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RESUMO GERAL

SUPLEMENTACAO DE BAIXAS DOSAGENS DE EXTRATO DE TANINO DE
ACACIA MEARNSII PARA VACAS LEITEIRAS

A suplementacédo de vacas leiteiras com taninos pode reduzir a degradacao ruminal
da proteina dietética e pode ter efeito benéfico na excrecdo urinaria de N, mas altas
dosagens podem penalizar a funcdo ruminal, digestibilidade da dieta, ingestao de
ingredientes e producao de leite. Este estudo avaliou o efeito de baixas dosagens (0,
0,14, 0,29 ou 0,43% da MS) de extrato de tanino condensado da casca de Acacia
mearnsii (TA) na producdo e composicao de leite, consumo de matéria seca (CMS),
digestibilidade, atividade mastigatéria e comportamento ingestivo, fermentacdo
ruminal, e particdo de N em vacas leiterias. Vinte vacas Holandesas (34,7 * 4,8 kg/d,
590 + 89 kg, and 78 + 33 dias em lactacdo) foram alimentadas individualmente com
uma sequéncia de 4 tratamentos em 5 quadrados latinos 4X$ (periodos de 21 dias).
O TA substituiu a polpa citrica na racéo total e os demais ingredientes da racéo foram
mantidos constantes. As dietas continham 17,1% de proteina bruta, principalmente de
farelo de soja e feno de alfafa. O modelo estatistico teve os efeitos de vaca, periodo
e tratamento. Foram avaliados os contrastes linear, quadratico e cubico do nivel de
TA. A significancia foi declarada em P < 0.05 e a tendéncia em P < 0.10. A TA néo
promoveu efeito sobre o CMS (21,8 kg/d), producdo de leite (33,1 kg/d) e
componentes do leite. A proporcdo na gordura do leite de acidos graxos (AG) de
origem mista foi reduzida linearmente, o AG De Novo aumentou e a secrecao diaria
de AG insaturado foi aumentada pelo TA. Vacas alimentadas com TA apresentaram
aumento linear na propor¢cao molar de butirato e reducdo de propionato no liquido
ruminal, enquanto o acetato ndo diferiu. Houve uma tendéncia da relagdo A/P ser
aumentada linearmente pelo TA. Vacas alimentadas com TA reduziu linearmente a
producdo microbiana no rumen, estimadas pelas concentragbes de alantoina e
creatinina na urina, e a concentragao total de protozoarios nao diferiu. A digestibilidade
aparente do trato total da fibra em detergente neutro, amido, e proteina bruta nao
diferiu. Nao houve grande efeito do TA na atividade mastigatoria, embora o TA tenha
induzido um aumento linear no tamanho da refeicdo e duracao da primeira refeicao
diaria e reduzido a frequéncia de refeicdo por dia. O comportamento de ruminagao
nao diferiu. Vacas alimentadas com 0,43% de TA recusaram particulas da dieta > 19

mm pela manha. Houve tendéncia para diminui¢do lineares em NUL (16,1 a 17,3



mg/dL), N na urina (150 to 166 g/d and 29.8 to 32.9% de ingestdo de N) e N ureico
plasmatico (NUP) em 6, 18 e 21 h pos-alimentacdo da manha, e o NUP 12 h pés-
alimentacdao foi reduzido pelo TA. A proporcéo de ingestao de N no leite (27,1%) e nas
fezes (25,2%) nao diferiu. Redugdes no N na urina, NUL e NUP sugerem que o TA
reduziu a desaminacao ruminal de AA, mas a diminui¢cdo na producao microbiana no
rume pode ter compensado 0 ganho no suprimento de proteina dietética absorvivel, e
o desempenho da lactagdo nao diferiu. No geral, TA até 0,43% na MS néo afetou o

CMS e a lactagéo e houve uma tendencia a reduzir a excregao de N na urina.

Palavras-chave: Comportamento ingestivo, tanino condensado, acidos graxos do

leite, balanco de nitrogénio, producéo de proteina microbiana, digestibilidade.



GENERAL ABSTRACT

The supplementation of dairy cows with tannins can reduce the ruminal degradation of
dietary protein and can have beneficial effect on urinary N excretion, but high dosages
can penalize rumen function, diet digestibility, feed intake, and milk yield. This study
evaluated the effect of low dosages (0, 0.14, 0.29, or 0.43% of DM) of condensed
tannin extract from the bark of Acacia mearnsii (TA) on milking performance, dry matter
intake (DMI), digestibility, chewing and sorting behaviors, rumen fermentation, and N
partition of dairy cows. 20 Holstein cows (34.7 + 4.8 kg/d, 590 + 89 kg, and 78 + 33 d
in lactation) were individually fed a sequence of 4 treatments in 5, 4x4 Latin squares
(21-d periods). TA replaced citrus pulp in the total mixed ration and other feed
ingredients were kept constant. Diets had 17.1% crude protein, mostly from soybean
meal and alfalfa haylage. The statistical model had the effects of cow, period, and
treatment. Linear, quadratic, and cubic contrasts of TA level were evaluated.
Significance was declared at P < 0.05 and tendency at P < 0.10. TA had no effect on
DMI (21.8 kg/d), milk yield (33.1 kg/d), and milk components. The proportion in milk fat
of Mixed origin fatty acids (FA) was linearly reduced, De Novo FA was increased, and
the daily secretion of unsaturated FA was increased by TA. Cows fed TA had linear
increase in the molar proportion of butyrate and reduction in propionate in rumen fluid,
while acetate did not differ. There was a tendency for the A/P ratio to be linearly
increased by TA. Cows fed TA had linear reduction in rumen microbial yield, estimated
by the concentrations of allantoin and creatinine in urine, and total protozoa
concentration did not differ. The total tract apparent digestibility of neutral detergent
fiber, starch, and crude protein did not differ. There was no major effect of TA on
chewing behavior, although TA induced a linear increase in meal size and length of
the first daily meal and reduced meal frequency per d. Rumination behavior did not
differ. Cows fed 0.43% TA refused feed particles > 19 mm in the morning. There were
tendencies for linear decreases in MUN (16.1 to 17.3 mg/dL), urine-N (150 to 166 g/d
and 29.8 to 32.9% of N intake), and plasma urea-N (PUN) at 6, 18, and 21 h post-
morning feeding, and PUN 12 h post-feeding was reduced by TA. The proportion of N
intake in milk (27.1%) and feces (25.2%) did not differ. Reductions in urine-N, MUN,
and PUN suggest that TA reduced ruminal AA deamination, but the decrease in rumen

microbial yield may have offset the gain in absorbable dietary protein supply, and



lactation performance did not differ. Overall, TA up to 0.43% of DM did not affect DMI

and lactation and there was a tendency to reduce urine-N excretion.

Keywords: chewing behavior, condensed tannin, milk fatty acids, nitrogen balance,
rumen microbial yield, digestibility



RESUMO INTERPRETATIVO E RESUMO GRAFICO

Suplementacao de baixas dosagens de extrato de tanino de Acacia mearnsii
para vacas leiteiras
Elaborado por Liniker Nunes de Oliveira e orientado por Marcos Neves Pereira

Vacas leiteiras apresentam baixa eficiéncia em utilizar o nitrogénio ingerido
para a sintese de proteina do leite, por isso estratégias vem sendo estudadas a fim
de aumentar esta eficiéncia. Uma das estratégias que podem ser adotadas, é a
suplementacao de extrato de tanino de Acacia mearnsii, onde o objetivo deste trabalho
foi avaliar o efeito de baixas dosagens (0, 0,14, 0,29 ou 0,43% da MS) de extrato de
tanino condensado da casca de Acacia mearnsii no consumo de matéria seca,
producdo e composicdo de leite, digestibilidade, atividade mastigatoria e
comportamento ingestivo, fermentacdo ruminal, e particdo de nitrogénio em vacas
leiterias.

A producdo e composi¢cdo do leite e consumo de matéria seca nao foram
afetados pela suplementacdo de tanino, apesar que houve redugdo no nitrogénio
ureico do leite, nitrogénio ureico no plasma e reducao de nitrogénio excretado na urina.
A sintese de proteina microbiana reduziu linearmente com a suplementacéao de tanino,
entretanto ndo houve diferenca na concentracdo e producdo de proteina do leite,
sugerindo que os taninos reduzem a disponibilidade de nitrogénio no raimen, mas por
compensacao, aumenta o aporte de proteina no intestino delgado. O uso de extrato
de tanino de Acacia mearnsii pode ser utilizado com o objetivo de reduzir a excrecao
de nitrogénio via urina para o meio ambiente, visto que o nitrogénio liberado pela urina
pode ser volatilizado como aménia, perdido através da lixiviagdo como nitrato e
emitido como 6xido nitroso.
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CAPITULO 01

1 INTRODUCAO

Os taninos sdo um grupo diversificado de compostos polifenolicos capazes de
formar complexos com proteinas e outras macromoléculas (Bravo, 1998). Os taninos
podem interferir na palatabilidade dos alimentos devido a adstringéncia (Griffiths,
2013), podem limitar a digestdo de proteinas e carboidratos no rumen (Carulla et al.,
2005) e intestinos (Duodu et al., 2003), podem afetar a biohidrogenacdo ruminal de
lipideos (Khiaosa-Ard et al., 2009), crescimento microbiano (Ahnert et al., 2015) e
diversidade microbiana (Vasta et al., 2019), e tém o potencial de reduzir a excre¢ao
de metano por ruminantes (Jayanegara et al., 2012). Os taninos também podem
reduzir o timpanismo espumoso em bovinos em pastejo (Min et al., 2012) e parasitas
gastrointestinais (Mueller-Harvey, 2006) e demonstrou aumentar as atividades de
enzimas antioxidantes no plasma e no figado (Liu et al., 2013). Os taninos séo
capazes de se ligar as proteinas e a possibilidade de reduzir a degradacéo ruminal da
proteina dietética (para aumentar a oferta de PNDR) e a perda urinaria de N criou
interesse na suplementacgéao de tanino para vacas leiteiras (Aguerre et al., 2016, 2020).
No entanto, os taninos podem reduzir a produ¢éo de proteina microbiana no rumen e
a absorcéo ruminal de AA pelo animal pode ndo aumentar, mesmo com o0 aumento da
proporcao de PB da dieta como PNDR (Wang et al., 1996; MacAdam e Villalba, 2015).
Os taninos também podem diminuir a digestibilidade de FDN (Reed, 1995). Extensas
revisdes avaliaram o efeito dos taninos na fermentacdo ruminal, digestibilidade da
dieta, consumo da dieta e desempenho de ruminantes (Makkar, 2003; Frutos et al.,
2004; Mueller-Harvey, 2006; Herremans et al.,, 2020). A resposta animal a
suplementacao de taninos depende do tipo de produto e dosagem (Aboagye et al.,
2018).

Os taninos séao classificados em condensados (TC) ou hidrolisaveis (TH) com
base em sua capacidade de resistir & hidrolise sob condi¢des &cidas ou alcalinas
suaves em acucares e acidos carboxilicos fendlicos (Van Soest, 1994). O TC é
considerado como tendo maior capacidade de ligacéo a proteina do que o TH e néao
€ degradada no rumen (Makkar et al., 1995). Acacia mearnsii (acacia negra), originado
da Australia, tem sido cultivada no sul do Brasil como fonte de madeira e extracéo de

taninos da casca, para uma variedade de aplicacdes comerciais (Tanac, Montenegro,
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Brasil). O extrato de tanino de Acacia mearnsii (TA) € uma fonte de TC (Ahmed et al.,
2005).

Varios experimentos avaliaram dosagens de TA na dieta de ruminantes. Carulla
et al. (2005) alimentaram ovelhas com TA a 2,5% da MS da dieta e observaram
reducdes nas excrecdes N na urina e metano, associadas a reducées no consumo de
forragem, digestibilidade da FDN, proporcdo acetato/propionato no liquido ruminal,
produc&o de proteina microbiana no rumen e aumento da perda de energia fecal. Avila
et al. (2015) observaram que quando 1,5% de TA na MS da dieta foi fornecido a
novilhos em gaiolas metabdlicas, houve reducdes na digestibilidade no trato total de
FDN e no consumo de matéria organica digestivel (CMOD), um deslocamento da
perda de N da dieta de urina para fezes e aumento do fluxo duodenal de N n&o
amoniacal e N ndo microbiano e AA, sem efeito sobre o fluxo de N microbiano.
Grainger et al. (2009) observaram que TA a 0,9% e 1,5% do CMS estimado desviou
o N da urina para as fezes e reduziu a excrecdo de metano de vacas leiteiras
pastejando azevem, mas também reduziu o CMS, a energia digestivel, digestibilidade
de PB e a producgéo de leite. Griffiths (2013) observou que a producédo de leite foi
reduzida quando a TA foi administrada na forma de Drench diariamente para vacas
leiteiras em pastejo em aproximadamente 0,6% a 2,9% da MS da dieta. Orlandi et al.
(2015) alimentaram TA com 0, 0,9, 1,8 e 2,7% da MS da dieta para novilhos e
observaram reducado de N na urina e aumento de N fecal, reducéo na producao de
proteina microbiana e digestibilidade da FDN e aumento do fluxo duodenal de protena
verdadeira da dieta com o0 aumento da dosagem. Por outro lado, Orlandi et al. (2020)
observaram que TA a 0,38% da MS nao afetou o CMS, digestibilidade da FDN,
producdo de proteina microbiana e particdo de N em ovinos. Alves et al. (2017)
observaram uma reducédo na excre¢ao de metano quando TA foi fornecido a 0,7% da
MS da dieta para vacas leiteiras em pastejo, sem efeito sobre a producéo de leite e
CMS.

O efeito de dosagens graduadas de um extrato de tanino de quebracho e
castanha contento TC e TH no desempenho e particdo de N de vacas leiteiras de alta
producéo foi avaliado em 2 experimentos (Aguerre et al., 2016, 2020). Aguerre et al.
(2016) observaram reducbes lineares no CMS e na produgcdo e concentragdo de
proteina do leite e uma tendéncia para reducao de leite corrigido por solidos em vacas
leiteiras alimentadas com 0, 0,45, 0,90 ou 1,80% de MS de extrato de tanino,

independentemente da concentracdo de PB da dieta. Os taninos reduziram
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linearmente o N ureico no leite e no plasma, a concentracéo ruminal de NHs e acidos
graxos de cadeia ramificada e a digestibilidade do trato total de PB e FDN, e nao
tiveram efeito sobre o perfil de AGV ruminal. O extrato de tanino avaliado induziu um
aumento linear na excrecao de N nas fezes (214 a 256 g/d), uma reducdo no N na
urina (213 vs 177 g/d), e ndo afetou o N do leite (175 g/d) ou a eficiéncia de utilizacao
de N (29,7% da ingestdo de N no leite). Os autores sugeriram que a concentracao
Otima de extrato de tanino foi de 0,45% da MS com base na reducdo da concentracao
e producao de proteina do leite, CMS e digestibilidade em maiores concentracdes de
extrato de tanino na dieta. Aguerre et al. (2020) alimentaram vacas leiteiras em
lactacdo por 13 semanas com 0 mesmo extrato de tanino (0, 0,45 e 1,80% da MS).
Eles ndo observaram efeito na producéo de leite, leite corrigido por solidos e nitrogénio
ureico no plasma. A maior concentracdo de proteina verdadeira do leite foi observada
com 0,45% do produto tanino na dieta. Parece que o limite superior para a
suplementacdo de extrato de tanino para vacas leiteiras, sem efeito prejudiciais na
funcdo ruminal, digestibilidade, CMS e lactacédo, é em torno de 0,5% da MS da dieta.
Ndo ha experimentos avaliando baixas dosagens graduadas de TA para vacas
leiteiras em lactacao.

O obijetivo deste estudo foi avaliar o efeito de 0, 0,15, 0,30 e 0,45% de TA na
MS da dieta sobre a producdo e composicéo do leite, CMS, digestibilidade do trato
total, fermentacdo ruminal, comportamento ingestivo e particio de N de vacas
leiteiras. As dosagens foram escolhidas para representar quantidades diarias de TA
razoavelmente atribuiveis as vacas em mistura de ra¢des formuladas para fornecer
aditivos alimentares com baixa inclusdo na dieta e assumindo que uma dosagem
méaxima de TA de 0,5% da MS seria préximo do 6étimo. Nossa hipotese era que a
suplementacao de TA até 0,45% da MS aumentaria a secrecéo de proteina do leite e

reduziria a perda N na urina.

2 REFERENCIAL TEORICO
2.1 Taninos
2.1.1 Tipos e composi¢cdo quimica

Os taninos pertencem a um grupo de compostos fendlicos advindos do
metabolismo secundario das plantas (BUTLER et al., 1984), que possuem alto peso

molecular (RUBANZA, 2005) capazes de se complexar com celulose, lipideos,
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minerais, acidos nucleicos e por AA, tornando esses substratos resistentes aos
ataques microbianos (O'DONOVAN; BROOKER, 2001). A principal caracteristica de
interesse dos taninos é a sua alta afinidade por proteinas, protegendo-as da
degradagéo ruminal e aumento do fluxo de AA para o intestino delgado para ser
utilizado pelo animal (MAKKAR, 2003).

Os compostos fendlicos possuem em sua estrutura basica um anel aromatico
ligado a uma ou mais hidroxilas (OH). Os compostos fendlicos séo classificados em
duas principais classes: flavonoides e n&o-flavonoides (VELDERRAIN-RODRIGUEZ
et al., 2014). Os flavonoides sdo compostos que possuem 15 atomos de carbono: C6-
C3-C6, contendo 2 anéis aromaticos (A e B) ligados a 3 carbonos, formando um anel
heterociclico (C). Suas principais subclasses sao: flavonais, isoflavonas, flavanonas,
Coantocianidinas e flavanéis (MANACH et al., 2014).

Figura 2. Subclasses dos flavonoides
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Jéa a composicao dos &cidos fendlicos pode ser classificada em dois subgrupos:

derivados do &cido hidroxibenzoico e derivados do &cido hidroxicindmico. Os

derivados de &cido hidroxicinamico possuem uma estrutura C6-C3, sendo conhecidos
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como acido cafeico, ferulico e p-cumarico. Ja os derivados de hidroxibenzoicos estéo
organizados em uma configuracdo C6-C1, como por exemplo, os acidos galicos e
elagicos (Cong-Cong, 2017).

Os taninos podem ser classificados em duas classes: TC e TH (ARAPASITAS,
2012). Os taninos condensados, que também sdo chamados de proantocianidinas,
sao formados por diferentes subunidades de flavan-3-ol, que “apresentam OH no
carbono 3”7, representados por mondmeros de catequinas e/ou flavan-3,4-diol,
geralmente ligados por carbono-carbono (4-8 ou 6-8) com uma ampla diversidade
estrutural (DE JESUS et al., 2012).

Para os taninos hidrolisaveis, existe a combinacdo de acido galico, acido
hexahidroxidifénicos e um nudcleo central de glicose, sendo classificados em dois
subgrupos: galatotaninos ou elagitaninos (LANDETE, 2011). Esse composto €
facilmente degradado por hidrélise quimica, promovendo liberacdo dos seus
componentes primarios (MCLEOD, 1974).

De acordo com Reed (1995), os TH sdo associados aos efeitos tdéxicos no
metabolismo animal. Essa intoxicacdo geralmente é desencadeada por grande
ingestdo de TH. Isso ocorre devido a degradacdo de taninos hidrolisados por
microrganismos ruminais, tendo como produto final o &cido galico, sendo carreado
pela corrente sanguinea e transportado para o figado. Quando ocorre grande aumento
de fendis para o figado, a ponto de ultrapassar sua capacidade de detoxificacéo,
figado e rins podem sofrer necrose (MAKKAR, 2003).

O grau de afinidade entre tanino-proteina vai depender das caracteristicas
quimicas (ZUCKER, 1983), peso molecular e flexibilidade (MUELLER-HARVEY;
MCALLAN, 1992). As proteinas com maior afinidade sdo maiores e hidrofébicas com
sua estrutura flexivel, aberta e rica em prolina (KUMAR; SINGH, 1984). Esses
complexos podem ser formados por trés tipos de ligacoes:

° LigacOes hidrogenadas, ligacbes com o grupo carboxilico (-COOH) da
proteina;

° LigagOes ionicas entre o ion fenolato e o sitio catidnico da proteina
(exclusivos em taninos hidrolisaveis);

° Ligagbes covalentes, ocorre através da oxidagcdo dos polifendis a
guinonas e sua condensacéo com os grupos nucleofilicos das proteinas,
sendo considerada a Unica ligacéao irreversivel (KUMAR; SINGH, 1984),

visto que interagdes ibnicas e covalentes sd&o menos comuns de ocorrer.
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As principais estruturas que podem variar no tanino condensado sédo: numero
de hidroxilas no anel aroméatico A e B, posicdo dos grupos de hidroxilas, mudanca
tridimensional nos carbonos 2, 3 e 4 do anel C, posi¢ao e ligacdo entre as unidades e
namero de unidades de flavanol (MUELLER-HARVEY, 1999).

Sendo assim, existem varios tipos de taninos condensados, ou seja, sao
compostos heterogéneos que pode promover respostas distintas em relacdo a
capacidade de ligacdo (adstringéncia), impacto sobre a digestdao e valor nutritivo
(MUELLER-HARVEY, 1999).

2.1.2 Extrato de tanino de Acacia mearnsii

A Acécia negra (Acacia mearnsii) € uma leguminosa arbustiva de origem
Australiana (SCHNEIDER et al., 2000), encontrada principalmente na regido do Rio
Grande do Sul do Brasil. A acacia negra € caracterizada por apresentar folhas de
coloracdo verde-escura e que atinge uma altura média de 10 a 30 metros
(SCHNEIDER, 2003).

De acordo com Schneider (2003), a Acacia mearnsii representou de 9,4% a
18,7% de tanino em relacdo ao peso da casca verde da arvore. A extracdo de tanino
da casca da arvore pode ser obtido através de autoclaves, o que promove a extracdo
de agua por temperatura, tempo e pressao especifica (MISSIO et al., 2017). Taninos
de acacia negra sao classificados como profisétinidines, em que em sua estrutura
apresenta ligacfes 4 — 8 entre os anéis aromaticos e apresentam configuracées 3,4
trans (SANTIAGO et al., 2020). Desde 2010, a acacia negra se mantem como a quarta
espécie mais cultivada para fins comerciais no Brasil (IBA, 2017).

Esta leguminosa arbustiva tem multiplos propdsitos, como: recuperacdo de
solos degradados, fixacdo de nitrogénio e producdo de taninos. No Brasil ela vem
sendo plantada com a finalidade de ser como agente floculante no tratamento de
aguas e efluentes, formacdo de pellets de madeira para producdo de energia e
principalmente para producao de taninos para curtimento de couro. Além disso, existe
também a linha de produtos (minimo de 70% de TC) para nutricdo animal. (Tanac
S.A., Montenegro, RS, Brasil).
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2.2 Efeitos de taninos em ruminantes

2.2.1 Producéo de leite e consumo

De acordo com White et al. (2017), vacas com producgéo de leite inferior a 30
kg/d com teor de gordura de 3%, tem potencial para atender toda sua exigéncia de
proteina suprida com fontes de PNDR de alimentos convencionais, mas quando a
producéo de leite ultrapassa os 30 kg/d, hd uma melhor resposta e necessidade da
suplementacdo com fontes ricas em PNDR. Com o0 objetivo de aumentar o PNDR, a
suplementacao de taninos tem sido uma das estratégias estudadas para aumentar a
producéo de leite.

Aguerre et al. (2016) alimentaram vacas holandesas de alta producédo, onde
substituiram casca de arroz por extrato de TH e TC misturados com doses: 0, 0,45,
0,90 e 1,80% da MS da dieta e observaram reducao linear no CMS, concentracao de
proteina do leite e nitrogénio ureico do leite (NUL) sem efeito em producédo de leite,
independente do nivel de proteina bruta (PB) da dieta (15,3 vs. 16,6%). Entretanto, a
suplementacdo de 0,45% de TH e TC misturados aumentou a concentragdo de
proteina do leite. GRIFFITHS et al. (2013) observaram que a suplementacédo de 0,6,
1,4 e 2,9% de extrato de TA via oral por “Drench” ndo afetou o CMS, mas houve uma
reducdo em producédo de leite, com maior producéo de leite na menor dose de TA em
vacas leiteiras em pastejo. Como também, a suplementacéo de 40 g/d de TA por meio
da canula ruminal em vacas em lactacéo, Aprianita et al. (2014) observaram queda na
producado de proteina, gordura e lactose do leite, sem afetar a producéo de leite dos
animais.

Trabalhando com dose de 1 e 3% de extrato de TA, Gerlach et al. (2018) n&o
observaram diferenca significativa no CMS, producdo e composi¢cao do leite, exceto
para NUL e producéo de proteina do leite quando suplementaram 3% de extrato de
TA na MS da dieta para vacas leiteiras, indicando reducédo de PDR e AA disponiveis
na porcao do duodeno em vacas leiteiras. Essa reducéo de absorcao de AA para o
intestino pode ser devido a falha de dissociacdo de tanino-proteina no abomaso,
formacado de tanino com enzimas digestivas, retorno do complexo de tanino-proteina
da dieta no ambiente duodenal ou interacdo entre tanino com mucosa intestinal.
(FRUTOS et al., 2004). O mesmo ocorreu com Avila et al. (2020), quando alimentaram
cinco novilhos da raca Jersey com as doses: 0, 0,6, 1,2, 1,8 e 2,4% de extrato de TC

de acacia negra na MS da dieta em relagdo ao CMS.
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Entretanto, Grainger et al. (2009) observaram que TA a 0,9% e 1,5% do CMS
estimado reduziu o CMS e producéo de leite em vacas leiteiras pastejando azevem.
A resposta sobre o consumo pode estar diretamente relacionada com a afinidade de
ligacdo entre tipo de tanino e nutriente, efeito adstringente pela ligacdo com proteinas
salivares e reducéo de digestibilidade dos nutrientes (MAKKAR et al., 1993, 2003;
WAGHORN, 2008). Narjisse et al. (1995) infundiram tanino diretamente no rimen de
ovinos para observar se a palatabilidade era responsavel pela reducdo de consumo
voluntario dos animais. Os autores constataram reducao de digestibilidade da digesta
no ramen, mostrando que esse efeito pode prejudicar o esvaziamento do trato
digestivo, gerando sinais de enchimento e saciedade para 0s centros nervosos
envolvidos no controle da ingestao.

O mesmo foi observado por Carulla et al. (2005), onde alimentaram ovelhas
com TA a 2,5% da MS da dieta e observaram reducdes no consumo de forragem. Por
outro lado, Alves et al. (2017) ndo observaram efeito no CMS e producéo de leite
quando o TA foi fornecido a 0,7% da MS da dieta para vacas leiteiras em pastejo.
Orlandi et al. (2020) observaram que TA a 0,38% da MS nao afetou o CMS.

2.2.2 Digestibilidades

Orlandi et al. (2015) alimentaram TA com 0, 0,9, 1,8 e 2,7% da MS da dieta
para novilhos e observaram tendéncia para reducao de digestibilidade aparente de
fibra em detergente neutro (FDN) e reducéo na digestibilidade aparente e verdadeira
de PB, sem efeito na digestibilidade de matéria organica (MO). Por outro lado.
Kozloshi et al. (2012) observaram em ovelhas que quando infundiram 2, 4 e 6% de TA
na MS da dieta via canula, houve reducéao linear na digestibilidade aparente de MS,
MO, FDN e PB e digestibilidade verdadeira de MO e PB. Além disso foram observados
reducdo linear na digestibilidade ruminal de MO e PB. O efeito de queda de
digestibilidade de fibra pode ser em virtude de que taninos podem prejudicar a adeséo
de microrganismos que degradam carboidratos fibrosos como consequéncia do
complexo de tanino-parede celular dos carboidratos ou por efeito direto sobre os
microrganismos celuloliticos (PATRA; SAXANA, 2009)

Avila et al. (2020) alimentaram novilhos da raca Jersey e observaram que a
suplementacao de 0, 0,5, 1,0, 1,5 e 2% de TA na MS da dieta reduziu de forma linear
a digestibilidade aparente de PB, sem efeito na digestibilidade aparente de MS, MO e
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FDN. E possivel que parte da associacdo entre tanino-proteina ndo é desfeita no
abomaso, além disso taninos dissociados que chegam no duodeno, pode se
complexar com enzimas do intestino ou se complexar novamente as proteinas
dietéticas, reduzindo assim, a digestibilidade de PB (WAGHORN, 2008; McNABB et
al., 1998).

2.2.3 Atividade mastigatoria

A reducado da palatabilidade pode ser defendida através da adstringéncia do
tanino (Griffiths, 2013). A adstringéncia € capacidade dos taninos de se ligarem as
proteinas da saliva (MAKKAR et al., 1993), o qual é medido pelas gramas de proteinas
que se precipitam por gramas de TC extraidas, sendo determinada pela técnica de
difusdo radial (HAGERMAN 1987). Lima et al. (2019) verificaram que ao utilizar 3%
de TC de Mimosa tenuiflora em ovinos, aumentou o tempo ingerindo (hora/dia),
embora n&o foi observado efeito no tempo mastigando, tempo ruminando e tempo e
ndamero de mastigagcao por bolo ruminal, com avaliacdo durante 24 horas a cada 5
minutos.

Ja para Nascimento et al. (2021), observaram aumento linear no tempo
ruminando (minutos/dia), nimero de mastigacao por bolo ruminal e redugéo no tempo
em Ocio para cabras em lactacdo, sendo suplementadas com dieta contendo 80% de
silagem de mandioca cortadas 1/3 do total da planta, sendo este material misturado
com TC no periodo de pré ensilagem nas seguintes doses: 0, 2,5, 5,0 e 7,5% de TC
de extrato de Mimosa. Apos 56 dias de armazenamento, a silagem foi ofertada junto
ao concentrado para os animais. O comportamento ingestivo foi avaliado de forma
individual a cada 10 minutos durante 4 dias. Neste experimento ndo foram observados
entre os tratamentos o tempo ingerindo (minutos/dia), taxa de ingestdo e ruminacao e
tempo de mastigagao por bolo ruminal. A principal causa de animais terem aumentado
o0 tempo ruminando e numero de mastigacdo por bolo ruminal observado por
Nascimento et al., (2021) foi para reduzir o tamanho de particulas da digesta e
aumentar a disponibilidade de nutrientes (LIMA et al., 2019).

Sant’ana et al. (2022) avaliaram a suplementacéo de 5% de TA na MS da dieta
VS. 0 grupo controle em cabras em lactacao e relataram reducédo na taxa de ruminacéo
da MS (0,15 vs. 0,19 kg de MS ingerida/hora ruminando) e de FDN (0,09 vs. 0,11 kg
de FDN ingerido/hora ruminando), o que remete maior tempo ruminando por Kg de

MS e FDN, embora o CMS, FDN ingerido, tempo ruminando, tempo ingerindo, nimero
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e tempo de mastigacéao por bolo ruminal ndo foram observados entre os tratamentos.
O complexo entre tanino-proteina reduz a digestibilidade de proteina no ambiente
ruminal, o que pode prejudicar a SPM, ocasionando de forma indireta a reducao na
digestibilidade de outros nutrientes: CNF e FDN (MUIR, 2011). Isto pode reduzir a taxa

de digestdo do contetdo e aumento no enchimento ruminal (MAKKAR, 2003).

2.2.4 Particao de N dietético

A ingestdo excessiva de N aumenta exponencialmente a excrecdo de N na
urina, enquanto que o N fecal e NUL aumenta de forma linear em vacas leiteiras
(CASTILLO et al., 2000). Com base neste levantamento da literatura, a relagdo de N
na urina para N fecal pode variar de menor de 1 em baixas ingestéo de N (< 400 g/d)
a mais de 2 em alta ingestdo de N (>700 g/d). Avila et al. (2020) observaram que a
suplementacdo de 0, 0,6, 1,2, 1,8 e 2,4% de TA em dietas isoproteicas e
isoenergeticas para vacas leiteiras ndo observaram diferenga significativa para a
sintese de proteina microbiana, eficiéncia de sintese de proteina microbiana e
nitrogénio ureico no plasma em novilhos. Isso pode ser devido a adaptacao de alguns
microrganismos ruminais ao tanino (McSWEENEY et al., 2001). Entretanto, Aguerre
et al. (2016) utilizaram o 0, 0,45, 0,90 e 1,80% de TH e TC misturados e observaram
reducao linear no nitrogénio ureico no plasma, aumento de N fecal e reducéo de N na
urina.

Carulla et al. (2005) alimentaram ovelhas com TA a 2,5% da MS da dieta e
observaram reduc¢des de proteina microbiana no rimen e N na urina, aumento de N
nas fezes, o que pode ser explicado pela redu¢édo da absor¢cao de amdnia no rimen,
apesar que ndo houve diferenca significativa sobre o N retido. Avila et al. (2015)
utilizaram 1,5% de TA na MS da dieta em novilhos e observaram aumento no fluxo
duodenal de N total, N alfa amino e AA, que porventura refletem na reducédo de
degradacéo de proteina no rimen, todavia ndo mostrou diferenca significativa no fluxo
de N microbiano para o duodeno. Isso é sugestivo de que a queda de PDR nao foi
suficiente para limitar a sintese de proteina microbiana, indicando que a concentracao
N amoniacal foi suficiente para condicionar a manutengcdo de microrganismos, de
acordo com o estudo in vitro de Satter e Slyter (1974), que seria de 5 mg/dL.

Além disso, observaram reducdo na excrecdo de N na urina e aumento na
excrecdo de N nas fezes, sem afetar o N retido, o que corrobora com Souza (2021),

gue utilizou 4% de TA na MS da dieta em ovinos. Orlandi et al. (2015) observaram
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reducao linear de N amoniacal no ambiente ruminal quando alimentaram novilhos com
TA de: 0,0,9, 1,8 e 2,7% da MS da dieta.

Ademais, houve efeito quadratico sobre a eficiéncia de sintese de proteina
microbiana com maior valor para dose de 1,8% de TA, sugerindo que utilizar doses
acima de 1,8% de TA pode exercer efeito negativo mais intenso na absorcdo de
nutrientes pelas bactérias ruminais do que o efeito negativo sobre a atividade
catabolica pelas enzimas que estdo associadas & membrana bacteriana. Para o fluxo
de duodeno, foi observado o aumento linear de N total e N alfa amino, AA néo
essencial e tendéncia para aumento de AA gliconeogénicos e AA total em novilhos.
Além disso, foi observado aumento linear na eficiéncia de utilizacdo de N e N nas
fezes, com efeito quadrético para N na urina, com menor valor de N na urina na dose
de 1,8% de TA.

2.2.5 Fermentacao ruminal e perfil de &cidos graxos no leite

Existe inconsisténcia em resultados relacionando o efeito de taninos sobre a
reduc&o ou aumento de protozoarios no raimen (MAKKAR, 2003). YANEZ RUIZ et al.
(2004) mostraram que o numero de protozoarios diminuiu com suplementacao de
taninos. O mesmo foi visto por Carulla et al. (2005), que suplementaram 2,5% de TA
em cordeiros e Lima et al. (2019), que alimentaram ovelhas com 3% de TC de Mimosa
tenuiflora.

Vasta et al. (2010) alimentaram ovinos com dose de 6,4 g/Kg de taninos totais
de quebracho e mostraram aumento do nimero de protozoarios. Entretanto, Benchaar
et al. (2008) ndo observaram diferenca na utilizagéo de tanino quebracho com incluséao
de 15% de tanino de quebracho para vacas leiteiras.

Khiaosa-Ard et al. (2009) utilizaram TC da planta Onobrychis viciifolia, que
contém 8,4% de tanino, sendo ofertado 1,1 g/Kg de TC na MS da dieta. O segundo
tratamento desse experimento foi utilizado o extrato de tanino da acacia negra com a
mesma quantidade (1,1 g/Kg) e o grupo controle. Foi verificado maior populacao de
microrganismos com utilizacdo de extrato de tanino de acacia negra em relacdo aos
outros tratamentos por método in vitro. Isso pode ter ocorrido devido a queda de
protozodarios em relagdo aos outros tratamentos, visto que 0s protozoarios realizam
predacado e lise de bactérias, diminuindo assim a populacédo de bactérias (Makkar,
2003).
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Desse modo, foi observado queda na producédo de acetato, butirato, relacéo
acetato: propionato (mol/100mol) e metano com utilizacdo de 1,1 g/Kg de TC na MS,
em ambos os tratamentos com taninos. Ademais, observou-se aumento de
propionato, ndo mostrando diferenca significativa para pH ruminal e produgcédo de
acidos graxos totais (AGVs) em mM (milimol). Isso corrobora com que foi observado:
gueda de digestibilidade aparente de FDN, PB e MO.

Carulla et al. (2005), observaram suplementacéo de 2,5% de TA na MS da dieta
em ovinos reduziu a degradagédo de FDN e FDA, diminuindo a relacdo acetato:
propionato e acetato. Todavia, aumentou propionato, butirato e valerato (mol/100 mol).
Entretanto, Beauchemin et al. (2018) ndo observaram diferenca significativa na
producdo de AGVs (mM), acetato, propionato, butirato, relagéo acetato propionato na
propor¢do (mol/100 mol), mas houve reducéo para acidos graxos de cadeia ramificada
(isobutirato e isovalerato) com incluséo de 2,5% de TA na MS da dieta.

Kemp e Lander (1984) classificaram 2 grupos de bactérias que fazem parte da
biohidrogenacdo. O grupo A (Ruminococcus albus e Butyrivibrio sp.) que realiza a
hidrogenacdo do acido ruménico (C18:2 cis-9, trans-11) e o grupo B (Fusocillus
babrahamensis, Fusocillus sp. e o Clostridium proteoclasticum) que é capaz de utilizar
0 (C18:1 trans-11) para terminar a hidrogenacéo em acido estearico (C18:0) (DURMIC
et al., 2007). Além disso, tem sido observado que a etapa de hidrogenacéo de C18:1
para C18:0 parece ser limitante, devido a menor quantidade de espécies presente no
grupo B, que sao capazes de realizar essa atividade (GRIINARI; BAUMAN, 1999).

Khiaosa-ard et al. (2019) e Vasta et al. (2010) tém mostrado por método in vitro,
em 48 horas, que a utilizacdo de taninos pode inibir a biohidrogenacdo dos acidos
graxos insaturados. Segundo Khiaosa-ard et al. (2009), dose de 1,1 g/Kg de TC de
acacia negra obteve-se maior quantidade de acido vacénico (C18:1 trans-11),
enguanto que na dieta sem tanino e a dita que tinha 1,1 g/Kg da planta Onobrychis
viciifolia rica em TC obteve-se maior 4cido estearico (C18:0) como produto final da
biohidrogenacéo, sugerindo que a utilizacdo de tanino de acacia negra inibiu as
bactérias do grupo B que realizam a ultima etapa de biohidrogenacao de C18:1 trans-
11 para acido esteérico, validando o que Durmic et al. (2007) expbs com o uso de
extrato de Acacia mearnsii, em que houve o efeito inibitério seletivo para Clostridium
proteoclastridium P18, mas ndao em Butyrivibrio fibrisolvens. Essa queda de
biohidrogenacéo pode ser devido a redugéo de protozoarios, limitando a quantidade
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de Hz para o meio ruminal, intensificando a competicdo por bactérias que fazem
metanogénese e bactérias do grupo B (TURNER et al.,2005).

Vasta et al. (2008) utilizaram (Acacia cyanophylla, Ceratonia sliliqua e
Schinopsi lorentzii) de forma separada com as doses de 0,6 mg/ml e 1 mg/ml de tanino
no fluido ruminal por tempo de incubacé&o por 12h por método in vitro, onde ocorreu o
aumento do nivel de C18:1 trans-11 e reducéo de C18:0. Além disso, houve reducao
de sintese de proteina microbiana, isobutirato, isovalerato, valerato e relacdo acetato:
propionato. A utilizagdo de taninos também reduziu a quantidade de C15:0 iso, C15:0
anteiso, C16:0 iso e C17:0 anteiso. Esses resultados ocorreram devido a menor
guantidade encontrada de isovalerato e isobutirato no raimen, que sao AA precursores
para a sintese de acidos graxos de cadeia ramificada iso e anteiso.

Tajima et al. (2001) relata que as bactérias celuloliticas, por exemplo, as
Ruminococcus flavefaciens e Butyrivibrio fibrisolvens, apresentam em grande parte da
sua camada lipidica os acidos graxos na forma iso. Para bactérias amiloliticas
Ruminobacter amylophilus, Succinivibrio dextrinosolvens e Prevotella ruminicola,
estas contém maior quantidade de &cidos graxos de cadeia impar e anteiso. Jones et
al. (1994) observou que ao utilizar leguminosas Onobrychis viciifolia Scop e Lotus
corniculatus L., contendo TC, reduziu-se a quantidade de Butyrivibrio fibrisolvens e
Streptococcus bovis e pouco efeito foi observado sobre Prevotella ruminicola e
Ruminobacter amylophilus. Diante do exposto, observa-se que o complexo de tanino-
AA ramificado pode prejudicar a populacdo dos microrganismos.

Vasta et al. (2009) observaram que ao utilizar taninos totais de quebracho com
dose de 4,7% de tanino na MS da dieta, houve maior quantidade de acidos graxos
poli-insaturados e reducéo de acidos graxos saturados e monoinsaturados no tecido
adiposo de cordeiros. Uma possivel explicacdo para o aumento de acidos graxo poli
insaturados é devido a mudanca da rota de biohidrogena¢édo no ramen, formando o
trans-10, cis-12 como produto final (BAUMGARD et al., 2001).

Estes autores também demonstraram que no ambiente ruminal houve aumento
significativo de acido ruménico (C18:2 cis-9, trans-11), sugerindo que esse aumento
se da devido ao feedback negativo sobre o acumulo de acido vacénico, visto que
houve uma menor relacdo de acido estearico/acido vacénico, refletindo no aumento
de CLA. Em contrapartida, a suplementacéo de 40 g/d de TA por infuséo intraruminal,

Aprianita et al. (2014) néo verificaram redugéo nos acidos graxos monoinsaturados e
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De Novo no leite, sugerindo que acéacia negra nessa dose nédo foi eficaz de interferir

nas bactérias responsaveis pela biohidrogenacéao.

2.3 Metabolismo de proteinas em ruminantes

As proteinas dietéticas podem ser classificadas em proteina degradavel no
rumen (PDR) e proteina ndo degradavel no rimen (PNDR). A PDR é composta por
proteina verdadeira e nitrogénio ndo proteico (NNP) (BACH et al., 2005). Ao se
formular uma dieta, é necessario primeiramente suprir as exigéncias dos
microrganismos ruminais e, em seguida, atender as exigéncias do animal. Ruminantes
sao capazes de alcancar algum desempenho produtivo mesmo quando alimentados
com dietas sem inclusé@o de proteina verdadeira (VIRTANEN, 1966), uma vez que 0s
microrganismos ruminais sdo capazes de sintetizar aminoacidos (AA) e proteina
verdadeira a partir de aménia e esqueletos de carbono. Com base em estudos in vitro,
a concentracdo minima de amoénia no fluido ruminal para manter o crescimento
microbiano foi ao redor de 5 mg/dL (SATTER; SLYTER, 1974) e a disponibilidade de
carboidratos rapidamente fermentaveis determina a sintese microbiana em balanco
positivo de N no raimen (HALL e HEREJEK, 2001).

A substituicdo de fontes de proteina verdadeira por uréia pode deprimir o fluxo
de protéina para o intestino. Quatro dietas isoproteicas (16,6% de PB) com alta
inclusdo de proteina oriunda de silagem de alfafa e variando na fonte de N e na
incluséo de silagem de grdo umido de milho, foram ofertadas para vacas leiteiras com
os tratamentos: ureia (1,9% da matéria seca (MS)), farelo de soja (12,1% da MS),
farelo de canola (16,1% da MS) e farelo de algodédo (14,1% da MS). Houve reducéo
nos fluxos omasais de AA, AA de cadeia ramificada, AA essenciais, AA ndo essenciais
e sintese de proteina microbiana (SPM) quando foi utilizada uma fonte exclusiva de
NNP (uréia) (BRITO et al., 2007a). Como consequéncia, vacas produziram menos
leite (32,9 kg/d) ao serem suplementadas com uréia em relacdo aos animais
suplementados com farelo de soja (40,0 kg/d), farelo de algodéao (40,5 kg/d) e farelo
de canola (41,1 kg/d), demonstrando a necessidade de proteina verdadeira para
maximizar a SPM e fluxo de PNDR para vacas leiteiras (BRITO et al., 2007a).

O ambiente ruminal € o local onde ocorre a maior parte da degradacao dos

alimentos, sendo assim o metabolismo ruminal pode ser atribuido como o principal
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modulador de eficiéncia de utilizacdo de nitrogénio (EUN) (TAMMINGA, 1992). Os
valores de EUN normalmente ndo ultrapassam de 25 a 30% (ROTZ et al., 1990),
sendo reflexo de baixa eficiéncia em vacas leiteiras (LOBLEY, 2002). Diferentemente
das fezes e leite, a perda de N na urina em g/d aumentou de forma exponencial com
0 aumento de ingestdo de N a partir de 400 g/d (CASTILLO et al., 2000),
demonstrando que em ingestdo excessiva de N, a perda urinaria ocorre em maior
magnitude em relagdo a perda de N via fezes ou a capacidade de incorporacéo de N
no leite (nitrogénio ureico do leite — NUL) (SPEK et al., 2013). As perdas de N na urina,
fezes e leite podem ser mensuradas em laboratério, mas a retencdo de N no animal é
mensurada apenas por calculo (N excretado/N ingerido).

Nos dUltimos anos, a substituicdo de proteina bruta (PB) em proteina
metabolizavel promoveu um grande avanco na area de nutricdo de ruminantes. Os
sistemas que promovem suporte nas formulacdes de racdo que utilizam a proteina
metabolizavel exige que as proteinas sejam fracionadas no sentido de melhor
caracterizé-las (SNIFFEN et al., 1992). O termo proteina metabolizavel foi utilizado
em 1972, para se referir as proteinas que séo digeridas no intestino (SATTER;
ROFFLER 1975). A proteina metabolizavel € composta por AA proveniente da
degradacdo da proteina microbiana, proteinas dietéticas que nao sofreram
degradacédo ruminal e proteinas endogenas (NRC, 2001).

Os sistemas de Cornell Net Carbohydrate and Protein System (CNCPS) e
National Research Council (NRC), consideram que existem fracdes para proteina,
sendo que o NRC considera a fragdo “A”, que representa a porcentagem da PB que é
nitrogénio nao proteico (instantaneamente solubilizado no tempo zero), e uma
pequena porcdo de proteina verdadeira que escapa do saco devido a sua alta
solubilidade ou que apresentam pequenas particulas, a fracao “B” composta por
nitrogenados proteicos de degradagao mais lenta e a fragao “C” que € nao degradada
no rumen e indigestivel nos intestinos. Para o modelo CNCPS, a fragdo “B” é
subdividida em trés grandes por¢des. Neste contexto, pode se concluir qgue em ambos
os sistemas a PNDR €& composta por parte da fracgdo B e C da proteina dos
ingredientes da dieta.

De acordo com o modelo do NRC (2001), a eficiéncia de utilizacdo da PNDR
para atender a exigéncia de proteina metabolizavel é de 70 a 90%. Por outro lado, a
eficiéncia de utilizacdo da PDR pelos microrganismos ruminais para a sintese de

proteina microbiana € de 85%. Além disso a proteina microbiana é composta de 20%
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de N associado aos acidos nucleicos e 80% de proteina verdadeira. Como a
digestibilidade da proteina verdadeira microbiana é de 80%, a eficiéncia de uso da
proteina microbiana para atender as exigéncias de proteina metabolizavel é de 64.4%.
Desta forma a eficiéncia de uso da PNDR €& maior do que a eficiéncia de uso da PDR.
Pensando no planejamento de dieta de vacas leiteiras, a previsdo da proteina
microbiana e o fluxo de PNDR a partir do rumem € de importancia fundamental, a
participacdo dessas proteinas constitui a proteina metabolizavel e o fornecimento da
PNDR afetara a composicdo dos aminoacidos. Sendo importante balancear dietas de
forma suprir as exigéncias dos microrganismos ruminais com PDR e complementar
as exigéncias de proteina metabolizavel do animal com PNDR (Santos e Pedroso,
2010).

2.4 Impacto de taninos sobre o meio ambiente: metano

Os principais GEE sado o metano (CHa4), diéxido de carbono (CO2) e oOxido
nitroso (N20), que sao responsaveis pelo aquecimento global. O CH4 tem potencial de
aquecimento global de 25 vezes superior ao CO2 durante o periodo de 100 anos (VAN
DER ZAAG et al., 2011), enquanto que N20 apresenta potencial de aguecimento
global de 298 superior ao CO2 durante um periodo de 100 anos (DIJKSTRA et al.,
2013). O CO:2 permanece na porcdo atmosférica em torno de 1000 anos, enquanto
gue o0 N20 permanece por 114 anos e CHapor 10 anos.

O setor pecuério pode ter participacdo no aparecimento desses gases ha
porcdo atmosférica, pois alguns deles sdo produzidos pela fermentacdo ruminal. A
principal forma que os ruminantes eliminam tais gases é via eructacdo, que se
constituem de 2/3 de COze 1/3 de CHa4, sendo liberados em maior parte via eructacao
(LIMA, 2002). Vérias pesquisas observaram reducdo em metano, quando
suplementaram 2,5% de TA em ovelhas Carulla et al. (2005), 1,5% de TA em novilhos
Avila et al. (2015), 0,9% a 1,5% de TA em vacas leiteiras Grainger et al. (2009) e 0,7%
de TA Alves et al. (2017) em vacas leiteiras em pastejo. Entretanto, a avaliacdo de
excrecdo de metano nao pode ser baseada em relagcéo acetato:propionato quando a
suplementacdo é em baixas dosagens (< 2% de tanino na MS da dieta) segundo a
meta-analise realizada por Jayanegara et al. (2012), pois existe uma diversidade de
respostas muito grande relacionando a excre¢cdo de metano com relacdo acetato

propionato em baixas doses.
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O setor agropecuério foi responsavel por 87,1% da emissédo de N20 nacional
em 2016. Emissdes provenientes do manejo de dejetos de animais corresponderam
a 3,1% do total emitido pelo setor agropecuario (BRASIL, 2021). Nos Estados Unidos,
a pecuaria, como um todo, responde por 3,4% do total de emissfGes de GEE e para o
setor de producdo leiteira, a participacdo é de 1,3% (EPA, 2017). Entretanto,
considerando a grande quantidade de nitrogénio excretado pelo animal e que parte
dele a planta ndo é capaz de utilizar a tempo, o N excretado é perdido através da
lixiviagdo como NOs, volatilizado como NHs e emitido como N20 (PAUL et al., 1998).

As principais rotas de perda de N pelos ruminantes ocorrem pelas fezes e pela
urina (TAMMINGA, 1992). A capacidade de induzir perda de N por volatilizacdo de
NH3s ou desnitrificacdo para (N20) no solo de forma isolada através de fezes e urina é
diferente. O N urinario possui maior capacidade poluente que o N fecal (LESSA et al.,
2014) devido a maior disponibilidade de nitrogénio na urina e maior interagdo com 0s
microrganismos do que em fezes, suportando a ideia de que urina resulta em maior
emissédo de N20O (WHITEHEAD, 2000; CAI; AKIYAMA, 2016).

Sendo assim, estratégias para aumentar a EUN e reduzir o impacto negativo
sobre o ambiente tém sido relevantes para ruminantes, atuando na rota de excrecao
(ROTZ et al., 1999). A mineralizacao de nitrogénio ocorre por enzimas microbianas
gue realizam aminizacdo de N organicos a partir de macromoléculas compostas por
nitrogénio, em N orgéanicos simples, como AA e &cidos nucleicos. Na mineralizagédo
também ocorre a amonificacdo onde N organico de moléculas simples se transforma
em amoénio (NH4) (ZAMAN et al., 1999 a; b). A amonificacdo da ureia na urina é
reconhecida como hidrélise de ureia e a taxa de mineralizacdo é mais rapida na urina
do que em fezes (BOLAN et al., 2004) e varios estudos validam que a mineralizacdo
de N no solo aumenta apés a aplicacao de urina (AMBUS et al., 2007; HARTMANN
et al., 2013) ou fezes (HATCH et al., 2000; ANTIL et al., 2001).

A nitrificagdo € o proximo passo, a qual € mediada por enzimas de
microrganismos (oxidagdo de amonia) em meio aerobico formando, a partir do NHa,
nitrito (NO2-) e depois nitrato (NO3s), liberando N2O como produto final pela
desnitrificagdo. A desnitrificacdo microbiana ocorre sob limitacdo de oxigénio, pois 0s
microrganismos usam o NOsz na respiracdo com carbono organico para fonte de
energia na presenca de NOs, NO2, NO e N20 redutases (PHILIPPOT, 2002). Sendo
assim, a restricdo de oxigénio no solo, que pode ser favorecida com maior a

compactacdo devido a menor aeragcdo e maior umidade (SOUZA et al., 2021),
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aumenta a desnitrificacdo, que também é favorecida em temperaturas mais altas (até
30,8°C) (BOLAN et al., 2004).

Como visto anteriormente, 0s principais processos responsaveis pela producao
de N20, a partir de excretas (urina e fezes), é pela nitrificacdo (NHs — NO2) e
desnitrificagdo (NOsz — N20 + N2) por organismos (CAl; CHANG; CHENG, 2017). A
intensidade de nitrificacdo e desnitrificacdo é dependente de fatores como
temperatura, aeracdo e quantidade de 4gua no solo, bem como fatores que controlam
0 processo de disponibilidade de N, como a quantidade de N inorgéanico presente nas
excretas. Mais de 70% de N oriundo, presente na urina, esta na forma de ureia, e em
menor quantidade os AAs e peptideos (HAYNES; WILLIAMS, 1993). A ureia é
rapidamente hidrolisada apés a excre¢do e, posteriormente, é convertida em amonio
(NHa) no solo (SORDI et al., 2014).

Nas fezes, a quantidade de N que é sollvel em agua é aproximadamente 20 a
25% e N indigestivel de 15 a 25%, sendo que o restante sdo células de
microrganismos (BOLAN et al., 2004). Nesse sentido, a urina tem maior presenca de
N que sofre mineralizacao mais rapida do que em fezes (DIJKSTRA et al., 2013, KROL
et al., 2016, LUO et al., 2014) e, consequentemente, maior fator de emissdo (FE)

(quantidade de N aplicado no solo sendo emitido como N20).
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INTERPRETIVE SUMMARY

Supplementation of low dosages of Acacia mearnsii tannin extract to dairy cows. By
Oliveira et al. Acacia mearnsii tannin extract at 0, 0.14, 0.29, or 0.43% of diet dry matter had
no effect on dry matter intake and lactation performance and tended to reduce milk and
plasma urea-N concentrations and urinary N loss in dairy cows. The tannin extract reduced
rumen microbial yield and did not affect the total tract digestibility of nutrients. The decrease
in rumen microbial yield may have offset the gain in absorbable dietary protein supply, and

lactation performance did not differ.
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ABSTRACT
The supplementation of dairy cows with tannins can reduce the ruminal degradation

of dietary protein and can have beneficial effect on urinary N excretion, but high dosages can
penalize rumen function, diet digestibility, feed intake, and milk yield. This study evaluated
the effect of low dosages (0, 0.14, 0.29, or 0.43% of DM) of condensed tannin extract from
the bark of Acacia mearnsii (TA) on milking performance, dry matter intake (DMI),
digestibility, chewing and sorting behaviors, rumen fermentation, and N partition of dairy
cows. 20 Holstein cows (34.7 = 4.8 kg/d, 590 + 89 kg, and 78 = 33 d in lactation) were
individually fed a sequence of 4 treatments in 5, 4x4 Latin squares (21-d periods). TA
replaced citrus pulp in the total mixed ration and other feed ingredients were kept constant.
Diets had 17.1% crude protein, mostly from soybean meal and alfalfa haylage. The statistical
model had the effects of cow, period, and treatment. Linear, quadratic, and cubic contrasts
of TA level were evaluated. Significance was declared at P < 0.05 and tendency at P < 0.10.
TA had no effect on DMI (21.8 kg/d), milk yield (33.1 kg/d), and milk components. The
proportion in milk fat of Mixed origin fatty acids (FA) was linearly reduced, De Novo FA was
increased, and the daily secretion of unsaturated FA was increased by TA. Cows fed TA had
linear increase in the molar proportion of butyrate and reduction in propionate in rumen fluid,
while acetate did not differ. There was a tendency for the A/P ratio to be linearly increased
by TA. Cows fed TA had linear reduction in rumen microbial yield, estimated by the
concentrations of allantoin and creatinine in urine, and total protozoa concentration did not
differ. The total tract apparent digestibility of neutral detergent fiber, starch, and crude protein
did not differ. There was no major effect of TA on chewing behavior, although TA induced a
linear increase in meal size and length of the first daily meal and reduced meal frequency per
d. Rumination behavior did not differ. Cows fed 0.43% TA refused feed particles > 19 mm in
the morning. There were tendencies for linear decreases in MUN (16.1 to 17.3 mg/dL), urine-

N (150 to 166 g/d and 29.8 to 32.9% of N intake), and plasma urea-N (PUN) at 6, 18, and 21
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h post-morning feeding, and PUN 12 h post-feeding was reduced by TA. The proportion of N
intake in milk (27.1%) and feces (25.2%) did not differ. Reductions in urine-N, MUN, and PUN
suggest that TA reduced ruminal AA deamination, but the decrease in rumen microbial yield
may have offset the gain in absorbable dietary protein supply, and lactation performance did
not differ. Overall, TA up to 0.43% of DM did not affect DMI and lactation and there was a
tendency to reduce urine-N excretion.

Key words: chewing behavior, condensed tannin, milk fatty acids, nitrogen balance, rumen

microbial yield, digestibility

INTRODUCTION
Tannins are a diverse group of polyphenolic compounds capable of forming complexes

with protein and other macromolecules (Bravo, 1998). Tannins can interfere in food
palatability due to astringency (Griffiths, 2013), can limit protein and carbohydrate digestion
in the rumen (Carulla et al., 2005) and intestines (Duodu et al., 2003), can affect the ruminal
biohydrogenation of lipids (Khiaosa-Ard et al., 2009), microbial growth (Ahnert et al., 2015),
and microbial diversity (Vasta et al.,, 2019), and have the potential to reduce methane
excretion by ruminants (Jayanegara et al., 2012). Tannins can also reduce bloat potential in
grazing cattle (Min et al., 2012) and gastrointestinal parasitic infestation (Mueller-Harvey,
2006) and has been shown to increase antioxidant enzyme activities in plasma and liver (Liu
et al., 2013). Tannins are capable of binding protein and the possibility of reducing the ruminal
degradation of dietary protein (to increase RUP supply) and urinary N loss has created
interest on tannin supplementation for dairy cows (Aguerre et al., 2016, 2020). However,
tannins can reduce rumen microbial yield and the absorption of AA by the animal may not
increase, even with increased proportion of dietary CP as RUP (Wang et al., 1996; MacAdam

and Villalba, 2015). Tannins can also decrease NDF digestibility (Reed, 1995). Extensive
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reviews have evaluated the effect of tannins on rumen fermentation, diet digestibility, feed
intake, and performance of ruminants (Makkar, 2003; Frutos et al., 2004; Mueller-Harvey,
2006; Herremans et al., 2020). The animal response to tannin supplementation is dependent
on type of product and dosage (Aboagye et al., 2018).

Tannins are classified in condensed (CT) or hydrolysable (HT) based on their capacity
to resist hydrolysis under mild acid or alkaline conditions into sugars and phenolic carboxylic
acids (Van Soest, 1994). CT is considered to have higher binding capacity to protein than HT
and is not degraded in the rumen (Makkar et al., 1995). Acacia mearnsii (Black wattle),
originally from Australia, has been cultivated in the south of Brazil as a source of wood and
tannin extract from the bark, for a variety of commercial applications (Tanac, Montenegro,
Brazil). The tannin extract of Acacia mearnsii (TA) is a source of CT (Ahmed et al., 2005).

Various experiments have evaluated dosages of TA in the diet of ruminants. Carulla
et al. (2005) fed TA at 2.5% of diet DM to sheep and observed reductions in urinary N and
methane excretions, associated with reductions in forage intake, NDF digestibility, acetate to
propionate ratio in rumen fluid, and rumen microbial yield and increased fecal energy loss.
Avila et al. (2015) observed that when 1,5% TA in diet DM was fed to steers in metabolic
cages there were reductions in the total tract digestibility of NDF and digestible organic matter
(OM) intake (DOMI), a shift of dietary N loss from urine to feces, and increased duodenal flow
of non-ammonia non-microbial N and AA, with no effect on microbial N flow. Grainger et al.
(2009) observed that TA at 0.9% and 1.5% of estimated DMI partitioned N away from urine
towards feces and reduced methane excretion of dairy cows grazing ryegrass, but also
reduced DMI, digestibility of energy and CP, and milk yield. Griffiths (2013) observed that
milk yield was reduced when TA was drenched daily to grazing dairy cows at approximately
0.6 to 2.9% of diet DM. Orlandi et al. (2015) fed TA at 0, 0.9, 1.8, and 2.7% of diet DM to

steers and observed a reduction of N in urine and an increase in fecal N, reduced rumen
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microbial yield and NDF digestibility, and increased duodenal flow of feed true protein with
increase in dosage. Conversely, Orlandi et al. (2020) observed that TA at 0.38% of DM did
not affect DMI, NDF digestibility, rumen microbial yield, and N partitioning in sheep. Alves et
al. (2017) observed a reduction in methane excretion when TA was fed at 0.7% of diet DM to
grazing dairy cows, with no effect on milk yield and DMI.

The effect of graded dosages of a supplemental tannin extract from quebracho and
chestnut containing CT and HT on lactation performance and N partition of high producing
dairy cows was evaluated in 2 experiments (Aguerre et al., 2016, 2020). Aguerre et al. (2016)
observed linear reductions in DMI and milk protein yield and concentration and a tendency
for reduced solids corrected milk yield of dairy cows fed 0, 0.45, 0.90, or 1.80% of DM of
tannin extract, independently of diet CP concentration. Tannins linearly reduced urea-N in
milk and plasma, rumen NHs and branched-chain fatty acids concentration, and the total tract
digestibility of CP and NDF, and had no effect on rumen VFA profile. The tannin extract
evaluated induced a linear increase in fecal N excretion (214 to 256 g/d), a reduction in urine
N (213 vs 177 g/d), and did not affect milk-N (175 g/d) or the efficiency of N utilization (29.7%
of N intake in milk). The authors suggested that the optimum concentration of tannin extract
was 0.45% of DM based on the reduction in milk protein concentration and yield, DMI, and
digestibility at higher concentrations of tannin extract in the diet. Aguerre et al. (2020) fed
lactating dairy cows for 13 weeks with the same tannin extract (0, 0.45, and 1.8% of DM).
They observed no effect on milk yield and reductions in milk and plasma urea-N. The highest
milk true protein concentration was observed with 0.45% tannin product in the diet. It seems
that the upper limit for tannin extract supplementation to dairy cows, without detrimental
effects on rumen function, digestibility, DMI, and lactation, is around 0.5% of diet DM. There

are no experiments evaluating graded low dosages of TA to lactating dairy cows.
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The objective of this study was to evaluate the effect of 0, 0.15, 0.30, and 0.45% of TA
in diet DM on milking performance, DMI, total tract digestibility, rumen fermentation, chewing
behavior, and N partition of dairy cows. Dosages were chosen to represent daily amounts of
TA reasonably allocable to cows in feed mixes formulated to supply feed additives at low
inclusion in the diet and assuming that a maximum TA dosage of 0.5% of DM would be close
to optimum. Our hypothesis was that TA supplementation up to 0.45% of DM would increase

milk protein secretion and would reduce urinary N loss.

MATERIALS AND METHODS
Experimental procedures were approved by The University of Lavras Bioethics

Committee in Utilization of Animals: Protocol 033/20.

Cows and treatments
The experiment was conducted from July to October, 2020 in an open-walled, sand-

bedded tie-stall barn. 20 Holstein cows (34.7 + 4.8 kg/d, 590 + 89 kg, and 78 + 33 DIM), 8
primiparous and 12 multiparous [2.40 £ 1.14 parity (2 - 7)], were assigned to the experiment.
Cows were milked 3 x/d starting at 0500, 1300, and 1900 h in an adjacent herringbone parlor.
Cows formed 5, 4x4 Latin squares primarily by parity (1 vs. > 1) and then milk yield and DIM.
A sequence of 4 treatments, balanced for carry-over effect, was assigned to each cow for 21-
d periods (15-d adaptation). Treatments were: 0, 0.15, 0.30, or 0.45% of TMR DM of TA

(Tanafeed. Tanac, Montenegro, Brazil).

TA replaced citrus pulp in the TMR while other feed ingredients were kept constant
(Table 1). The TMR for each treatment was mixed once per d in a 1.2 m? stationary vertical
mixer (Unimix 1200, Casale, Sdo Carlos, Brazil) after weighting each feed with a precision
scale (MOD B-520. Lider Balancas, Aracatuba, Brazil) and cows were fed at 0700 h. Feed
was pushed-up manually with a broom at least 10 x/d. TA was mixed with SBM before

addition to the mixer to improve homogenization to the TMR. The TMR offered and orts per
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cow were measured daily (MOD B-520. Lider Balancas, Aragatuba, Brazil). Feed was offered
to each cow to allow for 10 to 15% of offered as daily refusal and was increased to be around
15% orts during the evaluation of particle size sorting behavior. Samples of whole plant corn
silage, ensiled corn grain, and alfalfa haylage were collected weekly for DM determination
with a microwave oven (by drying for 5 min and then in 3 min steps until a stable weight was
obtained) and the TMR was adjusted accordingly. Individual feeds, each TMR, and orts per
cow were sampled daily and formed weekly composites during the 3™ week of each
experimental period. The composition of a treatment in ingredients was the total intake of an
ingredient DM (orts assumed to have the same ingredient composition of the offered TMR on
a DM basis) divided by total DMI. The composition of a treatment in nutrients was the total

intake of a nutrient (TMR offered — orts per cow) divided by total DMI.

Feed analysis
Composite samples per period of feed ingredients, orts per cow, and TMR per

treatment were dried in a forced-air oven at 55°C for 72 h and ground to pass a 1-mm
diameter mesh screen (Wiley mill. Thomas Scientific, Swedesboro, NJ). The DM
concentration was determined at 105°C for 24 h and ash was at 550°C for 8 h. Samples were
sent to a commercial laboratory (3rLab/Rock River Laboratories, Lavras, Brazil) for
determination of CP with a Kjeldhal steamer distillator (AOAC International, 2002), NDF by
filter bag technique with heat-stable a-amylase (ANKOM Technology, Macedon, USA. Schlau
et al., 2021), ether extract (AOAC International, 1990), and starch with a-amylase and
amyloglucosidase and colorimetry for glucose as described in Fernandes et al. (2022),
adapted from Hall (2015). Data from feed analyses were used to calculate the concentrations

of NFC (100 - CP - NDF - ether extract - ash) and non-starch NFC (NSNFC).

Performance
The mean milk yield and DMI of d 16 to 21 were used to compare treatments. An

aliquot of the yield of each milking was collected and composited per cow per day in
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proportion to the yield of each milking. Composite milk sample were stored under refrigeration
in flasks containing 2-bromo-2-nitropropane-1-3-diol preservative and manually agitated daily
until shipping to a commercial laboratory. Milk components (crude protein, casein, lactose,
fat, and TS), MUN, SCC, and milk fatty acids were measured by mid-infrared analysis
(Nexgen FTS/FCM. Bentley Instruments Inc., Chaska, USA) at the Laboratory of the Paran&a
State Holstein Breeders Association (APCBRH, Curitiba, Brazil). Milk energy secretion
(Mcal/d) was calculated (NRC, 2001): [(0.0929 x % fat) + (0.0547 x % protein) + (0.0395 x
% lactose)] x kg of milk. ECM (kg/d) was calculated as: Milk energy secretion/0.70 (assumes
0.70 Mcal/kg of milk with 3.7% fat, 3.2% protein, and 4.6% lactose, representative of Brazilian
Holsteins). The feed efficiencies were calculated as milk yield/DMI and ECM/DMI. BW was
measured on d 16 to 20 immediately after the morning and afternoon milking with an
individual walk-over weigh scale (Eziweigh2. Tru-Test Brasil, Porto Alegre, Brazil) and a
mean value was generated per cow per period. BCS was assessed on a 1 to 5 scale

(Wildman et al., 1982) on d 21 and was the mean of 3 independent evaluators.

Rumen fermentation
On d 21, samples of ruminal fluid were obtained with a flexible oro-gastric tube, with

the goal of having minimum saliva contamination. Samples were obtained at 10.6 £ 0.12 h
after the morning feeding (0700 h), at random within square. Samples of ruminal fluid were
frozen in liquid nitrogen and stored at -20°C, and then centrifuged at 4°C at 8,855 x g for 15
min. The supernatant was analyzed for VFA by gas-liquid chromatography (CP 3800 Gas
Chromatography Varian. Varian Chromatography Systems, Palo Alto, USA), with a capillary
column [CP-Wax 58 (FFAP) CB. Varian Analytical Instruments, Palo Alto, USA]. A rumen
sample was mixed to a 36% formaldehyde solution for total protozoa counting. Samples were
stained according to Dehority (1984) and total protozoa was enumerated with an optical

microscope in a Neubauer chamber (Warner, 1962).
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Digestibility
The total tract apparent digestibility of OM, NDF, starch, and CP was estimated by
fecal sampling on d 16 to 20 of each experimental period. Spot samples obtained around
0800, 1300, and 1800 h were frozen and formed period composites on a fresh basis. Fecal
DM and nutrient concentration was determined as already described for feeds and orts. Acid
insoluble ash (Van Keulen and Young, 1977) in the consumed TMR and in orts and feces per
cow were used to estimate the daily fecal DM excretion based on intake of internal marker
divided by fecal marker concentration. Digestible OM (DOMI), NDF, starch, and CP intakes
(kg/d) were calculated. Fecal samples were evaluated for viscosity and pH (Phmetro Digimed
DM 20. Digicrom Analitica, Sao Paulo, Brazil). Fecal viscosity was evaluated according to an
adaptation of the methodology of Cannon et al. (2010). Samples of 100 g of fresh feces were
diluted in 120 mL of water. The solution was homogenized with a metal spatula for 30 s and
filtered through 2 layers of cheesecloth. The viscosity of the solution was measured with a
rotational viscometer (Model DV-E. Brookfield Engineering Laboratories, Middleboro, MA) at

100 rpm, with spindle LV-1, and temperature of 24°C.

Microbial yield
Rumen microbial yield was estimated with urine spot samples obtained simultaneously

to fecal sampling by vulvar stimulation (d 16 to 20; 0800, 1300, and 1800 h). For the
evaluation of allantoin (Alla) concentration in urine, spot samples (120 mL/d) were diluted
with 20% sulfuric acid (5 mL) throughout the sampling procedure and were immediately
refrigerated at 4°C. At the end of each sampling day, a 4% sulfuric acid solution was added
to the urine samples (5 mL urine and 20 mL acid) and frozen at -20°C. Alla was analyzed as
in Young and Conway (1942). Creatinine (Crea) was analyzed in urine samples refrigerated
during sampling and frozen at the end of each day with a laboratory kit (Doles Reagentes e
Equipamentos para Laboratorios Ltda, Goiania, Brazil). The relative rumen microbial yield

was estimated by the Alla to Crea ratio multiplied by BW or BW%7> measured 2 x/d during d
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16 to 20 (Chen et al., 1995). The ratio between the relative rumen microbial yield and DOMI

estimated the efficiency of microbial synthesis.

Chewing and sorting
During d 17 to 19 of each treatment period, rumination and eating behaviors were

monitored by visual observation at 5-min intervals continuously for 24 hours each day as in
Pereira et al. (1999). Buccal activities were: rumination, eating, drinking, and idleness. Eating,
rumination, and chewing (eating + rumination) were calculated (min/d and min/kg DMI).

Individual feeding observations were combined and separated into meals using a meal
criterion (i.e., the minimum duration of time between meals) calculated for each cow. Meal
criteria were calculated for each cow using methods described by DeVries et al. (2003); in
summary, a software package (MIX 3.1.3; MacDonald and Green, 1988) was used to fit
normal distributions to the frequency of logio-transformed intervals of time between recorded
eating observations. If the interval of time between 2 recorded observations of eating
exceeded the determined meal criterion, this was classified as a different meal. The number
of different meals in a day was termed meal frequency (meals/d). Total meal time (min/d) was
the total eating time (eating observations/d x 5 min), plus all the non-feeding intervals shorter
than the length of the meal criterion of each cow. Meal duration (min/meal) was calculated
as the total daily meal time divided by the meal frequency. Finally, meal size was the ratio
between daily DMI (kg/d) and meals/d. The duration and time post-feeding of the longest
daily meal was calculated. The duration of the first daily meal was measured with a
stopwatch. Five evaluators observed the behavior of all cows, individually, after offering feed
at 0700 h until the last cow finished its first meal.

Particle size sorting behavior in periods of the day was evaluated ond 17 to 19 of each
treatment period with the Penn State particle separator with the 19- and 8-mm diameter

screens and pan (Lammers et al., 1996). The patrticle distribution and weigh of the offered
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TMR and available orts of each cow was measured at 0700 (at feeding), 1200, 1900, and
0500 h (during morning milking). The predicted intake (as-fed basis) of particles on each
screen was: % TMR retained on screen x kg of TMR consumed. The observed intake of
particles was: % TMR retained on screen x kg of TMR offered - % orts retained on screen x
kg of orts. The selection index (Leonardi and Armentano, 2003) was: 100 x (observed
intake/predicted intake). Sorting values below 100% represent selective refusal, above 100%
represent preferential intake, and equal to 100% represent no selection. A mean value was
generated per cow per period. The proportion of daily DMI in the morning (0700 to 1200 h),

afternoon (1200 to 1900 h), and night (1900 to 0700 h) were determined.

Plasma urea-N
Blood samples were collected from the coccygeal vessels immediately before the start

of the first daily meal before the morning milking (0700) and at 1.5, 3, 6, 12, 18, and 21 h
after first meal on d 18 of each treatment period. Samples were collected in tubes with EDTA
and were centrifuged at 2,000 x g for 10 min at room temperature. Plasma was obtained and
frozen at -20°C for urea-N determination (PUN) with a commercial kit (Urea-UV, Doles

Reagents for Laboratory Ltda, Goiania, Brazil).

N partition
Excretions of N in urine and feces were measured with creatinine and acid insoluble

ash as markers, respectively. Urine and feces were spot sampled on d 16 to 20, as previously
described. Creatinine was analyzed as previously described for the estimation of rumen
microbial yield. For the evaluation of total N content of urine, spot samples (120 mL/d) were
diluted with 20% sulfuric acid (5 mL) throughout the sampling procedure and were
immediately refrigerated at 4°C (same procedure described for Alla). At the end of the each
day, the pH of the sample was adjusted to < 3 (2.40 £ 0.45) with drops of 95% sulfuric acid
(Exodo Cientifica, Sumaré, Brazil) and samples were frozen at -20°C. The endogenous

purine excretion was 0.23805 mmol/kg BW, the mean value of Valadares et al. (1999), Lee
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et al. (2019), Chizzotti et al. (2008), and Pereira et al. (2021). Fecal sampling and the
estimation of fecal excretion were as previously described for digestibility. Fecal and urine N
concentrations were determined with a Kjeldhal steamer distillator (AOAC International,
2002). The N concentration in milk was: Milk CP/6.38 (Ipharraguerre and Clark, 2005). The
proportion of N intake (% of daily intake) and excretion (g/d) of urine-N, milk-N, and fecal-N

were calculated.

Statistical Analysis
Data were analyzed with Proc Mixed of SAS. The Latin square model had the random

effect of cow (1 to 20) and the fixed effects of period (1 to 4) and of treatment (0, 0.15, 0.30,
0.45% DM TA). The measured dosages of TA concentrations in the diet were slightly different
from the planned, and were used to report results (0, 0.14, 0.29, 0.43% DM TA). Preplanned
contrasts were: Linear (-3 -1 1 3), quadratic (1 -1 -1 1), and cubic (-1 3 -3 1) of TA
concentration in the diet. Degrees of freedom were calculated with the Kenward-Roger
option. Significance was declared at P < 0.05 and tendency at 0.05 < P < 0.10.

RESULTS

Diets
The experimental diets (Table 1) had similar concentrations in DM of ingredients and

nutrients. CP was around 17.1% of DM, mostly from soybean meal and alfalfa haylage.
Starch was 29.8% of DM, mostly from silages of whole plant corn and rehydrated corn grain.
TA replaced citrus pulp in the diet, citrus pulp ranged from 6.0 to 6.4% of diet DM. The actual

concentration of TA in the consumed diets were: 0.14, 0.29, and 0.43% of DM.

Intake, performance and milk fatty acids
Intake and milking performance are in Table 2. There was no effect of treatment (P =

0.14) on variables related to milk components content or daily secretion, SCC, feed efficiency,
or body size. DMI was not affected by TA concentration in the diet (P = 0.41). Differences

were detected on the secretion (g/d) of milk fatty acid (FA) (Table3). More TA in the diet
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induced linear increase in the secretion of unsaturated (204 vs. 193 g/d, P = 0.02) and oleic
(146 vs. 137 g/d, P = 0.01) and there was a tendency for linear increase in monounsaturated
secretion (203 vs. 195 g/d, P = 0.06). Milk FA profile (g/100 g FA) was also affected by TA
concentration. Cows fed more TA had linear reduction in the concentration of Mixed FA
(39.51 vs. 40.17 g/100 g FA) and had increased concentration of short-chain De Novo FA
(22.20 vs. 21.57 g/100 g FA) in milk fat. The concentration of palmitic was linearly reduced
(44.64 vs. 46.00 g/100 g FA, P = 0.05) and unsaturated tended to be increased (18.26 vs.
17.24 g/100 g FA, P = 0.07) by TA. There were tendencies (P = 0.08) of quadratic changes

in the proportions of oleic and stearic in milk fat in response to TA.

Rumen fermentation, microbial yield and digestibility
TA affected rumen fermentation profile and microbial yield (Table 4). The increase in

diet TA concentration induced a linear reduction in ruminal propionate proportion (23.4 vs.
25.2% of VFA, P =0.02) and a linear increase in butyrate proportion (11.7 vs. 10.8% of VFA,
P = 0.03). Acetate proportion did not differ (59.9% of VFA, P = 0.23). There was a tendency
for TA to induce a linear increase in the acetate to propionate ratio in rumen fluid (2.63 vs.
2.44, P = 0.09). Rumen total protozoa concentration did not differ (P = 0.26). The variables
describing rumen microbial yield and efficiency, based on allantoin and creatinine
concentrations in urine, were all linearly reduced by the increase of TA in diet (P < 0.04), but
the total tract digestibility of nutrients did not differ (P = 0.25). The TA had no effect on DOMI
and on the intakes of digestible NDF, starch, and CP (P = 0.22). Fecal pH (7.57) and viscosity
did not differ (P = 0.11). The daily excretion of urine (26.8 L/d) and urine pH (8,51) were not

affected by TA concentration in the diet (P = 0.17).

Chewing and sorting
TA had minor effect on chewing behavior (Table 5). There was a tendency for a

guadratic effect of TA on eating time (316 min/d as highest on 0.43% and 302 min/d as lowest

on 0.29%, P = 0.09) and no other effect of TA on variables describing eating and rumination
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behaviors was detected (P = 0.14). TA induced a linear reduction in meal frequency (8.8 vs.
9.7 meals/d, P = 0.01) and linearly increased meal size (2.5 vs. 2.2 kg DM/meal, P = 0.02).
There was a quadratic increase in meal duration induced by TA (38.8 vs. 35.0 min/meal, P =
0.04). Cows fed TA had a linear increase in first meal duration (65.6 vs. 58.5 min/meal, P =
0.04). Cubic effects of TA concentration in the diet were detected for particle size sorting
behavior in the morning and night (P <0.10). TA at 0.43% of DM apparently induced rejection
of long (> 19 mm) feed particles in the morning, while cows in the other treatments selected
in favor of long particles (P < 0.01). 0.43% also tended to induce selection in favor of particles
retained on the 8 mm screen, while cows fed the other treatments rejected the 8 mm screen
(P = 0.06). The selection indexes of particles over the 24 h period (0700 to 0700 h) were all

close to 100% (no selection).

Urea-N in milk and plasma and N partition
Variables describing urea-N in milk and plasma and N partition are in Table 6. There

was a tendency for a linear reduction in MUN with more TA in the diet (16.08 vs. 17.32 mg/dL,
P = 0.10). Cows fed increased levels of TA had linear reduction in PUN 12 h post-feeding
(17.5vs. 19.6 mg/dL, P =0.01) and there were tendencies of reduced PUN also at 6, 18, and
21 h post-feeding. There was a tendency for the excretion of N in urine to be linearly reduced
by TA (150 vs. 166 g/d, P = 0.10), as well as urine-N as a proportion of N intake (29.8 vs.
32.9% of daily intake, P = 0.10). The excretion of N in feces and in milk were not affected by
TA (P =2 0.35). The efficiency of N excretion in milk was 27.1% of daily intake and fecal N was

25.2% of daily intake.

DISCUSSION
Low dosages of TA apparently reduced urine-N loss and had no effect on DMI and

milking performance. There was a tendency for the excretion of urine-N to be reduced in
approximately 10% of the highest value (166 g/d) with 0.43% TA in diet (150 g/d). The

reduction in estimated urinary N excretion when a mixture of CT and HT was fed at 0 or 1.8
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% of diet DM was 11% (Aguerre et al., 2020) and the meta-analysis of Herremans et al.
(2020) predicted an average reduction of 11% in urine-N in dairy cows supplemented with
various sources of tannin. Tannins, in general, are known to reduce ruminal deamination of
AA and urinary N loss (Frutus et al., 2009; Makkar, 2003). This is a plausible explanation
for the lowered MUN and PUN observed with more TA in the diet. However, the ruminal
degradation of carbohydrates could also affect MUN, PUN, and urine-N (reference),
independently of ruminal CP degradation. The similarities in the composition of the
experimental diets (difference in 0.4% of DM, citrus pulp vs. TA), DMI, and starch and NDF
digestibility are suggestive that lowered ruminal protein degradation with TA reduced urine-
N loss, instead of potential differences in carbohydrate digestion induced by TA (Reed,
1995). The intakes of digestible starch, NDF, and energy (DOMI) did not differ. The total
tract digestibility of CP was not affected by TA, suggesting that the reduction in rumen
protein degradation did not induce the formation of indigestible protein in the lower digestive
tract (Mueller-Harvey, 2006). The similarity in fecal pH also suggests that TA did not
determine the proportion of carbohydrate fermentation in the lower digestive tract.

The negative environmental impact of urine-N was reduced with TA supplementation in
this experiment, urine-N is considered to be more detrimental to the environment than fecal-
N (Lessa et al., 2014). The capacity of TA to reduce urinary N loss in ruminants had been
shown, although at dosages that also reduced intake, digestibility, and animal performance
(Carulla et al., 2005; Grainger et al., 2009). Tannins excreted in feces can have beneficial
effect on manure N emissions (Sliwinski et al., 2004, Powell et al, 2011), leading to additional
environmental advantage. However, potential economic returns to TA supplementation
driven by milking performance and feed efficiency was not detected in this experiment,

similarly to the meta-analysis of Herremans et al. (2020).
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The TA concentrations in diet resulted in mean intakes of 30.2, 63.5, and 94.6 g/d of TA
on treatments 0.14, 0.29, and 0.43, respectively. TA up to 95 g/d had no effect on total tract
diet digestibility, DMI, and lactation performance in this experiment. The reduction in rumen
microbial yield is a plausible explanation for the lack of positive response in cow performance,
even with greater RUP supply with TA (Wang et al., 1996; MacAdam and Villalba, 2015). A
limitation in N availability for rumen microbial growth induced by TA does not seem to be a
plausible explanation for the lowered microbial yield with TA. Diet CP content was apparently
excessive (17% of DM), inducing high concentrations of MUN (16.7 mg/dL) and PUN (17.5
- 25.6 mg/dL) in all treatments. The estimated RDP balance of the experimental diet was +
263 g/d based on the dairy NRC (2001) model. The negative effect of TA on microbial yield
was apparently directly mediated and acted on a diet of excessive N supply. TA can affect
rumen microbial diversity (Sant’ana et al, 2022) and is known to inhibit rumen microbial yield
at high dosage in the diet (Carulla et al., 2005; Orlandi et al., 2015). Curiously, although
rumen microbial yield was negatively affected by low dosages of TA in this experiment, diet
digestibility was not penalized by the reduction in microbial yield. There was no difference in
total protozoa concentration, suggesting that the reduction in microbial yield was driven by
action on rumen bacteria. TA can change rumen microbiome (Sant’ana et al., 2022).

Although the changes induced by TA on milk FA secretion and profile were apparently
of low biological significance, they support the concept that TA can affect the ruminal
biohydrogenation of unsaturated FA, even at low dosages in the diet. The supplementation
of tannin to improve the nutraceutical properties of dairy products through manipulation of
milk fat composition has been extensively investigated (Purba et al., 2020). Our data suggest
that TA increased the secretion (g/d) of unsaturated FA in milk, suggestive of a reduction in
ruminal biohydrogenation of FA. CT is able to depress the biohydrogenation of unsaturated

fatty acids by changes in rumen microbiome composition (Vasta et al., 2019). Cows fed more
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TA in the diet also had increased proportion of short-chain De Novo FA and decreased
proportion of Mixed FA, at the same milk fat concentration and yield. Pasture rich in CT
reduced the proportion of preformed and increased the proportion of De Novo FA in milk fat
of grazing dairy cows (Turner et al., 2005). The changes in milk FA profile are not easily
predictable and the impact on milk quality may be minor, but they suggest that low dosages
of TA could affect rumen function.

Rumen fermentation profile was affected by TA supplementation at low dosages. Cows
fed increasing concentrations of TA in the diet had increased proportion of butyrate, lowered
proportion of propionate, and similar proportion of acetate in total VFA. A tendency was
observed for a linear increase in the acetate to propionate ratio in rumen fluid with more TA
in the diet. This change in rumen fermentation profile does not support a reduction in methane
emission in response to TA. The effect of tannins on methane excretion is variable and is not
highly correlated with the acetate to propionate ratio (Jayanegara et al., 2012), although
tannins can have direct inhibitory effect on methanogens (Scalbert, 1991; Tavendale et al.,
2005). Based on the meta-analysis of Jayanegara et al. (2012), more consistent reductions
in methane excretion in response to tannin is observed at high dosages (> 2% of DM). TA
reduced DMI and methane excretion in sheep at 2.5% of DM (Carulla et al., 2005) and in
grazing dairy cows at up to 1.5% of DM (Grainger et al., 2009), associated to extreme
depressions in DMI and milking performance. At the low dosages evaluated in our study, TA
apparently had a direct effect on rumen fermentation, in addition to the reduction in rumen
microbial yield.

Effects of TA were detected on chewing behavior. The effect of tannin on chewing
behavior may be driven by the capacity of tannin to bind protein in saliva, leading do
astringency (Mueller-Harvey, 2010). Cows fed more TA in the diet had long first meal and

less frequent and bigger meals. Although there were effects of TA on meal behavior and
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particle size selection in our experiment, daily DMI was not affected by TA. There was no
evidence that diet palatability was a major issue within the TA concentrations supplemented.
Rumination behavior did not differ, coherent with the absence of an effect of TA on NDF
digestibility. The selection indexes of particles over the 24 h period (0700 to 0700 h) were all
close to 100%, suggesting that particle size selectivity was not of large magnitude in this
experiment.

There are reports of reduced urine excretion when high dosages of TA were fed to
sheep (Carulla et al., 2005) and cows (Grainger et al., 2009). Reduced urine excretion is
usually attributed to tannin as a result of reduced water intake. Urine excretion was not
affected by TA in our experiment, suggesting that dosages were adequate for lactating dairy
COws.

The ratio of urine-N to fecal-N was 1.24 on 0% TA, 1.33 on 0.14% TA, 1.29 on 0.29%
TA, and 1.14 on 0.43% TA. Excessive N intake increases urine-N excretion exponentially
while fecal-N increases linearly in dairy cows (Castillo et al., 2000). Based on this survey of
the literature, the urine-N to fecal N ratio can range from less than 1 at low N intake (< 400
g/d) to more than 2 at high N intake (> 700 g/d). The average N intake across treatment was
592 g/d in our experiment. TA was apparently effective in reducing urine-N loss in dairy cows
excreting more N in urine than in feces. Under this scenario, TA had no detectable effect on
the excretion of N in feces and milk. The effect of low dosages of TA in cows fed limited

protein supply needs evaluation.

CONCLUSIONS
The supplementation of low dosages of TA to lactating dairy cows tended to induce a

linear reduction in MUN, PUN, and urine-N, suggestive of reduced ruminal proteolysis of

dietary protein. TA induced minor changes in milk fatty acid profile and secretion, suggestive
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of effect on ruminal FA biohydrogenation. Ruminal butyrate proportion was linearly increased
and propionate was reduced by TA, there was no evidence of a less methanogenic rumen
fermentation profile in response to TA. TA affected chewing behavior, but daily DMI was not
affected by TA. The low dosages of TA did not affect the total tract apparent digestibility of
nutrients, but were capable of reducing rumen microbial yield. Lactation performance did not
differ, suggesting that the possible gain in dietary protein supply with TA may have been
offset by the reduction in protein from rumen microbes. Overall, TA up to 0.43% of DM did

not affect DMI and lactation and tended to reduce urine-N excretion.
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