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THESIS STRUCTURE 

 
 

This thesis is organized in three chapters:  

 

-Chapter 1 is a literature review of the effects of sex on the net macromineral 

requirements of goats. The format of this chapter is according to the guidelines of the 

Graduate Program in Animal Science of the UNESP Jaboticabal Campus. 

 

-Chapter 2 is an evaluation of the effects of sex on the net macromineral 

requirements of goats. The format of this chapter is according to the guidelines of the 

Journal of Animal Science (JAS), except for letter style and table positions.  

 

-Chapter 3 describes the main implications of this study.  
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EXIGÊNCIAS DE MACROMINERAIS EM CAPRINOS SAANEN DE DIFERENTES 

CATEGORIAS SEXUAIS 
 

 
RESUMO – Objetivou-se determinar as exigências de Ca, P, Mg, K e Na em 

machos inteiros, machos castrados e fêmeas da raça Saanen. Foram realizados dois 

experimentos: um para determinar as exigências líquidas para mantença (Exp. 1) e 
outro para determinar as exigências líquidas para crescimento (Exp. 2). Setenta e 

cinco caprinos (26 machos inteiros, 25 machos castrados e 24 fêmeas) foram 
utilizados para determinar as exigências líquidas para mantença. Desses, 21 
caprinos (8 machos inteiros, 7 machos castrados e 6 fêmeas) foram abatidos com 

peso médio de 16,6 ± 0,40 kg e foram utilizados como grupo referência para estimar 
a composição corporal inicial. Os 54 caprinos restantes (18 machos inteiros, 18 

machos castrados e 18 fêmeas) foram alocados em seis blocos ao acaso, no quais 
foram incluídos três caprinos do mesmo sexo distribuídos em um dos três níveis de 
alimentação: ad libitum e ingestão de 75% ou 50% em relação aos animais 

alimentados ad libitum. Quando os animais alimentados ad libitum atingiram 30 kg 
de PC foram abatidos juntamente com os outros caprinos do mesmo grupo. Os 

dados das categorias sexuais e dos níveis de alimentação foram analisados em 
parcelas subdivididas. A parcela principal foi composta pelas três categorias sexuais 
e as subparcelas pelos três níveis de alimentação. Os requerimentos líquidos para 

mantença não diferiram entre as categorias sexuais (P > 0.05), resultando em 
valores de: 35,4 mg de Ca; 24,7 mg de P; 2,5 mg de Mg; 5,0 mg de K e 3,3 mg de 

Na/kg PC·d. As exigências líquidas para crescimento foram obtidas a partir de 58 
caprinos (20 machos inteiros, 20 machos castrados e 18 fêmeas) com peso inicial de 
15,8 ± 0,11 kg de PC alimentados ad libitum. Os animais foram distribuídos em um 

delineamento experimental inteiramente casualizado e alocados em três pesos ao 
abate: 16,6 ± 0,40 kg de PC; 23,1 ± 1,33 kg de PC; e 31,2 ± 0,58 kg de PC. Os 

dados utilizados para determinar as exigências líquidas para crescimento foram 
analisados em um esquema fatorial 3 × 3 (categorias sexuais × níveis de 
alimentação). As exigências líquidos de Ca, P e Mg para crescimento foram 

similares entre machos inteiros, machos castrados e fêmeas (P > 0.05). Houve efeito 
da categoria sexual sobre as exigências líquidas de K e Na para crescimento (P < 

0,05). As exigências líquidas de K (g/kg de PC ganho) para crescimento foram 
superiores nos machos inteiros, sendo verificado um aumento de aproximadamente 
16% conforme o PC aumentou de 15 para 30 kg de PC. Já nas fêmeas e nos 

machos castrados, para a mesma faixa de peso, observou-se redução nos 
requerimentos líquidos de K para crescimento em aproximadamente 11%. Machos 

inteiros aumentaram os requerimentos líquidos de Na para crescimento em 9,5%, 
enquanto as fêmeas diminuíram em 22%. Em caprinos Saanen dos 15 aos 30 kg de 
PC, a categoria sexual afeta as exigências de líquidas de K e Na para crescimento, 

mas não influencia as exigências líquidas para mantença.  
 

 
Palavras chave: abate comparativo, caprinos Saanen, equações alométricas, 

exigência de macrominerais, nível de ingestão, retenção mineral 
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MACROMINERAL REQUIREMENTS IN MALE AND FEMALE SAANEN GOATS 

 
 

ABSTRACT – Our study estimated Ca, P, Mg, K, and Na requirements of 

intact male, castrated male, and female Saanen goats. Two experiments were 

performed: one to determine the net macromineral requirements for maintenance 

(Exp. 1), and another to determine net macromineral requirements for growth (Exp. 

2). In Exp. 1, 75 goats (26 intact males, 25 castrated males, and 24 females) with 

initial BW (iBW) of 15.76 ± 0.10 kg were used. These animals were divided in two 

groups: baseline animals and pair-fed animals. Twenty-one goats (8 intact males, 7 

castrated males, and 6 females) were slaughtered at the beginning of the experiment 

(16.6 ± 0.40 kg BW) to be used as the baseline group. The 54 remaining goats (18 

intact males, 18 castrated males, and 18 females) were pair-fed in 6 blocks of 3 

goats per sex. The goats within each block were then randomly allocated to one of 3 

different levels of intake: ad libitum, restricted-fed to 75% of the ad libitum intake, and 

restricted-fed to 50% of ad libitum intake. When the animal fed ad libitum reached 

31.2 ± 0.58 kg BW, it and the other goats from the same block were slaughtered. The 

effects of sex and level of intake were evaluated in a split-plot design, where sex was 

the main plot observation and level of intake was the sub-plot. Daily net 

macromineral requirements for maintenance did not differ among the sexes (P > 

0.05), and the average values obtained were 35.4 mg Ca, 24.7 mg P, 2.5 mg Mg, 5.0 

mg K, and 3.30 mg Na per kg BW. The net requirements for growth in Exp. 2 were 

obtained using 58 goats (20 intact males, 20 castrated males, and 18 females) with 

15.8 ± 0.11 kg iBW, all fed ad libitum. These animals were assigned in a completely 

randomized design and allocated in three slaughter weight groups: 16.6 ± 0.40, 23.1 

± 1.33, and 31.2 ± 0.58 kg BW. The net Ca, P, and Mg requirements for growth were 

similar among the sexes (P > 0.05). There was a sex effect on net K and Na 

requirements for growth (P < 0.05). The net K requirements for growth (g/kg ADG) of 

intact males was greater and increased approximately 16%, whereas females and 

castrated males decreased approximately 11% as BW increased from 15 to 30 kg 

BW. The net Na requirements for growth increased 9.5% for intact males and 

decreased 22% for females when the goats grew from 15 to 30 kg BW. Sex thus 

affects net K and Na requirements for growth, but it does not affect net macromineral 

requirements for maintenance in Saanen goats. 

 

 
Keywords: comparative slaughter, Saanen goats, allometric equations, 

macromineral requirements, level of intake, mineral retention 
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CHAPTER 1 – GENERAL CONSIDERATIONS 

 

1. INTRODUCTION 

 

The goat was one of the first domesticated animals in the world with a strong 

presence in all sectors of ancient societies, including religion, economy, nutrition, and 

tradition. Nowadays, goats are still important animals in many regions of the world, 

especially in developing countries, where the demand for food products increases 

with population growth and associated needs (BOYAZOGLU et al., 2005). 

A better understanding of the nutritional requirements of goats, especially in 

terms of minerals, is crucial for improving production (MCDOWELL, 1999). Minerals 

are essential for the physiological function, since they are structural components of 

body tissues and participate in acid-base balance, osmotic pressure, cellular 

permeability, and several energy reactions as enzymatic cofactors. Minerals are 

classified in two categories, according to consumption requirements: microminerals, 

or trace elements, which are required in amounts less than 100 ppm; and 

macrominerals, which are required in amounts higher than 100 ppm. In animal 

nutrition, macrominerals are calcium (Ca), phosphorous (P), magnesium (Mg), 

potassium (K), sodium (Na), chlorine (Cl), and sulfur (S) (MCDOWELL, 1992; NRC, 

2007; SUTTLE, 2010). 

The macromineral requirements for goats are mainly based on data from 

sheep and cattle (CSIRO, 2007; NRC, 2007; AFRC, 1998). However, goats have 

metabolic and adaptation features that differ from other ruminant species (VAN 

SOEST, 1994). Therefore, more studies are needed to better understand the factors 

that affect macromineral requirements in goats. Sex can be one of these factors, 

because it is involved in animal physiology and metabolism and has effects on 

growth, body composition, and productive and reproductive functions. 

  Previous studies evaluated the effect of sex on macromineral requirements of 

Saanen goats (COSTA, 2013; MENDONÇA, 2013), but not all the related factors, 

whereas other studies did not compare the sexes (ARAÚJO et al., 2010; GOMES et 

al., 2011; FERNANDES et al., 2012; TEIXEIRA et al., 2015).  



2 

The objectives of this chapter were thus to present the main factors related to 

the effect of sex on macromineral requirements of goats and review the most recent 

related studies.  




