RESSALVA

Atendendo solicitacao do(a)
autor(a), o texto completo deste
trabalho sera disponibilizado
somente a partir de 24/04/2019.



UNIVERSIDADE ESTADUAL PAULISTA “JULIO DE MESQUITA FILHO”
FACULDADE DE CIENCIAS AGRARIAS E VETERINARIAS
CAMPUS DE JABOTICABAL

MACROMINERAL REQUIREMENTS FOR MAINTENANCE AND GROWTH
OF SAANEN GOATS

Julian Andrés Castillo Vargas

Chemist

2017



UNIVERSIDADE ESTADUAL PAULISTA “JULIO DE MESQUITA FILHO”
FACULDADE DE CIENCIAS AGRARIAS E VETERINARIAS
CAMPUS DE JABOTICABAL

MACROMINERAL REQUIREMENTS FOR MAINTENANCE AND GROWTH
OF SAANEN GOATS

Julian Andrés Castillo Vargas
Advisor: Prof. Dra. Izabelle Auxiliadora Molina de Almeida Teixeira

Co-advisor: Dra. Amélia Katiane de Almeida

Dissertation submitted to the
Universidade Estadual Paulista —
Jaboticabal Campus, as part of
the requirements to obtain the
Doctor degree in Animal Science.

2017



C352m

Castillo Vargas, Julian Andrés
Macromineral requirements for maintenance and growth of
Saanen goats / Julian A. Castillo Vargas. — — Jaboticabal, 2017
Xi, 70 p. :il. ; 29 cm

Tese (doutorado) - Universidade Estadual Paulista, Faculdade de
Ciéncias Agrarias e Veterinarias, 2017

Orientadora: I1zabelle Auxiliadora Molina de Almeida Teixeira

Banca examinadora: Luiz Fernando Costa e Silva, Nilva Kazue
Sakomura, José Gilson Louzada Regadas Filho, Carla Joice Harter

Bibliografia

1. Abate comparativo. 2. Alometria. 3. Exigéncia mineral. 4.
Saanen. I. Titulo. Il. Jaboticabal-Faculdade de Ciéncias Agrérias e
Veterinarias.

CDU 636.087.2:636.3

Ficha catalografica elaborada pela Secdo Técnica de Aquisicdo e Tratamento da Informagdo —
Diretoria Técnica de Biblioteca e Documentacéo - UNESP, Campus de Jaboticabal.



o UNIVERSIDADE ESTADUAL PAULISTA

unesp ™

Céampus de Jaboticabal

CERTIFICADO DE APROVAGAO

TITULO DA TESE: MACROMINERAL REQUIREMENTS FOR MAINTENANCE AND GROWTH OF
SAANEN GOATS

AUTOR: JULIAN ANDRES CASTILLO VARGAS
ORIENTADORA: IZABELLE AUXILIADORA MOLINA DE ALMEIDA TEIXEIRA
COORIENTADORA: AMELIA KATIANE DE ALMEIDA

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

.
b}

UJ,\-( X_)(IJL _\N\LLU, -

LLE AUXILIADORA MOLINA DE ALMEIDA TEIXEIRA

Departamento d@nia / FCAV / UNESP - Jaboticabal

RNANDO COSTA E SILVA
Departamégnto de Zootecnia / Universidade Federal de Vicosa/MG

/____* Cal«\/\——_.-.-.-
Profa. Dra. NILVA KAZUE SAKOMURA
Departamento de Zootecnia / FCAV / UNESP - Jaboticabal

e Mo, MoV Fo—
Prof. Dr. JOSE GILSON LOUZADA REGADAS FILHO
Cargill Latin American Innovation Center / Campinas/SP

4'
Pesquisadora: B RLA JOICE HARTER

Departamento de Zottecnia / FCAV / UNESP - Jaboticabal

Jabaoticabal, 24 de abril de 2017

Faculdade de Ciéncias Agrarias e Veterinarias - Campus de Jaboticabal -
Via de Acesso Prof. Paulo Donato Castellane, 14884900, Jaboticabal - Sao Paulo
http:/fwww.fcav.unesp.briposgrad/programas/zoote/index.phpCNPJ: 48.031.918/0012-87.



BIOGRAPHY

JULIAN ANDRES CASTILLO VARGAS was born in June 15, 1982, in
Bogotd D.C., Colombia. In 2008, he completed his bachelor's degree in
Chemistry at Universidad Nacional de Colombia, Bogota, Colombia. He
concluded his Master's degree in Animal Science at Universidad Nacional de
Colombia, in 2012. He focused on the understanding of the thermodynamics and
kinetics of polyunsaturated fatty acid biohydrogenation in the rumen, under
supervision of Prof. Dr. Martha Pabén and Prof. Dr. Juan Carulla. He worked as
assistant professor of Biochemistry at Universidad Nacional de Colombia, in
2009. From 2011 to 2013, he worked as professor of organic chemistry, general
chemistry, biochemistry, and biotechnology for the graduate and undergraduate
programs of animal and agricultural sciences at Universidad Agraria de
Colombia, Universidad Militar Nueva Granada, Universidad de Ciencias
Aplicadas y Ambientales, and Servicio Nacional de Aprendizaje, in Bogot4,
Colombia. In August 2013, he began his doctoral degree at the Universidade
Estadual Paulista, Jaboticabal, Sao Paulo, Brazil, after receiving a scholarship
awarded by Asociacion Universitaria Iberoamericana de Postgrado. His doctoral
dissertation focused on the study of sex effects on mineral requirements for
maintenance and growth in Saanen goats using a meta-analysis, under
supervision of Prof. Dr. Izabelle Auxiliadora Molina de Almeida Teixeira and co-

supervision of Dr. Amélia Katiane Almeida.



“Y una vez que la tormenta termine, no
recordaras cémo lo lograste, como
sobreviviste. Ni siquiera estaras seguro Si
la tormenta ha terminado realmente. Pero
una cosa si es segura. Cuando salgas de
esa tormenta, no seras la misma persona
gue entro en ella. De eso se trata la
tormenta”.

Haruki Murakami



ACKNOWLEDGMENTS

| would like to acknowledge the academic and technical support of the
Universidade Estadual Paulista (Unesp), Jaboticabal Campus, because its
professional and funding support for conducting this research.

To Asociacidn Universitaria Iberoamericana de Postgrado for the
scholarship during my doctoral degree at Unesp.

To Fundacdo de Amparo e Apoio a Pesquisa do Estado de Sao Paulo
(FAPESP, Grant #2014/14734-9) for the financial support.

To my advisor, Dr. Izabelle Teixeira for her knowledge, patient, and
dearness during my doctoral studies. “Dr. Izabelle, you really entered a chemist
in the animal science world”. God bless you.

To my co-advisor, Dr. Amelia Katiane Almeida, for her technical and
academic support.

To the researchers who contributed with their time and effort in checking
this material: Dr. Carla Harter, Dr. Nelson Peruzzi, Dr. Luciano Hauschild, and
Dr. Marcia Helena Fernandes.

| would like to thank my friends and my family for their support and help
during this period:

Aos meus colegas contemporaneos e amigos da equipe do Laboratorio de
Estudos em Caprinocultura: Ana Rebeca, José Mauricio, Leandro, Marcelo,
Marina, Nhayandra e Raiza. Seu apoio e carinho para esse “quimico gringo”
foram vitais para chegar até esse ponto. Ao professor Kléber, professora
Izabelle, Marcia e Bruno, pelos grandes ensinamentos, paciéncia e carinho.
Tenham certeza, que mais que contribuir para 0 meu crescimento profissional,
me fizeram uma pessoa melhor. Deus os abencoe em abundancia sempre.

A mis grandes amigos colombianos Alfredo (El abuelo) y Pablo (Maradona),
por todo el carifio, aprendizaje y dias de alegria.

A minha namorada Anaiane, pelo apoio, carinho, ensinamentos e paciéncia
comigo durante todo esse tempo. “Vocé é esse anjo que chegou para tornar
meus sonhos em realidade”. Obrigado do fundo do coragéo.



A mis padres, Martha y Flavio y a mi hermana Carolina, los cuales siempre
estuvieron mandandome energia y esperanza desde la distancia, convirtiéndose
en autores honorificos de este trabajo. Esta victoria es para todos ustedes.

Ao pai celestial, por me dar a esséncia de existir.



SUMMARY
Y 011 = Vo S ii
RESUIMO ...t e et et e e et e e e e e e e e eean e ees v
List Of aDDreVIationNS ...........uuuiiiiiiiiiiiiii vii
S 0 =T o] [ IX
S 0o ) i {0 [0 = X
DISSErtation SITUCTUIE .....uiiiie et e e e e e e e e e e e e Xi
Chapter 1. General CONSIAEratioNS............uuuiiiiiieeiieiiiiiiie e e e e e e e e eeaaens 1
I 0 oo (3 Tox 1T o 1
2. LILEIATUIE FEVIBW ...uveiiii ettt e et e e e e e e e eeaannes 2
2.1 Classification and functions of minerals in the animal.......................... 2

2.2 Importance and metabolic fates of macrominerals in the maintenance
and growth of tissues in rumMINaNtS................cciiiiiii e, 3
2.3 Macromineral metabolism and their concentrations in animal tissues
differ between sheep and goats: two reasons to discriminate their
macromineral reqUIrEMENTS ...........ouuuiiiiieee e e e e e e e eeaeees 4
2.4 Sex and maturity stage effects on macromineral requirements for
FUMINANTS: @ PEISPECTIVE ...ttt eaeaeae 7
2.5 Meta-analysis as a tool to get better estimations of macromineral
[=T0 (U1 =T 4 1] 1 PSPPI 8
3. REIEIENCES. ... e 11

Chapter 2. Sex effects on macromineral requirements for maintenance in Saanen

gOatS: 8 META-ANAIYSIS .....uuuiiiiiiiiiiiiiiiiiiiiii b 18
ADSITACT. ... 18
I [T 0o [0 Tod 1 o] o AP SURPPPPPPPIN 18
2. Materials and Methods..............coiiiiiiiiiiec e 19
T L= 2] 1 PP 27
A, DISCUSSION. ...cciettiuiiiee e e e ettt e e e e e e ettt e e e e e e e e e e e taba e e e e e e e e eeeennnnnnn s 28
5. REIBIENCES. ... 37

Chapter 3. Sex effects on macromineral requirements for growth in Saanen
gOAtS: & META-ANAIYSIS .....uuuiuiiiiiiiiiiiiiiiiii bbb 41
ADSIIACT. ... 41



3 [T 0 To [0 Tod 1 o] o TS SURPPPRPPPIN 42
2. Materials and Methods..............uuuuuiiiiiiiiiiiiiii e 43
T TS U | 46
ST od U 1S3 Lo o U 52
5. REIBIBNCES. ... 59
(O gF=T o) (=T g N [ ] o] [ o¥= 11 0] o 1= 63

Y 0] o 1= T [ T 66



MACROMINERAL REQUIREMENTS FOR MAINTENANCE AND GROWTH
OF SAANEN GOATS

ABSTRACT -The objective of this study was to evaluate the effect of sex on the
net macromineral requirements for maintenance and growth of Saanen goats
from 5 to 45 kg body weight (BW). For this purpose, three dataset were used: the
first dataset was assembled to evaluate the effect of sex on the net requirements
for maintenance of Ca (NCam), P (NPm), Mg (NMgm), and K (NKm), estimated
using the comparative slaughter technique (CST). This dataset was composed
by 154 individual records (53 castrated males, 46 females, and 55 intact males)
from three comparative slaughter studies. The second dataset, was constructed
to evaluate the effect of sex on NCam, NMgm, and NKm, estimated using the
minimum endogenous losses method (MEL). This dataset was assembled with
155 individual records (67 castrated males, 40 females, and 48 intact males) from
four feeding trials. The third dataset was constructed to evaluate the effect of sex
on the net requirements for growth of Ca (NCag), P (NPg), Mg (NMgg), Na (NNag),
and K (NKg) considering or not the degree of maturity of the goat on the
estimations. This dataset comprised by 209 individual records (69 castrated
males, 69 females, and 71 intact males) from six comparative slaughter studies.
Mineral requirements for maintenance using CST were calculated from the
intercept of the linear regression between mineral retention and the mineral
intake. Using the MEL, mineral requirements for maintenance were calculated
from the intercept of a linear regression between mineral excreted (urine and
feces) and mineral intake. The estimation of NPm using MEL was not possible,
because of the lack of enough information on P excretion and intake from feeding trials,
to fit equations for calculating its requirements. The NCag, NPg, NMgg, NNag, and
NKg were estimated by the first derivative of the logarithmized allometric
equations. The studies were performed as meta-analyses, considering sex as
fixed effect and study as random effect. Sex did not affect NCam, NPm, and NKm
estimated using CST (P > 0.10). Estimated NCam, NPm, and NKm using CST were
21.1, 22.8, and 3.99 mg/(kg BW-d), respectively, from 5 to 45 kg BW. On the
other hand, NMgm of intact males (2.65 mg/(kg BW-d)) were greater than that
estimated for castrated males and females (1.39 mg/(kg BW-d); P < 0.10).
Similarly, sex did not affect NCam, NMgm, and NKm estimated by MEL (P > 0.10).
The NCam, NMgm, and NKm values were 38.0, 7.45, and 25.2 mg/(kg BW-d)



respectively, from 5 to 45 kg BW. With respect to mineral requirement for growth,
without considering the degree of maturity, sex did not affect the NCag, NPy,
NNag, and NKg (P > 0.10). The NCagand NPg remained constant, whereas NNag
and NKg decreased by 32 and 27%, respectively, from 5 to 45 kg BW. On the
other hand, sex affected the NMgg (P = 0.054), where the NMgg of castrated and
intact males were 8 and 18%, respectively greater than those female goats. The
NMgg of castrated and intact males increased 8 and 15%, respectively, whereas
NMgg of females decreased by 8% from 5 to 45 kg BW. Considering the degree
of maturity, sex affected all net macromineral requirements for growth (P < 0.10).
The NCag and NPgof intact males were 5 and 2% respectively greater than those
of castrated males and females. Besides, the NCag and NPg remained constant
from 5 to 45 kg BW across sexes. The NNag of males were 6% greater than those
females. Irrespective of sex, NNag decreased by 32% from 5 to 45 kg BW.
Regardless of sex, NKg decreased by 26% from 5 to 45 kg BW. The NMgg of
castrated and intact males were 7 and 17%, respectively greater than those of
female goats. The NMgq of castrated and intact males increased 8 and 16%,
respectively, whereas NMgg of females decreased by 7% from 5 to 45 kg BW.
Our studies indicate that sex influences mineral requirements for maintenance
and growth as well as the mineral retention efficiency of Saanen goats. This
information may be useful to design strategies for optimizing the mineral

recommendations to goats.

Key words: allometry, comparative slaughter, mineral requirement, Saanen



EXIGENCIAS DE MACROMINERAIS PARA MANTENCA E CRESCIMENTO
DE CAPRINOS SAANEN

RESUMO - O objetivo deste estudo foi avaliar o efeito do sexo nas exigéncias
liquidas de macrominerais para mantenca e crescimento para caprinos Saanen
de 5 a 45 kg de peso corporal (PC). Para esse fim, foram utilizados trés bancos
de dados: o primeiro banco de dados foi construido para avaliar o efeito do sexo
sobre as exigéncias liquidas de Ca (NCam), P (NPm), Mg (NMgm) e K (Nkm) para
mantenca estimadas pelo método do abate comparativo (CST). O banco de
dados foi composto por 154 observacdes individuais (53 machos castrados, 46
fémeas e 55 machos inteiros) provenientes de trés estudos de abate
comparativo. O segundo banco de dados, foi construido para avaliar o efeito do
sexo sobre as NCam, NMgm € NKm no corpo de caprinos Saanen, estimadas pelo
método das perdas enddgenas minimas (MEL). Este banco de dados foi
composto por 155 observacdes individuais (67 machos castrados, 40 fémeas e
48 machos inteiros) provenientes de quatro ensaios de alimentacéo. O terceiro
banco de dados foi construido para avaliar o efeito do sexo sobre as exigéncias
liguidas de Ca (NCag), P (NPg), Mg (NMgg), Na (NNag) e K (NKg) para
crescimento, considerando e ndo considerando o grau de maturidade do caprino,
na estimativa destas. Este banco de dados foi composto por 209 observacdes
individuais (69 machos castrados, 69 fémeas e 71 machos inteiros) provenientes
de seis estudos de abate comparativo. As exigéncias de minerais para
mantenca, obtidas pelo CST foram calculadas como o intercepto da regressao
linear entre retencdo mineral e ingestdo mineral. Utilizando o MEL, as exigéncias
de minerais para mantenca foram calculadas como o intercepto da regresséo
linear entre mineral excretado (urina e fezes) e ingestao mineral. A estimativa de
NPm usando MEL né&o foi possivel, devido a falta de informagdes suficientes de
excrecado e ingestdao de P desde os ensaios de alimentancéo, para ajustar
ecuacdes com o intuito de calcular as suas exigéncias. Os valores de NCag, NPg,
NMgg, NNag e NKg foram estimados a partir da primeira derivada das equacgdes
alométricas logaritmizadas para cada mineral. Os estudos foram desenvolvidos
como meta-andlises, considerando-se o sexo como efeito fixo e estudo como
efeito aleatdrio. Sexo nao afetou as NCam, NPm, € NKm estimadas pelo CST (P
> 0,10). Os valores de NCam, NPm € NKmn estimados pelo CST foram de 21,1,
22,8 e 3,99 mg/(kg de PC-d), respectivamente, de 5 a 45 kg PC. Por outro lado,
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o valor de NMgm de machos inteiros (2,65 mg/(kg PC-d)) foi maior que o estimado
para machos castrados e fémeas (1,39 mg/(kg PC-d); P < 0,10). Da mesma
forma, o sexo néo afetou as NCam, NMgm € NKm estimadas pelo MEL (P > 0,10).
Os valores de NCam, NMgm e NKm foram 38,0, 7,45 e 25,2 mg/(kg de PC-d),
respectivamente, de 5 a 45 kg PC. Com relacao as exigéncias de macrominerais
para crescimento, quando o grau de maturidade nao foi considerado, o sexo néo
afetou as NCag, NPg, NNag e NKg (P > 0.10). Os valores de NCag e NPgqg
permaneceram constantes, enquanto que os de NNag e NKg diminuiram em 32
e 27%, respectivamente, quando o PC aumentou de 5 para 45 kg. Por outro lado,
o sexo afetou as NMgg (P = 0,054), onde os valores de NMgg de machos
castrados e inteiros foram 8 e 18%, respectivamente, maiores do que os das
fémeas. Os valores de NMgg de machos castrados e inteiros aumentaram em 8
e 15%, respectivamente, enquanto que os de NMgg de fémeas diminuiram 8%,
quando PC aumentou de 5 para 45 kg. Quando o grau de maturidade foi
considerado, o sexo influenciou as exigéncias para crescimento de todos os
minerais (P < 0,10). Os valores de NCag e NPy de machos inteiros foram 5 e 2%,
respectivamente, maiores do que os de machos castrados e fémeas. Além disso,
os valores de NCag e NPg permaneceram constantes a medida que o PC dos
caprinos aumentou de 5 para 45 kg, em todos os sexos. Os valores de NNag de
machos foram 6% maiores que os das fémeas. Independentemente do sexo, 0s
valores de NNag diminuiram em 32%, a medida que o PC aumentou de 5 para
45 kg. Independentemente do sexo, os valores de NKg diminuiram 26%, a
medida que o PC aumentou de 5 para 45 kg. Os valores de NMgqg de machos
castrados e inteiros foram 7 e 17%, respectivamente maiores do que os das
fémeas. Os valores de NMgg de machos castrados e inteiros aumentaram em 8
e 16%, respectivamente, enquanto que os valores de NMgg de fémeas
diminuiram 7%, a medida que o PC aumentou de 5 para 45 kg. Nossos estudos
indicam que o sexo afeta as exigéncias de macrominerais para mantenca e
crescimento, como também as eficiéncias de retencdo de macrominerais no
corpo de caprinos Saanen. Essas informacdes podem ser Uteis para definicdo
de estratégias visando otimizar as recomendacdes de minerais em ra¢des para

caprinos.

Palavras-chave: abate comparativo, alometria, exigéncia mineral, Saanen
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DISSERTATION STRUCTURE

Chapter 1 is a literature review, about macromineral requirements for
maintenance and growth in ruminants covering the main functions of
macrominerals, the macromineral metabolic fates through maintenance and
growth processes in ruminants, and the potential influence of specie, sex, and
maturity stage on the macromineral requirement estimations. It was written
following the guidelines of the Graduate Program in Animal Science of Unesp,

Jaboticabal Campus.

Chapter 2 describes the results about the evaluation of sex effect on
macromineral requirement for maintenance of Saanen goats from 5 to 45 kg BW.
This chapter was written following the guidelines of the Journal of Animal
Physiology and Animal Nutrition, except by the letter style, spaces between lines,
and position of tables. The paper authors are J. A. C. Vargas, A. K. Almeida, A.
P. Souza, M. H. M. R. Fernandes, K. T. Resende, and I. A. M. A. Teixeira.

Chapter 3 describes the results about evaluation of sex effect on
macromineral requirement for growth of Saanen goats from 5 to 45 kg BW. This
chapter was written following the guidelines of the Journal of Animal Science
except by the letter style, spaces between lines, and position of tables. The paper
authors are J. A. C. Vargas, A. K. Almeida, A. P. Souza, M. H. M. R. Fernandes,
K. T. Resende, and I. A. M. A. Teixeira.

Chapter 4 describes the main implications of this study, written following the
guidelines of the Graduate Program in Animal Science of Unesp, Jaboticabal

Campus.



CHAPTER 1 - GENERAL CONSIDERATIONS

1. INTRODUCTION

The importance of goats as providers of meat and dairy products for human
consumption has increased around the world, due to the beneficial nutritional
properties of goat products (HAENLEIN, 2004; WEBB et al., 2005; PARK et al.
2007). This importance is reflected in the number of animals, meat, and milk
production increase (47, 100, and 64%, respectively) during the last 20 years
(FAOSTAT, 2016). In this regard, efficient management practices, proper
selection for profitable breeding, adequate animal welfare practices, and accurate
nutrition plans in production systems are needed to favor sustainability and
improve goat production in the world (TEIXEIRA & RESENDE, 2005; WEBB et
al., 2005).

From the nutritional standpoint, it is remarkable that there is a lack of
information related to nutritional requirements of goats. It may be critical,
considering that the low accuracy of nutritional requirements may affect the
animal production and health (ARC, 1980).

Minerals constitute important nutrients in the feed, because of the roles in
metabolic (e.g., as cofactors of organic nutrient catabolism), and physiological
processes (e.g., bone formation and neuromuscular processes) in the body
(SUTTLE, 2010). However, the recommendations of the most recent nutritional
systems for small ruminants (CSIRO, 2007; INRA, 2007; NRC, 2007), regarding
goat mineral requirements (i.e., maintenance, growth, lactation, gestation, and
fiber production), usually adopt data from sheep and cattle to fit prediction
equations for mineral requirements, which may lead to inaccurate
recommendations for goats, considering the differences in mineral metabolism
(WILKENS et al., 2012; HERM et al., 2015) and tissue mineral composition (VAN
NIEKERK et al., 1990; HAENLEIN & ANKE, 2011) between ruminant species.

In addition, the current nutritional systems (CSIRO, 2007; INRA, 2007;
NRC, 2007) do not address the potential effect of sex and degree of maturity of
the goat on the mineral requirement estimation. It could introduce an additional
inaccuracy on these values, considering that goats of different sexes exhibit
different mature weights (ALMEIDA et al., 2016; MARCONDES et al., 2016) as
well as different patterns of growth (GHAVI, 2015).



Thus, it is necessary to define mineral requirements for goats without
extrapolating information from other species, as well as to assess the effect of
sex on mineral requirements, considering the impact of degree of maturity of the
goat on body composition. Therefore, the objective of this study was to evaluate
the effect of sex on the net macromineral requirements of Saanen goats from 5

to 45 kg BW, considering or not the degree of maturity on their estimations.
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