RESSALVA

Atendendo solicitacao do(a)
autor(a), o texto completo desta tese
seré disponibilizado somente a partir

de 06/04/2022.



UNIVERSIDADE ESTADUAL PAULISTA - UNESP
FACULDADE DE CIENCIAS AGRARIAS E VETERINARIAS
CAMPUS DE JABOTICABAL

PROTEIN METABOLISM AND UREA KINETIC IN FEEDLOT
NELLORE STEERS FED WITH DIFFERENT PROTEIN
SOURCES AND INCLUSION LEVELS

Vinicius Carneiro de Souza

Zootecnista

2020



UNIVERSIDADE ESTADUAL PAULISTA - UNESP
FACULDADE DE CIENCIAS AGRARIAS E VETERINARIAS
CAMPUS DE JABOTICABAL

PROTEIN METABOLISM AND UREA KINETIC IN FEEDLOT
NELLORE STEERS FED WITH DIFFERENT PROTEIN
SOURCES AND INCLUSION LEVELS

Vinicius Carneiro de Souza

Orientadora: Profa. Dra. Telma Teresinha Berchielli
Coorientadores: Dra. Juliana Duarte Messana

Prof. Dr. Erick Darlisson Batista

Tese apresentada a Faculdade de Ciéncias

Agrarias e Veterinaria — UNESP, Campus de
Jaboticabal, como parte das exigéncias para
a obtencdao do titulo de Doutor em Zootecnia

2020



S729p

Souza, Vinicius Carneiro de

Protein metabolism and urea kinetic in feedlot Nellore steers fed
with different protein sources and inclusion levels / Vinicius Carneiro
de Souza. — — Jaboticabal, 2020

viii, 88 p. :il. ; 28 cm

Tese (Doutorado) - Universidade Estadual Paulista (Unesp),
Faculdade de Ciéncias Agrarias e Veterinarias, 2020

Orientadora: Telma Teresinha Berchielli

Coorientadora: Juliana Duarte Messana

Coorientador: Erick Darlisson Batista

Banca examinadora: Izabelle Auxiliadora Molina de Almeida
Teixeira, Ricardo Andrade Reis, Laura Franco Prados, Flavio Augusto
Portela Santos.

Bibliografia

1. Nellore. 2. Urea recycling. 3. Aminoacids. I. Titulo. II.
Jaboticabal-Faculdade de Ciéncias Agrérias e Veterinarias.

CDU 636.2

Ficha Catalografica elaborada pela STATI - Biblioteca da UNESP
Campus de Jaboticabal/SP - Karina Gimenes Fernandes - CRB 8/7418




WAVAV UNIVERSIDADE ESTADUAL PAULISTA

unesp™

Céampus de Jaboticabal

CERTIFICADO DE APROVAGAQ

TITULO DA TESE: PROTEIN METABOLISM AND UREA KINETIC IN FEEDLOT NELLORE STEERS FED
WITH DIFFERENT PROTEIN SOURCES AND INCLUSION LEVELS

AUTOR: VINICIUS CARNEIRO DE SOUZA
ORIENTADORA: TELMA TERESINHA BERCHIELLI
COORIENTADORA: JULIANA DUARTE MESSANA
COORIENTADOR: ERICK DARLISSON BATISTA

Aprovado como parte das exigéncias para obtengdo do Titulo de Doutor em ZOOTECNIA, pela
Comissdo Examinadora:

o F Bk

Profa Ora. TELMA TERESINHA BERCHIELL!

Departamento de Zoot(;@la éFCAV / UNESP - Jaboticabal i
Profj J) '

ra. IZABELLE AUXILIADORA MOLINA DE ALMEIDA TEIXEIRA

Depanam%d/\ej\ioote;ﬁ jS\i@l\/lJLZSP - Jaboticabal

Professar Titular RICARDO. ANDRADE
Zootecnia / Faculdade de 3%1 ias Al rénas e Veterinarias - UNESP - Jaboticabal

A O
Dra. LAURA FRANCO PRAD

APTA / Colina/SP
Prof. Dr. FLAVI AUGUSTO PORTELA SANTOS

Departamento de Zootecnia - ESALQ/USP / Piracicaba/SP

Jaboticabal, 06 de abril de 2020

Faculdade de Cidncias Agrarias ¢ Veterindrias - CAmpus de Jaboticabal -
Via de Acesso Professor Paulo Donato Castellane, s/n, 14884900, Jaboticabal - S&o Paula
NPJ: 45.031.918/0012-87.




CURRICULAR DATA OF THE AUTHOR
VINICIUS CARNEIRO DE SOUZA - Born in the city of Uruacu - GO, on October 8,
1990, son of Osvaldo Carneiro de Souza and Joana Darc Arruda de Souza. In August
2009, he joined the Animal Science course at the Federal Rural University of Rio de
Janeiro, graduating in February 2014. In March 2014, he joined the Master in Animal
Science course, in the area of nutrition and animal feeding, in the Faculty of Agricultural
and Veterinary Sciences of the Sao Paulo State University - Jaboticabal Campus,
under the guidance of Profa. Dr. Telma Teresinha Berchielli. In the period from October
2015 to January 2016 he performed his training internship abroad at The University of
Queensland - Australia, under the guidance of Prof. Dennis Poppi. In February 29,
2016, he defended his thesis, having been considered approved by the examining
committee. In March 2016, he joined the Doctoral of Animal Science course in the area
of nutrition and animal feeding, in the Faculty of Agricultural and Veterinary Sciences
of the Sao Paulo State University - Jaboticabal Campus, under the guidance of Profa.
Dr. Telma Teresinha Berchielli. In the period from August 2019 to April 2020 he
performed his training internship abroad at Virginia Tech — United States of America,
under the guidance of Prof. Robin White. In April 6, 2020, he defended his dissertation,

having been considered approved by the examining committee.



EPIGRAPH

“‘When you are experiencing difficulties, through the valleys of suffering, do not be
afraid of pain, take the opportunity to write the most important chapters of your story.”

Augusto Cury



DEDICATION

This dissertation is dedicated to my family, friends, and professors, who

provided me with their invaluable support during all my academic life.



ACKNOWLEDGEMENT

This work would not have been possible without the support and guidance of
several individuals who provided invaluable assistance to my program. First, | owe my
gratitude to my family, especially to my wife, Mariela Zucolo de Souza, for her patience
and for being a source of inspiration and my safe haven.

To my advisor, professor Telma Teresinha Berchielli for her guidance,
confidence and opportunities during the doctoral course at this university. Thank you!

To my co-advisors Juliana Duarte Messana (UNESP/FCAV) and Erick Darlisson
Batista (UFLA) for their guidance and constant support during this work.

To the Faculty of Agricultural and Veterinary Sciences of the Sao Paulo State
University - Jaboticabal Campus, for all the opportunities created during my graduate
program in Animal Science from 2014 to 2020.

To the Fundacgéo de Amparo a Pesquisa do Estado de Sédo Paulo (FAPESP),
for funding my experiment (Process 2016/22022-4), for the scholarship in Brazil
(Process 2016/16796-7), and for sponsored me during my internship at Virginia Tech
(process 2019/09201-5).

To the professors Dr. Robin White (Virginia Tech) and Dr. Evan Titgemeyer
(Kansas State University) for their patience, teachings, and scientific discussions
during a lot of moments of my course.

To the professor Pedro Malafaia (UFRRJ) for providing a resolute source of
advice, ideas, support and structure throughout my successes and failures as an
undergraduate and a graduate student. His passion for research and teaching a high
standard class with extreme didactics will always be my reference of professor and
scientist.

To the committee members, Dr. lzabelle Auxiliadora Molina de Almeida
Teixeira, Dr. Ricardo Andrade Reis, Dr. Laura Franco Prados, and Dr. Flavio Augusto
Portela Santos for their contributions on the final version of this dissertation.

To all professors at this university who have contributed to my personal and
professional training, especially to the professors Dr. Ricardo Andrade Reis, Dr.
Izabelle Auxiliadora Molina de Almeida Teixeira, Dr. Euclides Braga Malheiros and Dr.
Edney Pereira da Silva for the knowledge transmitted in their respective disciplines.

To the lab technicians Ana Paula Sader and Orlando for their friendship,

assistance in analysis, support and patience with me.



To all Department of Animal Science staff that helped me during my experiment,
specially Vladmir Maximo for his assistance during the collection periods.

To the professors Alexandre Vaz Pires (ESALQ/USP) and Marcos Ferraz
(UFAM) for their exceptional work with the ruminal and intestinal cannulas on the
animals used in this study.

To the undergraduate student workers: Lais Lima, Ana Veronica, Leticia Marra,
Paulo, Maria Julia, Geovany Macedo, Leticia Faria, Carlos Pietro, Raquel Oliveira, and
Bruna Bosquini for their assistance on the experiment and lab analysis.

To the Usina Porto Seguro (Jaciara — Mato Grosso — Brazil) for donating the
DDG used on my experiment.

To my colleagues from UNESP, Juliana Akamine Torrecilhas, Kenia Larissa,
Sérgio Pereira, and Edivilson Silva for their friendship, help and moments spent
together at UNESP.

To my colleagues from Virginia Tech, Barbara Roquetto, Tanner Price, Ty
Davis, Douglas Liebe, Sathya Sujani, and Claire Gleason for the moments spent
together at Virginia Tech.

To my roommate and friend Nicholas Dias for the friendship and great moments
spent together in Blascksburg, VA.

To my friend Abmael da Silva Cardoso for the friendship and moments spent
together for more than 10 years since my undergraduate course at UFRRJ.

To all that directly or indirectly have contributed to my graduate program at
UNESP.



SUMMARY
RESUMO .t e e e i
AB ST RACT - vi
GENERAL CONSIDERATIONS . ... e 1
REFERENGCES ... . eeeennnes 8

CHAPTER 1. EFFECTS OF PROTEIN SOURCES AND INCLUSION LEVELS ON
NITROGEN METABOLISM AND UREA KINETICS OF FEEDLOT NELLORE

STEERS FED HIGH-CONCENTRATE DIETS. ..ottt 14
N = 1S 3 I ¥ AN O 14
1. INTRODUGCTION ...uiiiiiiiiiiiitiiuuinunuunennunensnnnnssssnnesnsssnensnesaaeeanaaaeanasnnnnannnnnnn.—... 15
2. MATERIAL AND METHODS ... 16

2.1. Animals, Experimental Design, and DietS ...........ccccvvvvviviiinieeeeeeeeeiiinnnnnn, 16
2.2. Intake and digestibDility ... 19
2.3, UINAry ParameterS......ciiie e e e eiieeeiiiiie e e et e e e e e e e e e e e e e eeeaaaa s 20
2.4. Duodenal digesta flOW ........oooviiiiiiiiiiii 21
2.5, ININ-Urea iNfUSION .....ciiiiiiiie e 22
2.6. RUMINAI PAr@amMEeterS .....coi i e e e 23
2.7. BlOoOd ParameterS .. ...uuiii et e e e e e e e 24
2.8. CalCUIALIONS ... 24
2.9. Statistical @NalYSIS ..uuuuiiiii e ———— 25
S RESUL TS 25
4. DISCUSSION. ... 40
5. CONCLUSIONS ..o 46
6. REFERENCES ... 46

CHAPTER 2. ASSESSING AMINO ACID UTILIZATION IN FEEDLOT NELLORE
CATTLE FED HIGH-CONCENTRATE DIETS WITH DIFFERENT LEVELS AND

NITROGEN SOURCES .......oiiiiiiiiiiiiiii e e e e e e e e e e e e naan e e e eees 52
A = 1S Y I ¥ AN O PP 52
1. INTRODUCTION ..uiiiiiiieieiiietiiie e e e e e et s s e e e e e e e aeaaaa s s e e e e e eeeaessnnnnaaeeeeeeeeenes 53
2. MATERIAL AND METHODS ..., 54

2.1. Animals, Experimental Design, and DietS ...........cccceeiiiiiiiiiiiiceiiineeeeeenn, 54
2.2. Nitrogen balance and feed analysis............ccccviiiiiiiiiiiciie e, 59
2.3. Intestinal flow determinationsS ...........ooovvviiiiiiiiii e 60
2.4. BloOd ParametersS ... oo 61
2.5. AMIN0 aCid @NalySiS ..coovuiiiiiiiii e 61
2.6. CalCUIAtIONS ...cooiiiiiiiii 62
2.7. Statistical @NalYSIS ...uuuiiiii e 63

3. RESUL T S e 64



4. DISCUSSION

5. CONCLUSIONS ...t e e
6. REFERENCES ... .



METABOLISMO PROTEICO E CINETICA DA UREIA EM NOVILHOS NELORE
CASTRADOS ALIMENTADOS COM DIFERENTES FONTES DE PROTEINA E
NIVEIS DE INCLUSAO

RESUMO - O uso de fontes de proteina ndo degradavel no rimen (PNDR) em dietas
de alta energia pode ser uma alternativa para aumentar a eficiéncia do uso de
nitrogénio (ENU) em ruminantes. Neste estudo, tivemos dois objetivos principais: 1)
compreender como o teor de proteina da dieta e a ingestdo de proteina degradavel
no rimen (PDR) podem afetar a reciclagem de uréia e sua utilizagdo. 2) como o teor
de proteina da dieta e o perfil de aminoacidos da proteina metabolizavel (MP) podem
afetar a eficiéncia do uso de aminoacidos (AA) em bovinos Nelore em confinamento
recebendo dietas de alta densidade energética. Assim, avaliamos os efeitos de
diferentes fontes e niveis proteina na dieta de bovinos Nelore confinados que
recebendo dietas de alto concentrado. Tivemos duas hipoteses principais: 1) reduzir
o teor de N na dieta associado as fontes de PNDR pode aumentar a ENU por uma
reducdo na concentracdo de NHs ruminal, produgéo de uréia no figado e excrecao
urinéria de N, enquanto mantém o N disponivel para a sintese de proteina microbiana
(MICP) através da reciclagem de ureia. 2) existem diferencas na eficiéncia do uso de
AA e a eficiéncia bruta de uso de AA é afetada por fatores dietéticos, como fontes e
niveis de N. Essas hipoteses foram testadas utilizando seis novilhos Nelore,
canulados no rumen, duodeno e ileo com peso corporal inicial (PC) de 354 + 11,8 kg
e 18 meses de idade. Os animais foram distribuidos aleatoriamente para receber cada
dieta por uma vez ao longo dos 6 periodos, em um quadrado latino 6 x 6. As dietas
experimentais consistiram em 80% de concentrado e 20% de volumoso (base de MS),
onde a cana-de-acucar fresca foi usada como fonte de volumoso e os concentrados
diferenciados em sua fonte de proteina. O farelo de gluten de milho (CGM) e os gréos
secos de destilaria (DDG) foram utilizados como fonte de PNDR, com baixa e
intermediaria degradabilidade ruminal, respectivamente, e farelo de soja e ureia (SU)
foram utilizados como fonte de PDR. Os tratamentos foram organizados em um
fatorial A x B, onde o fator A consistiu em 3 fontes de proteina (FP; farelo de soja mais
uréia, CGM e DDG) e o fator B consistiu em 2 niveis de proteina bruta (PB) na dieta
(NP; 11 e 14% ). Nao houve interacdo entre FP e NP sobre o consumo e
digestibilidade de nutrientes (P > 0,05). Os animais alimentados com dietas com nivel
de inclusdo de 11% de PB tiveram maior (P < 0,05) ingestdo de carboidratos ndo
fibrosos (CNF) e tenderam (P < 0,10) a ter maior ingestao de MS (% do PC e kg / dia),
matéria organica (MO) e nutrientes digestiveis totais (NDT). A ingestdo de PDR foi
maior (P < 0,05) e a PNDR menor (P < 0,05) quando os animais foram alimentados
com as dietas SU. Os animais alimentados com as dietas contendo DDG tiveram
maior (P < 0,05) consumo de FDN comparado as dietas SU ou CGM. Os animais
alimentados com DDG tenderam (P = 0,10) a apresentar maior digestibilidade
aparente do trato total da FDN comparado aos alimentados com as dietas SU. Os
animais alimentados com as dietas SU tiveram maior (P < 0,05) concentracdo de
amonia ruminal (NHs-N) do que aqueles alimentados com CGM ou DDG. O fluxo de
N microbiano e a eficiéncia de sintese de N microbiano ndo foram afetados pelo NP e
FP. Os animais alimentados com as dietas SU tiveram menor (P < 0,05) ENU e maior
taxa de entrada de ureia N (TEU). Além disso, o aumento do NP de 11 para 14% de
PB tendeu (P < 0,10) a aumentar a TEU. Os animais alimentados com dietas SU
tenderam (P < 0,10) a apresentar maior taxa de entrada de ureia no gastrointestinal
(TEG) do que aqueles alimentados com dietas CGM ou DDG. Os animais alimentados
com as dietas SU tiveram maior (P < 0,05) quantidade de ureia N retornando ao ciclo
da ornitina (RCO) em comparacdo com o0s animais alimentados com as dietas



iv

contendo CGM ou DDG. A quantidade de ureia reciclada utilizada para funcdes
anabdlicas (UUA) foi maior (P < 0,05) nos animais alimentados com 11% de PB, em
comparacao com aqueles alimentados com 14% de PB, quando predita pela equacao
do modelo de exigéncias nutricionais de gado de corte (BCNRM). Além disso, a UUA
predita foi maior (P < 0,05) que a UUA mensurada. A quantidade de RCO expressa
como propor¢ao de TEU foi maior a medida que o NP diminuiu (P < 0,05). A ureia N
excretada nas fezes (UFE) em proporcao de TEG tendeu (P < 0,10) a ser maior nos
animais alimentados com a fonte SU. A proporc¢éo da sintese de MICP (% do total de
N microbiano) a partir da reciclagem da ureia foi maior (P < 0,05) nos animais
alimentados com CGM em comparagao com aqueles alimentados com as dietas SU
e também pela reducdo do NP de 14 para 11% de PB. Quando a proporc¢ao da sintese
de MICP a partir da reciclagem de ureia foi expressa como uma proporc¢éo de TEU e
TEG, os animais alimentados com DDG tiveram o resultado mais alto. Os animais
alimentados com as dietas contendo 11% de PB tiveram maior sintese de MICP a
partir da reciclagem de ureia quando expressos como uma proporcédo de TEU (P <
0,05). Nao houve interacdes entre FP e NP para o fluxo de qualquer AA avaliado (P >
0,05). O fluxo duodenal de AA essencial (AAE) e ndo essencial (AANE) ndo foram
afetados (P > 0,05) pelas FP e NP. A concentracdo de prolina foi aumentada nas
dietas SU, reduzida nas dietas CGM e nao foi afetada nas dietas DDG pelo aumento
no NP. Dietas contendo DDG e 11% de PB tenderam a (P < 0,10) a ter maior
concentracdo de arginina e histidina nas bactérias do rimen em comparacdo com as
dietas SU ou GGM com 11% de PB; no entanto, ndo houve diferenga entre as FP no
nivel de 14% de PB. A concentracao de lisina nas bactérias do rimen tendeu (P <
0,10) a ser maior a medida que o NP aumentou nas dietas CGM. A concentracéo de
tirosina nas bactérias do raimen tendeu (P < 0,10) a ser maior nos animais alimentados
com as dietas contendo CGM em comparacgao aos animais alimentados com as dietas
DDG. Além disso, o0 aumento do NP das dietas de 11 para 14% de PB tendeu (P <
0,10) a aumentar a concentracdo de tirosina na proteina microbiana. Os animais
alimentados com DDG tenderam (P < 0,10) a ter maior fluxo de arginina, lisina e
leucina de origem microbiana do que aqueles alimentados com as dietas contendo SU
ou CGM. Os animais alimentados com DDG tiveram maior (P < 0,05) suprimento de
AANE de origem microbiana do que aqueles alimentados com as dietas contendo SU,
mas nao diferiram dos animais alimentados com as dietas CGM. O suprimento de
histidina e glutamato de origem microbiana foi maior (P < 0,05) pela inclusédo de CGM
ou DDG nas dietas em comparacdo com a fonte SU. Os animais alimentados com
CGM ou DDG tenderam (P < 0,10) a apresentar maior fluxo de prolina e serina de
origem microbiana do que aqueles alimentados com as dietas SU. Os animais
alimentados com CGM ou DDG tenderam (P < 0,10) a ter maior fluxo de AAE, arginina,
isoleucina e valina da fragdo PNDR. O suprimento de leucina da fracdo PNDR foi
maior (P < 0,05) nos animais alimentados com CGM ou DDG em comparagdo com
agueles alimentados com as dietas SU. A concentragao de histidina no plasma tendeu
(P < 0,10) a ser maior nos animais alimentados com as dietas DDG. A concentragéo
plasmatica de leucina foi maior (P < 0,05) nos animais alimentados com CGM ou DDG
em comparagéo com aqueles alimentados com as dietas SU. Os animais alimentados
com as dietas contendo 14% de PB tiveram maior (P < 0,05) concentragao de leucina
em comparagdo com as dietas contendo 11% de PB. A concentragdo plasmatica de
fenilalanina foi maior (P < 0,05) nos animais alimentados com as dietas contendo CGM
ou DDG em comparacao com aqueles alimentados com as dietas SU. A concentracao
de valina plasmatica foi maior (P < 0,05) nos animais alimentados com as dietas com
um nivel de PB de 14% em comparacdo com aqueles alimentados com as dietas
contendo 11% de PB. A concentracdo plasmética de glutamina foi maior (P < 0,05)
nos animais alimentados com as dietas SU em comparacao com aqueles alimentados



Vv

com CGM ou DDG. A concentragédo plasmatica de glicina foi maior (P < 0,05) nos
animais alimentados com as dietas SU em comparac¢do com aqueles alimentados com
as dietas contendo CGM ou DDG. Houve interacdes, ou tendéncias para interacoes,
entre FP e NP sobre a utilizagdo bruta de AA de todos os AA avaliados, exceto para
metionina e cistina. A utilizacdo de arginina e histidina foi maior nos animais
alimentados com as dietas contendo 11% de PB com DDG e 14% de PB com CGM.
Os animais alimentados com a dieta contendo 11% de PB e DDG tiveram maior
eficiéncia de uso de isoleucina, lisina, fenilalanina, treonina valina, alanina, acido
aspartico, glutamato, prolina, serina e tirosina do que outras dietas, exceto a dieta de
14% de PB com CGM que nao diferiu. A utilizacdo de metionina e cistina n&o foi
afetada por FP ou NP (P > 0,05). A eficiéncia de uso de AA é afetada pelos niveis e
fontes de proteina na dieta. Nossos resultados sugerem que é possivel aumentar a
suprimento de AA essencial usando CGM ou DDG (fontes RUP) na dieta em
comparacao ao farelo de soja mais ureia, especialmente em situagcdes em que seja
possivel aumentar o fluxo de proteina microbiana. Os resultados deste estudo indicam
que o nivel de 11% de PB pode ser usada para bovinos Nelore em confinamento
alimentados com dietas de alto concentrado, sem afetar negativamente a ingestéao de
nutrientes, a digestibilidade e a fermentacdo ruminal. Além disso, nas atuais condi¢des
experimentais, as fontes de PNDR testadas aumentaram acentuadamente a ENU,
mantendo a sintese do MICP constante pelo estimulo do uso de uréia reciclada para
0 crescimento microbiano. Além disso, a eficiéncia bruta de uso dos AA é afetada
pelos niveis e fontes de proteina na dieta.

Palavras-chave: Aminoacidos, Confinamento, Nelore, Reciclagem de ureia, Proteina
degradavel do rimen
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PROTEIN METABOLISM AND UREA KINETIC IN FEEDLOT NELLORE STEERS
FED WITH DIFFERENT PROTEIN SOURCES AND INCLUSION LEVELS

ABSTRACT - The use of rumen undegradable protein (RUP) sources in high-energy
diets may be an alternative to increase the nitrogen use efficiency (NUE) in ruminants.
In this study we had two main objectives: 1) to understand how the protein content of
the diet and the rumen degradable protein (RDP) intake can affect urea recycling and
its utilization. 2) how the protein content of the diet and the amino acid profile of the
metabolizable protein (MP) can affect the efficiency of the use of amino acids (AA) in
feedlot Nellore cattle receiving high-energy density diets. Thus, we evaluated the
effects of different sources and protein levels in the diet of feedlot Nellore cattle
receiving high-concentrate diets. We had two major hypotheses: 1) reducing dietary N
associated with  RUP sources can increase NUE by reducing ruminal NHs3
concentration, urea production in the liver and urinary N excretion, while maintaining
N available for microbial protein (MICP) synthesis through urea N recycling. 2)
differences in AA use efficiency exists and the gross AA use efficiency is affected by
dietary factors such as N sources and levels. These hypotheses were tested using six
Nellore steers, cannulated in the rumen, duodenum and ileum with initial body weight
(BW) of 354 + 11.8 kg and 18 months of age. The animals were randomly assigned to
receive each diet once over the 6 periods in a 6 x 6 Latin square design. Experimental
diets consisted of 80% concentrate and 20% roughage (DM basis), where fresh
chopped sugar cane was used as the roughage source and the concentrates differed
in the protein source. Corn gluten meal (CGM) and dry distillers grains (DDG) were
used as RUP sources, with low and intermediate ruminal degradability, respectively,
and soybean meal and urea (SU) were used as RDP source. Treatments were
arranged in a factorial A x B, where factor A consisted of 3 protein sources (PS;
soybean meal plus urea, CGM and DDG) and factor B consisted of 2 dietary crude
protein (CP) levels (PL; 11 and 14%). There was no interaction between PS and PL
on nutrient intake and digestibility (P > 0.05). Animals fed diets with an inclusion level
of 11% CP had greater (P < 0.05) non-fibrous carbohydrates (NFC) intake and tended
(P < 0.10) to have greater intake of DM (% of BW and kg/day), organic matter (OM)
and total digestible nutrients (TDN). Intake of RDP was greater (P < 0.05) and RUP
intake was less (P < 0.05) when animals were fed SU diets. Animals fed DDG diets
had greater (P < 0.05) NDF intake compared to SU or CGM diets. Animals fed DDG
tended (P = 0.10) to have greater NDF apparent total-tract digestibility compared to
those fed SU diets. Animals fed SU diets had a greater (P < 0.05) ruminal ammonia
(NHs-N) concentration than those fed with CGM or DDG diets. Microbial N flow and
efficiency was not affected (P > 0.05) by PL and PS. Animals fed SU diets had lower
(P < 0.05) NUE and greater urea entry rate (UER). In addition, increasing PL from 11
to 14% CP tended (P < 0.10) to lead to greater UER production. Animals fed SU diets
tended (P < 0.10) to have greater gastrointestinal entry rate (GER) than those fed CGM
or DDG diets. Animals fed SU diets had greater (P < 0.05) urea N returned to ornithine
cycle (ROC) compared to those fed CGM or DDG. When predicted by the equation
developed by the Beef Cattle Nutrient Requirements Model (BCNRM) the amount of
urea used for anabolism (UUA) was greater (P < 0.05) in animals fed 11% CP diets
compared to those fed diets containing 14% CP. In addition, the predicted UUA was
greater (P < 0.05) than the measured UUA. The ROC expressed as a proportion of
UER was greater for diets with 11% CP than for those with 14% CP (P < 0.05). The
urea N excreted in feces (UFE) as a proportion of GER tended (P < 0.10) to be greater
for SU than for DDG and CGM. The proportion of MICP synthesis (% of total microbial
N) from urea recycling was greater (P < 0.05) for animals fed CGM compared to those



vii

fed SU diets and also greater for diets with 11% CP than for those containing 14% CP.
MICP synthesis from urea recycling expressed as a proportion of UER and GER, was
greater for animals fed DDG. Animals fed diets containing 11% CP had higher MICP
synthesis from urea recycling, when expressed as a proportion of UER, than did
animals fed 14% CP diets (P < 0.05). There were no interactions between PS and PL
for the flow of any AA evaluated (P > 0.05). The duodenal flow of essential (EAA) and
non-essential AA (NEAA) was not affected (P > 0.05) by PS and PL. Proline
concentration was increased in SU diets, reduced in CGM diets and not affected in
DDG diets by the increase in PL. Diets containing DDG and 11% CP tended (P < 0.10)
to have greater arginine and histidine concentration in rumen bacteria compared to SU
and GGM diets with 11% CP; however, there was no difference between PS within the
14% CP level. Lysine concentration in rumen bacteria tended (P < 0.10) to be greater
as the PL increased in the CGM diets. Tyrosine concentration in rumen bacteria tended
(P < 0.10) to be greater in animals fed diets containing CGM compared to those fed
DDG diets. Also, increasing PL in the diet from 11 to 14% CP tended (P < 0.10) to lead
to higher concentrations of tyrosine in microbial protein. Animals fed DDG tended (P <
0.10) to have greater arginine, lysine and leucine supply from microbial protein than
those fed diets containing SU or CGM. Animals fed DDG had greater (P < 0.05) NEAA
supply from microbial protein flow than those fed diets containing SU, but they did not
differ from animals fed CGM diets. Histidine and glutamate from microbial protein had
a greater supply (P < 0.05) by the dietary inclusion of CGM or DDG compared to SU
diets. Animals fed CGM or DDG tended (P < 0.10) to have greater proline and serine
flow from microbial protein than those fed SU diets. Animals fed CGM or DDG tended
(P < 0.10) to have greater EAA, arginine, isoleucine and valine supply from RUP
fraction. The Leucine supply from RUP was greater (P < 0.05) in animals fed CGM or
DDG compared to those fed SU diets. Plasma histidine concentration tended (P < 0.10)
to be greater in animals fed DDG diets. Plasma leucine concentration was greater (P
< 0.05) in animals fed CGM or DDG compared to those fed SU diets. Animals fed diets
containing 14% CP had greater (P < 0.05) leucine concentration compared to the diets
containing 11% CP. Plasma phenylalanine concentration was greater (P < 0.05) in
animals fed diets containing CGM or DDG compared to those fed SU diets. Plasma
valine concentration was greater (P < 0.05) in animals fed diets with a CP level of 14%
compared to fed 11% CP diets. Plasma glutamine concentration was greater (P <
0.05) in animals fed SU diets compared to those fed CGM or DDG diets. Plasma
glycine concentration was greater (P < 0.05) in animals fed SU diets compared to those
fed CGM or DDG diets. There were interactions, or tendencies for interactions,
between PS and PL for gross AA utilization of all AA evaluated, except methionine and
cystine. Arginine and histidine utilization were greater in animals fed diets containing
11% CP with DDG and 14% CP with CGM. Animals fed the diet containing 11% CP
and DDG showed greater isoleucine, lysine, phenylalanine, threonine, valine, alanine,
aspartic, glutamate, proline, serine, and tyrosine use efficiency than other diets, except
diet 14% CP with CGM which did not differ. Methionine and cystine utilization were not
affected by PS or PL (P > 0.05). The AA use efficiency is affected by dietary protein
levels and sources. Our results suggest that it is possible to increase the supply of
essential AA using CGM or DDG (RUP sources) in the diet compared to soybean meal
plus urea, especially in situations where it is possible to increase the microbial protein
flow. Results from this study indicate that 11% of CP inclusion rate can be used for
feedlot Nellore cattle fed high-concentrate diets without negatively affecting nutrient
intake, digestibility and ruminal fermentation. Moreover, in the present experimental
conditions, the tested RUP feed sources markedly increased NUE, while keeping the
MICP synthesis constant by stimulating the use of recycled urea for microbial growth.
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In addition, the gross AA use efficiency is affected by dietary protein levels and
sources.
Keywords: Amino acids, Feedlot, Nellore, Urea recycling, Rumen degradable protein
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1. INTRODUCTION

Nowadays, modern intensive livestock systems are known to use high energy
content and inclusion rates of crude protein (CP) to promote high animal performance
(Ding et al. 2019). In Brazil and United States, diets with high concentrations of
CP are used to meet rumen microbiome requirements (Samuelson et al., 2016; Pinto
and
Millen, 2019). However, in addition to its high cost, high protein diets have the
potential to increase the excretion of nitrogen (N) that is not used by the rumen
microorganism and by the animal’s body into the environment.

Feedlot Nellore cattle can excrete approximately 85% of the consumed N in
their feces and urine (Menezes et al., 2016). Therefore, nutritional strategies to reduce
N losses in the manure should be evaluated and developed to improve the economic
and environmental sustainability of feedlot systems. Improvement of N use efficiency
(NUE) by the livestock animal can be used as a strategy to decrease N losses. It can
be achieved by reducing the dietary N concentration. However, this decrease in N
supply can reduce microbial protein (MICP) synthesis (Ipharraguerre and Clark, 2005).

An evolutionary advantage of ruminants is their capacity to recycle N (Reynolds
and Kristensen, 2008). Under situations such as low N intake the percentage of
this nutrient that is recycled back to the gastrointestinal tract (GIT) can be increased
from
29 to approximately 83% of the total N intake (Marini and Van Amburgh, 2003).
Considering that most animal nutritional models do not consider the recycled N
(Prates

et al., 2017) and that most Brazilian feedlot nutritionists (86.3%) formulate diets for

rumen degradable protein (RDP) content (Pinto and Millen, 2019), it is not a surprise
that RDP is being over-fed in most of the feedlot systems. In addition, Oliveira and
Pinto (2019) reported in a survey that soybean meal is the most common protein
source used in Brazilian feedlots, and often this source is fed in combination with urea

which increases the RDP level in feedlot diets. In these types of diets, the excess of
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RDP can increase ammonia (NHs) concentration in the rumen, which in turn, can
increase N losses from the rumen with high potential for excretion in urine (Calsamiglia
et al., 2010).

The formulation of diets with increasing concentration of rumen undegradable
protein (RUP) can be used as a strategy to reduce peptide degradation and amino acid
(AA) deamination, thereby, decreasing ruminal NH3 concentration, although with some
negative effect on the supply of N to the rumen microbiome. However, the decrease of
ruminal NHs concentration increases the amount of N recycled to the rumen, which
can buffer the reduction in rumen N availability for MICP synthesis. In this sense the
inclusion of corn gluten meal (CGM; high RUP content) or dry distillers grain (DDG;
intermediate RUP) could be a strategy to reduce RDP content in feedlot diets.
Therefore, we hypothesized that reducing dietary N associated with CGM or DDG
(RUP sources) can increase NUE by reducing ruminal NHs concentration, urea
production in the liver and urinary N excretion, while maintaining N available for MICP
synthesis through urea N recycling. Therefore, the objective of this study was to
evaluate the effect of protein sources with different RDP content and dietary inclusion
levels on ruminal fermentation, urea kinetics and N excretion of feedlot Nellore steers

fed high-concentrate diets.
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5. CONCLUSIONS

The AA use efficiency is affected by dietary protein levels and sources. Future
predictive models should take into consideration the variation across different diets and
specific coefficient factors for individual AA digestibility and efficiency of use. Our
results suggest that it is possible to increase the supply of essential AA using CGM or
DDG (RUP sources) in the diet compared to soybean meal plus urea, especially in

situations where it is possible to increase the microbial protein flow.
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