa
e do endocarpo, que possuem nutrientes que possibilita sua utilizacdo na alimentacdo de
ruminantes (DIAS, 2018).

Em estudo realizado por Rigueira et al, (2017) que avaliaram a composi¢gdo quimica
da TM em suas diferentes partes, indicaram que possui aproximadamente 8% de proteina
bruta (PB), 75,80% de fibra em detergente neutro (FDN), 88% de matéria seca (MS) e 9,96%
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de extrato etéreo (EE). Esses valores sdo pouco distintos aos observados por Azevedo et al,
(2013), que verificaram 96,55, 8,18, 14,95 e 62,03%para MS, PB, EE e FDN,
respectivamente. Sendo assim, observa-se que a torta de macauba (TM) possui concentraces
elevadas de FDN e EE, fatores importantes que devem ser considerados quando h& intencéo
da inclusdo na dieta de ruminantes.

Na avaliacdo da incluséo da TM na dieta de cabras em lactagdo, Shultzet al, (2017),
observaram que 0s animais que receberam o tratamento contendo a TM apresentaram reducéo
de quase 30% no consumo de volumoso, que pode ter sido atribuido a concentracdo EE
presente nesse coproduto, que foi em média 12%. Efeitos parecidos foram encontrados por
Azevedo et al, (2013), que relataram que a inclusdo da TM em dietas de vacas leiteiras,
resultou em reducdo no consumo de MS, que pode ter sido influenciado pelo aumento dos
niveis de EE e FDN nas dietas contendo a TM.

Em pesquisa feita por Santos et al, (2015), foi possivel observar o efeito da TM sob a
concentracdo de protozoérios ciliados no rimen, em que houve reducdo significativa na
populacdo dos mesmos, associado a menor ingestdo de carboidratos ndo fibrosos (CNF) e alta
concentracdo de EE presente na TM. Em contrapartida, Azevedo et al, (2012) relataram que a
inclusdo da TM na dieta de ovinos ndo influenciou no consumo de MS, embora apresentasse
variacao nos teores de FDN e EE. Os autores explicaram que o fato pode ter sido influenciado
pelo tipo de processamento que a TM foi submetida, visto que a moagem resulta em
particulas com tamanho semelhante ao dos alimentos concentrados convencionais, milho
moido e farelo de soja, 0 que reduziu a efetividade fisica da fracdo fibrosa, além disso, as
dietas apresentaram teores de energia semelhante, que também pode ter contribuido para a
semelhanca no consumo de MS entre os tratamentos.

2.3. Uso de fungos celuloliticos na alimentacé@o de ruminantes

A inclusdo de aditivos na dieta de ruminantes se torna interessante, devido a sua
capacidade de maximizar o desempenho dos animais, e aproveitamento dos alimentos, atraves
da alteracdo do padrdo fermentativo do ramen (OLIVEIRA et al, 2019). Os aditivos sdo
separados por classes, sendo os ion6foros a classe mais utilizada atualmente (XAVIER,
2020).

H& uma crescente na utilizacdo de aditivos microbianos. Possuem capacidade de atuar
na microbiota ruminal e apresentar efeitos indiretos e benéficos ao hospedeiro.Podem ser
descritos como um suplemento alimentar a base de microbios vivos que beneficia o animal

hospedeiro, por meio da melhoria do seu balangco microbiano intestinal (BERCHIELLI;
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PIRES; OLIVEIRA, 2006). Com a inclusdo, espera-se restabelecer a microbiota protetora
natural, para que o animal retorne a sua condi¢cdo normal de crescimento salde e nutrigdo
(COELHO; ALVES; MEZZOMO, 2020; BERCHIELLLI; PIRES; OLIVEIRA, 2006).

A aceitacdo na utilizacdo desses aditivos esta no fato de a maioria desses bioprodutos
utilizarem leveduras, quase sempre do género Scharomyces, que também sdo utilizadas na
fabricagdo de outros produtos, como exemplo cervejas, vinhos, pées, entre outros
(BERCHIELLI; PIRES; OLIVEIRA, 2006). Microrganismos dos géneros Enterococcus sp,
Aspergilus sp, Tricodherma sp, também sdo utilizados e possuem bons resultados para
ruminantes.

A populagdo microbiana do rumem € em grande maioria anaerdbia, algumas espécies
sdo anaerobias estritas, que ndo resistem a concentragdes minimas de O,, como alguns géneros
de bactérias e outras sdo anaerObias facultativas, que conseguem resistir determinadas
concentragdes de O, como os fungos (BERCHIELLI; PIRES; OLIVEIRA, 2006). Varias
alteracfes podem ser observadas no ambiente ruminal com a inoculagdo de zoosporos de
fungos, como a aceleracdo da degradacdo da fibra vegetal, que pode ocorrer devido ao
aumento do namero de bactérias, especialmente as celuloliticas, pois os fungos conseguem
consumir 0 Oy, reduzindo assim a concentra¢do residual do conteddo ruminal (FABINO
NETO et al, 2020).

Mamuad et al, (2019) avaliaram os efeitos da suplementacdo com probioticos a base
do fungo Enterococcus faecium, sob a fermentacdo ruminal, concentracdo de CHs e estrutura
da populacdo microbiana, observaram aumento significativo de propionato e de acidos graxos
volateis totais e diminui¢do da concentracdo de CH4 e, paralelamente alteracdo na composigao
da comunidade microbiana.

Avaliando o efeito do uso de probidtico a base de saccharomyces cerevisae
pediococcus acidilactici em bezerros holandeses, Neto et al, (2014) observaram que 0s
animais alimentados com probidticos, apresentaram maior ganho de peso, maior conversao
alimentar e diminuicdo dos indices de diarréia, que os animais que ndo receberam o
probidtico.

Almeida (2019) avaliou a digestibilidade de cordeiros recebendo dieta a base de feno
de capim Urucloa decumbens e suplementados com cepas fungicas de Tricodherma
longibrachiatum e Rhodotorula mucilaginoga, constataram que 0S animais apresentaram

atividade de celulose e hemicelulose, porém ndo foi suficiente para digestdo das fibras do
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feno, que tinha baixa qualidade e altos teores de FDN e lignina, dificultando ainda mais a
digestibilidade da fibra.

J& Martins Junior et al, (2023), observaram aumento na digestibilidade in vitro da MS
(DIVMS) e da FDN (DIVFDN) da TM inoculada mistura dos fungos Trichoderma
longibrachiatum e Paecilomyces sp. indicando o potencial de utilizacdo de aditivos
microbianos em sumplementacdo de alimentos com alto teor de fibra, como a TM.

2.4. Calorimetria indireta

Calorimetria € o conjunto de técnicas utilizadas para determinar a producdo de calor
pelo animal, pode ser direta, onde a mensuragéo é feita diretamente no animal, ou indireta,
que é determinada a partir das trocas gasosas (SILVA, 2011). A producdo de calor pelos
ruminantes acontece devido a reagdes metabolicas que estdo relacionadas ao metabolismo do
animal, seja de mantenca ou producio (GUIMARAES, 2011).

A calorimetria Indireta (ClI), método mais utilizado, que também pode ser chamado de
respirometria, baseia-se no consumo de O e producdo de CO, dados através de equivalentes
metabolicos e permite fazer uma estimativa do metabolismo energético dos
animais(ORNELAS, 2016; SILVA, 2011). A relacdo do O, consumido e CO produzido
éexpressa pelo coeficiente respiratorio (CR), através dele é possivel ter conhecimento de qual
substrato esta sendo oxidado, carboidrato, lipideo ou proteina (MACHADO, 2010).

Para mensuracdo das trocas gasosas sdo utilizadas camaras respirométricas, que pode
ser com sistema de circuito fechado, que consiste em alocar o animal em uma camara fechada
gue possui mecanismos que controlam a umidade e temperatura e existe também a utilizacdo
da cAmara respirométrica de circuito aberto. Nesse sistema o animal € alocado dentro de uma
camara com sistema de vedacdo que ndo permite que ocorra troca gasosa entre o ar interior e
0 ar externo, a menos que seja pelo respectivo sistema de circulacdo do ar. (MACHADO,
2010; SILVA, 2011).

A estimativa da producdo de calor é feita a partir da equacdo de Brouwer (1965): H
(kj)= 16,18 x O2(L) + 5,02 x CO2 (L) — 5,88 x Nu (g) — 2,17 x CH4 (L), em que H refere-se a
producdo de calor e Nu ao nitrogénio urinario.

2.5. Emissdo de Metano por ruminantes

O processo metabdlico que resulta na producdo de metano (CH.), chamado
metanogénese, visa evitar que ocorra um actmulo de hidrogénio (Hz) no organismo, esse
acumulo pode resultar em diminuicdo do pH ruminal e restricdo do crescimento de

microrganismos responsaveis pela degradacdo da fibra (RIVERA et al, 2010). A maior parte
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do CHa produzido é eliminada pelo processo chamado eructacdo e embora seja um processo
fundamental no organismo do animal, representa de 2 a 12% de perda do potencial energético
dos alimentos consumidos, o que impacta no desempenho dos animais (GERASEEYV et al,
2023).

E possivel alterar a producdo de CH. através da dieta. A diminuicdo na relagéo
volumoso:concentrado, faz com que haja maior utilizacdo de amido e aclcares sollveis,
ocasionando mudangas fisico-quimicas no rimen e na populacdo de microrganismos.Com
isso, alteracfes na composicdo e na qualidade dos alimentos modificam a fermentacéo
ruminal (FREIRE et al., 2015). Estratégias em relacdo ao tipo e a qualidade da fonte de
carboidrato da dieta, pela adicdo de lipideos e pela manipulacdo da microbiota do rimen
atraves de aditivos alimentares, podem ser uma op¢ao para diminuir a producdo de CHa e as
perdas de energia (RIVERA et al., 2010).

Geraseev et al, (2023a) avaliando a substituicdo de parte do milho pela torta de
macauba notaram alteracdo no perfil de microrganismos do rimen de ovinos, devido ao
aumento de bactérias do género Archea e, o que resultou em aumento producdo de CH4. Em
estudo de Rufino et al. (2011), o qual avaliaram os efeitos da inclusdo de torta de macauba
sobre a populagéo de protozoarios, observaram aumento na populacdo de protozoarios, com a
inclusdo de 10 e 15% de torta de macauba.

Alem disso, 0 CH4 € um dos gases de efeito estufa (GEE), sua diminuigdo também
seria benéfica em termos ambientais. (ORNELAS, 2016; DE PAULA, 2019; MEO FILHO,
2020).
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4. ARTIGO

4.1.  Metabolismo energético de ovinos inoculados com fungos celuloliticos e alimentados
com torta de macauba.

(Artigo escrito de acordo com as normas da revista Small Ruminants Research)
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Abstract

The aim of this study was to evaluate the intake, nutrient digestibility, and energy metabolism

in lambs fed with macauba cake supplemented or not with autochthonous cellulolytic fungi.
Eighteen crossbred, non-castrated male lambs were distributed into three experimental
groups: control diet (CTRL), diet with macauba cake (MC), and diet with macauba cake and
autochthonous cellulolytic fungi (MC+ACF). The animals were adapted to the experimental
conditions of the digestibility trial for 15 days, during which they remained in metabolic
cages and were fed twice a day. Subsequently, diets, leftovers, feces, and urine were measured
and sampled daily for five days to determine nutrient consumption and digestibility.
Following this period, a respirometry trial was conducted, with animals individually
transferred to a respirometric chamber. Oxygen consumption and production of carbon
dioxide and methane were measured for 20 hours/animal. A randomized block design was
used, with animals distributed according to weight. Data were subjected to analysis of
variance, and means were compared by Tukey's test at a 5% probability level. There was no
difference in dry matter (DM), crude protein (CP), and mineral matter (MM) intake, with
means of 1258.43, 256.75, and 101.87 g/day, respectively. Ether extract (EE), neutral
detergent fiber (NDF), and acid detergent fiber (ADF) intake were higher (P<0.05) in animals
fed with the diet containing macauba cake, with respective values of 61.0, 553.34, and 355.20
g/day. Animals fed with the CTRL diet showed higher (P<0.05) non-fibrous carbohydrate
(NFC) intake (539.44 g/day). In animals fed with the CTRL diet, DM (69.20%) and NDF

(59.51%) digestibility were higher (P<0.05), with mean of 59.51% and 43.59%, respectively.
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The digestible energy intake (DEI) was lower in the MC and MC+ACF (280.34 and 257.04
kcal/kg®™ BW/day) than CTRL (306.80 kcal/kg®" BW/day), due to a higher percentage of
energy loss in feces. Metabolizable energy (ME) and net energy (NE) intake were similar
among the lamb groups, with means of 245.51 and 179.85 kcal/kg® "> BW/day, respectively. It
is concluded that the inclusion of TM reduces diet digestibility, however, it does not alter
animal intake and energy utilization, and fungal inoculation did not result in improved diet
utilization.

Keywords: By-product. Microbial additive. Respirometry. Small ruminant.
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Introduction

The use of alternative feeds in ruminant nutrition has increased due to the rising prices of
conventional feeds such as corn and soybean, as well as the seasonality in their production.
Byproducts from industrial processes stand out in this substitution, as they are more readily
available during drier periods of the year when feed scarcity occurs. Another relevant factor in
the use of byproducts is to avoid environmental problems associated with improper disposal,
as for many industries these byproducts represent waste (MURTA et al., 2011).

Macauba cake (MC) is a byproduct obtained from the oil extraction of the pulp of the
macauba palm fruit. It contains on average 94.96% dry matter (DM), 14.95% ether extract
(EE), 8.18% crude protein (CP), and 62.03% neutral detergent fiber (NDF) (SANTOS et al.,
2017). Due to this composition, it can be used to partially replace corn in diets (GERASEEV
et al., 2023). However, due to the high NDF content, MC is considered a fibrous feed, and
this, coupled with the higher amount of EE, may pose a challenge in its utilization in ruminant
feeding. Excess fiber compromises the energy utilization of the diet, and high EE levels can
be toxic to rumen microorganisms, interfering with fiber degradation (ALVES et al., 2016;
MACHADO et al., 2019).

When incorporating byproducts into diets, their digestibility must be considered due to the
presence of antinutritional factors or even an excess of some nutrients, as in the case of MC
(MIZUBUTI et al., 2016).

Negative effects resulting from higher levels of low-quality fiber could be minimized with the
use of microbial additives that aid in the degradation of the fibrous fraction, increasing feed
utilization and consequently animal performance (COELHO; ALVES; MEZZOMO, 2020).
Martins Junior et al. (2023) confirmed this in a study where they evaluated the in vitro
digestibility of DM (IVDMD) and NDF (IVNDF) of MC inoculated with Trichoderma

longibrachiatum and Paecilomyces sp. fungi. They found that the group inoculated with the
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mixture of fungi showed an increase in IVDMD and IVNDF, indicating the potential use of
microbial additives in supplementing feeds with high fiber content such as MC.

Therefore, the objective of this study was to evaluate the energy metabolism of lambs fed
macauba cake inoculated with indigenous cellulolytic fungi.

Materials and Methods

The experiment was approved by the Ethics Committee on Animal Use (CEUA) of the
Federal University of Minas Gerais under protocol number 230/2021.

Eighteen lambs, males, Santa Inés x Dorper crossbreeds, non-castrated, with an average age
of 7 months and average weight of 31 kg (+/- 5 kg), were evaluated and distributed into three
experimental groups: control diet (CTRL), diet with macauba cake (MC), and diet with
macauba cake and indigenous cellulolytic fungi (MC+ICF). The diets were formulated for
growing lambs, balanced for a weight gain of 200 g/day according to the recommendations of
the NRC (2007), with a concentrate to forage ratio of 60:40, containing Cynodondactylon cv.
Tifton 85 hay, composed of 19.62 and 18.19% CP for the control and MC diets respectively
(Table 1).

Before the digestibility trial, the animals were housed in pens for 65 days for performance
data collection. After this period, they were adapted for 7 days to the experimental conditions
of the digestibility trial, during which they were housed in metabolic cages. The diets were
provided twice daily at 7:00 a.m. and 4:00 p.m. and adjusted to maintain leftovers at around
20% of the amount provided. At feeding time, one group of animals was supplemented with
20 ml of culture medium containing 10"7 CFU/mI of Trichoderma longibrachiatum fungus
and 10"7 CFU/mI of Paecilomyces sp. fungus, mixed with 50g of ground corn, aiming for
total consumption of the supplement. Lambs in the other groups received the same volume of

culture medium without the microbial additive.



33

The fungi used were isolated from the digestive tract of lambs and Santa Inés sheep fed on
Panicum maximum cv. Tanzania pastures (FREITAS et al., 2012) or Cynodondactylon cv.
Vaqueiro hay, during the dry season in the northern region of Minas Gerais. Based on the
methodology described by De Hoog (2000), the fungal isolates were previously identified
using microcultivation techniques and evaluation of micromorphological characteristics and
ribosomal DNA sequencing. They were cultured on Sabouraud Dextrose agar medium
(KASVI®, Teramo, Italy) supplemented with chloramphenicol (150 mg/L) for up to seven
days at 37°C. The sporulated culture of mycelial fungi was suspended in 0.85% saline
solution containing 0.1% Tween 80 for colony-forming unit (CFU/mL) counting on
Sabouraud Dextrose agar (KASVI®, Teramo, Italy) for standardization of inocula containing
10~7 CFU/mL.

After the adaptation period, the diets, leftovers, feces, and urine were measured and sampled
daily for five days. Urine was collected in plastic buckets containing 100 ml of 10% H2S04
solution to prevent nitrogen losses. Subsequently, single samples were mixed and
homogenized to form a composite sample.

Composite samples of diet, leftovers, and feces were dried in a forced-air oven at 55°C + 5°C
for 72 hours and processed in a Willey type mill with a 1 mm sieve. After this phase, the
samples were analyzed to determine the contents of dry matter (DM), ash, crude protein (CP),
ether extract (EE), neutral detergent fiber (NDF), acid detergent fiber (ADF), and non-fiber
carbohydrates (NFC), according to INCT-CA (DETMANN et al., 2012). The gross energy
content (kcal/g) of the diets, leftovers, urine, and feces was determined using an adiabatic
bomb calorimeter model PARR 208, according to the methodology proposed by AOAC
(2006). Urine samples were analyzed to determine the total nitrogen content according to

AOAC (2006).
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For measurement of oxygen consumption, gas production, and heat production, after the
digestibility data collection, the animals were individually transferred to a metabolic cage
located inside an open-flow respirometric chamber for small ruminants, conditioned with
transparent acrylic plates, with the air inlet of the system located outside the laboratory as
described by Rodriguez et al. (2007). The respirometry assay was conducted in two stages: in
the first stage, data collection was performed with fed animals, and in the second stage, the
animals underwent a 72-hour fast with access to water only for collection of data related to
basal metabolism.

Gas exchanges were measured in the respirometric chamber using an open-circuit technique
for a period of 20 hours. During the gas determination period, food was provided once daily
before the start of the readings, and after this period, leftovers were weighed and consumption
was recorded. Water was provided ad libitum throughout the experiment.

Daily, before the measurement period began, the 02, CO2, and CH4 analyzers were
calibrated using gases of known concentration and nitrogen (N2). Gas concentrations and
airflow were automatically recorded by the Expedata software from Sable Systems
International, which calculates gas volumes produced by the animals based on the difference
between the composition of the air entering and exiting the chamber. Atmospheric air entered
the chamber at a flow rate according to the animal's weight (1 liter/kg body weight) per
minute and was mixed with the expired air from the animal, with samples collected every 6
minutes over a 20-hour period for determination of 02, CO2, and CH4 concentrations. The air
temperature inside the respirometric chamber was maintained at 23°C to ensure animal
thermal comfort.

Heat production was calculated using the Brouwer equation (1965): H (kJ) = 16.18 x O2 (L) +
5.02 x CO2 (L) —5.88 x Nu (g) — 2.17 x CH4 (L), where H refers to heat production and Nu

to urinary nitrogen.
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Methane energy loss was quantified assuming a value of 9.45 kcal/L of methane produced,
according to Brouwer (1965), and the caloric increment was calculated as the difference
between the heat production of the fed animal and the heat production of the fasting animal.
Digestible energy (DE) values were obtained from the difference between the gross energy of
the diets, leftovers, and feces. Metabolizable energy (ME) was calculated from the difference
between DE and energy lost in the form of gases (methane) and urine. Net energy (NE) was
calculated as the difference between ME and the caloric increment (CI). The energy
digestibility coefficient (EDC) was calculated from the diet, leftovers, and feces EB data.

A randomized complete block design (RCBD) (yij = m + bj + ti + eij) was used according to
weight. The data obtained were subjected to analysis of variance, and means were compared
using Tukey's test at a 5% probability level, using the Statistical Package for The Social
Sciences (SPSS/IBM) version 19.

Results

There was no significant effect (P>0.05) on DMI, CPI, and MMI, with means of 1258.43,
256.75, and 101.87 (g/day), respectively. However, NDFI, ADFI, and EElwere higher in
animals that received the diet containing macauba cake, with respective values of 553.34,
355.20, and 61.0 (g/day), differing (P<0.05) from those that did not receive the by-product,
with means of 414.36, 206.87, and 41.66 (g/day). For CNFI, it was observed that animals
receiving the control diet (539.44 g/day) had higher consumption (P<0.05) than animals
receiving diets containing macauba cake (237.2 g/day).

No significant difference (P>0.05) was observed for CPD and CNFD between the evaluated
groups, with means of 74.08 and 78.17%, respectively. Animals in the control group had
higher (P<0.05) DMS (69.20%) than animals in the other groups (average of 59.51%), the

same occurred with NDFD, where animals in the control group had a higher average
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(52.77%) than animals receiving macauba cake (43.59%). EED was higher in diets containing
macauba cake (81.31 and 82.90%) than in the control diet (67.67%).

There was no effect of the diet on oxygen consumption, CO2 production, CH4 production,
heat production, and respiratory coefficient (p> 0.05) (Table 3), with means of 27.12 L
02/kg"0.75, 27.53 L CO2/kg"0.75, 2.33 L CH4/kg"0.75, 134.8 kcallkg™0.75, and 1.01,
respectively.

There was no difference in gross energy intake (GEI) between the evaluated groups, with a
mean of 317.87 kcal/kg™0.75/PC/day. However, digestible energy (DE) was lower in groups
with MC and MC+ICF (280.34 and 257.04 kcal/kg”0.75/PC/day) compared to CTRL (306.80
kcal/kg"0.75/PC/day), due to the higher percentage of energy loss in feces. For the variables
EM and EL, no significant differences were observed between the evaluated groups, with
means of 245.51 and 179.85 kcal/kg”™0.75/PC/day, respectively.

Discussion

Although MC is a fibrous and low-digestibility feed, there was no alteration in animal DMI,
demonstrating the potential for coproduct utilization, considering that corn, which was the
replaced feed, has high rumen degradation. These results are similar to those reported by
Geraseev et al. (2023a), who evaluated the replacement of corn by MC in sheep diets and
found that up to 30% inclusion of MC did not alter animal DMI. These results may be related
to MC processing and decreased fiber effectiveness. According to Dantas Filho et al. (2007),
the type of coproduct processing influences passage rate, with finer particles having a higher
passage rate in the rumen.

The higher intake of NDF and ADF in animals that received the MC diet reflects the similar
DMI and higher levels of these nutrients in this coproduct (Table 1). When evaluating the use

of sunflower meal in sheep diets, Geraseev et al. (2023b) reported an increase in NDF intake,
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which was also related to the high NDF content of the diet with the inclusion of the
coproduct, as in the present study.

According to Oliveira et al. (2015), NDF intake can be influenced by the proportion of cell
wall components. In a study evaluating the inclusion of palm kernel cake in sheep diets, these
authors observed that as lignin consumption increased, NDF intake decreased, showing that
fiber quality can also interfere with NDF intake.

Geraseev et al. (2023a) and Azevedo et al. (2013), in studies involving the inclusion of MC in
sheep and dairy cow diets, respectively, observed that in the groups receiving a higher
percentage of MC, the diets exhibited higher NDF, which subsequently led to increased NDF
consumption by the animals. The MC diets in this study had an EE content of 5.28%, which
explains the higher EE consumption in these evaluated groups, given that DMI was the same.
When compared to the control diet, the EE content is relatively high, but still within the
acceptable inclusion level for ruminants (up to 6% EE).

An EE content higher than this value may influence DMI (VAN SOEST, 1991), as it is
directly related to a decrease in rumen microorganism population, which subsequently leads
to a reduction in diet utilization and consequently in the animal's energy efficiency. An
example of this is Azevedo et al. (2013), who evaluated the ingestive behavior of dairy cows
receiving diets with 100, 200, and 300 g/kg DM of MC, reported a reduction in DMI and milk
production. According to these authors, this may have been due to the high EE content,
reaching 9.5% in diets with the coproduct, which reduced fiber digestibility.

The similar protein consumption in the evaluated groups is due to the similarity in protein
levels in the diets, 19.62% and 18.19% (Table 1). The average consumption was 256.75
g/day, above the recommendation by the National Research Council (2007), which is 180g for

growing lambs with an average daily gain of 200g.
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The CNF consumption values in the present study were lower in animals consuming diets
with MC, as expected, because with the substitution of corn by the coproduct, the CNF
content in the diet decreased, from 30.71% in the control diet to 20.31% in the MC diets
(Table 1). Azevedo et al. (2012) also reported a similar behavior in CNF consumption in
sheep fed MC and observed a linear decreasing effect on CNF consumption as the level of
MC in the diet increased.

The reduction in DM digestibility in groups receiving MC may be due to the content and
quality of fiber in the diet. The same happened with NDF digestibility; when evaluating the
diet composition (Table 1), a large amount of ADF was observed, indicating the low quality
of this fiber. Another factor that may be related is the amount of EE present in the MC-
containing diet, as it contains unsaturated fatty acids that are highly toxic to rumen
microorganisms, which may decrease fiber digestibility (BUDEL et al., 2023). However,
these unsaturated fatty acids may have helped improve EE digestibility in diets containing
MC.

When evaluating the digestibility of lambs fed with different fruit residues replacing sorghum
silage, Almeida et al. (2018) found that DM digestibility was not influenced by the type of
residue in the diet. However, NDF digestibility decreased in the diet containing passion fruit
residue, which had an NDF content of 53.54%, a value similar to the diets containing TM in
the present study (50.68%).

In the present study, it was expected that the inclusion of fungi could improve NDF
digestibility, considering that the fungus T. longibrachiatum has cellulose and hemicellulose
activity that assist in fiber digestion (ALMEIDA, 2019). However, this result was not
observed, which could be related to the EE content of the diet.

The similarity in protein digestibility among the evaluated groups may be due to the parity in

the protein content of the diets (Table 1).
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The similarity in oxygen consumption and production of carbon dioxide and methane by the
animals resulted in equivalent heat production. Despite the higher fiber content in the MC
diets (Table 1), it was not sufficient to alter the animals' energy metabolism. Teixeira et al.
(2015) evaluated the heat and methane production of sheep fed elephant grass at different
cutting ages.They observed that heat and methane production were higher in animals
receiving the younger plant, although it had a lower NDF content than the others. According
to the authors, this result was a reflection of DMI, which was also higher in this group, and
the digestibility of the fibrous fraction, which decreased as the age of the plant increased. In a
study, Cavalcanti et al. (2019) did not find differences in heat and methane production in
sheep fed Andropogon gayanus grass at different cutting ages. This occurred because the
similarity in the NDF content of the grass in the evaluated groups may have interfered with
the results, as well as the DMI, which was also similar.

It was expected that the inclusion of the fungus would alter the digestibility of the fibrous
fraction of the diet and consequently, the methane production of the animals. However, such a
result was not observed, which may be related to the concentration of EE present in the
macauba cake. According to Santos et al. (2017), MC has a high percentage of unsaturated
fatty acids, especially lauric (C12:0) and myristic (C14:0) acids, which have a toxic effect on
some microorganisms, which could have reduced the effectiveness of the fungus.

Regarding the respiratory quotient, the average found was 1.01, indicating a predominance in
the metabolism of carbohydrates. According to Berchielli, Pires, and Oliveira (2006), the
respiratory quotient for carbohydrates, proteins, and fats are respectively 1.0, 0.8, and 0.7.
Despite the higher EE content in the MC, it was not sufficient to alter the metabolism of
nutrients.

The values of ingested gross energy (GEI) vary according to the energy content of the foods.

In the present study, there was no difference between the evaluated groups, with an average of
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317.87 kcal/kg BW/day. Digestible energy (DE) is equivalent to GEI minus losses in feces,
which changes according to the digestibility of the food and can be lower in the case of more
fibrous foods, such as MC. In this study, lambs fed MC showed lower values of DE,
reflecting the higher energy lost in feces. It was observed that animals fed MC had lower dry
matter and fiber digestibility, which could justify the higher energy loss in feces. According to
MATRICARDE et al. (2021), the energy contained in feces and methane are the main forms
of energy loss by ruminants, which varies depending on the type of diet offered.

In the present study, energy losses in feces ranged from 30.57% to 41.22%, which is close to
the values reported by Brito Neto et al. (2023), who reported average losses of 37.36% for
animals fed at intermediate and high levels.

Cavalcanti et al. (2019), when evaluating the energy intake of sheep fed with Andropogon
gayanus grass hay at different cutting ages, observed that animals receiving hay cut at 56 days
had higher ED intake (164.83 kcal’kg BW) than hay cut at 84 and 112 days (148.38 and
151.57 kcal’/kg BW). On the other hand, energy losses in feces relative to GEI were higher in
hay cut at 84 and 112 days (44.44% and 45.97%) compared to hay cut at 56 days (39.28%).
From the nutritional composition of these hays, it was possible to observe that the NDF
increased as the plant aged, resulting in lower digestibility of this fiber and consequently
greater fecal loss, as was observed in the present study. The majority of energy lost in the
form of gases is in the form of methane, which can vary from 2 to 12% of the energy from the
food (RIVERA et al., 2010; GERASEEV et al., 2023). Methane and urine represent the
energetic loss of DE metabolism, resulting in metabolizable energy (ME), i.e., energy
available to the animal's cells (BERCHIELLI, PIRES, OLIVEIRA, 2008). In the present
study, there was no difference in ME among the evaluated groups, as well as in the energy
lost in urine and methane. Energy losses through urine should not exceed 5% of GEI

(CAVALCANTI et al., 2019), a fact evidenced in the present study, where the average among



41

the evaluated groups was 3.02%. Assessing the energy intake of lambs fed banana crop
residues, Santos (2020) found energy losses in urine of 3.79%, a value close to that found in
this study. Cavalcanti et al. (2019) found lower values, with an average of 2.70%.

Energy losses in the form of methane range from 2 to 12%, varying according to the diet
composition (GERASEEV et al., 2023). In this study, there was no difference between the
evaluated groups, with an average of 4.99% in relation to GEI. Similar results were found by
Machado et al. (2015) when assessing the energy use efficiency of sheep fed different genetic
and maturity stage sorghums, reporting an average energy loss in the form of methane of
4.62% among the evaluated groups.

The caloric increment is the energy loss in the form of heat from the metabolism of nutrients.
It is calculated based on the difference in heat production of the fed and fasting animal, which
can vary depending on dry matter intake, food digestibility, animal breed, age, sex, among
other factors. Although there was a difference in DM and NDF digestibility, DMI and heat
production of the animals were similar among the evaluated groups, which allowed for a
similar caloric increment, with an average of 65.66 kcal’lkg BW/day. Machado et al. (2015)
found values close to 31.56 kcal/kg BW, lower than those found in the present study, which
may be due to differences in diet composition and also influenced by the animals; in this
study, the authors used older and castrated animals. Cavalcanti et al. (2019) observed caloric
increment values ranging from 25.18 to 47.84 kcal’/kg BW in a study with Andropogon
gayanus grass.

The ratio between metabolizable energy and digestible energy (ME/DE) was similar among
the evaluated groups, with an average of 0.87, which is higher than the recommendation by
global committees such as the National Research Council (NRC, 2007), which is 0.82.

Brito Neto et al. (2023) recorded ME/DE values of 0.85 in sheep raised in tropical climates.

The authors mention that in this case, the value of 0.85 was more accurate in predicting ME
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than 0.82, and in residual analysis, 0.85 showed less dispersion with the equation used in this
study, indicating a lower possibility of error in prediction and better adjustment for diets of
higher quality.

In the present study, the values found are similar to those reported by Brito Neto et al, (2023),
reinforcing the importance of studies of that evalue the energy metabolism of animals on
tropical diets.

Conclusion

The inclusion of macauba cake in the diet reduces digestibility; however, it does not alter the
energy utilization of the animals. Additionally, inoculation with cellulolytic fungi did not

result in an improvement in diet utilization.

Table 1. Ingredients and nutritional composition of the experimental diets.

Ingredients (%) Control Diet MacaubaCake Diet
Tifton hay 40.0 40.0
Macaubacake 0.00 30.0
Ground corn 39.5 8.5
Soybeanmeal 16.5 17.5
Urea 1.0 1.0
Minerals 3.0 3.0

Nutritional Composition

DM (% DM) 91.17 91.46
CP (% DM) 19.62 18.19
EE (% DM) 2.94 5.2

CNF (% DM) 30.71 20.31
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NDF (% DM) 40.02 50.68

ADF (% DM) 16.99 26.32

Table 2. Dry Matter Intake (DMI), Neutral Detergent Fiber Intake (NDFI), Acid Detergent
Fiber Intake (ADFI), Crude Protein Intake (CPI), Ether Extract Intake (EEI), Mineral Matter
Intake (MMI), and Non-Fibrous Carbohydrate Intake (NFCI) of sheep fed with macauba cake

inoculated with indigenous cellulolytic fungi.

Variables Control Diet TM Diet TM Diet + Fungi EPM P value
DMI (g/day) 1375.71 1221.68 1178.0 46.48 0.069
NDFI (g/day) 414.36b 567.70a 538.98a 22.74 0.002
ADFI (g/day) 206.87b 363.55a 346.86a 19.44 0.001
CPI (g/day) 281.17 248.3 240.78 9.71 0.076
EEI (g/day) 41.66b 61.13a 60.88a 2.92 0.001
MMI (g/day) 99.08 104.75 101.79 3.63 0.733
NFCI (g/day) 539.44a 238.81b 235.59b 39.94 0.001

Means followed by different letters in the same row differ significantly according to Tukey's
test at 5% significance level.

Table 3. Dry Matter Digestibility (DMD), Neutral Detergent Fiber Digestibility (NDFD),
Crude Protein Digestibility (CPD), Ether Extract Digestibility (EED), Mineral Matter
Digestibility (MMD), and Non-Fibrous Carbohydrate Digestibility (NFCD) of sheep fed with

macauba cake inoculated with indigenous cellulolytic fungi.

Variables Control Diet TM Diet Tl\éutr)]';[ * EPM P value
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DMD (%)
CPD (%)
NDFD (%)
EED (%)
MMD (%)

NFCD (%)

69.20a

74.37

52.77a

67.67b

59.96

81.15

59.74b

4.7

44.95b

81.31a

60.88

73.81

59.29b

73.17

42.23b

82.90a

61.07

79.56

1.26

1.02

1.6

1.75

1.28

2.02

0.001

0.837

0.012

0.001

0.203

0.381

Means followed by different letters in the same row differ significantly according to Tukey's

test at 5% significance level.

Table 4. Oxygen consumption, CO2 production, CH4 production, heat production, and

respiratory quotient of sheep fed with macauba cake inoculated with indigenous cellulolytic

fungi.
Variables Control Diet TM Diet Tl\éu?]igeit ¥ EPM P value
Oxygen
consumption 28.06 26.99 26.33 0.474 0.345
(L/kg/BW"0.75)
CO2 production 29.71 26.63 26.27 0.657 0.053
(L/kg/BW"0.75)
CH4 production 2.63 2.09 2.28 0.122 0.191
(L/kg/BW"0.75)
Heat production 140.85 133.3 130.36 2.451 0.203
(L/kg/BW"0.75)
Respiratory 1.06 0.99 1.0 0.016 0.116

quotient

Means followed by different letters in the same row differ significantly according to Tukey's

test at 5% significance level.
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Table 5. Energy partitioning of sheep fed with macauba cake inoculated with indigenous

cellulolytic fungi.

TM Diet +

Variables Control Diet TM Diet Fungi EPM P value
GEl(kcal’kgBW/day) 442.86 472.88 437.87 11.33 0.508
DE(kcal/kg BW/day) 306.80a 280.34ab 257.04b 7.33 0.039
ME (kcallkgBW/day) 267.33 246.43 222.79 7.05 0.065
NE(kcallkg BW/day) 195.66 182.1 161.79 7.38 0.307
EFeces(kcal/kgBW/day) 136.05b 192.53a 180.82ab 8.44 0.025
EUrine(kcal/kgBW/day) 14.44 13.85 12.56 0.61 0.491
EGases(kcal/kgBW/day) 25.03 20.05 21.69 1.14 0.095
CI (kcal/kg BW/day) 71.68 64.33 60.99 2.9 0.360
Fecal Loss (%) 30.57b 40.57a 41.22a 131 0.001
UrinaryLoss (%) 3.26 2.93 2.88 0.11 0.409
CH4 Loss (%) 5.69 4.34 4.98 0.3 0.145
IC Loss (%) 16.18 13.97 13.96 0.71 0.433
EDC 69.43a 59.43b 58.77b 131 0.001
ME/DE 0.87 0.88 0.87 0.01 0.626
NE/GE 0.44 0.38 36.97 1.24 0.094

Means followed by different letters in the same row differ significantly according to Tukey's
test at a 5% significance level. Gross energy ingested (GEI), digestible energy (DE),
metabolizable energy (ME), net energy (NE), energy in feces (Efeces), energy in urine
(Eurine), energy in gases (Egases), caloric increment (CI), energy digestibility coefficient

(EDC).
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5. CONSIDERACOES FINAIS

A torta de macauba, embora seja um alimento fibroso e tenha substituido o milho na
dieta, ndo alterou o consumo dos animais, demonstrando o potencial do coproduto na
alimentacéo de cordeiros em confinamento.

A torta de macauba inoculada com fungos autdctones celuloliticos ndo resultou em
melhora na digestibilidade e consumo dos nutrientes, aléem de ndo alterar o metabolismo

energético dos animais.
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