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“Qur life always expresses the result of our dominant thoughts”.

(Soren Kierkegaard)

“Nothing in life is to be feared, it is only to be understood. Now is the time to
understand more, so that we may fear less”.
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RESUMO

Foram realizados dois experimentos para caracterizar os compostos fenolicos presentes
no extrato vegetal de folhas e caules de baccharis (Baccharis dracunculifolia), sementes
de tamarindo (Tamarindus indica L.), 6leo essencial da folha de cravo (Syzygium
aromaticum), liquido da castanha do caju (LCC) (Anacardium occidentale) e avaliar seus
efeitos sobre o desempenho animal, eficiéncia alimentar, digestibilidade aparente,
concentracdes de acidos graxos volateis (AGV) no rimen e comportamento ingestivo de
bovinos mesticos (*2 Angus X % Nelore) terminados em confinamento. Também foi
verificado a atividade antimicrobiana in vitro desses extratos vegetais e 6leos essenciais
sobre cepas de bactérias ruminais Gram-negativas. No primeiro experimento, avaliou-se
a atividade antimicrobiana dos extratos vegetais de folhas e caules de baccharis, sementes
de tamarindo, 0leo essencial da folha de cravo e LCC contra cinco cepas de bactérias
ruminais Gram-negativas. Foram avaliados no meio de cultura contendo os extratos
vegetais/6leos essenciais nas concentracdes de 0,1; 0,2; 0,5 e 1,0 mg mL™. O crescimento
das bactérias foi avaliado pelo monitoramento da densidade 6ptica (DO 600 nm) por
espectrofotometria, nos intervalos de observacédo de 0, 8, 12 e 24 horas de incubacdo a
39° C. Os extratos inibiram o crescimento da Prevotella albensis, Prevotella bryantti,
Prevotella ruminicola, Treponema saccharophilum e Succinivibrio dextrinosolvens. No
segundo experimento, foram testados o MIX (baccharis, tamarindo, cravo e LCC), em
trés diferentes doses, sendo: 2, 4 e 6 g animal dia™® vs. o tratamento controle (sem adig&o
de material vegetal e dleos essenciais). Foram utilizados 32 machos ndo castrados (%2
Angus x %2 Nelore), com peso corporal médio de 418 + 4,51 kg e idade média de 24 + 2,0
meses, distribuidos em um delineamento inteiramente ao acaso, com quatro tratamentos
e oito repeticdes por tratamento. A dieta continha 30% de silagem de milho e 70% de
concentrado (milho gréo, gluten de milho, levedura, calcario, sal mineral e ureia). A

ingestdo de matéria seca e dos demais nutrientes, desempenho animal e 0 comportamento



Xii

ingestivo ndo foram influenciados (P > 0,05) pela adi¢cdo do MIX na dieta, mas houve
efeito do MIX (P < 0,05) sobre a digestibilidade e producdo de AGV. A digestibilidades
da matéria seca, fibra em detergente neutro e matéria organica foram maiores quando a
mistura de 2 g animal dia™* foi incluida na dieta. A adicdo do MIX proporcionou aumento
(P < 0,05) na concentracdo molar de AGV propionato e diminui¢do na razdo acetato:
propionato. Este estudo sugere que a utilizacdo de extratos vegetais/dleos essenciais de
baccharis, tamarindo, cravo e LCC podem ser uma alternativa natural ao uso de

antibioticos ionoforos na alimentagéo de ruminantes.

Palavras-chave: atividade antimicrobiana, bactérias ruminais, extratos naturais, 6leos

essenciais
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ABSTRACT

Two experiments were carried out in order to characterize the phenolic compounds
composition present in the plant extract of baccharis (Baccharis dracunculifolia) leaves
and stems, tamarind (Tamarindus indica L.) seed, clove leaf (Syzygium aromaticum)
essential oil, cashew nut (Anacardium occidentale) shell liquid (CNSL) and to study its
effects on performance, feed efficiency, digestibility, volatile fatty acids concentrations
(VFA) and ingestive behavior of crossbred bulls finished in feedlot. It was also verified
the in vitro antimicrobial activity of these plant extracts and essential oils on ruminal
strains of Gram-negative bacteria. The first experiment evaluated the plant extracts
antimicrobial activity from plant extract of baccharis leaves and stems, tamarind seed,
clove leaf essential oil, and CNSL against five strains of Gram-negative ruminal bacteria.
There were evaluated in the culture medium containing the plant extracts / essential oils
in the concentrations of 0.1; 0.2; 0.5 e 1.0 mg L. The bacteria growth was evaluated by
monitoring the optical density (OD 600 nm) in spectrophotometer, in the incubations
intervals of 0, 8, 12 and 24 hours of incubation at 39°C. The extracts inhibited the
Prevotella albensis, Prevotella bryantti, Prevotella ruminicola, Treponema
saccharophilum e Succinivibrio dextrinosolvens growth. In the second experiment, three
different doses of the MIX (baccharis, tamarind, clove and CNSL) was tested, being: 2,
4 and 6 g animal day® vs. the control treatment (without adding plant extracts and
essential oils). A total of 32 (*2 Angus vs. ¥z Nellore) young bulls with a mean age of 24
+ 2.0 months and a mean body weight of 418 + 4.51 kg were distributed in a completely
randomized design with four treatments and eight replications per treatment. The diet had
30% corn silage and 70% concentrate (corn grain, corn gluten, yeast, limestone, mineral
salt and urea). Dry matter and other nutrients intake, animal performance and intake
behavior were not influenced (P > 0.05) by adding MIX to diet, but there was a MIX
effect (P < 0.05) on dry matter digestibility and VFA production. The dry matter, neutral
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detergent fiber and organic matter digestibility were higher when 2 g animal day™* MIX
was included in the diet. The MIX addition provided an increase (P < 0.05) in the
propionate molar concentration and a decrease in the acetate: propionate ratio. This study
suggests that the use of plant extracts/ essential oils from Baccharis, tamarind, Clove and
CNSL can be a natural alternative to the use of ionophore antibiotics in the ruminants

feeding.

Key words: antimicrobial activity, ruminal bacteria, natural extracts, essential oils



| - INTRODUCAO

1.0  Revisao bibliogréafica

A pecuaria de corte é importante segmento do agronegécio brasileiro, marcado por
altas variacOes de preco e sazonalidade na producdo de alimentos. Sabe-se que com o
advento do crescimento da populagdo mundial e melhorias no poder aquisitivo da
populacdo, aumenta a demanda por produtos de origem animal e, por conseguinte, é
necessario melhorias no sistema de producdo (FAO, 2018; Ickowitz et al., 2019).

Partindo deste pressuposto, a crescente demanda por carne bovina sera atendida por
meios de processos de intensificacdo do sistema de criacdo, pois a disponibilidade de
pastagens para producdo extensiva é limitada, além dos processos orientados pelas
mudancas climaticas, como a desertificagdo, a expansdo nas lavouras e a urbanizacao
podem reduzir ainda mais a disponibilidade de pastagens no futuro (McAllister et al.,
2020). Assim, o sistema de terminacdo em confinamento tem sido utilizado, por meio do
encurtamento do ciclo de produgdo, com maior adensamento de gréos na dieta (>70%)
sendo projetados para aumentar tanto a gordura de cobertura subcutanea quanto a
intramuscular (marmoreio), de modo a garantir o fornecimento de proteina animal capaz
de suprir as exigéncias do mercado consumidor (McAllister et al., 2020; Ornaghi et al.,
2020; Tullo et al., 2019).

Neste cenério de producdo animal, no qual se procura reduzir o ciclo de producao e
aumentar a competividade do setor pecuario, o principal fator que onera a producdo € a
alimentacdo, com participacdo em cerca de 70% ou mais dos custos de producdo. De
maneira geral, na medida em que aumenta o incremento de grdos na dieta, perturbacdes
no ambiente ruminal podem ocorrer, afetando negativamente o sistema de producéo.

Estes efeitos sdo ocasionados pelo acimulo de acidos graxos volateis (AGV) no fluido



ruminal. Os AGVs sdo gerados durante a fermentacdo ruminal, podendo levar a
ocorréncia de distarbios fermentativos, como a acidose (Matthews et al., 2019; Silva et
al., 2019).

Na tentativa de eliminar ou reduzir os efeitos decorrentes da utilizacdo de alto gréo na
dieta animal e proporcionar o maior aproveitamento do alimento ingerido, utiliza-se
aditivos, para diminuir as perdas alimentares e aumentar os produtos finais da
fermentagdo ruminal, aumentando assim a eficiéncia da utilizagdo dos alimentos
ingeridos (McAllister et al., 2020; Russell, 1987; Russell and Houlihan, 2003).
Antibidticos iondforos sdo os aditivos alimentares mais utilizados para a manipulacéo da
fermentacdo ruminal em bovinos (Patra and Yu, 2012). Problemas quanto ao uso de
antibioticos vém sendo relatado ha algumas décadas, em funcdo dos possiveis danos a
salde animal e humano. Assim, torna-se necessario a busca por aditivos quimicos e
bioldgicos que sejam capazes de prover melhorias no ambiente ruminal, sem causar danos
a saude humana. Partindo deste ponto de vista, estudos com a utilizagdo de aditivos de
origem natural vém sendo conduzidos em diversas instituicbes e tém demonstrado

resultados promissores.

1.1. Aditivos alimentares na dieta de bovinos de corte

A utilizacdo de antibidticos na nutricdo de ruminantes se iniciou durante a década de
50, sendo difundida como promotores de crescimento, obtendo bons resultados para a
época, em virtude das baixas condi¢fes sanitarias presentes. Com o passar dos anos,
surgiram novas preocupacdes quanto ao uso destes produtos, em razdo dos possiveis
efeitos de resisténcia aos seus principios farmacoldgicos, como a penicilina e a
tetraciclina e os possiveis riscos a saude humana (Kirchhelle, 2018; Russell and Houlihan,
2003).

Historicamente, a partir da década de 1970, deu inicio a utilizacdo de uma nova classe
de antibioticos alimentares, denominada de ionéforos. Essas moléculas, por sua vez, sao
produzidas por bactérias do género Streptomyces (Kirchhelle, 2018; Russel and Strobel,
1989; Wallace et al., 2002). No inicio da década de 1970, estas moléculas foram
aprovadas pela Food and Drug Administration para adi¢do as ra¢cdes de ruminantes nos
Estados Unidos (Russell, 1987). De acordo com McGuffey et al. (2001) sdo conhecidos
mais de 120 tipos de ionoforos produzidos por actinomicetos. No entanto, apenas a
monensina (Rumensin), lasalocida (Bovatec), salinomicina (Bio-cox, Sacox) e laidlomycin

(Cattlyst) possuem aprovacao para o uso em dietas de ruminantes (Novilla, 2018).



As razdes pelas quais os iondforos sdo incluidos na dieta animal se devem ao fato de
atuarem como modulador da fermentacdo ruminal, promovendo reducao da desaminacéo
de aminoé&cidos da proteina da dieta, resultando em menor perda de aménia pela excrecao
urinaria (Bergen and Bates, 1984; Novilla et al., 2017; Russell, 1987; Schelling, 1984).

1.2. Modo de ac¢éo dos ionéforos

O modo de acdo dos iondéforos ocorre em funcdo da capacidade que as moléculas
possuem em facilitar o transporte de ions pelas membranas plasmaticas, promovendo
alteragGes no gradiente de concentracdo (Novilla et al., 2017). Essas moléculas possuem
alta capacidade de formar complexos lipossolUveis com cations e sdo caracterizadas por
possuirem em seu exterior envolto hidrofobico, enquanto sua parte interna é hidrofilica,
capacitando assim sua ligacdo com céations. Os ion6foros sdo capazes de proteger e
translocar ions, facilitando seu movimento através da membrana citoplasmatica
(Benarroch and Asally, 2020; Russell, 1987), impedindo que os gradientes ibnicos sejam
utilizados como forga motriz para a absorcao de nutrientes e geracao de energia.

Quando avaliado o modo de acéo nas bactérias ruminais, observa-se que os ionoforos
atuam diretamente na inibicdo das bactérias Gram-positivas, e possuem pouca ou
nenhuma atividade contra bactérias Gram-negativas Esse fato ocorre em funcdo da
estrutura das membranas celulares das bactérias. As bactérias Gram-negativas sdo
constituidas por uma parede celular composta por peptideoglicanos e membrana externa
constituida por lipopolissacarideos, proteinas e lipoproteinas (Morais et al., 2006;
Novilla, 2018). Nas bactérias anaerébias Gram-positivas o envelope celular é constituido
primariamente por uma camada espessa de peptideoglicanos e acidos teicoicos.

As bactérias ruminais mantém altas concentracdes de potassio intracelular e baixas de
sodio intracelular e, inversamente, o ambiente ruminal contém altas concentracGes de
sodio e baixas de potassio. Assim, 0 mecanismo de acdo dos iondforos esta relacionado
com a capacidade dessas moléculas de transportar ions atravées da bicamada lipidica e de
dissipar o gradiente eletroquimico gerado pelo acimulo de protons na face externa da
membrana plasmatica (Novilla, 2018; Russell, 1987). Com isso, observa-se que a
utilizacdo de iondforos causa alteragfes na microbiota ruminal, afetando negativamente
as bactérias Gram-positivas, além de promover alteracGes no perfil de fermentacdo do
rimen, garantindo a maior estabilidade do pH ruminal e a reducdo da razéo
acetato/propionato (Rodrigues, 2016). Assim, seriam encontrados outros efeitos

secundarios, como modificacfes na producdo de AGV, na producdo de gas, maior



aproveitamento dos nutrientes ingeridos, com melhorias na digestibilidade e,
consequentemente, no aumento da producdo animal.

Nesse contexto, sdo notdrios os efeitos promovidos pela inclusdo de aditivos
alimentares na dieta de bovinos de corte, possibilitando a utilizagdo de dietas com alto
teor de carboidratos prontamente fermentaveis, possibilitando que o0s animais expressem
0 seu potencial genético para ganho de peso e, consequentemente, reduzindo o ciclo de

producéo e a rotatividade do setor.

1.3. Restri¢des quanto ao uso dos ionoforos

Embora observado efeitos positivos na producdo animal com o uso de ionoforos,
existem algumas questdes sanitarias, de seguranca alimentar e restricdes quanto ao seu
uso, atrelado aos possiveis residuos provocados por estas moléculas.

Hé alguns anos, com a proibig¢do do uso de ionoforos pela Unido Europeia (Directive
1831/2003/CEE, European Commission, 2003) (OJEU, 2003), a comunidade europeia
tém restringido o uso de antibioticos e coccidiostaticos como aditivos alimentares para
bovinos, por causa das preocupagdes quanto aos possiveis residuos no produto e selecéo
de resisténcia cruzada aos antibidticos em bactérias comensais ou patogénicas do trato
gastrointestinal de animais de producdo. Desta forma, alguns principios farmacéuticos
ndo sdo mais encontrados e outros estdo sendo gradativamente retirados do mercado
(Herrera et al., 2009; Kirchhelle, 2018).

De acordo com Hao et al. (2014), serdo necessarias politicas publicas de longo prazo
para estabelecer a regulamenta¢éo internacional quanto ao uso de antibi6ticos em animais
de producdo. Os mesmos autores fazem analogia quanto a restricdo imposta ao uso dos
antibidticos e iondforos, pois caso houvesse a proibicdo nos EUA, a taxa de eficiéncia
alimentar poderia sofrer queda na ordem de 5% ou mais, e com isso, seriam necessarias
a abertura de novas areas destinadas para o plantio do milho e soja, para atender a
demanda de producéo de alimentos para 0s animais.

Assim, com a crescente modernizacdo e a facilidade ao acesso a informacéo, as
pessoas preocupadas com a salde e bem-estar vém levantando questBes relacionadas ao
uso dos antibioticos iondforos na alimentagdo animal e os possiveis riscos relacionados
ao desenvolvimento de resisténcia aos antibidticos. Neste sentido, para atender as
exigéncias do mercado consumidor que busca por alimentos vegetais e animais saudaveis,
estudos estdo sendo realizados com o propdsito de substituir os antibidticos e iondforos

por moléculas bioativas de origem vegetal.



1.4. Compostos naturais e sua utilizacéo na alimentacdo de ruminantes

Considerando a dimensdo territorial e a variagdo climatica, o Brasil € um pais de clima
tropical que possui condicBes favoraveis ao desenvolvimento de diversas espécies
arboreas, e, com isso, ao considerar a diversidade de plantas existentes, toma-se um
desafio a identificacdo e quantificacdo dos principios ativos e a avaliacdo dos efeitos dos
extratos dessas plantas como aditivos na alimentagdo animal.

Inicialmente, surgiram pesquisas com a utilizacdo da propolis na alimentacdo de
ruminantes, pelas suas propriedades antimicrobianas, anti-inflamatéria, e por apresentar
em sua composicdo os compostos flavonoides (Beecher, 2003; Williams et al., 2004).
Desde entdo, resultados positivos quanto aos parametros de desempenho animal vém
sendo encontrados (Valero et al., 2014; Zawadzki et al., 2011), indicando a possibilidade
real de inclusdo destes produtos na alimentacdo animal com potencial substituto aos
antibioticos e iondforos comumente utilizados. No entanto, por se tratar de um produto
usual tanto na alimentacao animal quanto na alimentacdo humana, tém-se limitado a sua
utilizagdo. Assim, tém-se despertado o interesse dos pesquisadores em investigar 0s
efeitos decorrentes da utilizagdo de extratos vegetais e 6leos essenciais na alimentacao
animal.

Os 0leos essenciais sdo formados por misturas complexas de metabolitos secundarios,
lipofilicos volateis (Benchaar and Greathead, 2011) que podem ser sintetizados por
diversas partes das plantas, como folhas, flores, brotos, caules, sementes, raizes e séo
armazenadas em células secretoras, epidérmicas ou tricomas glandulares (Bakkali et al.,
2008). Os extratos vegetais sdo derivados dos compostos metabdlitos secundarios das
plantas, principalmente os terpenoides (monoterpenos e sesquiterpenos), podendo conter
cerca de 20 a 60 componentes em diferentes concentracdes (Bakkali et al., 2008) e
desempenham fungBes importantes, como antissépticos e antimicrobianos (Calsamiglia
etal., 2007).

As atividades antimicrobianas dos extratos naturais ocorrem em fungdo dos compostos
presentes, como, fendlicos, quinonas, saponinas, flavonoides, taninos, cumarinas,
terpenoides e alcaloides (Cowan, 1999), sendo a acdo antimicrobiana variavel e
dependente da configuracdo estrutural (Gyawali and lbrahim, 2014), além de
apresentarem rendimento e composicéo variavel entre plantas de diferentes espécies e em

diferentes partes da mesma planta (Benchaar and Greathead, 2011).



Quanto as formas de extracdo, utiliza-se 0 método por temperatura e destilacdo a
vapor, extracdo com solvente, extracdo supercritica de CO2 (Benchaar and Greathead,
2011), sendo que o perfil quimico dos derivados dos 6leos essenciais iré diferir de acordo
com o metodo de extracdo empregado (Bakkali et al., 2008).

Estudos tém sido realizados com o objetivo de caracterizar a acao dos extratos e 0leos
vegetais na inibicdo do crescimento bacteriano, e vem demonstrando resultados
satisfatorios. Com isso, tem-se despertado o interesse dos nutricionistas de animais, pois
se vislumbra uma alternativa que possa ser utilizada como aditivo alimentar e que atue
como possivel substituto aos antibidticos ion6foros comumente utilizados.

Assim, os 0Oleos essenciais possuem caracteristicas particulares, que lhes conferem
maior atratividade de utilizagdo. De maneira geral, observa-se acdo antimicrobiana dos
6leos essenciais frente aos microrganismos anaerébios. O modo de acdo destes produtos
é variado, em funcdo dos metabdlitos secundarios presentes e, acredita-se que a presenca
de oxigénio e enxofre na estrutura quimica potencializa 0 modo de acdo destes produtos,
sendo o grupo hidroxila responsavel em interromper o transporte normal dos ions pela
membrana citoplasméatica e na inativacdo das enzimas microbianas (Benchaar and
Greathead, 2011).

Ao contrario dos antibidticos ion6foros (monensina), que apresentam modo de acao
no grupo das bactérias Gram-positivas, 0s extratos vegetais e 6leos essenciais vem
demonstrado eficdcia em ambos os grupos de bactérias Gram-positivas e negativas. Este
modo de ac¢ao tem sido evidenciado principalmente nos compostos ao qual estéo presentes
as estruturas fenolicas, notando-se amplo espectro de atividade (Lambert et al., 2001), em
funcdo de sua capacidade em penetrar a membrana das bactérias Gram-negativas
(Helander et al., 1998).

2.0. Caracterizacdo dos extratos naturais e 6leos vegetais

2.1. Baccharis dracunculifolia

Nativa do Brasil, a baccharis (Baccharis dracunculifolia) € popularmente conhecida
como “alecrim do campo” ou “vassourinha” e caracteriza-se por sua adaptabilidade as
mais variadas condicdes climaticas e presenca de compostos fenolicos, com propriedades
antioxidantes e antimicrobianas (Bonin et al.,, 2020). Sabe-se que Baccharis

dracunculifolia é a principal matéria-prima utilizada pelas abelhas (Apis mellifera) na



producdo de propolis verde, cujos beneficios sdo bem relatados na literatura (Rodrigues
et al., 2020).

Pesquisas com extratos da baccharis tem demonstrado a importancia desta espécie
arbdrea e a sua diversidade de utilizagdo, destacando-se as suas atividades antibacteriana,
poder antioxidante, anti-inflamatoria, antifingica e antiviral (Hocayen et al., 2012; Lage
etal., 2015).

Cazella et al. (2019) ao estudar a composicdo quimica e avaliar a atividade
antimicrobiana do 6leo essencial da parte aérea da B. dracunculifolia, identificaram trinta
constituintes no 6leo essencial, sendo suas principais classes formadas por sesquiterpenos
oxigenados (60,8%), sesquiterpenos hidrocarbonetos (22,9%) e monoterpenos
hidrocarbonetos (9,6%). O estudo da acéo antimicrobiana demonstrou que os 6leos foram
altamente eficazes contra as bactérias patogénicas Gram-positivas e Gram-negativas,
apresentando efeito bactericida sobre Staphylococcus aureus, Bacillus cereus e
Pseudomonas aeruginosa.

Guimardes et al. (2012) ao avaliarem as propriedades antioxidantes do extrato da B.
dracunculifolia e seus efeitos contra o estresse oxidativo em mitocondrias isoladas de
ratos, observaram que o extrato utilizado apresentou atividade antioxidante, eliminando
os radicais livres e quelantes de ferro, evitou a oxidagdo de grupos tiol de proteinas
mitocondriais e a deplecdo da Glutationa Peroxidase (GSH), demonstrando a importancia
deste produto como potencial agente protetor dos danos hepéticos ocasionados pela
oxidacao.

2.2. Tamarindus indica L.

Popularmente conhecida como tamarindo (Tamarindus indica L.), caracteriza-se como
planta frutifera pertencente a familia das leguminosas, nativa da Africa, capaz de se
desenvolver em regides tropicais e subtropicais, tendo a temperatura de 25° C como a
ideal para o seu desenvolvimento (Reis et al., 2016). As diversas partes da planta (frutas,
folhas e sementes) sdo compostas por fontes naturais de antioxidantes (Luzia and Jorge,
2011; Reis et al., 2016), despertando, assim, o interesse dos pesquisadores em investigar
a utilizagdo deste produto como potencial substituto aos antioxidantes.

Quanto a composicdo das sementes, destaca-se as proteinas (13 a 20%), 6leo (4,5 a
16,2%). Entre os acidos graxos presentes, o linoleico, oleico e o palmitico foram os mais

abundantes (Rao and Mathew, 2012), tendo como constituintes fito-quimico os



compostos fenolicos, como epicatequina, além do &cido tartarico, pectina, arabinose,
xilose, galactose, glicose e triterpeno (Kuru, 2014).

Em relacdo a atividade antimicrobiana, estudos vém sendo realizados e os resultados
tém demonstrado efeitos variados contra cepas de bactérias Gram-positivas e Gram-
negativas (Arshad et al., 2019; Daniyan and Muhammad, 2008; Tril et al., 2014).

Nunoi et al. (2019) ao realizarem o estudo com as sementes de tamarindo ao nivel de
0, 30, 60 e 100% em substituicdo ao farelo de arroz na dieta de novilhos leiteiros,
observaram que houve melhorias na eficiéncia de fermentag&o ruminal, com aumento na
concentracdo de acidos graxos totais e acido propidnico, sendo que a ingestdo e a
digestibilidade ndo foram influenciados quando as sementes de tamarindo foram
adicionadas na dieta. De acordo com os autores, a semente de tamarindo pode ser utilizada
como fonte de energia alternativa e potencial substituto ao farelo de arroz, podendo ser
substituido em até 100%.

2.3. Liquido da castanha do caju

Nativo do Brasil, o liquido da casca da castanha de caju € um subproduto do
processamento da castanha de caju e possui varios usos industriais (Akinhanmi et al.,
2008; Lubi and Thachil, 2000), tendo como constituintes principais o cardanol, cardol e
0 acido anacardico, conferindo-lhes um amplo espectro de acdo, sendo comumente
utilizados como antimicrobianos, antioxidantes e antitumorais (Andrade et al., 2011;
Watanabe et al., 2010).

O liquido da castanha do caju, popularmente conhecido como LCC, apresenta
potencial de utilizacdo na dieta animal, e seus efeitos na modulacdo do ambiente ruminal
sdo bem documentados na literatura (Akinhanmi et al., 2008; Oh et al., 2017; Siddhuraju,
2007). Watanabe et al. (2010), apds realizarem varios experimentos in vitro com a
utilizacdo do LCC, constataram que este produto apresenta potencial uso na dieta de
ruminantes, podendo atuar como modulador da fermentacdo ruminal, aumentando a
producéo de propionato e reduzindo as emissdes do metano, sem afetar a producdo de

acidos graxos totais e a digestibilidade dos nutrientes.

2.4. Oleo essencial do cravo (Syzygium aromaticum)
O cravo da india € uma planta arbérea, nativa da Indoneésia, possui aroma, sabor e odor
caracteristico. Estudos demonstram a potencialidade do 6leo essencial de cravo-da-india

como agentes antimicrobianos, antifngico e anticarcinogénico (Chaieb et al., 2007).



Além disso, possui alta capacidade antioxidante, tendo o eugenol como composto
majoritario (Biondo et al., 2017; Cortés-Rojas et al., 2014). O eugenol, a substancia ativa,
compde 90-95% do dleo de cravo-da-india e como aditivo alimentar € classificado pela
FDA (Food and Drug Administration) como uma substancia ‘Geralmente Considerada
Como Segura’’ (Franklyne et al., 2019).

A maioria dos ingredientes quimicos isolados e identificados no éleo essencial foram
mono e sesquiterpeno, hidrocarbonetos normais e ciclicos e derivados fenélicos (Hossain
et al., 2014; Pandey and Singh, 2011; Pandey et al., 2017). Esses compostos tém
despertado o interesse dos pesquisadores, que vislumbram o potencial de utilizagdo desse
produto como aditivo bioldgico na dieta de ruminantes. Assim, ha relatos na literatura da
utilizacdo desse Gleo essencial associado a outros compostos vegetais, resultando em
melhorias no desempenho animal, sem afetar a digestibilidade dos nutrientes e
comportamento animal (Ornaghi et al., 2020, 2017; Souza et al., 2019), aumento da
atividade antioxidante, com diminuicdo da oxidacdo lipidica da carne (Monteschio et al.,
2017), e na modulacao ruminal, com diminui¢do da concentracdo de acetato (Roy et al.,
2015).

3.0. Conclusoes e perspectivas

Os extratos naturais e 0leos vegetais apresentam potenciais de utilizacdo e substituicao
aos antibioticos ionoforos utilizados na alimentacdo animal, proporcionando melhorias
aos animais e ao produto final (carne/leite). Além disso, podem contribuir para diminuir
a emissdo de gas metano, tornando-se adequados para reduzir o uso de antibidticos como
promotores de crescimento, e atendendo as exigéncias do mercado consumidor global.

Assim, com a preocupacao pelo surgimento de resisténcia a antibidticos na producao
animal, tem se tornado prioridade expandir os estudos para inclusdo dessas moléculas
bioativas na dieta animal, além de avaliar os sinergismos entre esses compostos e sua
aplicabilidade no sistema de producéo.

Nesse sentido, pesquisas devem ser elaboradas visando elucidar a forma prética de
utilizacdo desses compostos, pois existem limitagdes quanto a utilizacdo dos mesmos, por

apresentarem baixa solubilidade em &gua e forte propriedade organolépticas.
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Il - OBJETIVOS GERAIS

Caracterizar os compostos fendlicos presentes no extrato vegetal de folhas e caules de
baccharis (Baccharis dracunculifolia), sementes de tamarindo (Tamarindus indica L.),
6leo essencial da folha de cravo (Syzygium aromaticum), liquido da castanha do caju
(LCC) (Anacardium occidentale) e avaliar a atividade antimicrobiana in vitro desses
extratos vegetais e dleos essenciais sobre cepas de bactérias ruminais Gram-negativas.
Também foi verificado os efeitos sobre o desempenho, eficiéncia alimentar,
digestibilidade, concentracdes de acidos graxos volateis (AGV) e comportamento

ingestivo de bovinos mesti¢os terminados em confinamento.



111 - In vitro antimicrobial activity of baccharis, tamarind, cashew nut shell liquid, and

clove oil against Gram-negative ruminal bacteria

Journal: Animal Feed Science and Technology

Abstract

This study aimed to evaluate the in vitro antibacterial activity of Baccharis dracunculifolia and
Tamarindus indica L. aqueous extract, cashew nut shell liquid (CNSL) natural extracts, and
clove essential oil (EO) against five species of Gram-negative ruminal bacteria. Cultures were
grown in anaerobic media containing 0.1, 0.2, 0.5 and 1.0 mg mL™ of the extracts or oils.
Growth was evaluated by monitoring the optical density (OD 600 nm) at intervals of 0, 8, 12
and 24 hours of incubation at 39 °C. The baccharis and tamarind aqueous extract, and CNSL
natural extract inhibited the growth of Prevotella albensis, Prevotella bryantii, Treponema
saccharophilum and Succinivibrio dextrinosolvens. For Prevotella ruminicola and
Succinivibrio dextrinosolvens, the addition of the clove leaf EO of 1.0 mg mL™ resulted in a
greater impact on growth dynamics, with a reduction in optical density in all intervals of
observations. The findings of this research establish the efficacy of natural additives aqueous
extracts of baccharis and tamarind, CNSL, and clove essential oil, in antimicrobial activity in

vitro against the Gram-negative ruminal bacteria analyzed.

Keywords:

Antibacterial activity, natural extracts, essential oil, rumen bacteria
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Abbreviations:

Cashew nut shell liquid (CNSL); Conselho Nacional de Desenvolvimento Cientifico e
Tecnologico (CNPq); Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior
(CAPEYS); Essential oil (EO); Gas chromatography coupled to mass spectrometry (GC-MS);
High-resolution mass spectrometry (HRMS); Hydro ethanolic lyophilized Baccharis
dracunculifolia (HBDL); Nuclear magnetic resonance (NMR); Optical density (OD); Ultra-

high-performance liquid chromatography (UHPLC).

1. Introduction

Ruminant nutritionists are studying the effects of natural additives in the diets of animals to
reduce the preventable losses during the fermentation process (Benchaar and Greathead, 2011,
Monteschio et al., 2017; Ornaghi et al., 2017; Souza et al., 2019; Wallace et al., 2002). These
compounds are potential rumen fermentation modulators, and without causing risk to human
and animal health.

Tropical plants are rich in secondary metabolites, such as phenolic and flavonoids
compounds. Biological activities such as antibacterial and anti-inflammatory activity in
ruminants can improve dry matter digestibility, reduce methane emissions and increase
propionate production (Olagaray and Bradford, 2019). Among some of the natural compounds
tested in vitro an in vivo, the baccharis (Baccharis dracunculifolia) (Bonin et al., 2020; Campos
et al., 2016; Zuccolotto et al., 2019), tamarind (Tamarindus indica L) (Arshad et al., 2019;
Souza et al., 2018; Wang et al., 2017), cashew (Anacardium occidentale) (Cruz et al., 2014;
Valero et al., 2014, 2016), and clove (Syzygium aromaticum) (Cortés-Rojas et al., 2014; Pandey
and Singh, 2011; Passone et al., 2012) are easily available. Research concerning the effects of

plant extracts and essential oils (EO) on ruminal bacteria growing is still limited. Bioactive
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compounds extracted from plants have the capacity to affect the integrity of the cell envelope
in Gram-negative bacteria.

The hypothesis of this study was that the inclusion of extracts of leaves and stems of
Baccharis, tamarind seeds, cashew and cloves oils could reduce the activity of the main Gram-
negative bacteria of rumen.

Thus, this study was carried out to evaluate the main class of secondary metabolites present
in the seed tamarind extract by *H NMR, and the chemical composition clove oils by GC-MS.
Furthermore, the antimicrobial effect in vitro action against principal species of Gram-negative
ruminal bacteria of baccharis extract, seed tamarind extract, cashew nut shell liquid and clove

oil was also determined.

2. Materials and methods

2.1. Ethics

All experimental procedures were conducted under the surveillance of the Animal Care and
Use Committee of the Universidade Estadual de Maringa, Brazil (protocol number
1103290719) and met the guidelines of the National Council for the Control of Animal

Experimentation (CONCEA).

2.2. Origin of vegetable extracts and essential oils

The baccharis (Baccharis dracunculifolia) leaves and stems of the upper part was collected
in Maringa, city, Parana state, Brazil south (latitude 23°27’S and longitude 51°59° W) during
the summer period. The region has a humid temperate climate with a temperate summer of 18
°C, and an annual average rainfall of 1,114 mm. The extract of baccharis used in this study was
the same used in our previous study (Bonin et al., 2020). Analysis of the chemical constituents

of baccharis using UHPLC-HRMS/MS method indicated that the extracts contained
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germacrene B, spathulenol, naringenin, kaempferol, artepillin C, a-pinene, hydroxycinnamic
acid, apigenin, kaempferide, limonene, phenylethanol and p-caryophyllene (Bonin et al., 2020).

The tamarind (Tamarindus indica L.) seeds were collected in Nova Redencéo city, Bahia
state, Brazil northeast (latitude 12°49’S and longitude 41°03°W) during winter. This region has
a tropical climate with a dry winter season, and an annual mean temperature of 23.5 °C and an
average annual rainfall of 805 mm.

The cashew nut shell liquid (CNSL) was purchased from Safeeds® (Cascavel city, Parana
state, Brazil south) and stored at -18 °C. CNSL was chosen because it presents cardanol and
cardol as the main constituents (Andrade et al., 2011; Das et al., 2004; Medeiros et al., 2020).

The essential oil (EO) from clove leaf (Syzygium aromaticum) was purchased from
FERQUIMA® (Vargem Grande Paulista city, Sdo Paulo state, Brazil, southeast) and stored at -

18 °C.

2.3. Preparation of natural extracts

The plant material collected from baccharis and tamarind seeds were partially dried in a
forced ventilation oven (40 °C) until they reached a constant weight at 72 hours. Samples were
then processed in a knife mill through a 1 mm sieve (Wiley TE-650/1). To prepare the extracts
of baccharis and tamarind, 10 grams of the partially dried material were weighed, mixed with
100 ml of distilled water, placed under agitation every 15 minutes for 2 hours. After the stirring
period, the extract was filtered using filter papers (Whatman N°1, 90 mm), stored in closed
flasks, overwrapped in aluminum foil, and kept stored at a temperature of 4 °C until the anal-
yses. Extracts of baccharis, tamarind, the CNSL and the EO from clove leaf were diluted in
Tween® 80 solution (5%), to make the following stock concentrations: 200; 400; 1000 and 2000
mg L1, These concentrations represent typical amounts of compounds from plant extracts and

EO supplied to ruminants diets (Ornaghi et al., 2020; Rivaroli et al., 2020).
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2.4. Chemical analysis

The chemical profile of the tamarind seeds was evaluated by nuclear magnetic resonance
(NMR) analysis. A part of the crude extract of tamarind seeds (12.9 g) was suspended in
methanol/water (1:1, 100 mL, v/v), and successively partitioned with n-hexane and ethyl acetate
(3 x 20 mL, v/v). Ethyl acetate fraction was submitted to NMR analysis. *H NMR spectrum
was recorded on a Bruker Avance Il HD spectrometer (Bruker®, Billerica, MA, USA)
operating at 500 MHz, using DMSO-d6 (Sigma-Aldrich) as solvent (Figure 1).

The identification of bioactive compounds of clove leaf oil was performed using gas
chromatography coupled to a mass spectrometer (GC-MS, USA) (Biondo et al., 2017), on a
Thermo-Finnigan equipment, model Focus DSQ I, fitted with J&W Scientific DB-5 capillary
column (30 m x 0.25 mm x 0.25 um). The temperature of the ionization source was 250 °C,
injector at 250 °C, split injection mode 1/10. The carrier gas used was helium (99.999%) at 1.0
mL/min. A volume of 1 pL of the sample dissolved in ethyl acetate at a ratio of 1:20 was
injected. The equipment operated in electron impact (70 eV) using a SCAN mode with mass
spectral range of 40-650 m/z. For the separation of chemical constituents of the clove essential
oil, the initial column temperature was 60 °C, increased at a rate of 3 °C/min to 246 °C, which
was held for 11 minutes, then increased at a rate of 30 °C/min until the column reach a final
temperature of 290 °C. The comparison of the mass spectra obtained for each sample with the
standard spectra (National Institute of Standards and Technology, NIST) was performed using

the MS Search Program v.2.0 program spectral library (Figure 2).

2.5. Microorganisms
Five strains of Gram-negative ruminal bacteria were used: Prevotella albensis (DSM

11370), Prevotella bryantii (DSM 11371), Prevotella ruminicola (ATCC® 19189™),
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Treponema saccharophilum (DSM 2985), Succinivibrio dextrinosolvens (ATCC® 19716™),
All bacterial strains were cultivated in Hungate tubes under anaerobic conditions using
Hobson’s M2 medium (Hobson, 1969), and at 39 °C for 18 h. Stock cultures of bacteria were
stored in a refrigerator at -80 °C in 15% (v/v) glycerol stock medium for further use. For every
experiment, sub culturing was performed every 2 d using Hobson’s M2 medium culture. The
same procedure was repeated at least three times to remove any impurities coming from the

glycerol.

2.6. Description and preparation of the culture medium

Ruminal contents (500 mL) were collected from three rumen-cannulated bulls (%2 Zebu vs.
% European) with a mean age of 24 + 2.0 months and a mean body weight of 418 £+ 4.51 kg,
two hours after morning feeding. Ruminal contents were squeezed through four layers of
cheesecloth and the pooled ruminal liquid sample was chilled to 5 °C with ice, placed in bottle
thermos and immediately transported to the laboratory. The ruminal fluid was centrifuged at
12,000 x g for (25 min, 4 °C) and the supernatant was stored at —20 °C. Diet of the bulls
consisted of corn silage (30% DM) and 70% concentrate (12.9% crude protein; 25.5% neutral
detergent fiber and 3.3% ether extract), provided ad libitum.

The anaerobic medium contained (per L): glucose (2.0 g); maltose (2.0 g); sodium hydrogen
carbonate (4.0 g); Bacto-casitone (10.0 g); yeast extract (2.5 g); cellobiose (2.0 g); mineral
solution 1 (150 ml); mineral solution 11 (150 mL); clarified rumen Fluid (200 mL); sodium
lactate solution (10 mL); resazurin Solution (1 mL); distilled water (up to 1000 mL) and
cysteine-HCL (1.0 g). The mineral solution I consisted of 3 g of dipotassium phosphate, in 1
liter of distilled water and the mineral solution Il consisted of 3 g of monopotassium phosphate,
6 g of ammonium sulfate, 6 g of sodium chloride, 6 g of sulfate of magnesium, 0.6 g of calcium

chloride in 1 liter of distilled water. The pH of the medium (6.8) was adjusted using 2 N NaOH.
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The culture medium was prepared under anaerobic conditions by boiling, adding a reducing
agent (cysteine), and distributing the medium in Hungate glass tubes (9.0 ml), under flux of
CO- and then sealed with rubber septa and plastic caps (Hobson, 1969; Hungate, 1966). Tubes
were sterilized in an autoclave at 120 °C for 20 minutes. After this procedure, the tubes were

removed from the autoclave, waited to cool at room temperature, and then stored in the dark.

2.7. Sample preparation and analysis

The assays were performed using six replicates per bacteria (P. albensis, P. bryantii, P.
ruminicola, T. saccharophilum and S. dextrinosolvens), which were allocated in one of the
following treatments: control (0.5 mL of the test bacteria + 0.5 mL of the culture medium); 0.1
mg mL (0.5 mL of the test bacteria + 0.5 mL of plant extract/oil, at a concentration of 0.1 mg
mL7); 0.2 mg mL™ (0.5 mL of the test bacteria + 0.5 mL of plant extract/oil, at a concentration
of 0.2 mg mL™?); 0.5 mg mL? (0.5 mL of the test bacteria + 0.5 mL of plant extract/oil, at a
concentration of 0.5 mg mL™); 1.0 mg mL™ (0.5 mL of the test bacteria + 0.5 mL of plant
extract/oil, in the concentration of 1.0 mg mL™). To verify if Tween® 80 solution (5%) could
have antibacterial effect in the tested cultures, tubes were prepared with culture medium, the
tested bacteria (0.5 mL) and Tween® 80 solution (0.5 mL) and compared to the control
treatment.

All tubes contained 9.0 mL of culture medium. Cultivation was performed at 39 °C, and
bacteria growth was evaluated by quantifying the optical density (OD) at 600 nm using an
spectrophotometer (Thermo scientific, Genesys 10UV Scanning). Optical density was
evaluated at 0, 8, 12, and 24 hours of incubation. Strains used in the current study reached the

early stationary phase after 16 h of growth (data not shown).
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2.8. Statistical Analysis

After exploratory analysis of longitudinal data, all response variables showed positive
asymmetric distribution. Thus, the gamma model with log connection function of the mixed
generalized linear models was used. This was based on generalized estimation equations (GEE),
which are the marginal distribution of mixed models, without the denotation of random effects.
In this case, the sample intra-unit covariance structure was incorporated. The AR (1) was
considered: first order auto-regressive. The choice of this is due to the fact that it best
represented the variation of the equally spaced data and, also, the covariance decreased on
average between two observations as the time interval between them increased, as suggested
by Diggle et al., (2002).

The adjusted model is as follows:

Y= Po + BI time + B2 concentration + B3 time* concentration + €(error)
For each Y ~ Gamma (link =log), "AR1" correlation structure wherein all models were adjusted

in the R application using the geeglm package.

3. Results

3.1. Effect of Tween® 80 on bacterial growth
Tubes containing the culture medium, the bacteria and Tween®80 (5%; v/v) had similar
growth compared to control (data not shown), indicating that 5.0 mL Tween®80 solution had

no antimicrobial activity against the ruminal bacteria used in this study.

3.2. Baccharis dracunculifolia
The effects of baccharis extract on growth of Gram-negative ruminal bacteria are
summarized in Table 1. Except for P. ruminicola, all cultures of ruminal bacteria reached cell

high cell densities (> 1.0) after 8 h of growth, and turbidity remained high until the end of the
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experiment. However, upon the addition of baccharis extracts, a drastic decrease (P < 0.05) in
OD was observed for P. albensis, P. bryantii and T. saccharophilum. These cultures were
highly susceptible to the baccharis extract and even concentrations as low as 0.1 mg mL™
reduced the ODegoonm more than 70% after 8 h of growth. P. ruminicola showed little
susceptibility to baccharis extracts and no differences in cell densities could be observed after
12 or 24 h of growth. The fibrolytic bacteria Succinivibrio dextrinosolvens initially showed a
decrease of approximately 80% in the ODegoonm at the highest concentration of the baccharis
extract tested (1.0 mg mI?). However, this effect diminished during growth, and after 12 and

24 h of incubation the reduction in ODgoonm Was only 20% when compared to the controls.

3.3. Tamarindus indica L.

The *H NMR spectrum of ethyl acetate fraction of the tamarind seeds (Figure 1) showed
characteristic signals of fatty acid, such as olefinic protons at o 5.3, methylene protons in the
region of dn 1.1 to 2.7, and terminal methyl group protons at 6 0.8 to 0.9 (Knothe and Kenar,
2004; Tsiafoulis et al., 2019). It was also observed signs at the region of 64 5.7 to 7.3 and 8.7
to 10.2, indicating the possible presence of phenolic and flavonoid compounds in the tamarind
acetate fraction (Charisiadis et al., 2014; Rivero-Cruz et al., 2017).

The extracts obtained from Tamarindus indica L. were among the least effective against the
ruminal bacteria tested in this study (Table 2). Except for P. ruminicola, all cultures of ruminal
bacteria reached cell high cell densities (> 1.0) after 8 h of growth, and turbidity remained high
until the end of the experiment. However, upon the addition of Tamarindus indica L. extracts
(12 - 24 hours), a drastic and significant decrease (P < 0.05) in OD was observed for P. albensis,
and S. dextrinosolvens. Consistent inhibitory effects were observed at the highest concentration
of the extract (1.0 mg mL™) and at later incubation times as shown for P. ruminicola and S.

dextrinosolvens. P. ruminicola incubated with 1.0 mg mL™ of tamarind extract for 24 h showed
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the highest reduction in ODsoonm (41%). For the remaining cultures, the decrease in ODgoonm
after 24 h was much lower and growth inhibition varied from none (P. bryantii) to about 25%

(T. saccharophilum).

3.4. Cashew nut shell liquid (CNSL)

The CNSL extract affected the bacterial growth (P < 0.05) for all analyzed concentrations
(Table 3). Except for S. dextrinosolvens, upon the addition of CNSL, all cultures of ruminal
bacteria presented drastic and significant decrease (P < 0.05) in ODgoonm at intervals of 8 and
12 hours of incubation. The addition of 0.1, 0.2, 0.5 and 1.0 mg mL ™ resulted in a late decrease
in the optical density for S. dextrinosolvens, the effect being evident at 12 and 24 hours of

observation.

3.5. Clove leaf

The identification of bioactive compounds in clove leaf EO was performed by GC-MS, and
showed that eugenol (C10H1202, m/z 164.0 [M*]) and caryophyllene (C1sH24, m/z 204.09 [M™])
(Figure 2) are the main compounds present in this oil.

The effects of adding clove EO (Table 4) varied according on the concentration being used.
The addition of 0.2, 0.5 and 1.0 mg mL* had no effect in reducing the ODsoonm for P. albensis,
P. bryantii and T. saccharophilum. However, the 0.1 mg mL™ concentration promoted decrease
in ODeoonm after the 12-hours observation interval. For P. ruminicola and S. dextrinosolvens,
the addition of 1.0 mg mL™ resulted in a greater impact on growth dynamics, with a reduction
in optical density in all intervals of observations. For the concentration 0.1, 0.2 and 0.5 mg mL"
! when evaluated in P. ruminicola, a decrease in ODgoonm Was observed only for the first 8
hours of evaluation, whereas, for S. dextrinosolvens, the effects of these concentrations were

evident after the 8 hours of observation.
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4. Discussion

4.1. Baccharis dracunculifolia

The in vitro antimicrobial activity of the Baccharis dracunculifolia extract demonstrated in
this study may be associated with synergism between the main classes of identified secondary
metabolites: terpenes (germacrene B, spathulenol, a-pinene, limonene and p-caryophyllene),
flavonoids (naringenin, kaempferol, kaempferide and apigenin) and phenolic compounds
(artepillin C and hydroxycinnmic acid) (Bonin et al., 2020; Frizzo et al., 2008; Lage et al., 2015;
Paula et al., 2017; Salazar et al., 2018). Although the exact mechanism of action of these
bioactive compounds has not yet been elucidated, exposure of anaerobic ruminal bacteria to
these compounds as performed in the current work indicates that they can reduce cell growth
and biomass production. Previous studies indicate that plant extracts can affect the integrity of
the cell membrane in bacterial cells, increasing ion permeability and causing the dissipation of
the membrane potential (Mirzoeva et al., 1997; Tarahovsky et al., 2014). The electrochemical
potential across the cytoplasmic membrane is essential for anaerobic bacteria to carry out ATP
synthesis and substrate uptake, which is essential for biomass production (Mirzoeva et al.,
1997). Further studies should be carried out to address if baccharis extracts also affect the
energetics of ruminal bacteria, specially the species involved in the breakdown of proteins in

ammonia in the rumen environment.

4.2. Tamarindus indica L.
All microorganisms tested showed susceptibility to the seed extract of tamarind. The
antibacterial activity of the tamarind seed extract can be attributed to polyphenols, such as

catechin, procyanidin B2, caffeic acid, chloramphenicol, quercetin, apigenin and kaempferol,
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that are commonly found in tamarind seeds (Abukakar et al., 2008; Razali et al., 2015, 2012;
Siddhuraju, 2007; Sudjaroen et al., 2005).

The underlying mechanism of action of the antibacterial activity of the tamarind extract is
not yet elucidated in the literature, but it is believed in the occurrence of synergic effects of the
compounds. The flavonols, such as the quercetin, found in the tamarind extract, are
hydrophobic compounds that can translocate across lipid bilayers, exerting antimicrobial
activity in the cytoplasm of the cell. Several mechanisms of action have been attributed to
procyanidin and catechins, such as the destabilization/permeabilization of the cytoplasmic
membrane and direct effects on the microbial metabolism (Tarahovsky et al., 2014).
Antibacterial activities have been reported for phenolic acids, like caffeic acid, both against

Gram-positive and Gram-negative bacteria (Daglia, 2012).

4.3. Cashew nut shell liquid (CNSL)

The bioactive compounds the CNSL has been the subject of research, and scientific
discoveries have attracted the interest of researchers, due to its antimicrobial (Boonsai et al.,
2014; Stasiuk and Kozubek, 2010) and antioxidant properties (Andrade et al., 2011) and its
potential to reduce methane emissions (Watanabe et al., 2010).

The results reported in the current study demonstrate the inhibitory activity of CNSL
compounds against Gram-negative ruminal bacteria. Previous studies reported that CNSL is
mainly effective on Gram-positive anaerobic bacteria (Kubo et al., 2003, 1993). However, the
data reported in this study, demonstrate that the Gram-negative ruminal bacteria are also highly
susceptible to the compounds present in CNSL extracts.

Kubo et al. (2003) indicated that the compounds present in the CNSL extract act mainly as
a surfactant, causing physical damages to the bacterial cell membranes, thus triggering cell

death. Corroborating with this claim, Stasiuk and Kozubek. (2010) suggested that phenolic
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lipids (such as cardanol and cardol) interact with the cell membranes and DNA structures

promoting cytotoxic effects on target cells.

4.4. Clove leaf

The results found can be associated with the presence of the bioactive compounds identified,
the example of eugenol (hydrophobic nature), which allows it to penetrate the lipolysaccharide
layer of the Gram-negative outer membrane causing changes the cell envelope (Devi et al.,
2010). In general, it has been proposed that the synergism between eugenol and caryophyllene
promotes an increase in membrane permeability (Gill and Holley, 2006; Hemaiswarya and
Doble, 2009; Trombetta et al., 2005), compromising the maintenance of the electrochemical

gradient and impairing the growth/survival of target organisms.

5. Conclusion

The present work suggests that aqueous natural extracts of baccharis, tamarind, and cashew
nut shell liquid has antimicrobial activity in vitro against the Gram-negative ruminal bacteria
analyzed in this study. In addition, the study contributes to new information about the efficacy

of the extracts plant as antimicrobial agent on ruminant production.
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Figure 2. Chemical profile from essential oil of clove leaf, using gas chromatography coupled to
mass spectrometry (GC-MS).
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Table 1. Effect of Baccharis dracunculifolia extract against Gram-negative ruminal bacteria
Time (hours)

H -1 1
Concentration mg mL 8 12 2 SEM
Prevotella albensis
0.0 1.527A 1.6114 1.5324 0.019
0.1 0.21308 0.202bC 0.50728C 0.027
0.2 0.285¢8 0.4568 0.58128 0.027
0.5 0.266¢°8 0.3748 0.468%¢ 0.027
1.0 0.304°8 0.367°8 0.431%¢ 0.027
SEM 0.027 0.027 0.027
Prevotella bryantii
0.0 1.284°A 1.3740A 1.4543A 0.016
0.1 0.3380P 0.441% 0.50628¢ 0.022
0.2 0.429¢ 0.487¢P 0.469¢ 0.022
0.5 0.5208 0.571B 0.5558 0.022
1.0 0.55228 0.525PBC 0.426°C 0.022
SEM 0.022 0.022 0.022
Prevotella ruminicola
0.0 0.79448 0.990 0.968 0.046
0.1 0.874A 0.937 1.050 0.065
0.2 0.604b8 0.9832 0.9422 0.065
0.5 0.56108 1.1332 0.9532 0.065
1.0 0.911~ 0.966 1.061 0.065
SEM 0.065 0.065 0.065
Treponema saccharophilum
0.0 1.3984 1.378A 1.4304 0.020
0.1 0.3280C 0.3490C 0.4612¢ 0.028
0.2 0.5268 0.5838 0.5518B¢ 0.029
0.5 0.5558 0.5798 0.6218 0.029
1.0 0.54438 0.53728 0.4590C 0.029
SEM 0.028 0.028 0.028
Succinivibrio dextrinosolvens

0.0 1.045bB 1.3223A 1.1170A 0.04
0.1 1.3202A 1.086°8 0.860¢°8 0.056
0.2 1.184aA8 1.03808 0.815¢8 0.057
0.5 0.98028 1.015%® 0.8368 0.057
1.0 0.203bC 0.98528 0.87928 0.057
SEM 0.057 0.057 0.057

Different lowercase letters in the same line are significantly different and different uppercase
letters in the same column are significantly different (P < 0.05). *SEM = standard error of the
mean.
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Table 2. Effect of Tamarindus indica L. extract against Gram-negative ruminal bacteria

Time, hours

H -1 1
Concentration mg mL 8 12 4 SEM
Prevotella albensis
0.0 1.527 1.6114 1.5324 0.025
0.1 1.417 1.4208 1.3728 0.036
0.2 1.432 1.4338 1.3588 0.036
0.5 1.4402 1.390208 1.310%8 0.036
1.0 1.395 1.4158 1.3958 0.036
SEM 0.036 0.036 0.036
Prevotella bryantii
0.0 1.284b8 1.374b8 1.4542 0.029
0.1 0.757bBC 1.38228 1.4922 0.042
0.2 0.762bC 0.8330C 1.4562 0.042
0.5 1.581%4 1.556%A 1.448° 0.042
1.0 1.556A 1.631A 1.570 0.042
SEM 0.042 0.042 0.042
Prevotella ruminicola
0.0 0.79408 0.9902 0.9684 0.028
0.1 0.935%A8 1.0672 0.465°C 0.039
0.2 0.978A 1.0612 0.457¢C 0.039
0.5 0.9932A 1.0602 0.406°C 0.039
1.0 0.978A 1.0542 0.571b8 0.039
SEM 0.039 0.039 0.039
Treponema saccharophilum
0.0 1.3984 1.378A 1.4304 0.020
0.1 0.665¢B¢ 1.191¢¢ 1.4134 0.040
0.2 0.39500 1.22628C 1.3114 0.040
0.5 0.725b8 1.351A8 1.3263A 0.040
1.0 0.537bCP 1.0292P 1.075% 0.040
SEM 0.040 0.040 0.040
Succinivibrio dextrinosolvens

0.0 1.045PBC 1.32284 1.1170A 0.04
0.1 1.235%A8 0.99408 0.810¢® 0.055
0.2 1.2773A 1.0688 0.888¢8 0.056
0.5 1.138A8BC 1.05%8 0.80908 0.056
1.0 0.9642aC 1.00028 0.856"8 0.056
SEM 0.056 0.056 0.056

Different lowercase letters in the same line are significantly different and different uppercase
letters in the same column are significantly different (P < 0.05). *SEM = standard error of the
mean.
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. 4 Time, hours 1
Concentration mg mL 8 12 4 SEM
Prevotella albensis
0.0 1.527A 1.6114 1.5328 0.025
0.1 0.100¢B 0.3508 1.630%48 0.038
0.2 0.160°® 0.45008 1.630248 0.038
0.5 0.120¢8 0.430208 1.670%A 0.038
1.0 0.100¢°8 0.42008 1.50028 0.038
SEM 0.038 0.038 0.038
Prevotella bryantii
0.0 1.284bA 1.3743A 1.454%8 0.028
0.1 0.104¢B 0.677%8 1.5542A8 0.039
0.2 0.132¢8 0.777%8 1.488%A8 0.039
0.5 0.040¢® 0.5290C 1.4778 0.039
1.0 0.169¢B 0.686°8 1.6234 0.039
SEM 0.039 0.039 0.039
Prevotella ruminicola
0.0 0.7940A 0.990* 0.96834 0.034
0.1 0.117v8 0.3572¢P 0.476%¢ 0.048
0.2 0.053¢B 0.2910D 0.9473A 0.048
0.5 0.165¢B 0.614b8 1.010A 0.048
1.0 0.032¢B 0.484b98C 0.67828 0.048
SEM 0.048 0.048 0.048
Treponema saccharophilum
0.0 1.3984 1.378A 1.430 0.039
0.1 0.152°¢8 0.415°0 1.5772 0.056
0.2 0.170¢°® 0.456°CD 1.4362 0.056
0.5 0.107¢B 0.62798C 1.4632 0.056
1.0 0.150¢°B 0.771b8 1.5572 0.056
SEM 0.056 0.056 0.056
Succinivibrio dextrinosolvens

0.0 1.045bB 1.32284 1.1170A 0.041
0.1 1.223A 0.585¢8 0.74208 0.057
0.2 1.250%4 0.972%8 0.774¢8 0.058
0.5 1.010%8 1.02228 0.6768 0.058
1.0 1.06728 1.00628 0.775% 0.058
SEM 0.058 0.058 0.058

Different lowercase letters in the same line are significantly different and different uppercase
letters in the same column are significantly different (P < 0.05). *SEM = standard error of the

mean.
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Time, hours

H -1 1
Concentration mg mL 8 12 4 SEM
Prevotella albensis
0.0 1.527 1.61178 1.532A 0.045
0.1 1.4802 1.540%A8 1.070°8 0.064
0.2 1.460 1.55048 1.480% 0.064
0.5 1.550 1.6904 1.5604 0.064
1.0 1.390 1.4408 1.5704 0.064
SEM 0.064 0.064 0.064
Prevotella bryantii
0.0 1.284¢C 1.374% 1.454%A 0.038
0.1 1.56024 1.5402 0.91008 0.053
0.2 1.51048 1.520 1.5204 0.053
0.5 1.44048¢ 1.530 1.4804 0.053
1.0 1.3408¢ 1.470 1.410 0.053
SEM 0.053 0.053 0.053
Prevotella ruminicola
0.0 0.794bA 0.990 0.968* 0.027
0.1 0.206°8 0.8334p 0.839248 0.038
0.2 0.194b8 0.8622A8 0.9152A8 0.038
0.5 0.22208 0.8474B 0.875%A8 0.038
1.0 0.205b8 0.83228 0.79828 0.038
SEM 0.038 0.038 0.038
Treponema saccharophilum
0.0 1.3988¢ 1.3788 1.4304 0.037
0.1 1.670°4 1.540248 1.0408 0.052
0.2 1.58048 1.570A8 1.5904 0.052
0.5 1.3800¢ 1.650 1.610 0.052
1.0 1.58048 1.53048 1.4804° 0.052
SEM 0.052 0.052 0.052
Succinivibrio dextrinosolvens

0.0 1.0450A 1.32284 1.1170A 0.041
0.1 1.252%A 1.001°8 0.798¢ 0.056
0.2 1.183A 0.975bB 0.819¢B 0.057
0.5 1.124%A 0.96408 0.729¢8 0.057
1.0 0.096°B 0.229bC 0.845%8 0.057
SEM 0.057 0.057 0.057

Different lowercase letters in the same line are significantly different and different uppercase
letters in the same column are significantly different (P < 0.05). *SEM = standard error of the

mean.



42

IV - Effect of extracts from baccharis, tamarind, cashew nut shell liquid and clove on
animal performance, feed efficiency, digestibility, rumen fermentation and feeding

behavior of bulls finished in feedlot

Journal: Livestock Science

Abstract

There is growing public concern on the use of antibiotics and ionophores in livestock and
emerging antimicrobial resistance. Plant extracts and essential oils are natural alternatives
having antimicrobial and antioxidant properties. This study evaluated the effects of a mixture
of baccharis (Baccharis dracunculifolia) leaves and stems, tamarind (Tamarindus indica L.)
seed, cashew (Anacardium occidentale) nut shell liquid, and clove (Syzygium aromaticum)
essential oil on animal performance, feed intake, feed efficiency, apparent digestibility, molar
concentration of volatile fatty acids, and feeding behavior of bulls finished in feedlot and fed
high-grain diets. A total of 32 bulls (*2 Angus vs. ¥2 Nellore) with a mean age of 24 £+ 2.0 months
and a mean body weight of 418 + 4.51 kg were distributed in a completely randomized design
with four diets and eight replications per diet. The four experimental diets were as follows:
CONT - basal diet; MIX2 — basal diet and 2 g/animal/d of extracts from baccharis, tamarind,
cashew nut shell liquid and clove; MIX4 — basal diet and 4 g/animal/d of extracts from
baccharis, tamarind, cashew nut shell liquid and clove; MIX6 — basal diet and 6 g/animal/d of
extracts from baccharis, tamarind, cashew nut liquid shell liquid and clove. Animal
performance, dry matter and other nutrients intake were similar among diets. The dry matter,
neutral detergent fiber and organic matter digestibilities were greater when MIX2 was fed to
bulls. There was an increase in propionate and a decrease of the acetate/propionato ratio when

MIX6 was used. A similar effect was observed when orthogonal contrasts comparing the
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control diets with the addition of MIX was used. Feeding behavior was similar among the four
diets. Our results suggest that the inclusion of 2, 4 and 6 g/animal/d of extracts from baccharis,
tamarind, cashew nut shell liquid and clove was able to modulate rumen fermentation
parameters of bulls fed high-grain diet, which is promising to replace antimicrobial feed

additives used in beef cattle production systems.

Keywords: cattle; essential oil; natural compounds; natural extract; plant extract; vegetable oil

1. Introduction

The use of antibiotics and ionophores on animal production systems is a common practice
to prevent diseases and metabolic disorders, to increase animal performance, and to improve
feed efficiency, particularly when animals are finished in feedlot (Fugita et al., 2018; Ornaghi
et al., 2017; Valero et al., 2016). However, due to emerging antimicrobial resistance, their use
has been banned in some countries. Recently there is growing interest on alternatives such as
natural compounds, which are well accepted by consumers (Kempinski et al., 2017; Vital et al.,
2018a, 2018b).

Tropical plants have the ability to survive extreme biotic and abiotic stressors, having genes
to produce abundant secondary metabolites to protect the plant, seeds, fruits and leaves (Araujo
et al., 2017; Shahidi and Ambigaipalan, 2015). Secondary metabolites, such as phenolic and
flavonoids compounds, have antibacterial and anti-inflammatory activity in animals, potentially
improving dry matter (DM) digestibility, reducing methane emission and increasing propionate
production (Olagaray and Bradford, 2019).

Studies have been performed with compounds isolated from plants (Guerrero et al., 2018;
Ornaghi et al., 2017; Rivaroli et al., 2016) or, in some cases, with mixtures of secondary plant

metabolites (Cruz et al., 2014; Fugita et al., 2018; Monteschio et al., 2017; Souza et al., 2019;
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Valero et al., 2014). Isolated compounds have demonstrated efficacy to be used for ruminants,
but synergistic effect is still poorly understood, although highly desired. Mixtures of vegetable
and essential oils and plant extracts have been combined to enhance their antimicrobial and
antioxidant activity, and to improve animal performance, meat shelf-life and meat co-products
(Fugita et al., 2018; Kempinski et al., 2017; Vital et al., 2018a).

Baccharis (Baccharis dracunculifolia) is an endemic plant in South America enriched in
flavonoids and phenolic compounds having antioxidant and antimicrobial properties (Bonin et
al., 2020; Campos et al., 2016), mainly artepelin C (Veigaetal., 2017). Artepelin C is a phenolic
compound involved in the control of the apoptosis response and mitochondrial dysfunction,
characteristics that can be observed during inflammatory and oxidative processes (Veiga et al.,
2017).

Tamarindus indica L. belongs to the family Leguminosae and is cultivated in many tropical
countries. T. indica L is a medicinal plant with high antioxidant activity (Razali et al., 2015)
with many uses in human health, and is a potential additive for animal nutrition (Geron et al.,
2015; Wang et al., 2017; Souza et al., 2018). Tamarind is composed by the secondary
compounds as alkaloids, saponins and total phenolic (Abdallah and Muhammad, 2018). The
main molecule in the tamarind seed is the 2-hydroxy-3',4'-dihydoxyacetophenone; a flavonoid
with powerful antibiotic and antifungal activity (Ali et al., 2017).

Cashew (Anacardium occidentale) is a tree whose nuts are mainly used to produce the
cashew nut shell liquid (CNSL) that can be used in animal nutrition (Cruz et al., 2014; Valero
etal., 2014; Prado et al., 2015). CNSL is enriched in flavonoids, such as catechin, and has great
antioxidant activity. Catechin is a flavonoid involved in the prevention of cytotoxicity and lipid
peroxidation (Caro et al., 2019).

Clove (Syzygium aromaticum) is enriched in phenolic compounds with antimicrobial and

antioxidant properties. Eugenol composes 88% of clove oil (Monteschio et al., 2017; Ornaghi
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etal., 2017; Souza et al., 2019) and inhibits bacteria by affecting the integrity of the cytoplamic
membrane (Devi et al., 2010). Thus, the dose level employed from plant extracts and essential
oil was based on previous studies (Ornaghi et al., 2020, 2017; Rivaroli et al., 2020; Souza et
al., 2019).

The hypothesis of this work was that a mixture of natural plant extracts added in the diets of
cattle finished in feedlot could improve animal performance. Thus, this study was realized to
evaluate the effects of a mixture of baccharis (Baccharis dracunculifolia) leaves and stems,
tamarind (Tamarindus indica L.) seed, cashew (Anacardium occidentale) nut shell liquid, and
clove (Syzygium aromaticum) essential oil on animal performance, feed intake, feed efficiency,
apparent digestibility, molar concentration of volatile fatty acids and feeding behavior of bulls

finished in a feedlot and fed high-grain diets.

2. Materials and methods

All animal care and experimental procedures were conducted under the surveillance of the
Animal Care and Use Committee of the Universidade Estadual de Maringa, Brazil (protocol
number 6680060219) and met the guidelines of the National Council for the Control of Animal

Experimentation (CONCEA).

2.1. Location, animals and diets

The experiment was conducted at the Rosa & Pedro Sector of the Experimental Farm Station
at Iguatemi city from Universidade Estadual de Maringd, Parana, South Brazil, from March to
June in 2019. This region has a humid temperate climate with an annual average temperature
of 18 °C and an annual average rainfall of 1,114 mm.

A total of 32 (*2 Angus vs. ¥2 Nellore) bulls with a mean age of 24 + 2.0 months and a mean

body weight of 418 + 4.51 kg were distributed in a completely randomized design with four
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diets and eight replications per diet. The bulls were housed in individual pens (10 m?) where
each animal was considered an experimental unit. The adaptation period lasted 14 d. The bulls
were weighed on a 16-hour fast every 28 days using a trunk balance (Beckehauser Cia.,
Paranavai, Parana, Brazil). At the beginning of the acclimatization period, all bulls were treated
for endoparasites and ectoparasites using Long-acting Injectable Ivermectin LA 3.5% (200
ug/kg BW; lvomec Merial®, Paulinia, Brazil). The basal diet was composed by 700 g/kg
concentrate and 300 g/kg corn silage fed ad libitum for 74 days (Table 1). Feed intake was
recorded daily. The basal diet was the same for all animals, formulated to have the same amount
of nitrogen and energy (Table 1) according to the NRC (2000). The four experimental diets
were as follows: CONT — basal diet; MIX2 — basal diet and 2 g/animal/d of extracts from
baccharis, tamarind, cashew nut shell liquid (CNSL) and clove; MIX4 — basal diet and 4
g/animal/d of extracts from baccharis, tamarind, CNSL and clove; MIX6 — basal diet and 6
g/animal/d of extracts from baccharis, tamarind, CNSL and clove. These concentrations
represent typical amounts of compounds from plant extracts and EO supplied to ruminants’
diets (Ornaghi et al., 2020, 2017; Rivaroli et al., 2020; Souza et al., 2019). The mixture (MIX)
contained 400 g/kg of baccharis (Baccharis dracunculifolia) leaves and stems, 400 g/kg of
tamarind (Tamarindus indica L.) seeds, 100 g/kg of CNSL (Anacardium occidentale L.), and
100 g/kg of clove leaf (Syzygium aromaticum) essential oil per animal/day. Concentrate with
the mixture was prepared every 15 days, adjusting the inclusion according to the intake of dry
matter/day per animal, to maintain a constant dosage per animal/day and preserve antioxidant
activities.

The baccharis leaves and stems were obtained from Maringa, Parana, Brazil south, latitude
23°27°S and longitude 51°59” W, during the summer season. The tamarind seeds were obtained
from Nova Redengédo, Bahia, Brazil northeast, latitude 12°49’S and longitude 41°03’W, during

the winter season. The cashew nut shell liquid (CNSL) was purchased from Safeeds® (Cascavel
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city, Parana state, Brazil south) and clove oil was obtained from FERQUIMA® (Vargem

Grande Paulista, Sdo Paulo, Brazil) and stored at 4 °C.

2.2. Antioxidant activity

The antioxidant activity of the mixture was evaluated using the assays 2,2-diphenyl-1-
picrylhydrazyl (DPPH), ferric reducing ability power (FRAP), and 2,2’-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid (ABTS), and total phenolic compounds (TPC) were
calculated.

The DPPH radical scavenging activity was performed according to Li et al. (2009), with
modifications (Vital et al., 2016). The mixture (150 pL) was combined with 2850 pL of
methanolic solution containing DPPH (60 uM), and reacted for 30 min. The absorbance at 515
nm was measured against pure methanol. Antioxidant activity was calculated as:

DPPH radical scavenging activity (%) = (1 — (sample t = O/sample t) * 100;
where: sample t = 0 is the absorbance of the sample at time zero, and sample t is the absorbance
of the sample at 30 min.

The FRAP assay was evaluated by spectrophotometry (595 nm) using tripyridyltriazine
(TPTZ) and ferric chloride (FeCls) as describe by Benzie and Strain (1996).

Total phenolic compounds were determined according to the method described by Singleton
and Rossi (1965), with some modifications. The extract (125 pL) was mixed with an equivalent
volume of Folin-Ciocalteu reagent (diluted 1:1 in deionized water) and 2.25 mL sodium
carbonate (28 g/L). The mixture was incubated in the dark for 30 min, and then the absorbance
was measured at 725 nm using a spectrophotometer (Evolution™ 300, Thermo Fisher

Scientific, UK). A standard absorbance curve was prepared using 0—300 mg/L gallic acid, and
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results were obtained by interpolation using this curve and expressed as mg gallic acid
equivalent (GAE)/g (Saraiva et al., 2019).

The ABTS assay was performed according to the protocol of Re et al. (1999). The ABTS
activated radical was diluted with ethanol until an absorbance of 0.70 + 0.02 was achieved, and
1960 pL of the resulting solution mixed 40 uL of with extract. The absorbance at 734 nm was
measured after 6 min and the radical scavenging activity (%) was calculated using the equation

proposed by (Saraiva et al., 2019).

2.3. Phytochemical profile

The identification of secondary compounds was assessed using the crude extracts (27.9 g)
suspended in methanol/water (1:1, 50 mL, v/v), and successively partitioned with n-hexane and
ethyl acetate. Then, ethyl acetate fraction was submitted to Nuclear Magnetic Resonance
(NMR) analyses. **C NMR spectrum (Table 2) was recorded on a Bruker Avance Il HD
spectrometer (Bruker®, USA) operating at 75.5 MHz, using DMSO-d6 (Sigma-Aldrich) as
solvent. The major compounds were identified based on the chemical shifts 6 unit (ppm) data
and comparison with data reported in the literature, as eugenol by HMDBO0005809, cardol and

cardanol (Ferreira et al., 2012; Maia et al., 2013) (Table 2).

2.4. Chemical analyses

Feed samples were collected weekly to determine the DM, and samples from four
consecutive weeks were pooled for chemical analysis. Chemical analyses were performed in
duplicates, adopting a variation coefficient < 5% for repetition. The DM content of the

ingredients was determined through oven-drying at 65 °C for 24 h and then drying at 135 °C
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for 5 h (method 930.15); (AOAC, 2005). The organic matter (OM) content was calculated as
the difference between the DM and ash content, being ash determined by combustion at 550 °C
for 5 h (AOAC, 2005). The N content of the samples was determined by the Kjeldahl method
(Method 976.05) (AOAC, 2005). The neutral detergent fiber (NDF) and acid detergent fiber
(ADF) contents were determined using the methods described by Van Soest et al. (1991), with
heat stable a-amylase and sodium sulphite used in the NDF procedure and expressed with
residual ash. The content of non-fiber carbohydrates (NFC) was obtained using the equation
proposed by Detmann and Valadares Filho (2010):

NFC = 100 — Ash — EE — NDFap — (CP — CPu + U);
where CP is the crude protein; CPu is the crude protein from urea; EE is the ether extract;
NDFap, is the neutral detergent fiber corrected for ash and protein; and U is urea. All terms are
expressed as % of DM.

The values of total digestible nutrients observed were estimated using the equation proposed
by Sniffen et al. (1992):

TDN = CPq + (EEq4 x 2.25) + NDFq + NFCq;
where: CPq is the digestible crude protein; EEq is the digestible ether extract; NDFq is the

digestible neutral detergent fiber; and NFCq is the digestible non-fiber carbohydrates.

2.5. Animal performance and carcass characteristics

To determine animal performance, the bulls were weighed at the beginning of the experiment
(after fasting of solids for 16 h) and at 28 days intervals throughout the study. The average daily
gain (ADG) was calculated as the total body weight (BW) gain divided by the length of the
experimental period (74 days). Feed conversion was calculated as the ratio between dry matter

intake (DMI) and ADG.
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On day 74 of the animal trial, the animals were weighed after 16 h of fasting of solids and
transported to a commercial slaughterhouse (Colorado, PR, Brazil). The stocking density of the
truck was 0.8 + 0.2 bulls/m?, and the transport distance was less than 40 km. The bulls were
slaughtered following the usual practices of the Brazilian beef industry. The bulls were stunned
using a captive-bolt pistol. Then, they were bled through exsanguination by cutting the throat
vessels and had the head, hide, viscera, tail, legs, diaphragm and KPH (kidney, pelvic, heart
fat) removed. Afterwards, the carcasses were divided medially from the sternum and spine,
resulting in two similar halves, which were weighed to calculate the hot carcass weight. Then,
the half-carcasses were washed, identified and stored in a chilling chamber at 4 °C, where they
remained for a 24 h period. The cold carcass dressing (CCD) percentage was calculated as the
cold carcass weight (CCW) divided by the final body weight (FBW) 16 h before slaughter,

according to the following equation: CCD = (CCW/FBW) x 100.

2.6. Estimation of fecal production

Fecal production and digestibility were estimated following five weeks after start the
experimental period. During the five days of the collection period, feces of each animal were
sampled (> 250 g wet weight) daily off a clean floor shortly after defecation at alternate times
(8:00; 10:00; 12:00; 14:00 and 16:00 hours) to ensure the collection of samples representative

of the daily intestinal flow of the animals. Feces were stored at -20 °C until analysis.

2.7. Concentration of volatile fatty acids

Ruminal fluid was sampled 30 days after start the experimental period, 4 h + 30 min after the

morning feeding. Samples of ruminal fluid were collected via oral stomach tube (11 mm
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diameter) and manual vacuum aspirator (TE-058, Tecnal, Piracicaba, SP, Brazil), filtered
through a double cheese cloth, and conditioned at -20 °C. A total of 200 mL ruminal fluid was
sampled from different anatomical regions of the rumen, being the first 100 mL of ruminal fluid
discarded to minimize salivary contamination. The next 100 mL of ruminal fluid was filtered
through four layers of cheesecloth and collected into a 500 mL plastic beaker.

Acetate, propionate, isobutyrate, butyrate, isovalerate and valerate fatty acids were evaluated
by gas chromatography (GC-2010 Plus chromatograph, Shimadzu, Barueri, Brazil) equipped
with a AOC-20i auto-sampler, Stabilwax-DA™ capillary column (30 m, 0.25 mm ID, 0.25 um

df; Restek®) and a flame ionization detector according to Del Valle et al. (2018).

2.8. Digestibility trial

The in situ digestibility of DM and their components (CP, NDF, and EE) were assessed by
the internal indicator indigestible neutral detergent fiber (iNDF), following the methodology
proposed by Casali et al. (2008), after incubation (feed and feces) for a period of 288 hours.
Three %2 Holstein-Zebu crossbred bulls (400 £ 15 kg; mean + SD) with ruminal cannulas were
used for the determination of INDF by the in situ method. During the trial, cattle were fed a diet
consisting of 50% concentrate (corn gluten, yeast, limestone, mineral salt and urea) and 50%
corn silage (% DM) for ad libitum intake (5%-10% refusal) at 08:00 h. After the incubation
period, the bags containing the residual material were washed in running water until clear, and
then subjected to the neutral detergent wash process under temperature (105 °C, 1 h) and
pressure (Detmann et al., 2012). Fecal flow (FF) was determined using the following equation:

FF = indicator consumed/concentration indicator in feces.

The digestibility coefficient (DC) was calculated by the following equation:

DC = (nutrient intake — nutrient excreted)/nutrient intake).
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2.9. Feeding behavior

Bulls were subjected to two 24-h observation periods, at 5-minute intervals, totaling 288
observations for each animal, performed by three previously trained evaluators throughout the
feedlot to evaluate feeding behavior. Observations were performed without interrupting the
animal’s routine. Water and feed intake were measured as the time the animals spent drinking
at the water cooler and eating at the feeder. Rumination was measured as the time the animals
presented ruminal bolus and were chewing, and idleness was measured as the time the animals
were idle (Silva et al., 2006). Water and feed intake, rumination and idle periods were obtained

by the sum of the 288 observations (min/day).

2.10. Statistical analysis

Data were analyzed using analysis of variance and regression, using SAS 9.2. The
experimental diet effect was evaluated using orthogonal contrast, which was used to assess the

effects of the control diet versus diets with MIX, linear and quadratic response (P <0.05).

3. Results

3.1. Phytochemical profile and antioxidant activity

The identification of compounds was conducted by Nuclear Magnetic Resonance (**C NMR)
and compared with literature data. Eugenol, cardol and cardanol, which are characteristic of
vegetable oils from cashew nut shell and clove, were identified (Table 2). The TPC content of

the MIX was 456.13 mg GAE/g. The DPPH, ABTS and FRAP assays revealed the antioxidant
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properties of MIX, by demonstrating the free radical scavenging ability to be 27.21%, 7.47%

and 10.23 mg GAE/g, respectively.

3.2. Animal performance, feed efficiency and intake

The inclusion of mixture of extracts from baccharis leaves and stems, tamarind seed, CNSL,
and clove essential oil in the diet of young bulls finished in feedlot fed a high-grain diet did not
alter (P > 0.05) the FBW, ADG, CCW and CCD (Table 3). Likewise, feed efficiency and intake
were similar (P > 0.05) for all the diets (Table 3). The DMI and the intake of other nutrients
(CP, OM, EE, NDF and TDN) were also similar (P > 0.05) among diets following the addition

of the MIX compared to the CONT diet (Table 3).

3.3. In situ digestibility trial

The DM, NDF and OM digestibilities were higher (P < 0.05) when 2 g/animal/d of the
mixture was included in the diet (Table 4). The in situ digestibilities were similar between the
control diet and when 4 and 6 g/animal/d were added to the diets (P > 0.05). The CP digestibility
was similar for all the diets (Table 4). The DM, NDF and OM digestibilities had a negative

quadratic effect.

3.4. Concentration of volatile fatty acids

The DM, NDF and OM digestibilities were higher (P < 0.05) when 2 g/animal/d of the

mixture was included in the diet (Table 4). The in situ digestibilities were similar between the

control diet and when 4 and 6 g/animal/d were added to the diets (P > 0.05). The CP digestibility
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was similar for all the diets (Table 4). The DM, NDF and OM digestibilities had a negative

quadratic effect.

3.5. Feeding behavior

The time spent drinking water, rumination, feeding and idle was similar (P > 0.05) following

the inclusion of the mixture in the diets (Table 6).

4. Discussion

4.1. Phytochemical profile and antioxidant activity

Novel additives to promote livestock production and health are demanded. Some of the
isolated compounds present in the mixture, such as eugenol, cardol and cardanol have strong
antibacterial, antiprotozoal and antifungal properties (Briozzo et al., 1989; Himejima and Kubo,
1991; Prakash et al., 2018). Natural extracts can be effective in inhibiting ruminal hyper
ammonia-producing bacteria, thus improving the efficiency of nitrogen use (Wallace et al.,
2002). Several studies support that natural additives have positive effects on the digestion and
performance of beef cattle, including impact on meat quality (Fugita et al., 2018; Monteschio
etal., 2017; Ornaghi et al., 2020; Rivaroli et al., 2016).

The antioxidant activity of mixture (TPC = 456.13 mg GAE/g) was a result of the main
phytochemicals identified (Andrade et al., 2011; Gulgin et al., 2012). These could act as
hydrogen donors, inhibiting the accumulation of free radicals (Ng et al., 2000) and,
consequently, reducing the effects of the oxidative process. Results of antioxidant activity of

the mixture (DPPH, ABTS and FRAP) is in accordance with the findings of Trevisan et al.
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(2006) and Gulgin et al. (2012), who studied the antioxidant power of cashew nut shell liquid
(with high amounts of cardol and cardanol) and clove oil (eugenol), respectively.

Gulgin et al. (2012) evlauted the antioxidant action of the constituents and derivatives of 45
ug/mL  CNSL (cardol and cardanol) compared with 2,6-bis (1,1-dimethylethyl)-4-
methylphenol; BHT) as reference antioxidant agent, and observed that the plant extract was
more efficient to eliminate free radicals according to DPPH (CNSL = 83.6%; BHT = 67.8%)
and the ABTS (CNSL =98.7%; BHT = 97.8%) assays. The mixture of the plants extracts used
to compose the MIX had great antioxidant activity, which could potentially be used as a natural

antioxidant in feeds to replace synthetic compounds widely used in industry, such as BHT.

4.2. Animal performance, feed intake and feed efficiency

Natural alternatives to the use of antibiotics in livestock are highly needed. Plant extracts,
vegetable and essential oils have the potential to modulate rumen fermentation, and to improve
animal performance and feed efficiency (Fugita et al., 2018; Monteschio et al., 2017; Rivaroli
etal., 2016; Souza et al., 2019). These compounds are potential substitutes for ionophores and
antibiotics, without the potential antimicrobial resistance promotion. However, in the present
study, animal performance and feed efficiency were not affected by the addition of plant
material and vegetable oils to the diets. When used separately as additives in ruminant diets in
some studies, clove and cashew oils have increased weight gain and improved feed efficiency
(Ornaghi et al., 2017; Valero et al., 2016). In this study, there were no adverse effects with the
addition of a mixture of baccharis leaves and stems, tamarind seed, CNSL, and clove oils on
that DMI, carcass yield, animal performance and feed efficiency. Therefore, effects on
performance and intake may vary with essential oil, the dose, type of diet and animal growth

stage. Benchaar et al. (2006) evaluated the effects of dietary addition of monensin (33 mg/kg
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DM) and mixture of essential oils (thymol, eugenol, vanillin and limonene) in different doses
(2, 3 and 4 g/d), in the diet on in beef cattle (Angus Hereford, initial BW = 244 + 4 kg) in
feedlot. The authors observed that DMI and feed efficiency were not affected by addition of
essential oils. Purevjav et al. (2013) supplemented Angus and Angus crossbred steers with
CNSL and castor oil and found no effect on DMI. On the other hand, there is no data in the
literature on baccharis extract as a dietary additive for animals. Baccharis dracunculifolia,
which is composed by germacrene B, naringenin, kaempferol, artepillin C, a-pinene,
hydroxycinnamic acid, apigenin, kaempferide, limonene, phenylethanol and B-caryophyllene
(Bonin et al., 2020), is the main raw material used by bees (Apis mellifera) to produce green
propolis, a waxy matrix composed by abundant bioactive compounds (Rodrigues et al., 2020).
There is evidence that propolis fed to ruminants has positive effect of performance (itavo et al.,
2011; Zawadzki et al., 2011). There was also performance improvement when propolis was
combined to essential oils from cashew and castor in the diet of feedlot cattle (\Valero et al.,
2014). However, despite of the positive effects of propolis, there is a supply limitation. Thus,
we prepared a low-dose natural extract using raw baccharis as there is evidence that natural
ingestion of high doses (2g/kg) of Baccharis megapotamica was responsible for the death of
goat in Brazil due to gastrointestinal disorders (Panziera et al., 2015). Finally, there is no data
on the addition of tamarind seed on ruminant performance and feed efficiency of beef cattle.
However, tamarind seed husk improved the efficiency of microbial protein synthesis in vitro
(Bhatta et al., 2001). On the other hand, the addition of dry residues from tamarind pulp extract
had no effect on animal performance or feed efficiency for sheep (Geron et al., 2015; Souza et
al., 2018).

The intake CP, NDF, OM and EE were similar when the mixture was included in the diets.
The intake of nutrients was similar when beef cattle were supplemented with providing clove

and cinnamon essential oils doses (3.5 and 7.0 g/day per animal) (Ornaghi et al., 2017).
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Similarly, the inclusion of 0.00, 100, 200 and 300 g/kg tamarind residues in a ruminant diet did
not alter the intake of DM and other nutrients (Souza et al., 2018). Therefore, the effects of
plant extracts and essential oils on DMI may vary depending on the dose, type of diet and diet
interactions or adaptation of rumen microbial populations (Vakili et al., 2013; Yang et al.,
2010).

The inclusion of mixture of baccharis leaves and stems, tamarind seed, CNSL, and clove oils
to the diet did not alter feed efficiency (P = 0.145). This was also observed in some studies
carried out with the inclusion of different essential and vegetable oils, as well as the addition of
tamarind extract residues, to a cattle diet (Fugita et al., 2018; Ornaghi et al., 2017; Souza et al.,

2019).

4.3. In situ digestibility trial

Dry matter, OM and NDF digestibilities were improved by 14.3%, 12.9% and 22.3%,
respectively, when the mixture of baccharis, tamarind, CNSL, and clove oils (2 g/animal/d)
were added to the diet. The maximum point estimated by the regression equation would be 2.5
g/animal/d. With that level of supply, DM, OM and NDF digestibilities would be improved.
However, greater levels of additives did not influence the digestibility of these fractions.
Regarding the biological properties of essential oils and plant extracts, it is known that they are
complex mixtures of numerous molecules, which can result in several biological effects and,
generally, the extent of their effects depends on the used concentration (Bakkali and Idaomar,
2008). Ornaghi et al. (2017) observed similar in vitro digestibilities of DM, NDF and OM when
the mixture of essential oils containing eugenol, carophylene, eugenyl acetate, cinnamaldehyde
and a-pinene were included in the diet. The addition of up to 2 g/animal/d of a mixture of natural

compound oils increased the total production of volatile fatty acids in continuous culture,
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although no increase in OM digestibility was observed (Castillejos et al., 2007). Busquet et al.
(2006) studied various components of plant extracts and plant secondary metabolites and found
that high doses of these products could even reduce feed digestion. However, some studies
showed that the addition of natural compounds to the diet influenced the ratio of volatile fatty
acids in the rumen and improved feed efficiency (Busquet et al., 2006). Wang et al. (2017)
observed that the digestibility of DM, CP, and EE was 570 g/kg, 870 g/kg, and 860 g/kg,

respectively, when tamarind residue was included in sheep diets.

4.4. Concentration of volatile fatty acids

The inclusion of monensin in feedlots cattle diets modulated ruminal profile of volatile fatty
acids, mainly increasing the concentration of propionate and decreasing the acetate/propionate
ratio (Yang and Russell, 1993). Although the monensin was not used in this experiment, similar
effects were observed following the inclusion of mixture. The supplementation of ruminant
diets with natural compounds increases the concentration of volatile fatty acids in the rumen,
which could indicate an increase in feed efficiency, according to a limited number of studies
(Benchaar et al., 2008; Benchaar and Greathead, 2011).

Increased ruminal concentrations of propionate provides increased supply of gluconeogenic
precursors and reduces energy loss due to lower methane production (Benchaar et al., 2008;
Benchaar and Greathead, 2011; Khorrami et al., 2015). Thus, we expected improved animal
performance, which was not observed. Nonetheless, the inclusion of mixture in the diet could
demonstrate positive effects as a potential substitute for another feed additives frequently used
in beef cattle diets such as the ionophores. The positive effects observed in the concentration of
propionate and acetate/propionate ratio must be the objective of nutritionists who work with

beef cattle production.
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4.5. Feeding behavior

There are few studies evaluating the addition of natural compounds and ingestive behavior
of cattle (Ornaghi et al., 2017; Silva et al., 2014; Souza et al., 2019). The addition of natural
compounds mixed into the diet did not produce a significant effect on ingestion behavior. Water
ingestion can be affected by the ingredients of the diets, the temperature and the physiological
state of the animal (Roguet et al., 1998). Rumination time can be affected by the physical form
and content of fiber in the diet (Silva et al., 2016). However, rumination time was a very low
percentage (233/1440 min, 16% per day) of the observation time because the diet had a 70: 30
concentrate forage ratio. This high-grain ratio affects the production of saliva and consequently
influences rumination. Idle time can affect animal performance. Thus, an animal in an idle
process has reduced energy expenditure; in this work, the observed idle time was high (1034
min/1440, 72% per day). Ornaghi et al. (2017) fed bulls in a feedlot with essential oils (clove
or cinnamon, 3.5 or 7.0 g/animal/d), and did not observe differences in the idle time, in
comparison to those fed a control diet. Similarly, Segabinazzi et al. (2011), fed cull cows with
essential oils and plant extracts (thyme, garlic, and rosemary essential oils and canola and
quillaja vegetable oils) with sodium monensin, did not observe differences in idle time, in

comparison to cows fed the control diet.

5. Conclusions

Supplementation with of baccharis, tamarind, cashew nut shell liquid and clove oil showed

no negative effects on food intake and nutrient digestibility. However, supplementation with 2,

4 and 6 g/animal/d increased the concentration of propionate, decreased the ratio
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acetate/propionate and improved the digestibility the dry matter, neutral detergent fiber, and
organic matter were. Our results suggest that baccharis, tamarind, cashew nut shell liquid and
clove essential oil can be considered an appropriate feed additive and can be a promising

candidate to replace antimicrobial feed additives for use in beef cattle production systems.
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Table 1. Ingredients and chemical composition of the basal diet (g/kg of DM)

Ingredients (g/kg) Diet
Corn silage 308.4
Corn grain 636.1
Corn gluten 42.4
Limestone 3.5
Mineral and vitamin supplement* 3.5
Urea 5.7
Yeast (Saccharomyces cerevisiae) 0.4
Chemical composition (g/kg)

Dry matter 710.3
Crude protein 122.8
Organic matter 930.9
Ash 69.1
Ether extract 33.6
Non-fiber carbohydrates. 610.4
Neutral detergent fiber 255.4
Acid detergent fiber 74.4
Total digestible nutrients 791.4
Calcium 5.2
Phosphorus 3.6

*Mineral salt composition (kg): calcium, 50 g; magnesium, 57 g; sodium, 81 g; sulphur, 3.75 g;
cobalt, 20 mg; copper, 500 mg; iodine, 25 mg; manganese, 1.500 mg; selenium, 10 mg; zinc,
2.000 mg; vitamin A, 400.000 Ul; vitamin D3, 50.000 Ul; vitamin E, 750 Ul; ether extract,
168 g; urea, 200 g.
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Table 2. Phytochemical profile of a mixture of containing baccharis, tamarind, cashew nut shell liquid,
and clove oil

Class of compounds dc [ppm]/M [Hz]*

Eugenol? 39.92; 55.85; 111.29; 114.46; 121.27; 131.94; 137.92; 144.03; 146.60

Cardol 14.24; 22.63; 31.66; 35.83; 100.58; 106.91; 128.12; 128.40; 129.68; 130.25;
145.36; 157.91

Cardanol 14.24; 22.63; 31.66; 35.83; 121.13; 128.40; 128.60; 129.58; 129.68; 130.11;

130.25; 157.91
1Chemical shifts were reported in & unit (ppm) with 3*C-NMR spectrum (DMSO-d6, 75.5 MHz) of crude
extract of MIX.
2Confirmation of the compounds by HMDB: tHMDB0005809.




72

Table 3. Animal performance and nutrient intake of crossbred bulls finished in feedlot and fed a high-
grain diet containing a mixture of baccharis, tamarind, cashew nut shell liquid, and clove essential oil

Experimental diets P-value CONT

Parameters S ) Vs.

CONT! MIX2? MIX4® MIX6* Linear Quadratic pq1x
Initial body weight, kg 420 420 418 412 451 0.83 0.75 0.74
Final body weight, kg 525 533 528 525 350 0.48 0.46 0.72
Average daily gain, kg/day 1.42 152 150 153 0.05 0.68 0.73 0.64
Eﬁzﬂeeﬁ'c'ency' kgQain®M 14 014 015 015 000 081 097 049
Ege;aicﬁm’ers'on’ DMintake/ 735 711 706 671 020 096 08 087
Cold carcass weight, kg 291 288 288 296 330 0.1 0.45 0.99
Cold carcass dressing (%) 554 542 539 563 0.01 042 0.29 0.54

Daily intake of nutrients (kg/day)
Dry matter 10.31 1044 10.04 998 0.15 0.94 0.79 0.34
Crude protein 133 134 130 130 0.02 0.71 0.59 0.47
Neutral detergent fiber 2.09 211 206 206 0.02 0.87 0.71 0.21
Organic matter 962 975 937 931 014 0388 0.73 0.34
Ether extract 03 035 034 033 001 091 1.00 0.68
Total digestible nutrients 8.82 8.8 887 828 015 051 0.38 0.70

1CONT - control (no mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and

clove essential oil).

2MIX2 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove

essential oil (2 g/animal/d).

SMIX4 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove

essential oil (4 g/animal/d).

4MIX6 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove

essential oil (6 g/animal/d).
5SEM - standard error of the mean.
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Table 4. In situ digestibility of crossbred bulls finished in feedlot and fed a high-grain diet containing a
mixture of baccharis, tamarind, cashew nut shell liguid, and clove essential oil

N Experimental diets 5 P-value CONT vs.
Digestibility, 9/kg  "Co71 Mix22 Mixa® MIX6* 0™ Linear Quadratic  MIX
Dry matter 608> 695* 636° 600° 0.84 0.28 <0.0018 0.01
Crude protein 723 779 734 760 1.01 047 0.461 0.13
Neutral detergent fiber 448> 548 477° 454> 094 053 <0.0017 0.06
Organic matter 626° 707* 653° 621° 0.77 031 <0.0018 0.01

abe Means within rows with different superscripts differ (P < 0.05).

1CONT - control (no mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and
clove essential oil).

2MIX2 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove
essential oil (2 g/animal/d).

3MIX4 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove
essential oil (4 g/animal/d).

4MIX6 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove
essential oil (6 g/animal/d).

SSEM - standard error of the mean.

6Y=50.216 +14.569X- 3.0802 X2 (r2=0.47).

7¥=34.246 + 14.791X — 3.0684 X2 (r=0.35).

8Y=52.932 + 13.362X — 2.8155 X2 (r2=0.46).
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Table 5. Concentration of volatile fatty acids of crossbred bulls finished in feedlot and fed a high-grain
diet containing a mixture of baccharis, tamarind, cashew nut shell liquid, and clove essential oil

Experimental diets

Volatile fatty acids (mmol/l)

CONT! MIX2Z MIX43 MIX6*

P-value

CONT

VS.
Linear Quadratic  ppix

Acetate 21.85
Propionate 10.94°
Acetate/propionate ratio 1.992
Isobutyrate 0.50
Butyrate 4.69
Isovalerate 0.78
Valerate 0.88

23.1
17.1%
1.35%

0.55
3.29
0.99
0.61

2359 24.74
16.82% 22.03?

1.40%
0.66
4.27
1.38
1.03

1.12°
0.52
3.05
1.09
1.27

1.43
1.31
0.14

0.04
0.34
0.13
0.12

0.48
<0.001
0.01

0.64
0.19
0.27
0.14

0.99
0.83
0.43

0.26
0.90
0.33
0.28

0.58
0.006
0.008

0.42
0.14
0.23
0.74

abc Means within rows with different superscripts differ (P < 0.05).
1CONT - control (no mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and

clove essential oil).

2MIX2 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove

essential oil (2 g/animal/d).

SMIX4 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove

essential oil (4 g/animal/d).

4MIX6 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove

essential oil (6 g/animal/d).
5SEM - standard error of the mean.

The use of the MIX did not influence concentrations of acetic, isobutyric, butyric, isovaleric and

valeric acids (Table 5).
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Table 6. Feeding behavior of crossbred bulls finished in feedlot and fed a high-grain diet containing a
mixture of baccharis, tamarind, cashew nut shell liguid, and clove essential oil

Activity, min/day Experimental diets SEM?® P-value CONT vs. MIX
' CONT! MIX22 MIX4® MIX6* Linear Quadratic '

Water ingestion 26 16 18 18 233 047 0.38 0.59

Feed intake 149 169 155 139 5.42  0.98 0.18 0.27

Rumination 234 253 255 192 1331 0.26 0.69 0.45

Idle 1031 1002 1012 1091 16.35 0.30 0.80 0.29

1CONT - control (no mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and
clove essential oil).

2MIX2 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove
essential oil (2 g/animal/d).

3MIX4 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove
essential oil (4 g/animal/d).

4MIX6 - mixture of baccharis steam and leaves, tamarind seed, cashew nut shell liquid and clove
essential oil (6 g/animal/d).

SSEM - standard error of the mean.
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