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Preface

Goat Meat Production and Qualily consists of 15 chapters and was compiled with the aim
of providing information on basic as well as more advanced aspects of goat meat science to
the wide range of scientists and professionals concerned with goat meat research and edu-
cation. It is also intended to serve as a textbook for university and college students on meat
production from ruminant animals. The goat industry, which has been lagging behind
other livestock industries such as cattle, sheep and pigs, would also benefit from this book.
Goat Meat Production and Quality has been meticulously written by internationally recog-
nized experts and includes the most recent advances in goat meat science. The contributing
authors hail from various parts of the world including Africa, Asia, North and South Amer-
ica, Australia and Europe. The goat was one of the earliest animals to be domesticated.
Over many centuries, goats have served human communities around the world to provide
food, fibre and other products such as leather and manure. For decades, the goat has been
regarded as a major cause of environmental destruction by overgrazing leading to desertifi-
cation. However, more recently, there has been growing recognition of the goat as an ani-
mal that provides sustainable livelihoods for many people, especially in the most deprived
regions of the world. Goats provide valuable animal protein at a very low cost by utilizing
marginal land usually rejected by other livestock to support low-income people in Asia,
Africa and other underdeveloped parts of the world. In Europe, particularly southern Euro-
pean countries, the goat has been used commercially for milk production and cheese mak-
ing, while goat kids serve as a by-product for meat production.

In recent years, a large volume of research has been carried out on goats in various
parts of the world covering a number of production aspects including: nutrition, breeding,
reproduction, health, production and quality. Research findings have been published in
journals and presented at scientific meetings. It is now high time to produce a comprehen-
sive book on goat meat production and quality to benefit goat research, education and the
broader goat industry. Research on goats has been carried out worldwide under different
climates and in different animal production systems. The latter range from intensive dairy
goat systems in Europe to extensive traditional systems in Africa and Asia. The basic ele-
ments of meat production include breeding, reproduction, nutrition and growth, which are
similar across meat-producing species and are of significant economic importance. For
instance, in intensive systems, the cost of animal feed would comprise almost two-thirds
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of production costs. Under extensive goat production systems, the cost of feeding is much
lower and goat production may be a secondary activity to cropping.

Meat is the major product of the goat, as all goats can produce meat. However, goat
meat is less well known to consumers compared with other meats around the world. None
the less, in some regions in Africa and Asia, goat meat is preferred compared with that from
other livestock. In contrast, meat from young goats (Capretto) is considered a delicacy in
southern Europe and South America. With the wide movements of human populations
across continents in recent times, goat meat markets have expanded to areas such as North
America and Europe. The goat meat industry is not as well developed as that of other spe-
cies such as beef cattle, sheep and pigs. This is mainly because societies consuming goat
meat are mostly in developing countries where the meat industry is not as developed as in
the developed world. None the less, goat meat has been recognized as being leaner than
that from cattle, sheep and pigs. This could make it more attractive to consumers who are
conscious of the health hazards of consuming meat with a high fat content. However, there
are certain aspects regarding goat meat production that affect the perceived quality of goat
meat. Goat meat, especially from mature male goats, has the reputation of having a strong
flavour and smell. In addition, goats are often slaughtered at an older age, usually under
poor pre- and post-slaughtering conditions, which may compromise meat quality.

Goat Meat Production and Quality will cover the most important aspects of goat meat
production and quality. The chapters are essentially detailed reviews with the most up-to-
date publications summarized, integrated and discussed, rather than original papers with
results only from research laboratories. The book comprises two parts: goat meat produc-
tion and goat meat quality. The subjects covered in the book include an extensive review
of the latest situation in the global meat goat sector, followed by a description of production
systems, as well as the potential of tropical goat breeds for meat production, to complement
the global overview. Goal Meal Production and Qualily also includes chapters on funda-
mental principles of goat production including genetics and breeding, reproduction and
nutrition. It also covers areas of normal and manipulated growth and development, and
carcass conformation and composition. A chapter with a more practical nature on the role
of subjective and objective evaluation in the production and marketing of meat goats is also
included. The section on goat meat quality addresses the nutritive value and quality char-
acteristics of goat meat, including fatty acids and mineral composition, as well as carcass
characteristics and linear body measurements. The role of nutrition in young goats, such as
the use of milk replacers, and the effect of the feeding system on goat carcasses are also
discussed.

We hope that Goat Meat Production and Quality will add to the currently published
information on goats and become a useful reference on goat meat production and quality.

The editors would like to thank CABI for publishing the book and sincerely acknowl-
edge the contributions of the authors and their collaborators. We would also like to thank
everybody who supports the goat meat production and quality cause around the world,
including goat owners, technical and research staff and students worldwide.

O. Mahgoub', I.T. Kadim' and E.C. Webb?

'Department of Animal & Veterinary Sciences, College of Agricultural & Marine Sciences,
Sultan Qaboos University, Sultanate of Oman; 2Department of Animal and Wildlife Sciences,
University of Pretoria, South Africa



1 Overview of the Global Goat
Meat Sector

O. Mahgoub', I.T. Kadim' and C.D. Lu?
'Department of Animal & Veterinary Sciences, College of Agricultural & Marine
Sciences, Sultan Qaboos University, Sultanate of Oman; 2College of Agriculture,
Forestry and Natural Resource Management, University of Hawaii, Hilo, Hawaii

1.1 Abstract

This chapter gives an overview of the goat
meat sector. It describes the current situa-
tion of the goat as a meat animal and gives
an account of goat populations throughout
the world and their distribution by region in
different continents, as well as the countries
with the highest goat populations. It also
discusses the contribution of goats to the
meat market. The chapter comments on the
acceptability and marketability of the goat
and its meat.

1.2 Introduction

The goat was domesticated as early as
6—7 Bc, as evidenced by archaeological
remains collected in western Asia. It has
since played a significant socio-economic
role in the evolvement of human civiliza-
tion around the world. It is particularly
important in the tropics and subtropics
where it is used as a major source of meat,
milk, fibre, skin and manure in many tradi-
tional societies. It is also used as a readily
cashable source of investment. There is a
tendency to keep goats as a stock of wealth
and sell them proportionally less when
their number rises (Seleka, 2001). Goats as

mixed feeding opportunists are able to
adapt to seasonal and geographical changes
and utilize low-quality rangelands to pro-
duce high-quality animal protein, which is
extremely important (Lu, 1987). Goats have
become important livestock in arid and
semi-arid regions of the world because of
their characteristics of versatility in harvest-
ing forage and their ability to survive
adverse foraging conditions. As opportunis-
tic foragers, goats are able to maintain a rela-
tively high-quality diet, even under diverse
conditions, and at times they prefer shrubs
over other types of range plants (Ramirez,
1999). In Kenya, about 67% of red meat is
produced in arid and semi-arid lands under
pastoral production systems (Juma et al.,
2010). Goats are a very important compo-
nent of these systems and are reported to
contribute 30% of the red meat in Kenya
(Ahuya et al., 2005). In Africa, goats play a
significant role in the production of food
and provide job opportunities for women
and children in rural communities (Lebbie,
2004). Small-scale goat farming is of signifi-
cant benefit to families all over the world
(De Vries, 2008). Goats have also been kept
in developed regions ranging from the
Arctic to the Alps using adapted breeds
that have developed in harmony with the
local climatic conditions, topography and
vegetation (Dyrmundsson, 2006).

© CAB International 2012. Goat Meat Production and Quality

(eds O. Mahgoub, |.T. Kadim and E.C. Webb)
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1.3 The Goat as a Meat-producing
Animal

One of the most important products from
goats is meat. The majority of goats world-
wide are regarded as meat type, with only
about 5% of goats being classified as dairy
type (Thompson, 2006). On average, the
income from dairy systems (particularly in
Europe) tends to be higher than that from
meat systems due to favourable market
prices for milk products and a greater
dependence on subsidies in the meat
extensive systems (Rancourt et al., 2006).
However, the importance of the goat as a
meat-producing animal is increasing as its
meat is becoming accepted in many new
markets in societies that have not previ-
ously consumed goat meat. Over the past
several decades, specialized meat-goat
breeds have been developed, among which
the Boer goat is the most notable. The breed
has been developed from a genetic pool of
native African, Indian, European and
Angora goats, and active selection has been
carried out within the breed over the past
half century. Other specialized meat-goat
breeds such as Kalahari have followed the
Boer goat. More recently, Tianfu goats in
China have emerged as a new breed with
excellent performance for meat production
and reproduction efficiency, and they are
easily adapted to the local environment
(Wang et al., 2009). Some of the factors that
make the goat a successful meat-producing
animal, especially under extensive systems,
include: the ability to graze and utilize
poor forages; the ability to walk long dis-
tances; short generation intervals and high
reproductive rates; high turnover rates of
investment (low-risk investment); smaller
carcasses, which are conveniently mar-
keted, preserved or consumed over short
periods of time; the feasibility of herding by
children and women due to the flock
instinct; and their ability to stand droughts
(Lebbie, 2004). In some countries, such as
Korea, goat meat has been used for its
medicinal properties (Son, 1999).
Historically, goats have been catego-
rized along with sheep as small ruminants,

implying similarities at physiological,
functional and production levels. Because
of differences in foraging behaviour, mor-
phological characteristics and ancestry clar-
ification, it is perhaps time to look at the
goat as an independent animal sector.
Devendra (1981) stated that the small rumi-
nants sector and its potential for contribu-
tion to agricultural-based economy has been
neglected for a long time. However, the eco-
nomic importance of the sector and its abil-
ity to make use of available feed resources
as well as the functional value as a renew-
able resource for poor people in less devel-
oped countries has been recognized. These
less developed countries are mostly located
in the tropics and subtropics and are char-
acterized by relatively high human popula-
tions and widely constraining climates and
ecosystems, with low per capita income
(Devendra, 1981). Goats with their small
size and high efficiency of production are
ideal for small-scale village production as
well as pastoral systems. Goat production
systems are specialized to some extent,
although they are less developed compared
with those of cattle and sheep. In goat-
producing countries such as South Africa,
there are two distinct goat-producing sec-
tors, the commercial sector, which keeps
more mohair-producing Angora and dairy
goats, and the non-commercial sector,
which keeps more meat goats (Roets and
Kirsten, 2005).

Domestication, which has been influ-
enced mainly by human movement through-
out history, has affected the form and
functions of the goat. Goats in drier areas
have acquired adaptations that allow them
to thrive and produce under these harsh
conditions. However, unlike sheep, goats
lack fat reservoirs in their bodies that help
animals in arid regions to withstand periods
of nutritional stress (lfiiguez, 2004). This
may give an advantage to sheep keeping,
especially those of the fat-tail type, in such
areas of the world. Some goats have been
selected to be specialized in certain aspects
of production such as milk and fibre,
but almost all goat types have been used
for meat production either as specialized
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animals or with meat as a by-product of
other systems. Although humans have been
involved in selecting goats for various types
of production, the biodiversity among goats
has been more incidental than deliberate
through natural selection (Casey and Webb,
2010).

Goat production has in the past been
associated with political and economic
developments in various regions around the
world, and this association is expected to
continue in the foreseeable future. Goat pro-
duction and marketing may be influenced
by anticipated environmental and socio-
economic challenges in the future. Climate
change, consumer preference and lifestyles,
as well as the global economy, are important
considerations for goat production and mar-
keting. A significant revival was observed
in the small ruminant sector in central
and Eastern Europe after many countries
joined the European Union (EU) in 2004
(Niznikowski et al., 2006). Privatization of
livestock sectors including goats in central
Asia was a result of dissolution of the Soviet
Union. A reduction in goat populations
occurred in central Asian countries except
for Turkmenistan, while Kazakhstan and
Kyrgyzstan experienced an increase in goat
populations starting in 1998 (Ifiiguez, 2004).
EU economic policy reforms and its rela-
tionship with the World Trade Organization
have had a great impact on the economic
viability of sheep and goat production sys-
tems in northern European countries
(Dyrmundsson, 2006). While the economic
recession in recent years has severely
affected the livestock market and resulted
in a decrease in sheep numbers in devel-
oped regions such as Australia, New
Zealand and Europe, the small ruminant
flocks in countries with subsistence farming
have increased and have become an impor-
tant means of survival (Morand-Fehr et al.,
2004).

Historically, goats have been perceived
by some as having a negative impact on the
environment. However, this impact is
dictated by human management. Goats
can be used for biological control of
weeds, which impacts positively on the

environment. However, when the stocking
density exceeds the carrying capacity of the
rangeland, this may cause degradation and
sometimes leads to desertification (E1 Aich
and Waterhouse, 1999). Spatial, temporal
and other dynamics exist between goats and
the environment. For instance, in the moun-
tainous regions of South America, a major
contribution from goats is providing manure
for valuable cash crops, where an element
of integrated nutrient management renders
the production system more sustainable,
reducing the stress on the {ragile range eco-
system and enabling an increase in flock
size (Iiiguez, 2004). A negative environ-
mental impact is generally more related to
poorly managed, high-input and high-out-
put systems rather than the traditional
extensive production system in goats (Pea-
cock and Sherman, 2010). It has been sug-
gested that the greatest environmental
impact is more related to intensive systems
in the developed world, such as expansion
of beef production in South America and
intensive pig and poultry systems in Asia
(Peacock and Sherman, 2010). The majority
of the world’s goat population is in Africa
(34%) and Asia (60%), and is kept under
extensive/semi-intensive low-input sys-
tems with, in most cases, a comparatively
light environmental touch (Peacock and
Sherman, 2010). The concept of ‘sustain-
ability’ has influenced EU agricultural pol-
icy makers in recent decades. Sheep and
goat farming systems in north Europe are
regarded as environmentally friendly and
suitable for rural development (Dyrmunds-
son, 2006). In developed countries, after a
long period of negative image, goat farming
is gaining a positive outlook (Morand-Fehr
el al., 2004). In Korea, goats have been
regarded as environmentally friendly ani-
mals because of the concern over pollution
resulting from the disposal of waste origi-
nating from other livestock species such as
pigs and cattle (Son, 1999).

A sign of increasing interest in goats is
evidenced by the flourishing of goat research
over the past three decades. However, more
goat research has been carried out in devel-
oped than in developing regions, although
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the majority of goats are found in the latter
(Sahlu and Goetsch, 2005). Research is
needed for the development of a more effi-
cient meat production system while improv-
ing meat attributes such as carcass and meat
quality in developing regions. A multidisci-
plinary approach has been suggested to
characterize animal production systems for
various interrelated production traits
with special reference to parameters of
interest to farmers (Morand-Fehr et al.,
2004; Alexandre et al., 2010).

1.4 The Worldwide Goat Population

The world population and distribution of
major red-meat-producing animals are pre-
sented in Table 1.1 as reported by the Food
and Agriculture Organization of the United
Nations (FAO) (FAOSTAT, 2011). The total
goat population in the world in 2009 was
estimated at 867,968,573 heads. This was
behind cattle  (1,382,241,378),  sheep
(1,071,274,348) and pigs (941,212,507) but
was far more than camels (25,385,468). When
these figures are expressed as domestic herbi-
vore biomass (Wilson, 1984), calculated as
population numbers multiplied by mean
weights (18 kg for goat, 30 kg for sheep,
206 kg for cattle, etc.), goats are also ranked
after cattle and sheep. A significant propor-
tion of the world goat population is found in
countries defined by the FAO as net food-
importing countries (385,232,718), low-
income food-deficit countries (748,264,358)

Table 1.1.
world in 2009. (From FAOSTAT, 2011.)

and theleast-developed countries (270,123,867).
This accounts for 44, 86 and 31% of the total
world goat population, respectively (Table 1.1).

The goat distribution by continent is
presented in Fig. 1.1 (FAOSTAT, 2011).
The majority of the goats in the world
(60%) are found in Asia. Africa comes sec-
ond with almost one-third of the world’s
goat population. The Americas and Europe
have 4 and 2%, respectively, while Oceania
has a negligible proportion. Goats are
reported to represent about 30% of Africa’s
ruminants and produce about 17% of its
meat and 12% of its milk (Lebbie, 2004).
The major concentration of goats in Africa
is in the sub-Saharan region with 60% of
the total goat population (147 million
heads) representing about 80 indigenous
breeds raised under various production
systems (Lebbie, 2004).

When the statistics are examined by
continent, they indicate the importance of
goats in developing regions, particularly in
Asia and Africa. Goat numbers in Asia and
Africa are comparable to those of other live-
stock species. In Africa, the western and
eastern parts of the continent are the most
populated with goats, whereas in Asia, the
southern and eastern parts are the most pop-
ulated (Table 1.1). Southern Europe has the
highest goat population within this conti-
nent. The high goat population in this region
is mainly composed of dairy goats producing
milk primarily for cheese-making in France,
Italy, Spain and Greece. France, Greece and
Spain supply about 83% of total goat milk
produced in the EU (Castel et al., 2010).

Population (number of animals) and distribution of major meat-producing animals in the

Region Goats Cattle Sheep Camels Pigs

Net food-importing 385,232,718 351,242,006 287,990,725 22,900,305 41,489,844
developing countries

Low-income food-deficit 748,264,358 636,890,571 577,063,586 23,686,631 524,010,340
countries

Least-developed 270,123,867 254,905,557 176,632,101 20,267,980 30,725,331
countries

World 867,968,573 1,382,241,378 1,071,274,348 25,385,468 941,212,507

Africa 294,871,078 270,675,336 292,122,275 21,514,522 27,644,351

Continued
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Table 1.1. Continued.

Region Goats Cattle Sheep Camels Pigs
Eastern Africa 89,214,463 118,269,261 59,358,638 10,493,700 8,446,353
Central Africa 21,935,966 21,808,864 8,643,819 1,391,045 4,220,170
Northern Africa 61,044,200 51,959,200 108,464,500 5,368,000 57,700
Southern Africa 11,723,135 19,912,657 29,423,458 75 1,767,690
Western Africa 110,953,314 58,725,354 86,231,860 4,261,702 13,152,438

Americas 37,120,763 509,551,701 90,161,096 160,293,639
Northern America 3,099,350 107,701,699 6,574,938 79,548,800
Central America 8,985,947 46,458,797 8,132,118 20,885,849
Caribbean 3,910,800 8,786,250 3,003,470 3,792,550
South America 21,124,666 346,604,955 72,450,570 56,066,440

Asia 516,660,762 439,175,098 452,629,700 3,863,924 560,425,232
Central Asia 8,163,664 18,988,506 47,215,547 205,888 1,532,911
Eastern Asia 175,830,979 102,623,769 148,015,877 512,050 472,433,849
Southern Asia 281,275,542 249,928,058 60,099,993 1,967,000 15,000,809
South-Eastern Asia 25,322,540 47,071,912 10,964,851 70,577,014
Western Asia 26,068,037 20,562,853 86,333,432 1,178,986 880,649

Europe 15,911,631 124,222,434 131,222,254 7,022 187,654,883
Eastern Europe 4,542,415 41,948,546 33,969,564 7,022 53,945,250
Northern Europe 212,546 22,956,198 39,349,450 23,876,624
Southern Europe 9,071,409 17,453,224 45,807,046 45,095,957
Western Europe 2,085,261 41,864,466 12,096,194 64,737,052

Oceania 3,404,339 38,616,809 105,139,023 5,194,402
Australia and New 3,082,229 37,868,259 105,123,283 2,624,502
Zealand
Melanesia 280,200 685,500 15,300 2,117,500
Micronesia 4,800 14,140 53,800
Polynesia 37,110 48,910 440 398,600

Europe,
15,911,631
2%

Asia, 516,660,762

60%

Oceania, 3,404,339
0%

Africa, 294,871,078
34%

\ Americas,
37,120,763

4%

[ Africa B Americas B Asia OEurope B Oceania‘

Fig. 1.1. Goat distribution by continent (FAOSTAT, 2011).
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The goat population in this region has been
maintained, and in some cases increased,
compared with other livestock species. Goats
have been moved to areas with reduced soil
fertility that are therefore not suitable for
more intensive systems such as cereal crop-
ping or cattle ranching (Rancourt etal,
2006). Spain is ranked second in terms of
goat population and third in terms of goat
milk yield within the EU (Castel ef al., 2010).
The EU has 1.6% of the world’s goat popula-
tion but produces 13.2% of goat milk and
2.0% of goat meat (Castel ef al., 2010).

Trends in the numbers of goats, sheep
and cattle in the world between 1980 and
2009 are shown in Fig. 1.2 (FAOSTAT, 2011).
There has been a steady increase in goat num-
bers in the world over the past three decades.
Over the same period, the numbers of sheep
have declined slightly, especially during the
last decade, whereas those of cattle have
increased slightly. The increase in goat num-
bers over the past few decades has been attrib-
uted to their higher capacity to adapt to
various environments, the development of
goat farming in developing countries and the
improved ecological image of goat farming
and its products in developed countries
(Morand-Fehr et al., 2004).

Table 1.2 lists 18 countries with the
highest goat populations in the world, with
a range between 1 and 17% of the total
world goat population. The top four coun-
tries are all from Asia, with 45% of the total
world goat population. China and India
have the largest goat populations, constitut-
ing approximately 32% of the total world
goat population. With Pakistan and Bangla-
desh included, the Indian subcontinent has
a sizeable goat population amounting to
approximately 28% of the total world goat
population. In Africa, Nigeria and Sudan
have the highest goat populations, followed
by Ethiopia, Kenya, Somalia, Niger, Tanza-
nia, Burkina Faso and Mali.

1.5 Contribution of the Goat
to the Meat Market

Meat is one of the major products from goats
and is the major commodity income under

conventional goat production systems. This
includes meat from male and female young
kids, castrated or intact males and culled
females. Meat from the latter categories is of
lower quality. Goat meat is classified
according to the age of the goat and is
known as capretto from young animals
(weaned goats) and chevon from older
goats.

The total goat meat production in 2008
was approximately 5 million t (Table 1.3)
and was far less than mutton, beef and pork
(8.3, 65.7 and 103 million t, respectively).
Goat meat contributed approximately 2.7%
of total red meat production worldwide.
This could be attributed to the less devel-
oped production and marketing systems in
goats compared with other species. Asia
produced 70% of the world goat meat
(3.5 million t), followed by Africa with
23.4% (1.2 million t), while Europe contrib-
uted only 2.5% of total world goat meat
production (124,139 t). In Asia, the largest
contribution came from East Asia (1,882,897
t). These figures match the pattern of distri-
bution of live goats in the world discussed
above.

Table 1.4 describes goat meat produc-
tion around the world in terms of heads
slaughtered, carcass weight and total pro-
duction in t. The total number of goats
slaughtered in 2008 was close to 400 million
head around the world, with Asia contribut-
ing 279.4 million, followed by Africa with 96
million. Europe contributed 11.5 million
head, with the majority in southern Europe.
These numbers come from different produc-
tion systems and would yield meat of vari-
ous qualities. For instance, Asian (3.5 million
t) and African (1.2 million t) goat meat would
generally come from lower-grade carcasses
produced from unfinished range animals
and would have been obtained from male
goats of various ages, castrated and non-cas-
trated, as well as from older females, which
are culled. Goat meat from Europe would be
a by-product from milk/cheese production
systems usually in the form of capretto meat
from young kids. However, there are some
signs of innovation in goat production sys-
tems in some parts of the world, which are
targeting niche markets such as those of
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Fig. 1.2. Numbers of goats (G), sheep (S) and cattle (C) in the world between 1980 and 2009
(FAOSTAT, 2011).

Table 1.2. Countries with the highest goat population around the world in 2008
(from FAOSTAT, 2011).

Country Population (head) % of total population
China 149,376,747 17.33
India 125,732,000 14.59
Pakistan 56,742,000 6.58
Bangladesh 56,400,000 6.54
Nigeria 53,800,400 6.24
Sudan 43,100,000 5.00
Iran, Islamic Republic of 25,300,000 2.94
Ethiopia 21,884,222 2.54
Mongolia 19,969,400 2.32
Indonesia 15,805,900 1.83
Kenya 14,478,300 1.68
Somalia 12,700,000 1.47
Niger 12,641,352 1.47
Tanzania, United Republic of 12,55,0000 1.46
Burkina Faso 11,805,000 1.37
Mali 10,150,350 1.18
Brazil 9,500,000 1.10
Mexico 8,831,000 1.02

intensive goat production in southern Africa.  towards more intensive ones (Primov, 1984).
There is some evidence that traditional goat Meat from such improved systems would be
farmers in northern Brazil have shifted of a higher quality and safer, and would
from opportunistic management slrategies involve better processing and packing.
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Table 1.3. Contributions of goats to world meat production (t) in 2008 (from FAOSTAT, 2011).

Beef and
Region Goat buffalo Sheep Camel Pig Poultry Turkey
World 4,918,696 65,722,253 8,255,295 336,475 103,189,592 91,698,619 6,106,083
Africa 1,151,612 5,122,907 1,262,476 238,602 847,271 3,685,987 127,982
Eastern 303,134 1,577,010 194,917 89,592 263,390 427,837 10,836
Africa
Central 78,207 357,106 38,529 1,494 87,692 68,487 6
Africa
Northern 257,160 1,284,300 577,768 92,505 2,538 1,688,000 112,100
Africa
Southern 51,143 902,580 131,259 163,137 1,008,250 5,040
Africa
Western 461,967 1,001,911 320,000 55,011 330,512 498,413
Africa
Americas 149,530 30,818,119 404,666 18,785,952 40,991,598 4,154,655
Northern 22,601 13,523,702 99,185 12,403,329 21,370014 3,559,919
America
Central 43,890 2,109,441 52,690 1,337,533 3,334,436 23,945
America
Caribbean 12,344 230,473 10,668 328,354 633,248 672
South 70,695 14,954,503 242,122 4,716,735 15,653,899 570,118
America
Asia 3,469,818 15,852,122 4,111,405 97,701 57,066,093 31,616,255 126,159
Central 34,031 1,204,800 365,664 1,046 244,400 109,500
Asia
Eastern 1,882,897 6,993,436 2,051,376 22,860 49,693,424 17,765,043 3,881
Asia
Southern 1,210,203 5,095,090 874,523 5,460 516,670 48,96,180 6,000
Asia
South- 160,957 1,610,222 68,054 6,511,285 5,710,521 606
eastern
Asia
Western 181,729 948,572 751,788 68,335 100,312 3,135,010 115,672
Asia
Europe 124,139 10,974,585 1,185,587 172 25,965,469 14,373,404 1,659,525
Eastern 37,846 3,192,409 234,482 172 6,251,253 5,135,318 171,340
Europe
Northern 612 1,918,068 426,060 3,423,487 2,104,816 152,620
Europe
Southern 76,356 2,153,502 380,190 6,002,947 2,889,669 393,797
Europe
Western 9,325 3,710,606 144,855 10,287,782 4,243,601 941,768
Europe
Oceania 23,595 2,954,518 1,291,159 524,806 1,031,373 37,761

Although goat meat supply has increased
consistently over the past few decades, it still
cannot meet the demand in many countries
(Devendra, 2010). This has led to the slaugh-

tering of increasing numbers of young stock
with a consistent erosion of the breeding ani-
mals base, resulting in a higher meat price for
goats than for other ruminants (Devendra,
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Table 1.4. The world goat meat production in the form of slaughtered heads, yield per carcass and

total production (t) in 2008 (from FAOSTAT, 2011).

Yield/carcass weight

Region Slaughtered (head) (kg/animal) Production (1)
World 398,408,444 123 4,918,696
Africa 95,748,031 120 1,151,612
Eastern Africa 27,762,100 109 303,134
Middle Africa 6,442,411 121 78,207
Northern Africa 19,995,000 128 257,160
Southern Africa 3,495,000 146 51,143
Western Africa 38,053,520 121 461,967
Americas 10,608,084 140 149,530
Northern America 796,440 283 22,601
Central America 2,601,683 168 43,890
Caribbean 897,260 137 12,344
South America 6,312,701 111 70,695
Asia 279,445,153 124 3,469,818
Central Asia 2,129,800 159 34,031
Eastern Asia 137,145,535 137 1,882,897
Southern Asia 114,819,280 105 1,210,203
South-Eastern Asia 13,475,346 119 160,957
Western Asia 11,875,192 153 181,729
Europe 11,556,540 107 124,139
Eastern Europe 2,661,773 142 37,846
Northern Europe 44,308 138 612
Southern Europe 7,852,603 97 76,356
Western Europe 997,856 93 9,325
Oceania 1,050,636 224 23,595
Australia and 957,231 234 22,403
NewZealand
Melanesia 8,3900 124 1,044
Micronesia 1,600 183 29
Polynesia 7,905 150 118

2010). In some countries, the high demand
for goat meat has also led to overslaughtering
and the export of breeding females.

1.6 Goat Production Systems
and Marketing

Goats are mostly kept under traditional,
extensive and semi-intensive systems
around the world. There are four major goat
production systems in developing countries:
rural landless, extensive, crop-based and
rangeland-based (Devendra, 2010). The
small ruminant supply is influenced by

factors ranging from their population to
annual rainfall and natural conditions
(Seleka, 2001). Goat meat production is a
commercial enterprise in only a few coun-
tries in the world including southern Africa
(South Africa, Namibia and Botswana), the
southern states of the USA and Mexico
(Casey and Webb, 2010). Goats have an
important role in self-sufficient agricultural
systems in many parts of the world. This
includes milk and cheese in northern coun-
tries and meat production in countries in
the tropics and subtropics. Systems of goat
production differ around the world. In
the tropics, extensive systems prevail
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and depend on grazing of natural range.
For instance, in Botswana, the majority of
goats (97%) are raised under traditional or
communal husbandry systems, whereas
only 3% are raised under improved com-
mercial production systems (Seleka, 2001).
At the other extreme, in Japan, the livestock
farming systems are based on concentrate
feeding, which enables higher grades of
meat and milk (Ozawa et al., 2005). A con-
centrate-based goat production system is
more difficult to sustain. For instance, the
Japanese system is not sustainable, as only
25% of the feed is produced within Japan
(Ozawa et al., 2005). The current goat meat
systems are not capable of supporting high-
input, concentrate-feeding systems due to
lack of competitive structuring and market-
ing competencies. A traditional intensive
milk production system with meat and milk
as the major commodities can be found in
Spain. Under such systems, 20—40 kg kids
can be marketed after spring grazing and
cheese manufacturing (Castel et al., 2010).
Over the past few decades, this system has
shifted to produce 1-month-old, 8 kg suck-
ling kids due to legislative and economic
constraints.

Production efficiency of goat-meat pro-
duction under traditional subsistence sys-
tems is generally low and can be improved.
Major limiting factors are high mortality and
low utilization rates (sales plus home
slaughter), as goats are grazed and bred
under uncontrolled systems such as those in
Botswana (Seleka, 2001). Kid mortality may
reach up to 20% in the Inter-Andean Valley,
mainly due to forage and management fluc-
tuations and predators (Ifiiguez, 2004). High
mortality in goats in Africa is due to poor
management practices and the occurrence of
disease, whereas the low utilization rates are
related to lack of appropriate and reliable
marketing systems (Seleka, 2001).

In the tropics, there have been some
efforts to provide public support for goat
production systems to improve their effi-
ciency. For instance, in Botswana, several
support programmes from government and
international organizations have been
introduced for the improvement of produc-
tion and marketing of small ruminants,

mainly through supporting cooperatives
(Seleka, 2001). In arid and semi-arid regions
of the world, goats are kept within pastoral-
ism and agropastoralism systems, which
may include some subsistence cropping as
well as goat keeping. This depends mainly
on diversification and on subsistence
activities, the herd composition and the
mobility of the herds (El Aich and Water-
house, 1999). Goat meat in these systems is
destined mostly for home use or local mar-
kets, which do not require high-quality
meat. In southern Africa, goats are kept by
small-scale farmers, communal farmers and
households (Casey and Webb, 2010). There
is a trend towards improvement of small
ruminant production in some countries by
means other than simply increasing goat
populations. These means include genet-
ics, nutrition, housing, veterinary care and
communication (Haenlein and Abdellatif,
2004). However, improvement of goats
through genetics has been more evident in
dairy goats by introducing established
breeds such as Saanen, Alpines and Anglo-
Nubian in the tropics. More recently, the
Boer goat, the most characterized meat-goat
breed, has started to play a role in genetic
improvement of meat goats around the
world (Simela and Merkel, 2008).

In developed regions, meat production
from goats is not as significant. In 2006, the
value of sheep and goat meat accounted for
only 1% of all agricultural output and 2% of
total meat consumption in six European
countries (Canali, 2006). In Europe, most
goats are kept for milk production. Where
there is a surplus of goat milk and processed
cheese, meat production poses an attractive
alternative. However, in many of these
countries, surplus kids are not kept for meat
production and instead are culled. For
instance, in Norway, goat meat contributes
only about 0.3% of total meat production in
the country (Asheim and Eik, 1998). This
may be because goat carcasses and meat do
not fit the specifications set for mutton and
beef in traditional meat markets. Therefore,
niche marketing of goat meat and meat
products is essential in these markets.

Goat production systems in northern
European countries are influenced by
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climatic conditions, with animals housed
indoors for a significant part of the year.
These systems are also supplemented in
some cases with upland and mountain graz-
ing in summer under marginal conditions
and share resources with other agricultural
enterprises (Dyrmundsson, 2006). The cost
of production and the type and quality of
products under these systems differ greatly
from those of extensive pastoral tropical
systems with milk being the major product
and meat a by-product.

There may be an opportunity for goat
meat marketing in the developing world
because of the declining profitability of tra-
ditional production systems such as tradi-
tional ranching in the USA (Lupton et al.,
2008). A promising approach would be
based on a multiproduct complementary
system. Lupton et al. (2008) investigated a
high-quality mohair-, meat- and hide-
producing system from Angora goats. Spe-
cial housing, feeding and watering facilities
allowed the production of clean mohair due
to separation from faeces and urine. Auto-
mation of feeding and watering systems
reduced the labour requirements. Under
feedlot and elevated floor systems, the goats
grew faster than those on pasture. Goats
raised under the elevated floor system pro-
duced cleaner fibres, which were suitable
for hand-spinning niche markets. The net
income per head was at its highest for goats
raised under elevated floor systems for a
niche market.

1.7 Acceptability of Goat Meat

Compared with mutton, beef and pork, goat
meat is not as widely distributed, marketed or
accepted in major world markets for various
reasons. Even in countries with a high goat
population, the consumption of goat meat is
not as high as for meats from other species.
For instance, in Kenya, beef was found to
form the highest proportion of red meats con-
sumed at home, whereas chevon and mutton
were negligible (Canali Gamba, 2005). In
Sudan, which is ranked among countries with
a high goat population, goat meat is regarded
as inferior to mutton and beef.

Acceptance of goat meat varies widely
around the world. For instance, goat meat
was rated by 61% of the Japanese house-
wives as ‘not commonly eaten at home’ and
‘smelly’, and they ‘never thought about goat
meat’ (Ozawa ef al., 2005). In a survey car-
ried out in Japan, only 16% of respondents
had eaten goat meat. However, it was rated
by those who consumed it as being more
tender than pork (Ozawa el al., 2005). On
the other hand, in the developing world,
goat meat is well accepted and is purchased
on a small scale and in traditional markets.
In certain parts of the developing world,
such as the humid tropics of Africa, goat
meat is the most important type of meat, as
cattle and pig rearing is not practised due to
disease and religious beliefs (Oludimu and
Owokade, 1995).

1.8 Marketing of the Meat Goat

Marketing of goat meat includes marketing
live goats as well as carcass and non-carcass
components. Marketing of edible parts of
the goat is influenced by consumer prefer-
ences due to differences in culture, reli-
gious beliefs and competition with other
meats. Marketing of meat-producing live-
stock including goats is done in different
ways around the world, with meat moving
along different channels to consumers
(Roets and Kirsten, 2005). Goat producers in
non-commercialized farming systems use
informal and less reliable marketing sys-
tems that hold many risks for producers and
consumers compared with commercial sys-
tems that use well-organized systems with
capital resources, a better infrastructure,
institutions, legal frameworks and markets
(Roets and Kirsten, 2005).

Goats are marketed in traditional sub-
sistence markets around the developing
world where most goats are found and their
meat consumed. These markets are charac-
terized by a small number of animals sold
on market days by goat owners or their fam-
ily members. Women are mostly responsi-
ble for goat rearing and marketing. Oludimu
and Owokade (1995) reported that 95% of
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goat sellers in a local market in Nigeria were
women. Only 20% of them were owners,
while the others were apprentices, agents or
relatives of the owners or were learning
the trade.

Animal weight is not the only consider-
ation for the marketing of goats and, surpris-
ingly, is not commonly determined in
traditional and subsistence markets. Goat
sellers in Nigeria estimate the goat price on
the basis of size, hair coat condition, age,
health, meat formation and sex (Oludimu
and Owokade, 1995). However, studies
have revealed that the major factors that
determine goat prices in traditional markets
are weight, sex and age (Oludimu and
Owokade, 1995). Risk, in the form of theft
and mortality, is borne solely by the traders.

Some goat meat products are character-
ized by ‘typicality’, which indicates that a
product is made in a specific area with spe-
cific characteristics (Rubino ef al., 1999).
These include small goat carcasses in some
countries and some types of preserved
meats in Africa. The consumer’s attitude
and consumption behaviour can affect the
growth of livestock sections (Juma et al.,
2010). The demand for small ruminant meat
increases concomitant with increasing
income or cost, as consumers perceive small
ruminant meat to be a quality meat com-
pared with beef (Juma et al., 2010). Market-
ing of goats and their products is also
affected by changes in economic trends
such as globalization, which add new chal-
lenges to goat meat marketing. Globaliza-
tion has initiated new demands by retailers
as a result of the demand from consumers
for tractability, quality and consistency of
supply. Consumers prefer specialized and
relatively low-volume food products (Roets
and Kirsten, 2005).

The major factors that hinder goat meat
marketing may be sociologically related
(Morand-Fehr et al., 2004). For instance, in
some countries, rearing of goats or eating
goat meat are related to the lower-income
classes of society. These issues have to be
addressed when marketing of meat and
meat products from goats is considered.

In northern America, the demand for
goat meat is believed to exceed the supply.

Often, the demand by consumers of particu-
lar ethnic and religious groups cannot be
met due to the absence of a reliable supply
of goat meat, especially in urban areas of the
USA. Meat goats are rarely the primary ani-
mal production enterprise in the USA, but
they are becoming increasingly important
contributors to the income of many produc-
ers (Glimp, 1995). Meat-goat marketing is
highly unstructured in the USA, yet prices
are generally higher per unit weight than
other red meat-producing species (Glimp,
1995). Capretto, meat from milk-fed kids, is
known to be in high demand and short sup-
ply in northern Mexico.

There is an opportunity for goat meat to
be marketed in niche markets. One of these
growing markets is organic meat produc-
tion, with Australia and China being the
most important producers (Lu et al., 2010).
There are no obvious differences in effi-
ciency of production in terms of carcass
yield and conformation between organic
and non-organic goat meat systems (Lu
el al., 2010). However, consumers perceived
organic goat meat to be safe and healthy, and
to support production systems that empha-
size animal welfare. Organic goat produc-
tion contributes to the alleviation of poverty
for producers who rely on marginal land for
their livelihoods, while meeting the increas-
ing demand for organic products globally.
Nutritional strategies that are naturally
occurring, low cost and easy to apply can
improve the productive performance of
goats and render organic production profit-
able and successful (Lu, 2011). Adequate
protein intake enhances immunity and
improves both resistance and resilience of
the host to endoparasites and diseases.
Organic goat production relies on high-
forage systems; therefore, understanding
plant biomass accumulation, eating behav-
iour, seasonal fluctuations and environmen-
tal interactions can lead to more sustainable
organic production while maintaining
diverse plant landscapes. Legumes are desir-
able for organic goat production because
they contain high levels of protein and are
suitable browsing for goats. Secondary plant
compounds at a concentration below the
level of toxicity can be utilized for disease
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prevention, control and treatment, and may
fill the vacuum from the absence of the use
of chemicals in organic goat production. In
combination with other naturally occurring
materials, they have the potential to improve
nutrient digestion and utilization in goats.
Goats are versatile at harvesting plants and
able to survive under adverse foraging con-
ditions (Lu, 1988). The tolerance of goats
towards the bitterness of secondary plant
compounds can play an anthelmintic role
and make goats more suitable for high-forage
organic production systems than other rumi-
nant species. Rapid fetal growth associated
with the physical fill of forage limits feed
intake during late pregnancy and therefore
presents a challenge for nutritional balance
in goats under high-forage organic produc-
tion systems. Understanding regulation of
intake, fibre digestion and utilization can
lead to nutritional balance, minimizing

metabolic disorders associated with preg-
nancy, parturition and lactation (Lu et al.,
2005). The use of bioactive plants, tradi-
tional herbal or ethno-veterinary medicine
may present economic and sustainable
alternatives if a greater understanding of the
mechanisms, interactions with other nutri-
ents and levels of toxicity can be achieved.
Chinese herbal medicines, many of which
have antibacterial, antiviral and antipara-
sitic properties, merit further studies and
verification, and may be promising in
organic goat production (Lu, 2011).

There are also niche markets for young
kids in Jordan, southern Turkey and south-
ern Syria, often coupled with fattening sys-
tems because of the high value of kid meat
(Ifiguez, 2004). Another niche market for
goat meat is medicinal use. For instance, the
Korean native black goat is used in Korea
for its medicinal properties.
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2.1 Abstract

Goat production systems have been devel-
oped to adapt to the specific needs of the
producer but can be grouped into several
general categories. Intensive production
systems are usually on smaller plots and
require daily attention to management prac-
tices, while extensive systems have more
reliance on goats grazing over large areas.
Goats may be raised for subsistence, to gen-
erate capital, for profit or for production
through communal, nomadic, transhu-
mance and sedentary pastoralism, primitive
herding and largeholder commercial farms.
Small-scale goat farms are influenced by
infrastructure, social systems, land tenure,
economics and marketing. Production sys-
tems are dependent on climate, geography,
diet, breed, reproductive capacity, diseases
and goat behaviour. Goat production sys-
tems must match the desires of the produc-
ers with the many factors influencing the
growth and productivity of meat goats for
success of the enterprise.

Commercial meat-goat enterprises
account for an overwhelming majority of
the meat-goat production systems and herd
sizes range from five to several thousand
does. Well-managed production systems
can generate weaned kid crops in excess of

130% per year, so the prolificacy, milk pro-
duction and pre-weaning growth contribu-
tions by does are important in achieving
this level of productivity. Goats represent a
small niche in many developed countries,
but they contribute significantly to the live-
lihoods of rural people across the globe.
The different goat production systems and
the factors that influence goat production
are discussed in this chapter.

2.2 Introduction

Goats were among the earliest species of
livestock to be domesticated approximately
9000 years ago. These small ruminants
descended from the bezoar or wild goat
(Capra hircus) in the hills of western Asia
(Casey et al., 2003). The consequence of
domestication was a change in the pheno-
typic characteristics of wild goats, which
resulted in the development of a multiplic-
ity of goat breeds or types. These breeds or
types were distributed across the world as a
result of the migration and translocation of
humans, usually due to changing climatic
conditions and natural resources. The
world goat population now consists of an
enormous amount of genetic variation
in  morphological and  production
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characteristics (Galal, 2005; Shrestha and
Fahmy, 2005). According to the Food and
Agriculture Organization of the United
Nations (FAO, 1999), there are now about
570 breeds of goats in the goat database. The
domestication of goats signalled the start of
goat production in different systems and
placed significant responsibility on goat
keepers; hence the need to study and under-
stand goat production systems, as well as
the quality of products from animal origin.

It is important to understand the
domestication of goats because this pro-
cess, as well as the migration of goats to dif-
ferent parts of the world, influenced the
type of production systems that developed
over the centuries. However, in most live-
stock production systems, goats were
regarded as easy-care animals and thus
received little attention in terms of selec-
tion and breed improvement. The well-
known Bezoar, Savannah and Nubian goat
breeds descended from the Bezoar (Capra
aegagrus), Markhor (Capra aegagrus fal-
coneri) and Ibex (Capra aegagrus ibex) dur-
ing the migration of nomadic pastoralists
from Asia to the west (Mediterranean coun-
tries), east (Iran and Afghanistan, Turkistan,
Mongolia and North China) and later via
the Khyber Pass to India (Shrestha and
Fahmy, 2005). Many of the later goat breeds
still share similar phenotypic features,
although they are kept in a variety of pro-
duction systems.

Colonists from Spain and Portugal
took Anglo-Nubian goats to the Americas,
while those from France and the UK took
similar goats to North America, Australia,
New Zealand and South Africa. The devel-
opment of the Boer goat in the Eastern
Cape in South Africa during the 1920s is
regarded as one of the cornerstones of the
international goat industry because it
emphasized the possibilities of selection
for carcass and production characteristics
in goats. Many countries are now import-
ing more prolific breeds of goat to increase
the growth characteristics and meat yields
of local goats by crossbreeding and breed
improvement programmes (Casey and
Webb, 2010). However, goat production for
meat remains a predominantly small-scale

subsistence enterprise, and the benefits of
such systems still surpass the disadvan-
tages (Lebbie, 2004).

It is now estimated that 90% of the cur-
rent world goat population of about 650 mil-
lion occur in Asia, Africa, Central America
and the Caribbean, where goat production is
associated primarily with subsistence agri-
culture (Casey et al., 2003). Asia (71%) and
Africa (22%) produce most of the world’s
goat meat (FAO, 1999). The collapse of the
goat fibre industry in Australia during the
1800s resulted in the release of goats in feral
flocks and this is regarded as the origin of
Australian feral goats (Werdi Pratiwi et al.,
2007). It is estimated that there are now
between 4 and 6 million feral goats in
Australia.

2.3 What do We Mean by a ‘System’
of Goat Production?

A ‘system’ in the context of livestock pro-
duction can be considered as the integration
of all the factors that influence the manage-
ment of the goat and entire goat enterprise.
An existing system of goat production and
the way the goats are managed might be the
result of the way things were created, a
result of the ‘balance of nature’ or a result of
experience after many years of ‘trial and
error’. In the evaluation of a system of goat
production, we should also consider whether
the production system is improving, deterio-
rating or stable, and whether it is productive
and sustainable. Humans play an important
role in the management of goat production
systems, and management decisions often
have far-reaching consequences for the
animals and the environment.

Management of goat production sys-
tems will include decisions about the breed
or type of goat, housing systems, breeding
and feeding methods, and health manage-
ment (Donkin et al., 1996). All these factors
will result in a system of management that
determines the production system. Overall,
the key factor of any goat production system
lies in the competence and commitment of
the owner or manager.
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The success of a production system
depends on the following aspects:

e Long-term sustainability

e Appropriateness for the environment
o  Profitability

e Personal satisfaction.

2.4 Goat Production Functions
and Production Systems

Goats are equally well adapted to consume
and utilize leaves, grass, forbs and shoots of
shrubs — goats are thus regarded as grazers
and browsers (Du Plessis et al., 2004). Goats
also possess unique characteristics to adapt
to harsh environments (Alexandre and
Mandonnet, 2005). These unique character-
istics enable them to thrive in a large variety
of ecological regions around the world and
in different production systems.

The varying levels of financial commit-
ment, physical resources and site-specific
management fall into several general types,
including: (i) smallholder intensively man-
aged; (ii) smallholder purebred; (iii) large-
scale extensively managed; (iv) hobby-type
for personal enjoyment; and (v) specialized
herds for production of show stock or con-
trol of brushy, weedy or forest areas. Start-
ing the goat enterprise may be the most
difficult aspect because of all of the deci-
sions that must be made. Fundamental to
success in any livestock enterprise is the
gathering of sufficient useful information so
that wise decisions on management and
production practices can be made. Failures
often occur because, for example, the enter-
prise starts with excessive ambition or
grows beyond the management ability; the
numbers or kinds of goats do not match the
fencing, facility, geography and climatic
conditions; marketing — an important aspect
of the production system — is not adequately
carried out; or incorrect information is
received.

Commercial meat-goat enterprises
account for an overwhelming majority of
the meat-goat production systems because
of the desire and need for economic
returns. The primary types are slaughter

kid production and purebred buck and doe
production. Herd sizes range from five to
several thousand does, depending on the
factors mentioned above. According to
Casey ef al. (2003), small-scale farmers can
keep from two to three breeding does, with
an average of between five and eight does
and one buck, in tropical and subtropical
parts of Africa. Larger commercial herds
often consist of several hundred breeding
does in a ratio of one buck to 25 does.
Emphasis should be placed on the role of
does in production because of the influ-
ences on reproduction and growth that
they contribute. Well-managed production
systems can generate weaned kid crops in
excess of 130% per year, so the prolificacy,
milk production and pre-weaning growth
contributions by does are important in
achieving this level of productivity.

Goats represent a small niche in many
developed countries, but they contribute
significantly to the livelihoods of rural peo-
ple across the globe, and form a viable link
in the agricultural production chain to gen-
erate an income and provide employment
opportunities for women, children and the
elderly. Small ruminants have a large
impact on the economy and food supply of
people in subtropical and tropical coun-
tries. This benefit is often not shown in
national statistics because of informal trad-
ing and slaughtering.

Goats are often neglected but have
served mankind with meat, milk, hair,
leather and products including manure for
many centuries (Webb ef al., 2005). It is also
widely accepted that goats serve as a source
of high-quality protein for rural families
mainly because of their small size and
affordable nature. The relatively small size
of goat carcasses is beneficial for small-scale
farmers because the carcass can be con-
sumed within a short period of time and the
risk of meat spoilage is reduced. A less well-
known fact is that people in many rural
countries consume more goat milk than cow
milk. Traditional milk goats and their
crosses are also used for meat production
(Braker et al., 2002). Many poor people and
small-scale farmers use goats as a financial
reserve, often due to a lack of access to
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financial institutions. In commercial and
communal systems, goats are often used as
controllers of bush encroachment. These
ubiquitous animals often outnumber cattle
and other production animals in many
regions. Their role in sustaining agricultural
production systems in many resource-poor
areas clearly shows that goats are vital to
economic development.

Environmentalists generally consider
a sustainable livestock system to be an oxy-
moron (Basset and Crummey, 1993)
because such systems are perceived to
cause severely overgrazed hillsides or
compacted tropical soils, particularly
where there is individual livestock owner-
ship but the animals are kept on communal
grazing lands (Bembridge, 1987). In devel-
oped countries, livestock are often associ-
ated with human health problems that are
a result of overconsumption of animal fat.
Livestock are blamed for both their direct
and indirect negative impact on the envi-
ronment, but even livestock critics admit
that, if managed correctly, livestock can
play an important role in agricultural
development without any negative impact
on the environment. The fact is that in
many countries the largest part of the coun-
try is suitable only for extensive livestock
production, and in most of these regions
goats are particularly well adapted.

Goats are more often poorly managed
and this is attributed to their ability to sur-
vive under harsh conditions and also
because most people in rural areas rear
goats for their subsistence purposes to sup-
port their families (Braker et al., 2002). This
explains why goat farmers seldom consider
the possibilities of increasing production
through either cross-breeding or artificial
insemination. A very important aspect in
this regard is the awareness of risk by
resource-poor farmers and their emphasis
on minimizing it. Under such conditions,
animals that are hardy against the vagaries
of droughts, disease and poor management
are more attractive options than more pro-
ductive breeds that are vulnerable to these
conditions (Braker et al., 2002).

In the largest part of Africa and Asia,
goats form part of subsistence farming

systems, but much of the land is either
under- or overutilized, leading to degrada-
tion. The misperception is that ‘small scale’
is often viewed as non-productive, non-
commercial subsistence agriculture. How-
ever, the evidence is that small-scale
agriculture has the potential to generate
employment and income opportunities in
rural areas irrespective of limited access to
land and credit. Commercial farming for
metropolitan markets is increasing in Asia,
Africa and central and South America
(Casey et al., 2003). Security of land tenure
and ownership influences the ability and
willingness of farmers to adopt new tech-
nologies that will improve their production
and therefore should never be underesti-
mated. Land is a scarce resource that needs
to be conserved.

Goats account for about 30% of Africa’s
ruminant livestock, with sub-Saharan
Africa accounting for 60% of the total goat
population in Africa. Goats are important in
marginal agricultural land areas and play a
significant role in the food chains and over-
all livelihoods in poor resource-households.
Poverty, combined with a lack of modern
agricultural skills and low-input practices,
results in poor productivity due to inade-
quate animal nutrition, prevalence of dis-
eases and parasites, and poor milk and meat
production (Lebbie, 2004). Tick diseases
may cause high mortality, which will coun-
ter high incidences of twinning (Masika and
Mafu, 2004).

2.5 Types of Goat Production
Systems

2.5.1 Subsistence rearing

Subsistence rearing is when livestock activ-
ity is the sole activity of the herder and his
family. They raise animals to support their
families and the surplus is exchanged in
order to procure household necessities,
with the use of money reduced to the mini-
mum. Animals have a social role, such as
being used as loans, passing them on as an
inheritance, gifts and lobola (‘bride price’).
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All these create a web of obligation of
dependent relationships, which assures the
cohesion of families and social group and
forms the hierarchies between different
groups. Capital growth comes about because
of surplus herd growth, which is kept to
ensure the subsistence of the stockman and
his family after sales or exchanges have
been made.

2.5.2 Rearing solely to build up capital

Farmers and people working in the tertiary
sector may invest their savings in herds.
The protection of their herds is entrusted
to a stockman the investors are related to,
or more generally to salaried or migrant
share herders from pastoral ethnic groups
who have left their original group.

2.5.3 Rearing for profit

The ultimate aim of this group is monetary
gain in which techniques aim to obtain (at
the best cost or least effort) animal products
that are saleable at the best price.

2.5.4 Rearing or use of animals for animal
traction

An unproductive animal may be main-
tained for as long as it retains its physical
strength. Here, the animal is maintained for
power rather than for production. Goats are
not usually used for tillage or transport pur-
poses due to their smaller size compared
with other ruminant species.

2.6 Goat Management Systems

Goat management systems refer to the
unique combination of different farming
practices that are employed by different
people depending on the area and type of
animal involved.

2.6.1 Extensive system

Extensive goat management is probably the
most common and popular method of man-
aging goats. It is practised where the land is
not immediately suitable for agricultural
improvement or is too difficult or too costly
to fence. Extensive management involves a
minimum amount of labour and expense.
Goat flocks tend to be relatively large due to
easy access to cheap labour and relatively
high returns from this system of manage-
ment (Gall, 1981). Determining features are
favourable climatic conditions, a short wet
season, the availability of browse and few
predators. Drier areas with low amounts of
rainfall are more suited to goat production
than cattle or sheep production as long as
there are moderate temperatures. Goats pre-
fer browse over pasture and will eat 50.5 g
per kg body weight of shrubs per day
(Rogosic et al., 2006), so goats can be used
to manage vegetative growth in overgrown
or non-maintained pastures. Black locust
trees and multiflora roses were found to be
controlled when goats were grazed with
cattle but not with cattle alone (Luginbuhl
el al., 2000). Predator control may be very
important. Donkeys, llamas and guard dogs
are used in different parts of the world
where labour costs or terrain prohibit daily
herding of goats by humans.

2.6.2 Intensive production

Kilgour and Dalton (1984) defined an inten-
sive system as a system in which the farmer
uses technology with discretion and animals
are generally well managed based on good
husbandry practices. In this system, goats
are fed in confinement with limited access
to land, for example browse is brought to
them daily. It is, by definition, a system with
high labour and cash input. In this system,
cultivated grasses and/or by-products are
fed in situ. Goats may be fed with cut grass
with or without limited concentrates.

The behaviour of goats may be affected
by the husbandry system, where lethargy
and obesity may result from a lack of
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exercise or unbalanced diet and feet prob-
lems may arise through excessively long
hooves (Kilgour and Dalton, 1984). How-
ever, these conditions can be limited by pre-
venting inbreeding (Webb and Mamabolo,
2004). Intensive systems provide maximum
protection from uncontrollable environ-
mental factors and give complete control
over the destructive aspects of the goats’
feeding habits.

2.6.3 Tethering

Tethering is the practice where goats are
confined or movement is controlled in order
to prevent them from wandering and dam-
aging neighbouring crops. In this system,
goats are often pegged to rope about 3 m in
length and by this they are forced to browse
weeds or other undesirable plants. The dis-
advantage of this system is that water is
only provided when goats are shifted to
shelter at night. Very few or no concentrate
salt or mineral licks are provided. 1t is only
occasionally that supplements, household
scraps, small quantities of grain or their by-
products are given. There are some recom-
mendations that regular changing of the
tether will introduce goats to new pasture
and that a running tether is preferable to a
fixed one.

2.7 Farming Systems
2.7.1 Communal system

In this system, the relationship between
communal goat farmers/owners and their
animals is not only an economic one; social
security is the main objective, not produc-
tivity (Maree and Casey, 1993). Livestock
are not raised primarily for meat but as a
way of capital savings and as an important
source of milk and manure. Livestock are
only slaughtered on special occasions such
as weddings and festivals or when it is felt
that they are about to die. Animals are also
slaughtered for religious purposes. Nor-
mally, the land or grazing area used by the

herd is communal, while individuals or one
or more families own the livestock.

Livestock in many rural areas in the
developing countries are regarded as
wealth, and a man’s social standing is mea-
sured by the size of his flock rather than
money or other possessions (Poostchi,
1987). Many livestock herders use livestock
for the payment of bride price (Poostchi,
1987; Maree and Casey, 1993). Here, the
bridegroom’s family is socially required to
present animals to the bride’s family before
the marriage ceremony takes place. Large
numbers of livestock are kept as a form of
insurance against drought and famine.

The aim of most communal goat own-
ers is an unlimited increase in the number
of animals owned. Therefore, numbers and
not productivity is the main objective. Each
stockowner finds that he gains by maximiz-
ing the number of his animals, even though
the result is deteriorating resources. Maree
and Casey (1993) confirmed that each stock-
owner often appears to prefer to take the
chance that his animals will survive, rather
than reduce numbers in anticipation of
deteriorating conditions.

Usually, stocking rate is not related to
carrying capacity, and livestock productiv-
ity falls far below the genetic potential. The
problem is that, where collective action to
control stock numbers is socially and eco-
nomically possible, collective effort is sel-
dom individually attractive and hence will
occur rarely unless there is deliberate inter-
vention by external agencies. Voluntary
agreement to reduce stock numbers is not in
an individual’s interest unless everyone has
to do the same or there is local agreement or
collective action. Malnutrition is the most
important cause of low production rates
and high mortality rates in communal sys-
tems. Often, not even the most patent and
obvious need for supplementary feeding is
adopted to prevent mortalities.

2.7.2 Communal goat production

In communal goat production systems, the
focus is generally on free-ranging goats, graz-
ing around the village, old cultivated fields
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or areas of regrowth or harvest (area
~ 0.5-2 ha). The goats are usually kept in
pens at night. Mating is anarchic and may
result in inbreeding. Animals seldom receive
supplementary feeds and no records are kept
of individual animals or animal performance.

2.8 Characteristics of Indigenous
Goat Production Systems

Herd sizes vary between 2 and 120 animals
and there are large variations in herd struc-
ture (buck, doe and kid ratios) (Webb et al.,
1998). Women and children mostly do the
herding. In many cases, migrant labourers
own the goats. The most important con-
straints of sustainable production systems
include the land tenure system and poor
resources, such as fencing, roads, electricity
and water. It is important to get the consent
of the local chief and cooperation of the
extension officers before a survey is done in
a communal farming area.

Bucks are often the most neglected ani-
mals in a herd, but they are expected to
breed and produce offspring. Poor buck
management directly affects the flock repro-
ductive performance. Fertilization success
depends on a range of factors including
semen quality and mating behaviour. Testes
and semen characteristics can be of great
value in selecting males. Estimates of repro-
ductive efficiency are required for goats
studied in their natural habitat. Unfortu-
nately, values obtained at experimental sta-
tions often depict ‘potential’ rather than
‘actual’ values. Some performance data of
indigenous and cross-bred goats in different
production systems are presented in
Table 2.1.

As the fertility status of goats in com-
munal areas is not well documented, goats
were studied in Mpumalanga (Webb et al.,
1998). In this area, 82% of the land is
entrusted to chiefs, while farmers own 18%
of the land. All goats are penned at night,
but the breeding management is poor. Bucks
and does run together and mate as soon as
puberty is reached. Mating is not controlled
through the year.

2.8.1 Nomadic system

Nomadic systems are based on continual
movement of livestock in search of grazing
and water. Although nomadic systems are
becoming less popular, they are more com-
mon in arid or semi-arid regions with very
sparse human and animal population and
where precipitation is uncertain. In other
words, they are practised where the land is
not immediately suitable for agricultural
improvement or is too difficult or costly to
fence. The harsh conditions there deter-
mine the type of animal that can be raised
and the kind of movement that can be
undertaken.

Nomads utilize the seasonal produc-
tion of forages and the water available in
different locations (El Aich and Water-
house, 1999). The major concerns about
using rangelands are overgrazing, use and
management of communal property grazing
lands, and drought feeding (Devendra,
2010). Forage quality and amount can vary
greatly with location and among seasons.
Livestock move through a series of pasture
or forage systems with season. Use of water
points without grazing control increases
the grazing pressure on land that was
previously used infrequently. Overgrazing
results in rangeland degradation, and
uncontrolled livestock grazing may be
accelerated with drought, initiating deserti-
fication. The collective status and commu-
nal use of rangelands gives no incentives
for individuals to control animal numbers
or grazing pressure (El Aich and Water-
house, 1999). The movement of nomads
may also cause disagreements with settled
farmers along territory borders.

The major part of the nomadic herder’s
food and income comes from the livestock
they produce. Milk and other dairy prod-
ucts form the major part of their diets. Meat
is used sparingly in the diet and the slaugh-
ter of animals represents a reduction in the
rural or nomadic family’s capital assets.
Normally, the land or grazing area used by
the herd is communal, while the livestock
are owned by individuals or one or more
families. Meanwhile, each owner attempts
to keep as many animals as possible,
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Table 2.1.

Performance of indigenous and cross-bred (Thai native x Anglo-Nubian) goats raised

under village and improved management systems (adapted from Milton et al., 1991).

Village management

Improved management

Trait Indigenous Indigenous Cross-bred
Production (females)
Birth weight (kg) NA 1.7 2.0
Weight at:
3 months 6.8 9.2 11.2
6 months 10.0 124 16.1
12 months 13.0 20.0 26.7
18 months 17.3 241 324
24 months 215 29.5 38.0
Reproduction
Kidding rate (%) 190 161 171
Pre-weaning kid mortality (%) 291 5.0 6.3
Annual adult mortality (%) 7.2 4.7 1.7
Body composition (males)
No. goats 10 23 12
Dressing (%) 451 457 452
Saleable (%) 70.9 71.4 71.9
Muscle (%) 70.7 68.4 66.6
Bone (%) 18.0 18.2 17.6
Total fat (%) 5.1 8.4 8.7
Muscle:bone ratio 4.0 3.8 3.8

NA, Not applicable.

regardless of their quality or the availability
of pasture.

The low yield of grassland in arid and
semi-arid areas necessitates nomadism,
semi-nomadism or the development of a
ranch system of farming. Poostchi (1987)
found that variation in grassland utilization
by livestock and the stability of the groups
of people tending them included the follow-
ing types of animal producers:

e Total nomadism: the owners of live-
stock do not have a permanent place of
residence and do not practise regular
crop production; their families move
with the herd of livestock.

e Semi-nomadism: the livestock owners
have a permanent place of residence
near which supplementary crop pro-
duction is practised. Farmers who live
continually in a permanent settlement
and who own herds, which remain in
the vicinity of their place of residence,
characterize partial nomadism.

The determining features in nomadism
are similar to those of an extensive system
— favourable climatic condition, a short wet
season, the availability of grazing and
browse, and few predators.

There are some disadvantages of the
nomadic system:

o As illustrated by Nestel (1984), provi-
sion of veterinary services in these cir-
cumstances is a difficult task. Livestock
owners or trusted members of tribal
systems have to undertake first aid
techniques and are depended on to
report potentially serious problems.
Planned programmes of vaccination
and, where necessary, routine dipping
or spraying of stock against ticks can be
based on strategically located veteri-
nary posts to which herds are brought
on a voluntary or possibly obligatory
basis when feed supplies permit.

e An essential for trade purposes in such
regions is the development of a network
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of stock routes with watering points
and rest areas. Control posts can then
be installed to ensure that animals
being moved are appropriately pro-
tected against the most important dis-
ease problems they might carry or be
exposed to en route. The aim is to
reduce contact between groups in tran-
sit and with stock in the areas through
which they pass.

2.8.2 Transhumance and sedentary
pastoralism

‘Transhumance’ is where a farmer moves
his animals between two (or more) specific
climatically different farms or areas accord-
ing to a fixed seasonal pattern. In South
Africa, livestock farmers used to have a
‘summer farm’ on the highveld and a ‘win-
ter farm’ on the lowveld. This strategy
solved the problems related to the decreas-
ing nutritional value of the sourveld on the
highveld in winter.

2.8.3 Primitive herding

This system of agriculture represents a
step forward and is an improvement on
the system of gathering. Here, the product
is the animal and the investment is
labour that is needed to increase the
supply of the product. Most primitive
herding occurs in regions where shrubs,
bunch grasses and short grasses grow and
where humidity is low, rainfall unreliable
and the climate arid. Goats constitute the
major herds of livestock found in desert
regions.

In the semi-arid and arid regions,
vegetation is sparse and the amount of
feed available for animals and their fodder
is very limited, so the search for fodder
is never-ending. The herdsmen leave
their animals in one place to graze on
any type of vegetation they can find
until there is no more to graze; then they
move to another place where the meagre
supply of forage and water provides

temporary feeding until the next move
(Poostchi, 1987).

2.9 Problems Experienced by
Small-scale Goat Farmers

The problems experienced by small farmers
include: insecure and fragmented land
rights, non-viable and small farm units,
overstocking and deterioration of land and
general lack of support infrastructure, water
supplies, a transport network, financial
support, and extension and support ser-
vices. Legislative policy and institutional
development have been inequitable and
have aggravated the plight of the disadvan-
taged. These problems have contributed to
low levels of production and underutiliza-
tion of arable land resources, despite the
relatively high agricultural potential of
some of these areas. This was supported by
the International Fund for Agricultural
Development (IFAD, 1992), which stated
that traditional ‘African’ land tenure sys-
tems lead to underutilization of high-
potential land, thus putting pressure on
marginal land, which then degrades rap-
idly. This has resulted in rural areas becom-
ing more dependent on food imports. A
study of commercial goat production opera-
tions in north-eastern Brazil showed that
low-income families and families of average
income produced the same meat product
types, while cooperatives of small-size rural
families produced meat of higher quality
and price, and small rural families who
partnered with slaughterhouses produced
processed and higher-value products (Vidal
and Dias, 2000).

2.9.1 Infrastructure

The term ‘infrastructure’ in this context is
usually taken to mean the existence of
roads, electricity and water supplies in a
district of the country. It can also be used in
a more restricted sense to mean these
resources at the farm level. For example, the
development of an efficient grazing system
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is often limited by the restricted availability
of water points or fencing. Farm planning
should make effective use of the resources
of water (e.g. rivers, dams or boreholes) to
establish a suitable system of paddocks
or camps, in order to allow the farmer
to practise rotational grazing. The plan
devised for the farm will have to be assessed
to ensure that such infrastructural develop-
ment is as economical as possible, and is
cost-effective.

Infrastructure is also important for
allowing easy access to markets for the pur-
chase of inputs as well as for sale of live-
stock. An adequate infrastructure is also
desirable for the well-being of the people
involved in the farming. Facilities such as
housing, sanitation, clean water supplies
and schools can result in improved produc-
tivity of staff through better health and a
stable workforce.

For the animal scientist or veterinarian,
the most urgent infrastructural requirement
on a farm is a well-designed set of animal-
handling facilities.

2.9.2 People

The people who work with the animals
within the farming system are often the
main limitation on efficiency. The reason is
usually ignorance, and this may occur at
any level of management, from the owner-
farmer to the stockman who works with the
animals every day. In this aspect, an animal
scientist, or other adviser, can have the
greatest benefit, with dramatic improve-
ments in health and productivity for very
little input except time and effort to pro-
mote understanding.

The educational role 1is critically
important in any technological interven-
tion, in order that any improvements will be
permanent and sustainable. The sociology
of development and the educational pro-
cesses of extension in a rural environment
are a specialized area of study. In the end,
however, people and their knowledge and
skills should be our greatest resource
(Donkin, 2005).

2.9.3 Social factors

Social systems

The social environment of any community is
related to the cultural, educational and spiri-
tual environment and conditions of the peo-
ple. This is related to perceptions of our
place in this life, our relationship with the
environment and our relationships with
other people. Change is a fact of life, even for
rural people, but it is often a very slow pro-
cess, and rural communities are usually ‘con-
servative’ by nature and resistant to change.
The reasons for this conservative
approach to life are many. Some include:

o Perceptions of stability and security.

e The importance of human relation-
ships, which are valued more than
material things.

e The influence of ancestors, as well as
the influence of those people who hap-
pen to be around at this time in history.

e Perceptions of economics.

e Political perceptions.

e  Spiritual traditions.

Social systems must be respected, and
people who are agents for development com-
ing to the community from ‘outside’ the sys-
tem need first to begin to understand the
people (without arrogance) and how their
social systems function. Any change will be
resisted unless it is perceived to be beneficial,
and unless it is perceived to be an answer to a
‘felt need’. Ultimately, the people themselves
will have to make changes that might be ben-
eficial, and they can often be assisted to do
this in a controlled and planned way.

Land tenure

In Africa and many other parts of the world,
traditional social systems do not include the
concept of private ownership of land. This
concept of land ownership is taken as a fun-
damental tenet in Western societies and
ensures that the owner not only benefits from
ownership of the land but also is directly
responsible for caring for the land. In tradi-
tional societies, the land may be owned by
the tribe as a whole and administered by the
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traditional leaders. However, in such a case,
the communal ownership of land is a para-
dox when compared with the individual
ownership of livestock. Because grazing is
perceived to be ‘free’ and without cost, ani-
mal numbers increase to well above the sus-
tainable carrying capacity. Deterioration of
the vegetation and poor productivity of the
animals are almost inevitable.

A distinction should be made between
different concepts relating to communal
grazing:

1. Open-access grazing. This refers to
communal grazing where there is no
control over animal numbers or system
of usage. The environment becomes
degraded.

2. Communal grazing with controls. It is
possible to have communal grazing
where the community agrees among
themselves to limit the number of ani-
mals, and to ensure that some form of
rotational grazing is practised.

Nevertheless, the communal form of
land tenure is often perceived to be a major
limitation in efforts to improve productivity
of the natural vegetation and the animals
using it as a source of feed. Land tenure is a
highly sensitive political issue (Bembridge,
1987).

Economics

Economics has sometimes been classified as
a human behavioural science. It is therefore
an important social factor. Money is usually
the main measure of economic activity or the
value placed on goods or services. In some
countries, the government may have consid-
erable control over agricultural activities
through legislation. This control can bring
stability in pricing and production but at the
cost of reduced efficiency and reduced
growth. The concept of market economics is
in favour more recently and is supposed to
bring greater efficiency. However, these con-
cepts may be less applicable in terms of farm-
ing systems, because of two main factors:

1. Many farming developments are long-
term by their very nature (e.g. develop-
ing a breeding herd).

2. The price of land may bear little rela-
tion to its productive potential.

Therefore, the short-term economic
forces that apply to a farmer may have
effects that are detrimental to long-term
sustained productivity, especially to the
natural vegetation.

In addition, particularly at the level of
the subsistence or small-scale farmer, the
usual economic criteria may not be appli-
cable. In the context of ‘household econom-
ics’, the allocation of time to work or
obligatory social activities may be more
important than the economic (monetary)
factors usually considered (Low, 1986).

Marketing

For a farmer to enter the commercial envi-
ronment, a market of some sort is required.
This may depend on infrastructure (e.g.
roads, communications) and on a distribu-
tion network for the products. There is no
value in producing things for which there is
no market (beyond subsistence require-
ments). Marketing is a skilled profession,
and farmers may have little aptitude or
experience in this aspect, as they are
normally fully committed to production
activities. The development of profitable
marketing channels is critically important
for the sustainability of farming systems.
Such channels are often lacking in develop-
ing areas, contributing to overpopulation of
livestock, deterioration of the environment
and continuing poverty. Cattle in these
areas are usually kept for reasons other than
commercial gain, such as for social customs,
religious ceremonies or as a store of wealth.
Cattle are usually owned by the wealthier
members of society, and goats are therefore
more likely to be associated with those of
lower social rank, who have few resources.

2.10 Production Systems and Natural
Resources

Natural resources consist primarily of soil,
climate, vegetation and animals. The land
available for use may be limited in an area
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or in its productive capacity. Farming sys-
tems are influenced by the soil in a particu-
lar area, and soil fertility depends mainly
on the geological formations from which the
soil was derived. Other soil factors that
need to be considered include soil type, pH
and erosion.

The climate of a region or farm may
vary greatly in terms of rainfall, environ-
mental temperature and humidity. The
quantity, frequency and reliability of rain-
fall are extremely important in planning
and managing a production system, because
these factors influence the type and quality
of vegetation. Water supplies are important
not only for the growth of natural vegetation
but also as drinking water for animals. In
some areas, the availability of water from
boreholes or water from riverbeds for use in
water points is a limiting factor.

Vegetation influences the growth,
development and production characteris-
tics of goats (Table 2.2). The available
vegetation can be subdivided in two catego-
ries, natural vegetation and developed
vegetation. Natural vegetation varies greatly
between regions and even on different parts
of the same farm, depending on soil, climate
and topography. Developed vegetation
includes planted forests, crops and pas-
tures. Developed vegetation can provide a
significant resource that will influence the
type of production system. However, if the
natural vegetation is replaced, this must be
justified by improvements in productivity
or improvements of the environment that
will warrant the expenditure.

In general, goats will prefer browse
over grasses, while body weight gains will
be higher with more concentrated diets.
However, goats will also usually have a
higher proportion of fat in their body com-
position with increased energy intakes. The
consumption of forages was found to be
positively related to the forage dry matter
content (Bateman et al., 2004). The average
daily gain of Spanish kid goats was higher
when fed chopped lucerne compared with
mixed grass hay, with no influence on
carcass characteristics due to diet or sex
(Wildeus et al., 2007). Grazing studies with
Boer x Spanish does on mixes of legumes,

redroot pigweed and crabgrass grown in full
sun or in pecan tree shade indicated that
there was competition for moisture between
the herbaceous forages and trees in periods
of low rainfall, and forbs tended to survive
longer in full sun mixed forages than in
tree-shaded mixes, while grasses increased
in the pastures over time (Goodwin et al.,
2002). The average daily gains of buck kid
goats was higher on oak browse and rice
straw than on pine browse or fermented
pine browse due to the higher daily forage
intakes associated with the types of browse
giving the highest weight gains (Choi et al.,
2006). Goats prefer some tropical legume
forages more than others, which affects
their intake and thus body weight gain
(Kanani et al., 2006).

Forages often lack sufficient protein for
growth. Protein supplementation of hay fed
ad libitum increased total dry matter intake,
decreased feed conversion, increased
growth rate and gave higher proportions of
lean meat percentages (Mtenga and Kitaly,
1990). Dry matter intake was similar, but
average daily gain was greater for 13.8 and
22.1% crude protein in consumed dry
matter than for 9.3% crude protein, although
the benefit from more than 14% crude
protein was minimal (Prieto et al., 2000).
Boer x Spanish kid goats preferred pelleted
supplements over meal or liquid supple-
ments, and supplements based on maize or
soybean meal over those based on molasses
or fishmeal. Consumption of dry matter was
higher with stored forages than with fresh
forages, with fresh cereal grain forages pre-
ferred over clover or Brassica spp. forages
(Bateman et al., 2004). The growth rate of
indigenous Greek goat kids was higher
when treated with an anthelmintic or sup-
plemented with dietary protein, which
would provide nutritional protection for the
body against parasites (Arsenos et al., 2009).

Goats kids raised in an intensive sys-
tem (concentrates and enclosed area) had
heavier slaughter weights than those on
semi-intensive management systems (Bahia
grass, millet, oats, crimson clover, browse
and forb pastures), but carcass composition
was not affected by the diet/management
system (Johnson and McGowan, 1998). The



Table 2.2. Average daily gain (g) of kid meat goats with different forages and diet supplements.

Dietary treatment

Bermuda grass

Bermuda grass

Bermuda grass pasture + 0.23 kg pasture + 0.45 kg maize/
Kid goat type Millet pasture pasture maize/head/day head/day
4-month-old Boer x Spanish 35 37 42 57
wethers®@
4-month-old Spanish 35 37 35 40
wethers®@
SS with
Sorghum-Sudan hay intake-limited
Complete feed supplement Intake-limited supplement (8S) SS with supplement supplement
5-month-old Boer <> Spanish 152 123 22 181 172

doesb

Boer cross wether kid goat®

Boer cross goats?

4-month-old Boer x Spanish
intact males®

Concentrate (40% protein
pellets, 40% soybean hulls, Bahia grass pasture with Mimosa browse with

20% Bermuda 150 g/head/day protein 100 g/head/day cracked
grass hay) pellets maize
117 49 920
50% concentrate 70% concentrate 90% concentrate
97 103 920
Hay for first 45 days, then
Lucerne hay 18% CP concentrate concentrate diet
41 134 65

2105-day trial (Nuti et al., 2000).
b63-day trial (Payne et al., 2006).

¢14-week trial (Solaiman et al., 2006).

d126-day trial (Ryan et al., 2007).

€90-day feeding trial (Lee et al., 2008).

SwajsAs uononpol 1eow)

lc
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average daily gain and feed efficiencies of
goat kids were higher with increased con-
centrates (maize and barley) than with
increased forages (lucerne hay) (Haddad,
2005), but the degree of carcass fatness with
relative dietary forage:concentrate ratios
was not given. Goats fed ad libitum on con-
centrate pellet diets and Rhodes grass hay
in a feedlot grew rapidly and had decreased
muscle:fat ratios with increased weight
(Mahgoub et al., 2005).

Boer crossbreeds had higher post-
weaning average daily gains and dry matter
intake than Spanish goats consuming a con-
centrate diet (Cameron et al., 2001). Con-
centrates at 50% of the diet (the remainder
was lucerne hay) had improved weight
gain, while dry matter intake was less in
Boer crossbred kid goats fed in confinement
than with 70 and 90% levels of dry-rolled
maize as the concentrate (Corrigan et al.,
2008). Feeding intensively (concentrate and
leaves) or weaning at 3 months increased
the weight gain and costs of the weight gain
in kid goats compared with a semi-intensive
system (same diet plus 8 h grazing daily)
or weaning at 2 months of age (Nagpal
et al., 1995). Grainless diets varying in
concentrate:roughage ratios under feedlot
conditions affected average daily gain, but
carcass traits were similar except for the
dressing percentage (Sebsibe et al., 2007).

Meat goats fed high energy levels have
increased juiciness, tenderness and texture
of goat meat, but the fat content is also
increased, resulting in lower consumer
acceptability of the meat than if their diet
contains higher amounts of roughage
(McMillin and Brock, 2005). Meat from

goats grazed and fed a commercial pellet
was found to be more tender and juicy than
from goats fed hay and a commercial pellet
feed (Carlucci et al., 1998).

There are many different breeds of
goats, as discussed earlier in the chapter.
Some of these breeds belong to defined
breeds, where the owners are members of
breed societies, which keep records and
promote the interests of the breed and the
owners. However, in many parts of the
world, no such organizational structures
exist, and the concept of ‘breed’ is therefore
less closely defined. Nevertheless, distinct
types of goat can be identified, and there are
clear differences between the types, which
are usually adapted to specific areas (Table
2.3). Registered breeds usually have distinc-
tive features (e.g. coat colour), agreed upon
by the members of the breed societies, and
goats not meeting these standards are not
accepted. The appearance of a breed is
important to establish the ‘brand’ of the
breed, which distinguishes it from other
breeds. Some breed societies specify mini-
mum production characteristics in terms of
performance, and this should be a desirable
characteristic for any breed. In this way, the
breed may be ‘developed’ to become very
efficient at production. For example, the
recognized dairy breeds are efficient milk
producers. However, ‘indigenous’ types of
animals may never have been consciously
selected by their owners but can still have
valuable characteristics such as disease
resistance, which will have been estab-
lished in the breed by ‘survival of the fittest’
over a long period of time, perhaps hun-
dreds of years.

Table 2.3. Growth and gain efficiency of kid goats of different meat-goat breeds.

Initial growth phase

Final growth phase

Breed® ADG (g/day)® Efficiency® ADG (g/day)° Efficiency®
Alpine 68 0.10 59 0.08
Angora 72 0.15 50 0.10
Boer 91 0.13 64 0.08
Spanish 62 0.1 22 0.04

aWether kid goats (4 months old) were fed 75% concentrate for two consecutive 12-week periods (Urge et al., 2004).

SADG, Average daily gain.
CEfficiency was defined as weight gain per weight of feed.
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Goats have adapted to different tropical
climates. Goats in arid and semi-arid cli-
mates tend to be larger in size (30-50 kg)
with long legs and ears and increased mobi-
lization of fat during periods of feed short-
age, and will browse over long distances
due to resistance to dehydration and faecal
desiccation. Goats adapted to subtropical
environments are intermediate in size and
have a lower water turnover. The adapta-
tions of goats to humid and subhumid cli-
mates have resulted in small or dwarf sizes
(10-25 kg) with reduced panting and evapo-
rative cooling, low metabolic rates and
reduced walking ability due to increased
forage availability (Devendra, 1987).

Reproduction is among the more impor-
tant aspects of goat production for meat
because the small animal size results in
minimal meat per animal. Profitability
relies on having numerous kid goats born
and raised so that marketing efficiencies
and economies are obtained.

The number of young produced during
the lifetime of a breeding female is of major
economic importance in Africa, as indi-
cated by Wilson (1992). The productivity of
small ruminants during their lifetime can be
improved by lowering the age of first partu-
rition and by increasing litter size provided
that parturition intervals are less than a
year. There is a time in the life of the animal
when the advantage of producing more
progeny becomes an inconvenience. Partu-
rition intervals become longer with age and
litter size remains stable or is reduced. It
then becomes profitable to cull the aged ani-
mals to enable a larger number of young
animals to be kept in the flock.

Other aspects that need to be consid-
ered in any production system include dis-
eases that affect low stock numbers, internal
parasites, external parasites, poisonous

plants and predators that occur in the
region. It is important to be aware of these
and to incorporate this knowledge in all
management decisions. Many diseases can
be controlled with modern medications and
vaccines, while the use of disease-resistant
or disease-tolerant animals also provides a
way to ensure a high level of productivity.
Other options include the strategic and sci-
entific use of anthelmintics and manage-
ment programmes such as the FAMACHA
system for control of internal parasites (Bath
et al., 2001).

Within a goat herd, a clearly estab-
lished and stable hierarchy order develops
and is maintained, and the dominant and
subordinate animals become more selective
with available forages, while the differences
in feeding become more general in nature
when forages are in shorter supply. Surpris-
ingly, the middle range of does in the hier-
archy are more productive in terms of milk
production, number of kids, kid birth
weight and pre-weaning weights (Barroso
et al., 2000).

Most farming systems impose con-
straints on the behaviour of the livestock
being farmed, but an understanding of the
animal by the farmer can reduce stress and
improve productivity. The following
should be encouraged: evaluation of stock-
ing density relative to animal age, size and
class; separation of sexes except during
breeding; prevention of isolation of indi-
viduals; avoidance of regrouping; sufficient
feed trough space; minimization of human
manipulation of newborn kid goats; not
weaning until kid goats are 6-7 weeks of
age; allowing older and more experienced
goats to become herd leaders in extensive
grazing systems; and daily contact between
humans and goats (Miranda-de la Lama and
Mattiello, 2010).
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3.1 Abstract

The purpose of this chapter is to review the
fitness and meat production potential of
hardy indigenous goats compared with
modern single-purpose breeds, which are
widely used in the developing tropics and
need modern methods of husbandry. Meat
production is discussed based on the repro-
ductive performance of goats. The major
variations in carcass traits between diverse
breeds and husbandry conditions are
reviewed. Case studies are presented based
on the Creole goat of the Caribbean and
Dhofari breed of Oman in order to support
the views presented in the chapter.

3.2 General Considerations

The developmental pathway for tropical
livestock production for many years was to
upgrade or completely replace indigenous
livestock with exotic breeds of supposedly
higher genetic merit. Indications that this
might not be the most appropriate approach
were largely ignored (Wilson, 2009). Mod-
ern single-purpose breeds and modern
methods of husbandry for small ruminant
production have penetrated remote parts of
the developing tropics. Cases of failure or

success were reviewed (Kosgey el al., 2006).
Reasons for failure to establish highly pro-
ductive enterprises in the tropics with
exotic livestock include: high import costs,
heavy mortality, poor fertility, reduced
appetite due to high temperature and
humidity, low-quality pasture, susceptibil-
ity to internal and external parasites and
inadequate management skills (Ogink,
1993; Ahuya et al., 2005). In an extensive
review, Wilson (2009) observed that
recently there has been a reverse movement
towards using locally developed livestock
species and breeds. These are now seen as
pools of irreplaceable genetic material of
unacknowledged merit and value that must
not be lost but must be conserved for possi-
ble future use. The Food and Agriculture
Organization (FAO) has acknowledged that
there is renewed interest in native breeds,
particularly to increase sustainable animal
production in developing countries (FAO,
2007). Since the very first research of Rodri-
guez and Preston (1997), the significance of
tropical indigenous breeds as valuable
genetic resources has become increasingly
recognized, particularly for rearing goats
under harsh conditions (Ogink, 1993; Alex-
andre and Mandonnet, 2005; Omondi ef al.,
2008).

In light of claims of failures in exotic
breed enterprises under tropical conditions,
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it may be argued that production efficiency
should be evaluated for whole integrated
systems rather than for individual animals
(Alexandre el al., 2010). In that respect sev-
eral elements must be taken into account:

e Many native tropical breeds, particu-
larly goats, are not only dual-pupose
but multi-purpose (Wilson, 2009). Gen-
erally, goats are defined as multifunc-
tional animals. For instance, Peacock
(1996) has listed at least 20 useful prod-
ucts and services from goats.

e The capacity of livestock of the tropics
to utilize low-quality feed and convert
it to high-quality protein for human
use is essential to enable farmers to
make more efficient use of available
local feeds (e.g. local roughages or non-
conventional feeds). This was highly
recommended by Preston and Leng
(1987), who called for matching live-
stock systems with available resources,
which is even more relevant today.

e Food production systems in developing
countries are moving into marginal
areas for which sustainable farming
systems and the most adapted livestock
species and breeds have yet to emerge.
These must be developed while paying
due attention to the environmental,
economic and equity aspects of eco-
systems. Wilson (2009) noted that, in
the tropics, the right animal is not
always the one that produces the most.

e Moreover, preservation of biological
diversity not only determines survival
(Alexandre and Mandonnet, 2005;
Kosgey and Okeyo, 2007) but also
determines adaptation to changing
environments (Hoffmann, 2010),
including changes in consumer prefer-
ences (Glowatzki-Mullis et al., 2008).

3.3 Meat Production Issues

There are still some researchers (e.g. Shres-
tha and Fahmy, 2007a) who support the
concept of using exotic breeds within cross-
breeding programmes in the tropics to pro-
mote high-yielding systems and make such

programmes economically viable for local
producers. Particularly when considering
rapid growth and heavy carcasses, the ques-
tion that frequently arises is the importance
of body size (Andersen, 1978; Dickerson,
1978; Ogink, 1993). Tropical animal pro-
duction systems are characterized by a large
variety of breeds that differ widely in
mature size combined with variable farming
systems (Ogink, 1993; Wilson, 2009). To
overcome what is considered as poor meat
production potential, attempts have been
made to increase low output levels by intro-
ducing breeds of larger size. This was based
on the belief that exotic breeds are superior
in terms of high yields and growth rates.
The latter approach overlooks performance-
limiting effects of a variety of environmen-
tal factors on specialized exotic breeds
(Ogink, 1993). Over the past 70-80 years,
there has been controversy about the size
of animals. For example in sheep, Dicker-
son (1978) reported that larger or smaller
body size may have important biological
advantages for adaptation to climate, feed
resources, predators and diseases, maternal
and paternal use in crossbreeding schemes,
and marketing. In hot, dry climates with
sparse seasonal grazing, the genetically
smaller individuals within a species pre-
sumably are better able to forage and reach
final market weights and reproduce earlier
than larger ones. In cattle, Andersen (1978)
argued that larger genotypes normally have
the highest production capacity for milk
and beef but also the highest maintenance
requirements. He concluded that the opti-
mal size of cattle will depend on market
demands and on climatic conditions and
husbandry systems. Many researchers (e.g.
Andersen, 1978; Dickerson, 1978; Ogink,
1993) were influenced by the rule of Berg-
mann and Allen, which states that ‘in
warm-blooded animals, races from warm
regions are smaller than races from cold
regions’.

With special reference to goats, Ogink
(1993) developed one of the first extended
studies on genetic size and growth. Many
hypotheses on meat animals state that the
variation between animals can be explained
to a large extent by differences in scale,
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expressed by genetic size. However, while
questioning the genetic size scaling theory,
Ogink (1993) noted that introducing larger-
sized breeds as such did not improve the
biological efficiency of production. In fact,
improvement of production efficiency
should involve adjustment of size of the
breeding female to suit a particular environ-
ment. For beef production, Dickerson (1978)
noted that the primary focus should be on
improvement of genetically variable func-
tional components of performance/repro-
ductive rate, growth rate (relative to
metabolic weight) and body composition in
meat animals. Dickerson (1978) recom-
mended choosing a mature body size that is
more adapted to the environment, suitable
breeding systems and market factors for the
species and the area of production. Dicker-
son (1978) concluded that ‘each biological
type should be evaluated under the manage-
ment—marketing conditions for which it is
best suited.” The qualities required in the
right animal in the right place, if it is to suc-
ceed, are adaptation to local physical, nutri-
tional and management environments
(Wilson, 2009). In an analysis of growth pat-
terns in indigenous Kambing Katjang goats
and its crosses (F1, F2 and backcross) with
the German Fawn goat, Tsukahara et al.
(2008) found that backcrossed goats per-
formed better than the pure German breeds.
However, the authors stated that the fast
maturing rate of backcrossed goats should
be matched with the environment, which is
only possible under intensive management.
In smallholder farms in developing coun-
tries where management is suboptimal,
backcrossed goats might be poorer in growth
performance than the other crosses. Conse-
quently, high growth rate or a heavy carcass
(i.e. large body size) must not be considered
as the most important trait for meat-
producing animals in the tropics, as
adaptive traits or fitness (sensu lato) charac-
ters are of paramount importance for
tropical livestock (Menendez-Buxadera and
Mandonnet, 2006; Wilson, 2009).

For meat output, muscle and fat parti-
tioning must be taken into account. For
instance, in a study comparing Texel and
Scottish Blackface (SB) lambs of two

contrasting body sizes (Lambe et al., 2007),
it was concluded that slaughtering SB lambs
at lighter weights than Texel ones was more
beneficial, because the SB lambs would not
become over-fat and muscle proportions
would be maintained at a higher level,
although total muscle and carcass weights
would be lower. SB lambs at lighter weights
carry a higher proportion of total muscle in
the economically more important leg region
and have rounder muscle shapes in the
hind leg and loin, whereas heavier lambs
will deposit increasing proportions of mus-
cle in the lower-priced thoracic area and
will have a flatter muscle shape in the more
valuable carcass regions.

In breeding programmes, especially in
small ruminants, exotic breeds usually per-
form well during the active periods of proj-
ects (Ayalew el al, 2003) where external
supervision is available (Ahuya et al., 2005).
Success is usually measured in terms of
increases in animal performances or in
household income. There is, however,
hardly ever a full cost-benefit analysis that
takes into account the opportunity cost of
labour and loss of land that is transformed
from food to feed production. For instance,
raising animals with a larger body size
results in higher feeding requirements need-
ing a larger area of land, i.e. more feeding
resources. Once direct support in breeding
programmes ends, it is only a matter of time
before the exotic breeds disappear and are
replaced by indigenous breeds (Ahuya
et al., 2005), sometimes with a high risk of
loss of biodiversity (Ayalew et al., 2003;
Alexandre et al., 2009). Therefore, the ques-
tion that arises is how to promote the use of
local breeds for meat production versus
importing breeds of larger size to the trop-
ics. This chapter aims to discuss these
issues pertinent to meat production from
goats in the tropics.

3.4 Fitness: Adaptation
and Reproduction

Meat output is a product of complex
traits and is dependent on numerous abi-
otic, biotic and socio-economic factors
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(Alexandre et al., 2010). One of the most
prominent attributes of goats as meat pro-
ducers is their high reproductive capacity,
specifically under harsh conditions (Deven-
dra and Burns, 1983; Bosman et al., 1997).
Another important attribute is ‘fitness’.
Menendez-Buxadera and Mandonnet (2006)
studying genotype—environment interac-
tions under tropical conditions developed
the concept of fitness defined as follows:

In natural conditions, the best-adapted
animals will be those that utilize the
available resources in the most efficient
way to face the adverse environmental
conditions. As all living organisms require
energy to carry out their vital cycle, the
surviving individuals will be those that
have a metabolism more specialized in
functions of resistance, adaptation, and
therefore, will be the best prepared and
active during the mating season.
Consequently, such adapted individuals
will be the greater contributors of genes to
the next generation (with higher quantity
of offspring produced). This property is
called fitness and is the basis of the
population evolution process. Fitness is
the result of a group of functions and
physiological properties that cumulatively
offer a specific genotype a higher adaptive
functional component.

According to Wilson (2009), many fit-
ness characters of tropical livestock are
poorly developed or are absent in temper-
ate breeds These include a lower meta-
bolic rate that generates less heat, reduced
panting but more readily sweating to con-
serve energy, a feed intake that is less
affected by high temperatures, a higher
intake of poor-quality feed, higher digest-
ibility and efficiency of feed conversion, a
reduced water requirement, a greater abil-
ity to retain feed and water in the large
intestine, and better resistance to parasites
and some diseases.

It is well known that goats are kept
under a wide range of production and farm-
ing systems throughout the tropics. This
could be attributed to their high adaptive
capacity (Silanikove, 2000) and also to
levels of fitness. Goats are able to produce
under varying and frequently unfavourable
environmental conditions (Alexandre and

Mandonnet, 2005). One of the most
important adaptations of goats to ecological
conditions is their variable body size. One
of the best examples known in marginal
environments is the West African Dwarf
goat, which remains the only domestic spe-
cies that is able to survive in its particular
region of West Africa (Daramola and Ade-
loye, 2009). Among its physiological fea-
tures are small body size and low metabolic
requirements, which are important traits to
enable the animal to minimize its require-
ments in an area or season where food
resources are limited in quality and quan-
tity. Daramola and Adeloye (2009) reported
that hereditary dwarfism is common in the
humid tropical zone. This complies with
the rule of Bergmann and Allen, which can
be interpreted as a correlation between
morphological variation (body surface area)
and ambient temperature (heat dissipation).
Other findings reviewed by Daramola and
Adeloye (2009) suggest that body size is
also correlated with primary plant produc-
tivity, drought resistance, and type and
quality of food. Selection pressure towards
a smaller size explains the widespread
dwarfism in domestic ruminants occupying
the same niche. In accordance with Berg-
mann’s rule, even non-dwarfed breeds of
ruminants in the humid tropics are, in most
cases, much smaller than tropical exotic
breeds (Devendra and Burns, 1983). The
small size of many tropical breeds is
directly associated with other important
traits such as early maturity, quality of
products (meat, milk) and nutrient require-
ments for maintenance. Low per-head
nutrient requirements mean that the dwarf
goat fits the limited resources of small farm-
ers or marginal grazing lands, which cannot
sustain large ruminants throughout the
production cycle.

Research on small or medium-sized
goat breeds such as the West African Dwarf
or Caribbean Creole goat indicates very high
reproductive abilities (Alexandre ef al.,
1999; Baiden, 2007; Khanum et al., 2007;
Mahieu et al,. 2008) and disease resistance
(Mandonnet et al., 2001, 2006; Bambou et al.,
2009; Chiejina et al., 2009; Nnadi et al,
2009), which emphasize their high fitness



Carcass Traits of Tropical Goats 37

characteristics (Alexandre and Mandonnet,
2005; Daramola and Adeloye, 2009).

3.5 Comparisons of Carcass Data of
Tropically Adapted and Temperate
Goat Breeds

There is a considerable body of literature
on goats of different breeds and that vary
greatly in body sizes and functions, as well
as varying systems of production (Deven-
dra and Burns, 1983; Peacock, 1996). How-
ever, only a few objective comparative
studies between these breeds are available
and such comparisons may be confounded
by the environmental conditions in which
the goats are kept. Among goat breeds,
European dairy breeds and the improved
Boer goat of South Africa appear to be the
fastest growing as they are large-sized
breeds. The Boer goat, which is gaining
popularity in many parts of the world, has
a higher proportion of muscle in the car-
cass compared with most goat breeds.
However, the data are not very conclusive
because of variations in production sys-
tems (Warmington and Kirton, 1990).
Extensive goat-raising systems, which are
common in the tropics, markedly reduce
the productive performance and carcass
characteristics in the Boer goat (Almeida
et al., 2006).

The numerous and variable breed/sys-
tem combinations and their multiple inter-
actions have resulted in a wide variation
of carcass weight, size and frame. Comp-
ilation of data from the literature has
allowed us to make comparisons and reach
viable conclusions. Ninety-four publica-
tions, comprising 214 comparisons, were
reviewed. In order to be integrated into this
database, data on carcass (weight, yield,
measurements, cuts) and/or data on dissec-
tion (carcass, shoulder and leg) were
obtained on different genotypes, fed vari-
ous diets and slaughtered at different
weight/age. More than half of the studies
(52%) dealt exclusively with indigenous
breeds, whereas 31% dealt with cross-
breeds. The diets studied were diverse,
with most of them being mixed diets

(66%), i.e. composed of forage supple-
mented with concentrates, whereas 34%
were composed of forage only. The forages
used were half grass (22%), and half brush
and by-products. Male growing animals
represented 98% of the overall total. Gen-
erally, animals were chosen for slaughter-
ing according to their age (57%) or weight
(43%).

3.6 Variations in Slaughter and
Carcass Weights

The distribution of slaughter weight (SW) of
some published data for various goats is
given in Fig. 3.1. The mean + standard devi-
ation (sp) was 22.0 + 8.0 kg. Corresponding
values for carcass weight (CW) were
10.4 + 4.0 kg (Fig. 3.2). Two subsets of data
were separated (Table 3.1): data obtained
from papers where calculations of carcass
yield were defined as dressing percentage
(CW/SW, n = 112) and others with the yield
defined as carcass output per empty body
weight (CW/EBW; n = 93). The means were
46.1% (+ 5.7%) and 52.9% (+ 3.4%), respec-
tively. Four classes of SW were discrimi-
nated in these two subsets of data (Fig. 3.2a
and b). As expected, carcass yield improved
with increasing SW. However, clear thresh-
olds appeared in the values (regardless of
the mode of calculation) for classes of SW
higher than class 1. For lightweight kids,
the dressing percentage (Fig. 3.2a) was on
average 39%, while, for heavier kids (SW >
13.5—14kg), it ranged from 48 to 50%. The
corresponding values for carcass output
(Fig. 3.2b) were 50% for light kids and
53-55% for heavier ones.

3.7 Carcass Indices and Cuts

Since the work of Fehr et al. (1976), very
few studies have dealt with the importance
of goat carcass conformation per se. Prasad
and Kirton (1992) outlined the importance
of carcass weight for conformation classifi-
cation. These studies indicated that carcass
weight/yield increases within conformation
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Table 3.1.
various feeding regimes.

Descriptive statistics of carcass weights and yield of growing kids of different genotypes fed

Characteristic No.goats Mean SD CV (%) Minimum Maximum
Data without calculation of EBW (36 papers)
Slaughter weight (kg) 112 22.1 7.88 356 8.5 43.2
Carcass weight (kg) 122 11.0 4.46 40.5 34 24.0
Dressing out percentage (%) 112 46.1 5.70 124 27.5 56.6
Data with calculation of EBW (30 papers)
Slaughter weight (kg) 78 21.4 10.25 47.8 6.1 55.0
Carcass weight (kg) 89 10.1 4.20 414 2.9 245
Carcass output (%) 94 529 3.78 71 38.0 60.1

sD, Standard deviation; CV, coefficient of variation.

classes, given that these three criteria are
interrelated (Fehr et al., 1976; Prasad and
Kirton, 1992). Oman et al. (1999) attempted
to describe the US goat carcass conforma-
tion based on muscle shape and thickness
of the leg, loin, rack and shoulder adapted
from the US Department of Agriculture
(USDA) sheep grading system. However, in
the absence of an official US goat grading
system, even in most recent work, sheep
grading systems are still used for goat
carcasses (Ryan et al., 2007). In the French
West Indies (where meat is not a by-product
of milk production systems, in contrast to
France, the ‘mother country’), there is no
official grading standard designed specifi-
cally for the French goat carcasses. There-
fore, it is generally accepted that the light
lamb grid employed in the Mediterranean
regions within production systems with
some similarities to those employed in
tropical regions could be suitable for goat
grading.

Given that itis difficult to compare con-
formation scores because of scarcity of data
and differences in grading methods, differ-
ent indices have been calculated:

e Carcass index: weight/length
e Carcass compactness: width/length
e Leg compactness: width/length.

It appears that there is a wide variabil-
ity within the literature (Table 3.2) for car-
cass indices, which varied from 0.076 to
0.297 with a 32% coefficient of variation.
For carcass compactness and leg compact-
ness (Table 3.2), the difference between

minimum and maximum values amounted
to 160%. Although the sets of data for calcu-
lations of carcass index and carcass/leg
compactness (nn =75 versus n = 25) were not
similar and did not cover the same range of
carcass weights, it was possible to conclude
that the shape of the goat carcass differs
greatly from one genotype x system to
another.

The evolution of the carcass index
according to the carcass weight is given in
Fig. 3.3. Three groups of data were sepa-
rated according to range of variation in car-
cass weight: light (6.8 + 2.1 kg), medium
(10.1 = 2.9 kg) and heavy carcasses
(12.3 + 4.1 kg). Regression equations were
computed (PROC REG program; SAS, 2000)
to predict carcass index according to car-
cass weight (Table 3.3). The quadratic terms
were all significant (P < 0.05) in the differ-
ent groups, with R? approaching 0.89, 0.92
and 0.77, respectively.

An effective grading system for meat
goats is needed to standardize the descrip-
tion and allow comparisons between breed-
ing values and/or system differences. There
is a lack of information on this specific and
multifactorial concept of carcass conforma-
tion and meat yield in tropical regions.
Therefore, the use of criteria such as car-
cass cuttability, yield of lean meat and
muscularity is of paramount importance.
Tatum et al. (1998) noted that the intrinsic
value of a feeder animal is appreciated
owing to its optimal proportions, at a
preferred market weight, of the different
carcass cuts. As for goat carcass cut
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Table 3.2. Descriptive statistics of carcass shape and cuts of growing kids of different genotypes fed

various feeding regimens.

Characteristic No. treatments Mean sD CV (%) Minimum Maximum
Carcass index (weight/length); n = 21 papers
Slaughter weight (kg) 66 19.3 7.74 40.2 6.1 38.2
Carcass weight (kg) 78 9.4 3.79 404 2.9 21.7
Carcass index 75 0.161 0.0517 32.0 0.076 0.297
Carcass compactness {length/width); n= 11 papers; CW = 6.6 + 2.0 kg.
Carcass compactness 25 3.78 0.522 13.8 2.95 4.73
Leg compactness (length/width); n= 12 papers; CW = 7.6 + 3.0 kg.
Leg compactness 26 1.97 0.239 121 1.46 2.38
Shoulder (% of carcass); n= 18 papers; CW = 11.0 + 4.3 kg.
Shoulder 41 211 2.65 125 15.9 26.9
Leg (% of carcass); n = 22 papers; CW = 10.6 + 4.4 kg.
Leg 50 29.6 5.59 18.9 22.0 41.9
sD, Standard deviation; CV, coefficient of variation; CW, carcass weight.
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Fig. 3.3. Evolution of carcass index (weight/length, kg/cm) according to carcass weight (kg) in goat

studies (description of three groups) (Limea, 2009).

composition, a standardized method has
been developed (Colomer-Rocher et al.,
1987) and is increasingly being used in
many countries (e.g. in Africa; Sanon et al.,
2008). Among the studies reporting on

carcass cutting, the proportions of shoulder
and legwere 21.1 + 2.65% and 29.6 + 5.59%,
respectively (Table 3.2). Values are lower
than for lambs, as demonstrated in studies
comparing goat and sheep (Mahgoub and
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Table 3.3. Regression equations to predict carcass index (weight/length; y) according to carcass weight

(kg; x).

Carcass group n Formulae r2 Significance

Total data set 75 y=0.0446x05672 0.5514 P> 0.05
75 y=-0.0006x + 0.021x+ 0.0184 0.5019 P>0.05

Light carcasses 29 y=0.0496e015 0.8672 P<0.01
29 y=0.0034x2-0.024x + 0.1379 0.8898 P<0.01

Medium-weight carcasses 30 y=0,0335x0-7804 0.9203 P<0.01
30 y=-0.002x2 + 0.0182x + 0.0215 0.8892 P<0.01

Heavy carcasses 16 y=0.0446x0-5672 0.7550 P <0.05
16 y=-0.0006x2 + 0.021x+ 0.0184 0.7746 P<0.05

Lodge, 1996; Sheridan et al.,
et al., 2004).

2003; Sen

3.8 Tissue Dissection

The carcass of a meat animal is composed
of varying proportions of muscle, fat and
bone. Muscle, being more edible, is usually
regarded as the most important carcass tis-
sue to the consumer, while fat is more
related to health issues, especially in
developed countries. Based on consumer
expectations, the goat carcass and goat
meat are very well qualified as lean meat
(Webb et al., 2005). Consequently, it is
important to give factual data on tissue
proportions. The shoulder and leg are
known to have the highest percentage of
muscle within carcass cuts (Tahir et al.,
1994; Dhanda et al., 2003a). The results of
dissections of the whole carcass, shoulder
and leg into lean, bone and fat (subcutane-
ous + intramuscular) reviewed from the lit-
erature are shown in Table 3.4. There was a
great variability in the proportion of fat
dissected in the carcass, the shoulder or
the leg 39, 42 and 45% of coefficient of
variation, respectively. This is most proba-
bly due to the effects of different feeding
regimes.

Tissue partitioning is also known to
differ among genotypes and according to
animal age. Since the pioneering work of
Hailu Hammond (1962), it has been shown
that maximal growth rate is attained first by
bone, then muscle and lastly by fatty tissue.

Conclusions on the differences among
breeds are generally inconclusive because
of the effects of degrees of maturity. This
was reported in sheep and cattle (Sellier et
al., 1992), but studies on effects of breed
maturity are scarce in goats. In this species,
the accretion of fat and muscle regulation
and their relative body partitioning within
the perspective of meat potential assess-
ment have been insufficiently studied (e.g.
Mahgoub and Lodge, 1996; Mahgoub and
Lu, 1998). Two of the main reasons for this
are thought to be:

1. Meat production in many cases is a
secondary product of the milk or fibre
sector.

2. There are not many specialized goat
meat breeds.

However, some results can be high-
lighted from the database generated for this
study. Proportions of lean vary from 60 to
65% (within treatments and cuts) and those
of fat vary from 9 to 14%, which indicates a
satisfactory meat potential for goat, which is
generally defined as a multifunctional ani-
mal (Peacock, 1996).

In the tropics, a high proportion of
bone in the carcass is considered a negative
characteristic. This indicates a lack of mus-
cularity, which characterizes most local
breeds, rendering them poorly rated due to
a small frame/size. An additional feature
that would help in describing the meat
potential of small stock is the muscle:bone
ratio (Hopkins et al., 1997). Many studies
with sheep have shown that a fleshy sheep
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Table 3.4. Descriptive statistics on carcass dissection of growing kids of different genotypes fed various

feeding regimes.

Characteristic No. treatments Mean sD CV (%) Minimum Maximum

Dissection of carcass (% of carcass); n = 27 papers

Slaughter weight (kg) 87 21.9 8.20 37.6 6.1 43.2

Carcass weight (kg) 87 11.2 4.72 42.2 34 24.0
Lean 87 62.5 7.28 11.6 449 79.1
Bone 87 22.9 6.95 30.3 12.0 45.7
Fat 84 13.6 5.31 39.0 3.1 29.5
Lean:bone ratio 87 2.97 1.064 35.9 0.98 5.65
Lean:fat ratio 84 576 3.244 56.3 1.89 21.32

Dissection of shoulder (% of shoulder); n = 12 papers (mean 21.2 + 2.5%)
Lean 28 60.2 12.88 214 26.0 71.5
Bone 28 22.9 3.28 14.3 15.0 31.9
Fat 26 123 5.18 421 5.8 16.9
Lean:bone ratio 28 2.68 0.758 28.3 1.16 4.77
Lean:fat ratio 26 5.40 2.696 49.9 1.29 1217

Dissection of leg (% of leg); n = 14 papers {(mean 29.9 + 2. 6%)
Lean 37 65.4 10.03 15.3 34.8 78.1
Bone 37 247 519 21.0 16.1 38.9
Fat 28 9.3 4.20 45.2 3.4 17.8
Lean:bone ratio 37 2.80 0.878 31.4 1.28 4.72
Lean:fat ratio 28 10.20 7.645 74.9 2.54 27.12

sp, Standard deviation; CV, coefficient of variation.

breed would be graded as ‘superior’ for its
muscularity while it could be ‘inferior’ for
its muscle:bone ratio. For instance, Purchas
et al. (1991) demonstrated that, although
these two characteristics often change
together, there are situations where differ-
ences in muscularity are not accompanied
by differences in muscle:bone ratio and
vice versa. In goat studies, the lean:bone
ratios calculated either in the whole carcass,
shoulder or leg reached values ranging from
2.68 to 2.97 (Table 3.4). As with lean:fat
ratios, the values were higher and very
satisfactory, in contrast to sheep. In fact,
differences in levels of fatness, rather than
muscle weight distribution, account for
most differences in carcass grading between
sheep breeds (Butler-Hog et al., 1984;
Laville et al., 2002). Poor fat accretion and
leggy conformation of goat carcasses
(Colomer-Rocher ef al., 1992; Mahgoub and
Lu, 1998; Oman et al., 1999) support the
assumption that these criteria are not suit-
able for grading goat carcasses. Goats are
known to have more fat deposits, mainly in

the abdominal cavity, than the carcass
(Kempster, 1981; Warmington and Kirton,
1990) and therefore carcass fat parameters,
as used for sheep, might not be appropriate
for grading goat carcasses.

3.9 Case Studies
3.9.1 Indigenous Caribbean goats

In many countries of the Caribbean and
Latin American region, the local popula-
tions of goats are frequently named ‘Chévre
Créole’, Creole goat or ‘Criollo’ (Devendra
and Burns, 1983). They are derived mainly
from crossbreeding between various West
African, European and sometimes Indian
breeds (Naves et al., 2000). Over time, the
native population has evolved naturally
through adaptation to agroecological condi-
tions. Goat farming systems in the French
West Indies are based on the use of the Cre-
ole goat breed (Alexandre et al., 1999) on
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grazed pastures (Mahieu ef al., 2008). This
influences meat production aspects such as
live weight, growth performance and car-
cass abilities. The Creole goat is known for
its high weaner productivity (Mahieu et al.,
2008) and its genetic ability to resist gastro-
intestinal parasites (Mandonnet et al., 2001,
2006). The Creole goat is a medium-sized
meat breed with a traditional slaughter
weight of 18 kg, which can be reached at
6—18 months of age, depending on the sys-
tem (Mahieu ef al., 2008). The local goat
industry in the French West Indies faces a
‘fundamental’ threat to its very existence
that will eventually result in loss of genetic
diversity (Alexandre et al., 2009), a guaran-
tee for its future. The trend of importing live
exogenous animals or frozen carcasses has
resulted in a gradual decline in the ratio of
local production:local demand (Alexandre
et al., 2008). To effectively reverse this
trend and to stop the anarchic crossing of
native goats with exogenous breeds, a
genetic improvement programme for this
breed is presently under way (Alexandre
and Mandonnet, 2005).

Studies have begun with Creole male
goats to study carcass characteristics and
meat quality in relation to feeding systems
(Liméa et al., 2009a) and slaughter condi-
tions (Liméa et al., 2009b). This has facili-
tated accumulation of a database on many
of the carcass traits (yield, quality scores,
carcass cuts and linear measurements). The
database includes 131 intact male kids of
the Creole genotype raised indoors. Two
contrasting groups were discriminated
according to their feeding level. The low
level (LL) group (n = 65) received a basal
diet (green tropical forage) without concen-
trate, while the high level (HL) group (n=
66) received, in addition, a concentrate diet
(280-320 g/day on average). Animals were
slaughtered when they reached either their
final live weight or age. Standardized proce-
dures of carcass measuring and cutting
(Colomer-Rocher et al., 1987) were fol-
lowed. The different carcass data obtained
are shown in Table 3.5. The carcass weight
and yield in the Creole goat steadily
increased within ages as expected. The val-
ues (up to 30 kg carcass and 62% carcass

output) were very similar to performance of
other meat breeds (Table 3.1).

When fed intensively, the kids reached
the slaughter weight of 22 kg 3 months
sooner than their counterparts fed forage
only. Comparing the HL and LL diets in kids
at the same age, the increase reached 120-
140% for slaughter weights and 153-179%
for cold carcass weights. Undoubtedly, the
proportion of fat was affected by the level of
energy in the diets (Liméa ef al., 2009b),
although the absolute values remained at a
very adequate levels compared with values
in the literature (Table 3.4).

The distribution of prime cuts (not tab-
ulated) remained similar (~50%), irrespec-
tive of the conditions and attained values of
the well-conformed genetic breeds reported
by Dhanda et al. (2003a). Given that the
shoulder and leg are reported to have the
highest percentage of muscle (Dhanda et al.,
2003b) within carcass cuts, dissection of
their tissues can give an assessment of the
potential of the meat production from the
animals. In the present set of data, the val-
ues were in favour of the leg compared with
the shoulder (2—-4 points more) where the
values ranged from 71 to 78%. In other
studies, values ranged from 68.5 to 71.4%
and from 65.3 to 67.6% in the leg and shoul-
der, respectively. The higher muscle per-
centage in the Creole goat leg and shoulder
is most probably due to the lower fat con-
tent (3-7%), compared with a value of
10-13% reported by Dhanda et al. (2003b).
Similar trends were observed by comparing
the Creole and New Zealand Saanen goat
within a similar slaughter weight range
(Colomer-Rocher et al., 1992). However,
these differences may have arisen not only
from a higher fat but also from a higher bone
percentage, which was 23—-26% in the New
Zealand Saanen goats compared with
18-24% in the Creole goats.

A trait that better describes the meat
production potential is the muscle:bone
ratio, which is particularly relevant for Cre-
ole male goats. Values of 2.8—4.2 fell within
the upper range of values reported in the lit-
erature. The carcass indices followed a sim-
ilar trend of slaughter weight, i.e. an
increase with age and better diets. Creole
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Table 3.5. Carcass weight, yield, cuts, measurements and dissection of Creole kids according to their
feeding level (LL, low level, basal green tropical forage; and HL, high level, an additional 300-350 g
concentrate/day) and their age at slaughter (from Liméa et al., 2009a,b).

Carcass characteristic Feeding level
LL HL
Age at slaughter {(months) 7 12 15 7 9 11 15
Number of kids 16 36 13 15 20 16 15
Slaughter weight (kg) 16.0 22.3 255 19.2 22.9 30.5 36.5
Empty body weight (kg) 105 15.6 18.1 14.8 18.8 24.4 29.5
Hot carcass weight (kg) 5.8 9.2 10.6 8.6 123 15.1 18.7
Cold carcass weight (kg) 5.5 8.9 10.3 8.4 11.7 14.8 18.4
Dressing percentage (%) 344 41.4 40.4 43.8 51.0 48.5 50.4
Carcass output (%) 52.8 56.9 57.0 57.1 60.0 60.7 62.4
Carcass indices
Carcass compactness 4.025 3.648 4.007 4.023 3.391 3.974 3.909
Leg compactness 2.463 2.482 2.322 2.451 2.502 2.377 2.378
Carcass index 0.113 0.160 0.176 0.157 0.200 0242 0.287
Dissection of shoulder
Muscle (%) 69.1 72.7 73.7 71.3 72.8 74.2 75.1
Bone (%) 252 21.3 21.2 20.7 194 19 17.9
Fat (%) 5.6 6.8 5.1 7.9 7.75 6.8 7
Muscle:bone ratio 274 3.39 3.48 3.44 3.70 3.90 419
Muscle:fat ratio 12.34 10.74 14.45 9.02 9.41 10.92 10.73
Dissection of leg
Muscle (%) 71.4 741 75.5 74.8 75.2 77.9 76.8
Bone (%) 255 221 21.2 217 20.8 18.5 19.3
Fat (%) 3.1 3.7 3.3 35 4.05 35 3.9
Muscle:bone ratio 2.80 3.37 3.56 3.45 3.75 4.21 3.98
Muscle:fat ratio 23.03 20.0 22.88 21.37 18.79 22.26 19.69

kids, when compared within a similar range
of carcass weights, exhibited very good car-
cass indices that were similar to or even
higher than the larger Boer crossbreds, con-
trary to the widely held belief in their
inferiority in the French West Indies meat
sector (Alexandre et al., 2008).

The leg indices may be regarded as a
similar concept to ‘muscularity’, a trait used
for sheep by Purchas et al. (1991) based on
femur length and the weight of surrounding
muscles. Comparing our findings (not tabu-
lated) with other available studies, our val-
ues of 0.036—0.048 are comparable to those
of other breeds such as Florida kids (0.029—
0.047; Pena et al., 2007), Italian Jonica
(0.035—-0.044; Marsico et al., 1993) and
Canary caprine (0.022-0.053; Marichal
et al., 2003) but were lower than Omani
breeds (0.070-0.078; Kadim et al., 2003).

The small-sized Creole goat breed
could be a valuable meat producer based on
satisfactory carcass and leg indices,
muscle:bone ratios and carcass yield and
cuttability. These descriptors for carcass
conformation and meat potential suggest
that Creole goats, although not yet geneti-
cally improved, may be comparable to some
fleshy meat breeds, and provide a prospec-
tive potential incentive for the local goat
meat sector. However, more research on
genetic improvement is needed for the
future.

3.9.2 Omani native meat goats

Goats are the most important meat-producing
animal in many Asian and African coun-
tries. Goats are the most numerous livestock
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and their meat is preferred over other meats
in Oman. There are three major goat breeds
of importance in Oman including Al-Jabal
Al-Akhdar, Batina and Dhofari goats. The
Dhofari goat contributes about 44% of goats
in the country and has the smallest body
size (Mahgoub, 1997a). It is a hardy breed,
living mostly in the southern mountainous
region of Dhofar, and resembles the Somali
goat. It is used here for comparative pur-
poses with the Creole goat of the French
West Indies as it is of similar body weight
range. The Creole goat has been described
as a medium-sized meat breed traditionally
slaughtered at 18 kg, which is reached at
6—18 months of age, depending on the
system (Mahieu et al., 2008).

Apart from a limited experimental
genetic improvement programme in Wadi
Qurayat Research Station and limited cross-
breeding with Anglo-Nubian goats (Al
Ojaili, 1995) and cashmere goats (M.G. El
Hag, personal communication), the Dhofari
goat has not been subjected to major genetic
improvement. Dhofari goats are raised
mainly under transhumant systems,
depending mainly on natural range grazing,
which is characterized by lush green sea-
sonal grass in the south of the country for
about 3—4 months. Supplementary feeding
is customarily given to fattened goats and
lactating does in the form of Rhodes grass
hay, dates, concentrates, banana leaves, bar-
ley and household leftovers (Mahgoub and
Lodge, 1996). Natural selection has been
carried out on the breed mainly for survival
traits.

The breed is the smallest of the local
breeds with a mature weight of 30-35 kg but
fattened males are usually slaughtered at
6 months of age at 18-22 kg body weight.
The small size of the breed is regarded as a
favourable characteristic, as the whole
roasted goat carcass would comfortably fit
on a tray of rice. This is important from a
cultural food traditional point of view in the
Arabia Gulf region.

The genetic diversity of the breed is
relatively conserved, although increasing
numbers of the Somali goat, which resem-
bles the Dhofari, have been imported in the
country. Under improved management, the

Dhofari goat’s reproductive performance
was found to be above average. Al Ojaili
(1995) reported a conception rate of 65%, a
twinning rate of 23% and a litter size of
1.29. Dhofari goat males are reputed for
having a markedly high precocity and they
reach sexual maturity early in life (Mah-
goub and Lu, 1998). The breed has also been
reported to have better milk production per-
formance than the other Omani goat breeds
(Chesworth and Horton, 1996). This is an
important meat production characteristic,
as it enables dams to nurse their kids for a
better growth performance.

Very few studies have been carried out
on the breed to evaluate its potential for
meat production under improved manage-
ment systems (Mahgoub, 1997a,b; Kadim
el al., 2003). Some of the published data are
presented in Table 3.6. Both sets of data
originated from animals raised under inten-
sive management with concentrate feed
being offered besides ad libitum Rhodes
grass hay feeding.

When fed intensively, kids can reach
the slaughter weight of 16 kg at 5 months of
age, a faster rate than that of range-fed kids.
The carcass weight and yield in Dhofari
goats steadily increased within ages as
expected. The carcass weight of the Dhofari
goat (9.2 kg at 5 months) was comparable to
that of tropical breeds (Table 3.6). However,
there was only an increase of 3 kg of carcass
weight at the age of 17 months (Table 3.6).
The values for carcass output (64.9 and
56.5% at 18 and 30 kg body weight, respec-
tively) are comparable to those mentioned
previously for Creole goats in the French
West Indies, as well as for other meat breeds
(Table 3.6). The dressing percentage value
of 56.5% reported by Mahgoub (1997a,b)
was higher than those elsewhere reported
for goats but had been calculated on fasted
body weight. The dressing percentage of
41.8% at 30 kg live weight (17 months) of
Dhofari goats was below the average
(46.1%) computed for tropical breeds
(Table 3.6).

The Dhofari goat showed different
indices from that of pooled data (Table 3.6)
or Creole goats (Table 3.5). The value for
carcass compactness was much higher for
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Table 3.6. Carcass weight, yield, cuts, measurements and dissection of Dhofari Omani kids fed Rhodes
grass hay and a concentrate (from Mahgoub, 1997a,b; Kadim et al., 2003).

Parameter Mahgoub {1997a,b) Kadim et al. (2003)
Number of kids 10 14
Age at slaughter {(months) 5 17
Slaughter weight (kg) 16.3 29.9
Empty body weight (kg) 14.3 221
Hot carcass weight (kg) 9.2 12.7
Cold carcass weight (kg) - 125
Dressing percentage (%) 56.5 41.8
Carcass output (%) 64.9 56.6
Carcass indices

Carcass compactness 7.48

Carcass index 0.291
Carcass dissection

Muscle (%) 70.0

Bone (%) 13.2

Fat (%) 12.9

Muscle:bone ratio 5.35

Muscle:fat ratio 5.64
Shoulder (% of carcass) 43
Leg (% of carcass) 32

the Dhofari goat, indicating longer car-
casses. The carcass index for Dhofari was
also higher than for tropical goat breeds
(Table 3.6).

The prime cuts of shoulder and leg con-
tributed to a large proportion of the carcass
in the Dhofari goat (Table 3.6). The shoul-
der and leg are reported to have the highest
percentage of muscle (Dhanda et al., 2003b).

The values for the Dhofari goat carcass
tissue contents (Table 3.6), which can give
an indication of the potential of the meat
production from the animals, differed from
those of tropical breeds (Table 3.1) and Cre-
ole goats (Table 3.5). The higher muscle
percentage in the Dhofari goat is due to the
lower bone content (13.2%) compared with
23% for pooled data (Table 3.4), as fat con-
tents were similar. A high bone percentage
of 23-26% was reported for New Zealand
Saanen goats (Colomer-Rocher et al., 1992)
and 18-24% for Creole goats (Liméa el al.,
2009a,b).

The muscle:bone ratio describes the
meat production potential. Values for the
Dhofari goat were much higher than those
in the pooled data or for the Creole goat.

This was mainly because of the lower bone
content. They were above the upper range
of values reported in the literature. How-
ever, the muscle:fat ratio was similar to that
of the pooled data (Table 3.4).

Mahgoub and Lu (1998) compared
Omani goats of large size (Batina) and small
size (Dhofari) for meat production. Although
Batina goats grew faster and reached the
destined slaughter weights earlier, the
smaller Dhofari goat had higher growth
rates relative to final body weight. At 18 kg
body weight, Dhofari goats had a higher
dressing percentage, carcass muscle con-
tent, and carcass and non-carcass fat con-
tent but a lower bone content. There were
differences in muscle distribution, with
Dhofari goats having higher proportions of
muscle in the proximal hind limbs and
around the vertebral column, which are
regarded as muscles of higher value.

Similar to the Creole goat, the small
size of the Dhofari goat breed could favour it
to become a valuable meat producer based
on the satisfactory carcass indices,
muscle:bone ratios, and carcass yield and
cuttability. These descriptors for carcass
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conformation and meat potential suggest o Indigenous hardy goat breeds such as
that Dhofari goats, although not yet geneti- those in the tropics should not be
cally improved, may be comparable to some automatically replaced with imported
larger meat breeds, and offer a prospective large breeds for meat production under
potential for the local goat meat sector. local systems.

3.10 Conclusions

The fitness and meat production
potential of hardy indigenous does are
superior compared with modern single-
purpose breeds in the tropics, espe-
cially if modern husbandry techniques
are not available.

There is no universal genotype for use
in all environments (Tsukahara et al.,

Despite the increasing interest in
indigenous livestock, breed evaluation
schemes for tropical goats are relatively
scarce (Shrestha and Fahmy, 2007b).
Production efficiency should be
evaluated for the integrated system
(Alexandre ef al., 2010), not just the
individual animal.

Analyses of published work on body
sizes and/or carcass frames are some-
what inconclusive when tissue parti-
tioning is insufficiently studied.
Consumer expectations should be taken

2008; Wilson, 2009). into account at the local sector level.
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4.1 Abstract

The Bezoar, Savannah and Nubian types of
goat that were domesticated from their
respective wild Bezoar, Markhor and Ibex
ancestors are the predecessors of the 1183
breeds, populations and landraces in the
world. More than 10,000 years of exposure to
the forces of evolution and creative human
activity have contributed towards a colossal
amount of variability in morphological
characteristics and production performance.
Despite the available diversity, goats have
not benefited from scientific achievements in
quantitative genetics, nutrition and disease
prevention to the same extent as other live-
stock and poultry species. This is because
goats were often a neglected species, kept in
developing countries by the poor and the
landless at the end of the social scale. At the
same time, goats were considered responsi-
ble for soil erosion due to controversy and
ignorance ascribed to their destructive
nature. Only in the last three decades has
their role in alleviating poverty and sustain-
ing food production by increasing household
income gained recognition. In goats, the pri-
mary source of knowledge prior to the 1970s
has been from their use as an experimental
animal in biomedical research. A great deal
of attention continues to be directed towards

dairy and pashmina goats, often impeding
efforts to allocate the resources necessary to
develop meat goats. Researchers have pro-
vided irrefutable evidence to confirm that
climate, terrain, breed (or population, or
landrace), availability of feed and grazing
land, diseases, culture, economic status of
the producer and government policy, which
vary from country to country and from region
to region within a country, significantly
influence the productivity of goats. Studies
of breeds and their crosses under varying
management schemes, although mostly from
institutional herds, have identified breeds
with the necessary potential to improve effi-
ciency of meat-goat production. Estimates of
heterosis demonstrate prospects for improv-
ing vigour, reproduction and the maternal
ability of the dam, as well as survival,
growth, uniformity of the carcass and meat
quality of the kid. Crossbreeding of comple-
mentary breeds such as Alpine, Beetal, Boer,
Damascus, Jamunapari, Nubian and Saanen
with indigenous goats, as well as composite
populations derived from the combination of
two or more breeds, has improved the pro-
ductivity of goats worldwide. Consumer
acceptability of meat and meat products
from crossbred animals has been well estab-
lished. Genetic parameter estimates for
reproduction, growth, meat quality and milk
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yield in goats assembled from numerous
studies offer theoretical promise in direct
selection for efficiency of meat production.
Likewise, purebred selection has benefited
from a greater proportion of additive genetic
variance associated with economically
important production traits. As additive
genetic variance is exhausted, the role of
direct selection for non-additive genetic
covariance among crossbred offspring needs
to be exploited. The breeding of populations
with as broad a genetic base as possible is
therefore critical in sustaining the genetic
response to selection. Improvement in meat
quality and production in goats can be
accomplished with a comprehensive and
technically sound assessment of important
production traits that have sufficient flexibil-
ity to meet diverse environmental and mana-
gerial conditions in harmony with social,
religious and cultural attributes. An integral
and indispensable part of breeding strategies
to maximize production efficiency in other
domestic livestock and poultry has been the
establishment of optimal breeding objectives
along with the use of multi-trait mixed ani-
mal model methodology to obtain precise
estimates of genetic parameters and the pre-
diction of breeding values of the offspring
and their parents. In practice, genetic
improvement of meat goats can be accom-
plished by a simple procedure that involves
the identification, measurement, recording,
selection criteria based on realistic economic
values, estimation of genetic parameters and
prediction of breeding values intended for
pertinent morphological characteristics and
production performance. In the future, novel
technology based on molecular markers
associated with economically important
morphological characteristics and produc-
tion performance could be integrated into
genetic improvement of productivity in meat
goats.

4.2 Introduction

In the last century, advances in the theory
and application of quantitative genetic prin-
ciples have played an important role in
exploiting the biological potential of livestock

and poultry utilized in the production of
milk, meat, eggs, fibre and power. General
principles have included breed evaluation,
crossbreeding, formation of composite popu-
lations and selection criteria based on realis-
tic economic values. Goats in general have
not benefited from scientific achievements
made in genetics, nutrition and husbandry to
the same extent as other livestock and poul-
try species. Furthermore, depiction of the
goat as evil in medieval ages, along with con-
troversy and ignorance ascribed to the
destructive nature of the goat species, has not
helped their development. Prior to the 1970s,
the use of the goat as an experimental animal
in biomedical research was the primary
source of scientific knowledge (Gall, 1982).
The majority of research that followed,
although negligible compared with other
livestock and poultry species, was from
developing countries. In the goat species,
more attention has been and continues to be
directed towards dairy and pashmina goats
(Fahmy and Shrestha, 2000). The limited
number of studies on genetics and the envi-
ronment influencing production traits of eco-
nomic importance has impeded efforts to
develop the goat as a meat animal (Shelton,
1978). Only in the last three decades has the
genetics of goat meat production been fea-
tured in the scientific literature (Shrestha and
Fahmy, 2005, 2007a,b).

Goat numbers and production statistics
and their relation to human populations as
well as economic standing are important
parameters necessary for the development
of national policies worldwide in support of
development activities. Countries have
been grouped according to gross national
income (GNI) per capita into low (US$995
or less), lower middle (US$996—3945), mid-
dle (US$3946-12,195) and upper middle
(US$12,196 or more) according to the World
Bank. Furthermore, countries are classified
according to economies into emerging and
developing, and advanced as described in
the World Economic Outlook Database —
WEO Groups and Aggregates Information of
the International Monetary Fund. The num-
ber of goats worldwide (in 1980, 1990, 2000
and 2008), goat breeds (2008), human
population (2008) and GNI per capita
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(World Bank, http://databank.worldbank.
org/) for individual countries, continents
(Africa, Asia, Europe, America and Ocea-
nia), countries grouped according to GNI
per capita (low, lower middle, middle and
upper middle) and economies (emerging
and developing, and advanced) are pre-
sented in Table 4.1. Worldwide statistics
illustrating the number of goats slaughtered,
average carcass weight and total meat pro-
duction are presented in Table 4.2.

In 1994, the European Union produced
75,000 million t of meat from more than 11
million goats in Greece (50%), Spain (25%),
Italy (10%), France (8%) and other coun-
tries (Carbo and del la Calle, 1995). Spain
produced 16,000 million t of meat from 2.8
million goats of the Serrana (30%), Murci-
ana Granadina (20%), Malaga (10%), Canary
Island (6%) and Verata (4%) breeds, while
20% were crossbreds. France with 1 million
goats in 1996 produced goat meat as a by-
product of the dairy industry (Decoster and
Berinstain-Bailly, 1996). Australia was the
leading exporter of goat meat from the
Angora, Cashmere, Dairy, Feral, Boer and
Boer x Cashmere populations valued at
about A$20 million annually (B.A.
McGregor, Victoria, Australia, 2004, per-
sonal communication). Currently, the total
production of goat meat in the world,
4,938,655 million t (FAOSTAT, 2010,
http://faostat.fac.org/), represents only a
fraction of the meat produced by other live-
stock: 5% of pig meat and 8% of cattle meat.
Nevertheless, there has been a steady rise in
the consumption of goat meat, as a result of
a growing appetite for food of exotic origin
and an influx of ethnic populations into the
developed countries where goat meat tends
to be a by-product of the dairy and fibre
industry.

The first inventory of domestic animal
diversity in the world listed 570 goat breeds,
types, populations and landraces, of which
187 (33%) were in Europe, 146 (26%) in
Asia and the Pacific region and 89 (16%) in
Africa (Scherf, 2000). Goat numbers con-
tinue to increase worldwide, although the
resources allotted for their development has
been negligible (French, 1970; Devendra,
1998). This is apparent when goat numbers

for 1980 are compared with those in 1990,
2000 and 2008: a recurring increase of 27,
61 and 86%, respectively can be seen
(Table 4.1). Emerging and developing econ-
omies with 85% of the human population
share 75% of all breed populations and
97% of goats worldwide, distributed mainly
in the continents of Asia (59%) and Africa
(34%). The ratio of goats to humans is 1:7 in
emerging and developing economies in con-
trast to 1:5 in advanced economies. Notably
goats are concentrated in some of the poor-
est countries with the highest human popu-
lations, demonstrating their importance to
the livelihood of the poor and landless. The
countries that raised the largest number of
goats in 2008 were China (17%), India
(15%), Pakistan and Bangladesh (7% each),
Nigeria (6%), Sudan (5%), Iran and Ethiopia
(3% each), and Mongolia, Indonesia and
Kenya (2% each).

In emerging and developing economies,
farmers with smallholdings and the landless
through the ownership of goats utilize milk
for domestic consumption while meat and
meat products provide much-needed cash
accounting for 70-80% of the total income
of the household. Sources of goat meat tend
to vary according to the husbandry prac-
tised, with no specific age or weight require-
ment for slaughter. This is because little
attention is paid to quality, as much of the
meat produced is either for home consump-
tion or sold at local markets. Previously, the
total number of goats, number slaughtered,
average carcass weight and total goat meat
production in the world (FAO, 1999)
revealed that the continents of Asia (71%)
and Africa (22%) produced most of the
world’s goat meat. These figures exclude
informal slaughter and consumption of goat
meat. In 2008, the number of goats slaugh-
tered in the emerging and developing
economies was 97% of goats worldwide,
distributed mainly in the continents of Asia
(69%) and Africa (25%), being concentrated
in the dry and humid, and tropical and sub-
tropical climates (Table 4.2). The major
countries that slaughtered goats for their
meat and skins were China (34%), India
(12%), Bangladesh (8%), Nigeria (5%),
Pakistan and Sudan (4% each), and Ethiopia,
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Table 4.1. Countries, continents, gross national income (GNI) per capita and economies for the years
indicated in relation to numbers of goats, goat breeds, human populations and GNI per capita.

Human
population
Number of goats? (x1000) Breeds®  (x1000)°
GNI per
Source 1980 1990 2000 2008 2008 2008 capita (US$)®
Africa

Algeria 2,723 2,472 3,027 3,751 8 34,373 4,260
Angola 1,270 1,500 2,150 2,478 3 18,021 3,340
Bahrain 15 16 19 19 776 25,420
Benin 931 872 1,234 1,472 4 8,662 700
Botswana 638 2,092 1,900 1,980 5 1,921 6,760
Burkina Faso 3,400 6,580 9,104 11,805 8 15,234 480
Burundi 657 927 855 1,650 2 8,074 140
Cameroon 2,340 3,520 4,410 4,400 7 19,088 1,120
CapeVerde 65 109 109 202 499 2,830
Central African 956 1,242 2,614 4,069 3 4,339 410

Rep.
Chad 2,620 2,838 5,179 6,288 8 10,914 540
Comoros 87 113 113 118 3 644 750
Congo Democratic 2,681 3,850 4,131 4,046 7 64,257 150

Rep.
Congo, Rep. of the 159 278 280 295 1 3,615 1,810
Cote d'lvoire 900 888 1,116 1,282 1 20,591 980
Djibouti 545 502 511 512 2 849 1,210
Egypt 1,451 2,400 3,425 4,473 10 81,527 1,800
Equatorial Guinea 7 8 9 9 1 659 14,980
Eritrea 1,700 1,730 6 4,927 300
Ethiopia 8,598 21,884 26 80,713 280
Ethiopia 17,180 17,200

PDR
Gabon 78 80 91 92 1 1,448 7,320
Gambia 162 180 145 374 1 1,660 400
Gaza Strip 1,527
Ghana 1,934 2,019 3,077 4,405 2 23,350 680
Guinea 405 525 1,008 1,696 1 9,833 350
Gunea-Bissau 183 208 325 393 1 1,575 250
Kenya 8,000 10,186 9,923 14,478 10 38,765 730
Lesotho 784 844 830 917 5 2,049 1,060
Liberia 200 230 220 285 1 3,793 170
Libyan Arab 1,500 1,100 1,263 2,500 1 6,294 12,380

Jamahiriya
Madagascar 1,438 1,256 1,033 1,260 3 19,111 420
Malawi 650 853 1,689 3,106 7 14,846 260
Mali 6,750 6,086 7,087 10,150 9 12,705 610
Mauritania 2,597 3,400 5,087 5,610 8 3,215 980
Mauritius 70 95 73 26 3 1,269 6,720
Mayotte 191
Morocco 6,154 5,335 4,931 5,178 7 31,606 2,520
Mozambique 335 2,000 4,900 4,325 7 22,383 380
Namibia 1,917 1,860 1,850 2,100 9 2,130 4,210
Niger 9,132 6,240 9,327 12,641 3 14,704 330
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Table 4.1. Continued.
Human
population
Number of goats? (x1000) Breeds®  (x1000)°
GNI per
Source 1980 1990 2000 2008 2008 2008 capita (US$)d
Nigeria 11,297 23,321 42,500 53,800 9 151,212 1,170
Palestine, 309 322
Occupied Tr.
Qatar 56 98 178 160 1,281
Réunion 33 31 38 40 1
Rwanda 885 1,075 757 1,736 7 9,721 410
Saint Helena 2 1 1 1 7
Sao Tome and 4 4 5 5 5 160 1,020
Principe
Senegal 973 2,552 3,879 4,471 2 12,211 980
Seychelles 4 5 5 5 4 87 10,530
Sierra Leone 136 149 200 540 1 5,560 320
Somalia 17,000 18,500 12,300 12,700 8 8,926
South Africa 5,794 6,100 6,706 6,529 15 48,793 5,870
Sudan 12,748 15,277 38,548 43,100 11 41,348 1,120
Swaziland 303 298 422 276 2 1,168 2,560
Tanzania, United 5,662 8,526 11,889 12,550 13 42,484 460
Rep.
Togo 516 2,043 1,425 1,508 4 6,459 410
Tunisia 922 1,279 1,448 1,496 10,327 3,540
Uganda 2,544 4,710 6,396 8,523 7 31,657 420
West Bank 3,937
West Sahara 147 162 172 173 394
Zambia 258 534 1,249 2,000 5 12,620 960
Zimbabwe 982 2,540 2,950 3,100 6 12,463
Asia
Afghanistan 2,850 3,350 7,300 6,386 6 29,021 370
Armenia 43 39 4 3,077 3,350
Azerbaijan, Rep. 494 587 2 8,680 3,830
Bangladesh 9,208 21,031 34,100 56,400 3 160,000
Bhutan 16 37 31 30 1 687 1,770
Brunei 1 3 3 3 392
Darussalam
Cambodia 1 14,562 630
China 80,762 98,313 148,401 149,377 62 1,324,655 3,060
Cyprus 220 208 346 368 5 862 26,940
Dhekelia 16
Georgia 80 83 5 4,307 2,450
Hong Kong 6,978 31,420
India 86,900 113,200 123,533 125,732 39 1,139,965 1,080
Indonesia 7,691 11,298 12,566 15,147 14 227,345 2,010
Iran, Islamic Rep. 17,358 24,748 25,757 25,300 10 71,956 4,120
Iragq 2,080 1,550 1,300 1,475 6 30,711 2,060
Israel 145 120 62 a0 4 7,309 24,710
Japan 67 35 35 15 4 127,704 37,930
Jordan 453 600 461 1,083 7 5,812 3,520
Kazakhstan 931 2,610 5 15,674 6,140
Korea Dem Rep. 490 650 276 3,441 23,819

Continued



Breeding Meat Goats 57

Table 4.1. Continued.

Human
population
Number of goats? (x1000) Breeds®  (x1000)°
GNI per
Source 1980 1990 2000 2008 2008 2008 capita (US$)?

Korea, Rep. 201 211 445 266 7 48,607 21,570
Kuwait 273 40 153 160 2,728
Kyrgyzstan 543 873 8 5,278 790
Lao People’s 49 139 122 289 3 6,205 750

Dem. Rep.
Lebanon 444 435 417 450 2 4,194 6,860
Macau 526
Malaysia 342 331 238 285 11 27,014 7,250
Maldives 2 305 3,690
Mongolia 4,715 4,959 11,034 19,969 9 2,641 1,670
Myanmar 610 1,036 1,392 2,624 3 49,563
Nepal 4,650 5,324 6,325 8,136 11 28,810 400
Oman 630 720 979 1,620 6 2,785 17,890
Pakistan 24,953 35,446 47,426 56,742 36 166,112 950
Philippines 2,960 4,790 6,245 4,174 9 90,348 1,700
Saudi Arabia 2,240 3,406 2,462 2,200 4 24,807 17,700
Singapore 0.8 0.2 0.5 0.6 4,839 37,650
Sri Lanka 493 522 495 377 7 20,156 1,780
Syrian Arab Rep. 1,026 1,000 1,050 1,579 4 19,748 2,150
Taiwan 22,921
Tajikistan 706 1,424 8 6,836 600
Thailand 56 121 144 374 2 65,493 3,670
Timor-Leste 26 97 75 137 1,098 2,460
Turkey 18,775 11,942 7,774 6,286 11 73,914 8,890
Turkmenistan 500 900 3 5,044 2,760
United Arab 342 657 1,279 1,570 4,485
Emirates
Uzbekistan 886 2,000 7 27,314 910
Vietnam 173 372 544 1,484 9 86,211 910
Yemen 2,898 5,333 6,918 8,708 8 22,917 960

Europe

Albania 811 1,144 1,104 820 20 3,143 3,840
Austria 35 36 72 60 13 8,337 46,350
Belarus 58 72 9,681 5,380
Belgium 16 31 8 10,708 45,010
Belgium 6 9

Luxembourg
Bosnia and 98 70 1 3,773 4,530

Herzegovina
Bulgaria 433 433 1,046 495 7,623 5,390
Croatia 79 84 5 4,434 13,580
Czech Rep. 32 17 6 10,424 16,670
Czechoslovakia 63 50
Denmark 3 5,493 58,550
Estonia 3 4 1 1,340 14,410
Finland 2 4 9 6 1 5,313 47,630
France 1,125 1,226 1,211 1,224 14 62,279 42,190
Germany 61 90 135 190 22 82,110 42,800
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Table 4.1. Continued.

Human
population
Number of goats? (x1000) Breeds®  (x1000)°
GNI per
Source 1980 1990 2000 2008 2008 2008 capita (US$)®

Greece 4,532 5,348 5,614 5,346 7 11,237 27,650
Hungary 15 16 189 67 11 10,038 12,800
Iceland 0.2 0.3 0.4 0.6 1 317 49,360
Ireland 8 9 8 4,426 49,480
Italy 978 1,246 1,397 920 54 58,832 35,230
Latvia 8 13 3 2,266 11,940
Liechtenstein 0.1 0.2 0.3 0.3 36 113,210
Lithuania 25 20 6 3,358 11,890
Luxembourg 1 3 489 74,890
Malta 6 6 5 6 1 412
Moldova, Rep. 99 99 2 3,633 1,500
Netherlands 30 61 179 390 14 16,445 48,990
Norway 85 89 76 70 2 4,768 86,670
Poland 190 136 7 38,126 11,820
Portugal 733 857 630 496 6 10,622 20,540
Romania 375 1,017 558 865 2 21,514 8,290
Russian 2,148 2,213 15 141,950 9,650

Federation
Serbia 154 0.5 7,350 5,520
Serbia and 241

Montenegro
Slovakia 51 37 3 5,406 16,590
Slovenia 15 28 5 2,021 24,280
Spain 2,100 3,780 2,627 2,959 24 45,556 31,630
Sweden 3 9,220 52,460
Switzerland 80 68 62 81 11 7,648 56,370
Ukraine 825 645 3 46,258 3,210
UK 114 77 95 12 60,944 46,150
USSR 5,824 6,562
Former Yug. Rep. 65 133 2 2,041 4,120

Macedonia

America

Antigua and 12 12 34 37 6 87 13,020

Barbuda
Argentina 3,000 3,300 3,490 4,250 13 39,883 7,190
Aruba 3 105
Bahamas 13 14 14 15 338
Barbados 15 4 5 5 5 255 520
Belize 1 0.1 0.1 0.2 322 3,740
Bermuda 0.5 0.6 0.3 0.4 64
Bolivia 2,007 1,445 1,714 1,979 5 9,694 1,460
Brazil 8,326 11,895 9,347 9,355 21 191,972 7,490
British Virgin 12 10 10 10

Islands
Canada 22 27 30 30 11 33,311 43,490
Cayman Islands 0.3 0.3 0.3 2 54
Chile 600 600 740 740 8 16,804 9,470
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Table 4.1. Continued.
Human
population
Number of goats? (x1000) Breeds®  (x1000)°
GNI per
Source 1980 1990 2000 2008 2008 2008 capita (US$)®
Colombia 645 959 1,185 1,200 4 45,012 4,610
Costa Rica 1 2 3 5 5 4,519 6,060
Cuba 99 90 715 1,134 7 11,205
Dominica 6 10 10 10 6 73 4,790
Dominican Rep. 451 550 178 190 0.7 9,953 4,330
Ecuador 257 311 280 150 1 13,481 3,700
El Salvador 14 15 13 11 5 6,134 3,460
French Guiana 1 1 1 1
Grenada 13 10 7 7 3 104 5,870
Guadeloupe 64 69 34 48 2
Guatemala 72 105 111 101 5 13,686 2,680
Guyana 70 78 79 79 3 763 1,450
Haiti 1,000 1,110 1,942 1,910 5 9,876
Honduras 24 26 31 25 7 7,319
Jamaica 380 440 440 440 7 2,687 4,800
Martinique 9 28 14 14 0.1
Mexico 9,638 10,439 8,704 8,831 12 106,350 10,000
Montserrat 6 7 7 7 1
Netherlands 21 14 14 14 1 195
Nicaragua 6 6 7 7 5 5,667 1,050
Panama 6 5 5 6 4 3,399 6,290
Paraguay 115 148 123 130 6 6,238 2,140
Peru 1,699 1,722 2,023 1,904 4 28,837 3,990
Puerto Rico 25 21 9 3 1 3,955
St Kitts and Nevis 10 10 14 9 6 49 11,210
St Lucia 10 12 10 9 5 170 5,430
St Pierre and 0.04
Miquelon
St Vincent and 4 6 6 1 109 5,130
Grenadines
Suriname 6 10 7 4 2 515 4,760
Trinidad and 50 57 58 60 6 1,333 15,580
Tobago
USA 1,400 1,900 2,300 3,118 16 304,375 48,190
Uruguay 12 14 15 17 5 3,334 8,020
US Virgin Islands 6 4 4 4 110
Venezuela, 1,338 1,650 1,205 1,415 7 27,935 9,170
Bolivar Rep.
Oceania
Australia 65 1,630 1,905 3,000 14 21,432 41,890
Cook Islands 3 5 3 1 3
Fiji 110 170 241 250 1 844 4,060
French Polynesia 12 14 17 17 266
Guam 0.5 0.6 0.7 0.7 176
Micronesia, 4 4 110 2,460
Fed. States
New Caledonia 8 17 10 8 247
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Table 4.1. Continued.
Human
population
Number of goats? (x1000) Breeds®  (x1000)°
GNI per
Source 1980 1990 2000 2008 2008 2008 capita (US$)®
New Zealand 53 1,063 183 96 4 4,269 26,830
Pacific Islands 4 4
TrustTr.
Papua New Guinea 2 2 2 3 1 6,577 1,090
Tonga 13 16 13 13 2 104 3,240
Tuvalu 0.04
Vanuatu 11 11 12 19 1 234 2,490
Wallis and 7 7 7 7
Futuna
Continents
Africa 141,520 177,766 235,999 296,606 289 995,514 2,650
Asia 273,757 351,366 454,592 509,224 341 3,999,738 7,484
Europe 17,294 22,157 18,765 17,860 301 733,912 34,083
America 31,464 37,139 34,937 37,286 220 910,363 8,904
Oceania 288 2,939 2,396 3,418 32 35,275 8,314
GNI (US$/year: 2008)°
Low 90,579 120,051 175,035 230,442 267 898,530 551
(<$995)
Lower middle 228,622 294,461 410,439 442,279 303 3,440,275 2,342
($996-3,945)
Middle ($3,946— 75,206 83,412 80,404 82,230 246 1,003,648 6,863
12,195)
Upper middle 16,403 23,449 22,615 25,547 323 1,036,540 40,429
(=$12,196)
Economies®
Emerging and 451,954 572,791 728,516 844,768 889 5,678,394 4,136
developing
Advanced 12,003 18,170 17,524 18,953 283 984,189 40,962
Total 464,323 591,367 746,689 864,394 1,183 6,674,801 12,687

aDAD-IS: http://dad.fao.org/.

PFAQSTAT: http://faostat.fao.org/.

°World Bank: http://databank.worldbank.org/.
dinternational Monetary Fund: http://www.imf.org/.

Iran and Indonesia (2% each). The ranking of
countries based on total goat meat produced
was as follows: China (38%), India (10%),
Nigeria (6%), Pakistan (5%), Bangladesh
and Sudan (4% each) and Iran (2%). The fol-
lowing countries each share 1% of the total
goat meat production in the world: Indone-
sia, Ethiopia, Greece, Philippines, Niger,
Mongolia, Kenya, Nepal, Mexico, Mali,

Somalia, Afghanistan, Turkey, South Africa,
Tanzania, Burkina Faso, Yemen, Brazil,
Uganda and Saudi Arabia.

In the years following World War 1I,
more emphasis was placed on improving
efficiency to encourage the production of
cheaper commodities to meet the growing
demand of the increasing number of afflu-
ent families worldwide. This has increased



Table 4.2. Countries, continents, gross national income (GNI) per capita? and economies® in relation to the number of goats slaughtered, average carcass
weight and total meat production®.

Goats slaughtered (x1000)

Average carcass weight (kg)

Total meat production {million t)

Source 1980 1990 2000 2008 1980 1990 2000 2008 1980 1990 2000 2008

Africa
Algeria 926 841 1,230 1,410 10 10 10 10 9,259 8,405 12,300 14,100
Angola 380 450 645 743 9 9 15 15 3,420 4,050 9,675 11,149
Bahrain 60 25 10 380 15 15 15 15 900 375 150 5,700
Benin 279 305 408 491 10 10 10 10 2,792 3,050 4,076 4,914
Botswana 219 460 440 460 12 12 12 12 2,630 5,520 5,280 5,520
Burkina Faso 1,100 2,105 2,913 3,736 7 8 8 8 7,700 17,053 23,594 30,259
Burundi 197 370 324 610 10 10 9 10 1,971 3,700 2,850 6,100
Cameroon 702 1,254 1,570 1,570 10 10 10 10 7,020 12,540 15,700 15,700
Cape Verde 23 39 45 85 10 10 10 10 230 394 450 846
Central 170 267 530 809 16 16 19 19 2,720 4,278 10,000 14,800
African Rep.
Chad 700 760 1,557 1,970 13 12 12 12 9,100 8,740 18,684 23,640
Comoros 27 35 35 38 10 10 10 10 270 350 350 380
Congo Dem. 736 1,492 1,638 1,602 10 11 12 11 7,300 17,097 19,000 17,753

Rep.
Congo Rep. 48 83 85 87 9 9 9 9 430 749 760 783
Cote d'lvoire 470 395 314 370 10 10 9 9 4,700 3,950 2,919 3,471
Djibouti 220 178 188 188 13 13 13 13 2,744 2,222 2,350 2,350
Egypt 1,176 1,528 1,351 970 18 18 19 19 21,000 27,500 25,000 18,000
Equatorial 2 3 4 4 11 11 11 11 22 31 42 44
Guinea

Eritrea 680 683 9 9 5,800 5,800
Ethiopia 3,007 7,600 9 9 25,560 64,600
Ethiopia PDR 6,800 7,850 9 8 57,800 66,700
Gabon 21 23 27 28 10 10 10 10 210 225 270 280
Gambia 49 54 36 94 11 11 11 11 534 592 394 1,028
Ghana 480 505 769 1,035 10 10 13 13 4,560 4,794 10,150 13,662
Guinea 84 118 398 678 16 16 11 12 1,344 1,887 4,459 8,426
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Table 4.2. Continued.

29

Goats slaughtered (x 1000) Average carcass weight (kg) Total meat production {million t)
Source 1980 1990 2000 2008 1980 1990 2000 2008 1980 1990 2000 2008

Guinea-Bissau 55 62 98 121 9 9 9 9 495 561 877 1,095
Kenya 1,600 2,800 2,800 4,200 11 11 11 11 17,600 30,800 30,800 46,200
Lesotho 260 330 245 225 8 8 9 9 2,080 2,640 2,205 2,025
Liberia 63 74 74 89 9 9 9 9 567 666 666 800
Libyan Arab 420 350 400 790 12 15 15 15 5,050 5,250 6,000 11,850

Jamahiriya
Madagascar 486 420 351 425 15 15 15 15 7,291 6,300 5,265 6,375
Malawi 195 256 600 1,630 12 12 12 12 2,341 3,072 7,200 19,557
Mali 1,900 1,666 1,976 3,045 13 14 14 14 24,700 23,321 27,665 42,631
Mauritania 505 521 830 970 15 15 15 15 7,575 7,815 12,450 14,550
Morocco 1,850 1,550 1,550 1,980 10 14 14 11 19,000 21,500 22,000 22,000
Mozambique 134 800 2,050 1,770 12 12 12 12 1,608 9,600 24,600 21,240
Namibia 380 370 400 329 12 12 12 12 4,560 4,440 4,800 3,840
Niger 3,020 2,048 2,986 4,400 12 12 12 12 36,240 24,576 35,832 52,800
Nigeria 4,650 9,500 17,420 21,318 13 13 13 13 59,0564 120,649 221,234 270,742
Palestine, Occupied 184 230 21 22 3,946 4,945

Tr.
Qatar 21 24 48 46 14 14 14 14 294 341 669 644
Réunion 5 7 8 9 12 11 11 11 61 76 86 94
Rwanda 270 341 242 555 11 11 11 11 2,970 3,751 2,662 6,105
Sao Tome and 1 2 2 2 11 11 11 11 13 16 18 19

Principe
Senegal 337 895 1,009 1,219 10 10 10 11 3,370 8,950 10,422 13,736
Seychelles 1 2 2 2 11 11 11 11 13 17 20 20
Sierra Leone 34 37 47 128 9 9 9 9 306 333 423 1,152
Somalia 3,108 4,190 2,500 3,250 13 13 13 13 40,403 54,469 32,500 42,250
South Africa 1,820 2,100 2,240 2,310 16 16 16 16 28,400 34,600 36,000 37,190
Sudan 3,382 2,691 9,077 14,530 13 13 13 13 43,966 34,987 118,000 188,900

Swaziland 145 115 160 103 18 18 18 18 2,610 2,070 2,880 1,854
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Tanzania, United
Rep.
Togo
Tunisia
Uganda
West Sahara
Zambia
Zimbabwe
Asia
Afghanistan
Bangladesh
Bhutan

Brunei Darussalam

China

Cyprus

India

Indonesia

Iran, Islamic Rep.
Iraq

Israel

Jordan
Kazakhstan
Korea Dem. Rep.
Korea Rep. of
Kuwait
Kyrgyzstan

Lao People’s Dem.

Rep.
Lebanon
Malaysia
Mongolia
Myanmar
Nepal

1,278

129
489

890
42
77

255

1,380
4,604

0.1
18,841
167
30,240
3,630
5,200
760

70

136

147
56
130

204
85
1,600
216
2,611

1,790

520
744
1,500
50
160
870

1,540
10,516
16

1
44,042
185
43,000
5,830
7,100
652

70

81

195
64
10

24

182
52
1,651
527
2,609

2,450

399
850
2,050
54
387
1,100

3,700
18,400
17

96,816
243
43,931
6,900
7,821
590
150
138
278
680
185

43

200

31

140
66
2,402
907
3,268

2,550

420
870
2,400
55
640
1,147

3,200
30,000
15

4
133,340
166
47,775
6,602
7,550
610
247
314
1,319
9240
105

45

420

80

228
94
3,044
2,504
4,240

12

12
12
12
12

13

10
11
13
10
10
14
12
16
15

15
15
13
14
18

15
10

12

10

12
12
12
12

13

10
12
23
10
10
14
12
16
23

15
15
13
14
18
16

10
11

12

11

12
12
12
12

13

10
13
26
10
10
14
12
16
11
14
15
15
13
18
14

18
12

10
11

12

12

12
12
12
12

13

10
14
23
10
10
14
24
15
13
16
15
15
13
18
14

18

14

11

15,332

1,161
3,130
10,680
504
927
3,063

17,940
23,673
74

1
200,500
2,200
302,400
36,300
72,800
9,120
1,120
1,980

2,205
840
1,690

105

3,678
775
24,000
2,155
23,500

21,484

4,680
7,300
18,000
600
1,022
10,440

20,020
73,639
139

11
520,571
4,200
430,000
58,300
99,500
7,827
1,120
1,900

2,925
960
130

331

3,276
472
24,700
5,271
28,896

29,400

3,591
9,200
24,600
648
4,644
13,200

48,100
129,000
153

25
1,211,688
6,300
469,000
44,890
109,500
7,080
2,400
1,568
3,900
10,200
2,775
559
3,656
429

2,520
602
30,000
9,070
36,930

30,600

3,777
10,500
29,000

660

7,680

13,764

41,600
210,000
135

35
1,828,316
3,874
477,750
66,027
106,000
14,335
3,702
4,210
20,631
14,100
1,575
585
7,365
1,120

4,098
855
47,510
23,700
46,188
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Table 4.2. Continued.

Goats slaughtered (x1000)

Average carcass weight (kg)

Total meat production {million t)

Source 1980 1990 2000 2008 1980 1990 2000 2008 1980 1990 2000 2008
Oman 140 179 190 550 25 25 25 43 3,500 4,475 4,750 23,500
Pakistan 16,310 19,141 18,760 15,350 10 15 17 17 157,000 296,000 310,000 261,000
Philippines 1,184 1,915 3,151 3,037 12 14 11 17 14,000 26,704 33,721 53,152
Saudi Arabia 379 1,627 2,079 1,730 13 14 11 14 5,000 22,900 22,200 24,900
Singapore 0.5 1 0.6 1 15 11 12 12 7 16 7 11
Sri Lanka 137 83 85 58 20 20 20 20 2,730 1,640 1,690 1,160
Syrian Arab Rep. 397 362 281 338 17 17 17 25 6,544 5,976 4,633 8,444
Thailand 17 36 43 93 15 15 15 15 250 541 649 1,395
Timor-Leste 8 29 23 42 10 10 10 10 80 290 225 420
Turkey 3,830 4,204 3,400 2,700 14 16 16 15 52,600 66,000 53,000 41,600
Turkmenistan 300 4113 15 16 4,500 6,400
United Arab 155 270 1,400 950 16 16 16 16 2,480 4,320 22,400 15,200

Emirates
Vietnam 87 186 320 754 15 15 15 15 1,305 2,790 4,800 11,310
Yemen 1,350 1,766 2,254 2,958 10 10 10 10 13,500 17,660 22,540 29,579

Europe
Albania 332 377 900 725 12 11 8 8 3,900 4,000 7,200 5,800
Austria 37 31 66 45 11 12 13 410 280 799 583
Belgium 3 2 20 21 56 45
Bulgaria 299 278 600 463 11 11 13 11 3,301 2,974 7,500 5,115
Croatia 13 12 18 18 225 216
Czech Rep. 34 16 9 8 300 119
Czechoslovakia 37 34 11 12 405 411
Estonia 1 20 24
France 1,126 1,298 847 846 7 7 8 8 8,000 9,104 6,600 7,100
Germany 11 9 17 26 9 18 18 18 100 165 306 478
Greece 4,114 5,252 4,458 5,174 10 10 10 11 41,984 50,715 44,200 55,500
Hungary 5 25 21 13 13 14 65 325 305
Italy 689 557 453 311 7 7 8 8 5,110 3,972 3,687 2,372
Lithuania 20 20 29 15 559 300
Malta 2 1 4 3 20 17 10 11 31 12 40 35

9
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Netherlands
Norway
Portugal
Romania
Russian Federation
Serbia and
Montenegro

Slovakia
Slovenia
Spain
Switzerland
Ukraine
USSR

Americas
Antigua and

Barbuda

Argentina
Bahamas
Barbados
Belize
Bermuda
Bolivia
Brazil

British Virgin Islands

Chile

Colombia
Costa Rica
Cuba

Dominica
Dominican Rep.
Ecuador

El Salvador
French Guiana
Grenada

27
26
560
312

1,416
50

1,960

950

0.4
0.2
480
2,000

240
158
0.5
30

135
88

0.4

69
28
460
858

2,164
46

2,375

1,000

0.05
0.3
389
3,000

240
259
0.7
55

110
105

0.5

23
21
256
490
1,000
41

23

15
1,951
33
619

11
1,364
0.06
0.1
524
2,550

297
425

118

50
24
143
542
977

35

24
1,220
32
543

13

1,500

0.08
0.1
525
2,570

320
435

0.8
306

14
11

13

10
13

15

10

12
14
12
12
11
11
12
18
15
12
12
12
12
15
15
10
10

13
13

16

10

12
14
12
12
11
11
12
18
16
12
12
12
12
15
15
10
11

13
12

20
18

13

15
13

10

12
14
12
12
11
11
12
18
16
12
14
12
12
29
15
10
11

13
13

18

16

17
16

10

12
14
14
12
11
11
12
18
16
12
13
12
15
30
15
10
12

381
286
3,844
3,900

13,682
648

30,000
36

6,270
55
81

5,280
22,800
40
4,320
2,425

354
25
1,620
1,320
82

20

897
356
2,911
7,000

16,417
576

38,000
39

6,600
57
23

3
4,279
34,200
36
4,320
4,202
7

660
40
1,320
1,575
87

4

32

305
257
2,105
3,966
20,316

200
16,488
505
8,000

105

9,002
62
25

5,764
29,300
36
5,346
6,670
12
1,651
42
720
1,023
81

24

650
306
889
4,154
17,923

298
329
9,253
536
8,750

125

9,900
72
28

5,775
29,450
36
5,760
6,850

3,850
42
720
1,299
88

7

25

Continued
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Table 4.2. Continued.
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Goats slaughtered (x 1000) Average carcass weight (kg) Total meat production {million t)
Source 1980 1990 2000 2008 1980 1990 2000 2008 1980 1990 2000 2008
Guadeloupe 23 24 14 11 11 13 13 15 250 312 180 165
Guatemala 28 30 31 29 15 15 15 15 420 450 465 435
Guyana 19 25 26 27 10 10 10 10 190 250 260 270
Haiti 220 244 432 400 15 15 15 15 3,300 3,660 6,480 6,000
Honduras 11 10 13 10 15 15 15 15 166 156 187 148
Jamaica 33 35 40 41 14 13 14 16 450 450 551 681
Martinique 2 8 7 6 11 12 13 13 20 100 83 80
Mexico 2,696 2,777 2,510 2,550 11 13 15 17 30,305 36,102 38,760 43,128
Montserrat 1 2 2 2 12 12 12 12 15 20 25 25
Netherlands Antilles 5 13 4 4 9 9 9 9 47 113 35 38
Nicaragua 2 2 3 2 16 16 16 19 30 27 46 33
Paraguay 62 69 74 95 10 10 10 10 619 693 739 950
Peru 742 748 542 499 12 12 13 13 9,100 8,750 6,963 6,447
Puerto Rico 23 24 0.3 1 11 11 11 12 262 254 3 16
St Kitts and Nevis 4 4 5 1 14 14 14 13 49 54 70 13
St Lucia 4 5 4 3 14 14 14 14 49 63 51 47
St Vincent and 1 2 2 3 12 24 23 30
Grenadines
Suriname 3 4 2 1 10 10 10 10 30 39 20 13
Trinidad and Tobago 24 25 25 27 15 15 15 15 352 375 375 405
USA 796 28 22,600
US Virgin Islands 2 2 2 2 11 11 11 11 26 19 19 20
Venezuela 502 656 407 480 11 8 17 12 5,457 5119 7,051 5,870
Oceania
Australia 15 315 425 650 25 25 25 25 375 7,875 10,625 16,250
Cook Islands 0.6 0.6 0.6 02 15 15 15 15 8 8 9 2
Fiji 33 56 73 74 14 12 13 13 451 648 934 983
French Polynesia 4 4 5 5 15 15 15 15 54 63 75 75

Guam 0.1 0.2 0.2 0.3 36 35 43 50 6 7 10 15
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Micronesia, Fed.

States
New Caledonia 4 9
New Zealand 55 162
Pacific Islands Tr. 1 1
Papua New Guinea 0.4 0.6
Tonga 3 2
Vanuatu 2 2
Wallis and Futuna 1 1
Continents
Africa 42,841 56,219
Asia 93,936 147,781
Europe 10,997 13,843
Americas 8,515 9,893
Oceania 119 554
GNI (US$/year: 2,008)2
Low (<$995) 37,017 45,564
Lower middle 71,316 117,079

(US$996-3,945)
Middle (US$3,946— 20,817 25,395

12,195)
Upper middle 9,451 12,936
(=US$12,196)
Economies®
Emerging and 147,828 217,388
developing
Advanced 8,462 10,754
Total 156,407 228,291

115

S~ w N o

74,213
218,358
11,911
9,550
628

59,491
190,657
26,464

12,081

305,044

9,329
314,659

107

— w N W

98,339
271,255
11,257
10,788
846

71,273
240,750
26,975

13,552

382,125

10,027
392,484

12
17
11
15
15
10
15

12
13
11
12
17

12

12

12

13

12

13
12

12
12
11
15
15
10
15

12
14
11
12
16

12

13

12

14

12

14
13

11

12
11

15
15
10
15

12
14
13
13
17

12

13

13

14

13

14
13

11

12
11

15
15
10
15

12
15
13
14
17

12

14

13

15

13

14
13

13
48 108 22
950 1,998 1,285
13 13
6 8 8
42 30 24
23 23 26
15 15 15

496,620 663,928 916,923
983,648 1,729,326 2,593,215
115,982 137,857 124,870
95,891 114,514 122,256
1,991 10,796 13,046

389,585 597,042 775,413
774,757 1,326,783 2,263,105
265,634 334,579 367,013

94,873 135,220 133,724

1,612,309 2,552,537 3,665,519

80,449 102,133 99,592
1,694,132 2,656,421 3,770,310

14

22
1,153

11
26
28
15

1,193,211
3,386,936
121,080
151,451
18,594

890,326
3,078,049
371,700

194,746

4,737,344

127,712
4,871,272

aworld Bank, http://databank.worldbank.org/.
bInternational Monetary Fund, hitp://www.imf.org/.
CFAOSTAT, http://faostat.fao.org/.
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Table 4.3. Goat breeds in the world by speciality, climate-environment and country of origin.
(From Shrestha and Fahmy, 2005, 2007a.)

Breed/speciality Country Breed/speciality Country
MEAT Tropical dry
Tropical very dry Barbari India
Sudan Desert Sudan Beetal India
Tropical dry Dera Din Panah Pakistan
Barbari Pakistan Granadina Spain
Black Bengal Indian subcontinent Jamunapari India
Bugri Pakistan Jhakrana India
Cutchi India Kamori Pakistan
Damani Pakistan Nigerian Dwarf West Africa
Ganjam India Nubian Sudan
Kaghani Pakistan Surti India
Kail Pakistan Zaraiby Egypt
Lehri Pakistan Tropical humid
Marwari India Malabar India
Nigerian Dwarf West Africa Subtropical dry
Nubian Sudan, UK Damascus Syria and Lebanon
Osmanabadi India Subtropical mild
Patteri Pakistan Alpine Switzerland
Sangamaneri India Fawn Belgium and Germany
Sirohi India LaMancha USA
Tapri Pakistan Oberhasli Switzerland
Tropical humid Rove France
Fijian Fiji Saanen Switzerland
Katjang Indonesia Toggenburg Switzerland
Katukachchiya Sri Lanka PROLIFIC
Subtropical dry Tropical very dry
Boer South Africa Sudan Desert Sudan
Subtropical humid Tropical dry
Angora Turkey Barbari India
Banjiao China Black Bengal Indian subcontinent
Chengdu Ma China Tropical humid
Du An China Malabar India
Fuquing China West African Dwarf West Africa
Guizhou White China Subtropical dry
Haimen China Boer South Africa
Huai China Subtropical humid
Kheri Nepal Ma'tou China
Leizhou China Tropical and subtropical dry
Longlin China Criollo South America
Ma'tou China PASHMINA (Cashmere)
Okinawa Japan High mountains cold
Shanzi White China Chyangra Nepal
Terai Nepal Kashmiri Central Asia
Subtropical mild Singhal Nepal
Rove France MOHAIR
Spanish UK Subtropical humid
Mountain humid Angora Turkey
Khasi India SKINS
MILK Tropical dry
Tropical very dry Black Bengal Indian subcontinent
Black Bedouin Israel and Egypt Tropical humid
Maradi Niger and Nigeria
Mubende Uganda
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production efficiency, uniformity of car-
casses and consumer acceptability, while
adding value to meat and meat products.
Crossbreeding of the dairy (Alpine, Damas-
cus, Jamunapari, Saanen and Toggenburg)
and meat (Beetal, Boer and Nubian) breeds
with indigenous breed populations in many
parts of the world has produced kids suit-
able for meat production (Shrestha and
Fahmy, 2005, 2007a). Meat goats represent
the majority of goats in the tropics and
include those not specialized in the produc-
tion of milk, pashmina (cashmere), mohair
and skins (Table 4.3). There is evidence that
goat producers have benefited from the
application of breeding strategies that have
helped reduce costs associated with goat
meat production (Quartermain, 1991). Esti-
mates of genetic parameters and the genetic
response to selection for economically
important traits in goats corroborate theo-
retical promise for improving the efficiency
of meat production. The use of mixed ani-
mal model methodology (Henderson and
Quaas, 1976), which has contributed to
genetic improvement in other livestock and
poultry, is also applicable in the breeding of
meat goats. Thus, predicting breeding val-
ues of parents and their offspring from the
simultaneous evaluation of multiple traits
associated with improving production effi-
ciency has considerable potential. The sub-
ject of this chapter is the application of
quantitative genetic principles and skilled
practices of the breeder, along with comple-
mentary goat genetic resources worldwide,
to achieve rapid and permanent improve-
ment of morphological characteristics and
production performance that are of eco-
nomic importance to meat production.

4.3 Domestication and Dissemination
of Goat Genetic Resources

Domestication has contributed to physical
changes in the wild goat species during
their adaptation in captivity while being
made suitable for farming. This is an ongo-
ing process of artificial selection and skilful
breeding practice in an environment
provided by the farmer. Archaeological

studies of bones uncovered adjacent to
human settlements in areas adjoining Iran,
Turkey, Syria, Jordan, Pakistan, Israel and
the Palestinian Territories, along with
radiocarbon dating, suggest that prehistoric
communities as early as 8500 sc (the end of
the Mesolithic period) domesticated herds
of goats and flocks of sheep. Three predomi-
nant types, the Bezoar, Savannah and
Nubian goats, evolved from their respective
wild ancestors, the Bezoar or Pasang (Capra
aegagrus aegagrus), Markhol (C. aegagrus
falconeri) and lbex (C. aegagrus ibex) goats.
According to Herre (1958), the Bezoar type
may have been the first domesticated goat.
The expansion of agriculture and the stock
raising culture led to the movement of
nomadic and semi-nomadic pastoralists
with their goats in westerly and easterly
directions from the west Asian centre of
civilization. Goats travelled from Iran and
Afghanistan through Turkistan to Mongolia
arriving at North and South China, which
was later known as the ‘silk road’, and to the
Hainan Island and the western plain of
Taiwan. The Tsinghai and Mongolian goats
were established in the Tibetan plateau
sometime during this era. Goats indigenous
to central and eastern China may have origi-
nated from crosses between Mongolian
goats and the meat goat from south China.

The expansion of the Aryan Empire in
the 2nd century sc contributed to the migra-
tion of goats through the Khyber Pass into
the Indian subcontinent. In the 6th century
Bc, the thriving trade between the Indian
subcontinent and south-eastern Asia along
the maritime route to Burma, Thailand,
Malaysia and Indonesia, and from South
China into south Asia was responsible for
the introduction of goats to these regions. It
has been suggested that the present popula-
tion of indigenous goats in Thailand, Malay-
sia and Indonesia may have been derived
from crosses of Jamunapari and Anglo-
Nubian goats (Devendra and Nozawa, 1976).
Kambing Katjang or Pea goats indigenous to
Malaysia and Indonesia are morphologi-
cally similar to goats in the Philippines,
Taiwan and the Islands of south-west Japan,
and resemble Black Bengal and south China
goats.
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The rise and the expansion of the
Roman Empire were characterized by Euro-
pean goats with large body size (B6konyi,
1974). It has been suggested that hornless
goats first appeared during this period. Fol-
lowing the demise of the Empire, body size
decreased in the 3rd to 6th centuries,
remaining small during the Middle Ages to
the 14th century. In the 5th century sc, goats
with scimitar-shaped horns, which origi-
nated in Egypt, migrated into areas adjoin-
ing Syria and Palestine. Migration of goats
from north to south in East Africa and east
to west in North Africa was followed by
subsequent dispersal across the African
continent. Currently, Savannah-type goats
are widespread across the African continent
where the majority of animals are raised for
their meat and milk by pastoralists. Nubian-
type goats raised by sedentary agriculturists
in North Africa possibly originated from
goats in India or Iran that subsequently
migrated into Syria and Egypt. It has been
suggested that Anglo-Nubian goats were
derived from crosses between prick-eared
goats indigenous to the UK and Nubian-
type Zaraibi, Chitral and Jamunpari goats
from Africa and India.

Goats indigenous to Europe accompa-
nied voyages from Spain and Portugal to the
Americas; from France and England into
North America; from England to Australia,
New Zealand and South Africa; and from
Africa to the Caribbean countries. Conse-
quently, large populations of feral goats were
established in Australia and New Zealand.
In the USA, Spanish goats account for 20%
of the population and produce most of the
goat meat in the country. These goats, of
Mexican origin, are distinct from the Angora
or dairy breeds. Natural selection and contri-
bution from the Nubian (syn. Anglo-Nubian)
or Toggenburg breeds have resulted in a vari-
ety of morphological characteristics.

4.3.1 Concept of breed

In the early 18th century, Robert Blakewell,
known as the father of animal breeding,
developed the concept of combining stocks

with similar morphological characteristics,
and established Coates” Herdbook for Short-
horn Cattle and Herd Societies in England.
This was followed by registration of animal
ancestry and the maintenance of herd books
to restrict introductions contributing to the
development of a large number of pure
breeds (Lush, 1945). Dairy goats from Swit-
zerland were introduced into England lead-
ing to the development of the Saanen,
Toggenburg and Alpine breeds. Purebred
goats also accompanied voyages, which
contributed to their introduction into the
colonies where a large number of goat herds
currently remain. The rapid expansion of
the goat numbers in the newly established
colonies could be attributed to favourable
climatic conditions, an abundance of vege-
tative growth and the absence of communi-
cable diseases as well as predators.
Domestication and the history of goats have
been described in comprehensive reviews
on the subject (Harris, 1962; Epstein, 1971;
Bokényi, 1974; Devendra and Nozawa,
1976; Nozawa, 1991).

In the mid-20th century, Mason (1951)
published the first edition of A World Dic-
tionary of Livestock Breeds, Types and Vari-
elies. This has been complemented with
further details on distribution, morphologi-
cal characteristics and production perfor-
mance of goats in China (Phillips et dl.,
1945; Epstein, 1969; Cheng, 1984; Ying,
1995), India (Acharya, 1982), Pakistan
(Hasnain, 1985), Turkey (Yalgin, 1986) and
Europe (Simon and Buchenauer, 1993). This
was followed by the development of the
Global Animal Genetic Data Bank (Simon,
1990) and the publication of the Animal
Genetic Resource Information by the Food
and Agriculture Organization of the United
Nations (FAQ). Centuries of evolution and
skilful breeding practice have established
specific genetic combinations contributing
to the development of a colossal amount of
goat genetic resources distributed world-
wide across all ecosystems. These goats
have adapted to varying production envi-
ronments (Mason and Maule, 1960; Gall,
1982, 1996; Galal, 1987; Simon, 1990; Simon
and Buchenauer, 1993; Mason, 1996; Scherf,
2000; Morand-Fehr et al., 2004) and exhibit
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diversity in performance providing clear
evidence of their potential for genetic
improvement of productivity.

4.3.2 Classification of indigenous goats

There are many goats indigenous to the
tropical, subtropical and high mountain cli-
mate exposed to humid, very dry, dry, and
humid and cold environments. The absence
of herd books in many developing countries
has led to the classification of goats accord-
ing to morphological characteristics distinct
from other populations in the vicinity.
Goats have been described according to spe-
cific local names, distribution and primary
product. In India, the Council of Scientific
and Industrial Research (CSIR, 1970) classi-
fied goats into the following breed groups
according to their primary product: 34 for
meat, 12 for milk, eight for prolificacy and
three each for pashmina and skin produc-
tion. Cashmere-like goats were distributed
in the trans-Himalayan mountain range,
milk goats in the northern dry regions and
meat goats in the Deccan Plateau and areas
adjoining the Bay of Bengal. Goats in India
were further classified into 20 breeds: Sirohi,
Marwari, Beetal, Jhakrana, Barbari, Jamu-
napari, Mehsana, Gohilwadi, Zalawadi, Kut-
chi and Surti in the north-western arid and
semi-arid regions; Sangamneri, Malabari,
Osmanabadi and Kannaiadu in the southern
peninsular region; Ganjam and Bengal in
the eastern region; and Gaddi, Changthangi
and Chigu in the northern temperate region.
In Pakistan, goats were classified on the
basis of hair and smooth coat characteristics
into 25 breeds: Kajli, Khurassani and Lehri
of Baluchistan; Damani, Gaddi and Kaghani
of the North-west Frontier province; Beetal,
Nachi, Dera Din Panah and Teddy of Pun-
jab; Barbari, Chappar, Kamori and Sind
Desi of Sind; Baltistani, Jararkheil, Kohai
Ghizer and Piamiri of northern areas; and
Beiari, Buchi, Desi, Kooti, Labri, Pothohari
and Shurri of Azad Kashmir. In China, meat
goats were classified into 12 breeds: Ban-
jiao, Chengdu Ma, Du An, Fuqing, Guizhou
White, Haimen, Huai, Leizhou, Longlin,

White goat, Matou and Nanjiang yellow.
Further details on issues relating to the con-
servation of goat genetic resources have
been described in detail in the textbook
Goat Science and Production and a compre-
hensive review on the subject (Shrestha and
Galal, 2010, 2011).

4.4 Divergent Production Environments

In general, meat goats are raised in small
and large multi-species herds under nomad-
ism and semi-nomadism in a range of agro-
pastoral production systems, arid rangelands
and within the perimeter of the farm, or in
the vicinity of smallholder farming systems.
The divergent management practices are tra-
ditional, socially tolerant and in harmony
with the natural vegetation and prevailing
environment but make efficient use of
labour surplus to household requirements
with sustained productivity. The resource-
poor households not only lack the neces-
sary finance to purchase concentrates but
also fail to appreciate the scientific logic
behind the concept of fattening goats to
improve meat quality. The practice of fat-
tening livestock prior to slaughter by pro-
viding high-energy concentrate diets in
feedlots, which is common in other meat
animals, does not exist in goats.

4.4.1 Asia

Goats are often tethered in stubble fields or
browse along roadsides, adjoining forests
and community pastures, while frequently
being supplemented with cut-and-carry
fodder. In general, women and children in
rural areas are responsible for daily feeding
and husbandry requirements. Around urban
areas, goats browse on vegetation surround-
ing irrigated fields or verdure along prop-
erty boundaries and vacant land but remain
secure and always within the proximity of
the owner. During the summer months, the
availability and quality of forage and shrubs
diminish in adjoining villages and areas of
the city. Thus, goats need to travel a greater
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distance for foraging or are supplemented
with agricultural by-products from indus-
trial waste produced during food process-
ing, along with vegetable toppings from
kitchen waste.

In countries bordering the Himalayan
mountain range, goats raised in large multi-
species herds benefit from an abundant sup-
ply of natural vegetation, which is the
primary source of diet in transhumance sys-
tems (Shrestha ef al., 1998). Nomadic pasto-
ralists practise the age-old tradition of
ascending in the spring to the high moun-
tain pastures of indigenous grasses, moun-
tain vegetation and shrubs, and descending
in autumn into populated areas adjoining
croplands or irrigated fields. During gesta-
tion and lactation, supplementary feed to
meet the dietary nutrient requirements
comes from green and stored fodder, stubble
from recently harvested fields, and concen-
trates or locally available agricultural by-
products. Feed is the major constraint to the
number of animals that can be maintained
during the winter months. There is also
competition from humans due to the limita-
tion of concentrates available in the region.
The practice of slaughtering large numbers
of goats and sheep in the autumn coincides
with cultural practices and religious rituals
that occur during the harvesting of crops.

In the Tibetan plateau, large herds of
Tsinghai and Mongolian goats are raised for
milk, meat, skin and hair by nomadic pasto-
ralists under adverse environmental condi-
tions of low rainfall, hot summers and cold
winters under a transhumance system. In
the late 19th century, the mountain and
community pastures began to experience
rampant overgrazing because of increasing
numbers of livestock continuing to share a
fixed acreage of land. The transhumance
system of management is under threat from
loss of pasture, restricted access to National
Parks, overgrazing, predators, a toll for graz-
ing, diseases and rural exodus of the human
population. Consequently, an increasing
number of sedentary herds graze around
irrigated land and rely on locally available
feed and feed by-products for subsistence.

In South and South-east Asia, there
have been attempts to increase goat meat

production by integrating the raising of
goats with crop production and farming sys-
tems. Devendra (1988) has described the
integration of goat meat production and
crop farming systems based on wheat, rice,
maize, oilseeds, cash crops, vegetables, cut-
and-carry fodders, coconuts, oil palm and
rubber plantations for various stocking den-
sities owned by small farmers, the landless,
labourers and peasants. In the Philippines,
a 300-goat herd kept for meat production
along with fish culture of Nile tilapia (Oreo-
chromis niloticus) at a stocking density of
10,000/ha resulted in the harvest of fish
weighing 78 g at 120 days (Libunao, 1990).
In South China, including Hainan Island
and the western plain of Taiwan, small
herds of goats continue to thrive around
well-irrigated river basins.

4.4.2 Africa and the Middle East

In the Sahel region of Africa, nomadic tribes
move with their goats in search of vegetation
around oases, waterholes and adjoining irri-
gated lands to provide milk and meat for
domestic consumption. Each household
maintains three to four goats that roam freely,
producing meat with minimum labour and
input costs. This form of traditional hus-
bandry results in a 30% greater return over
investment. In the south-eastern region of
Nigeria, an average household has six West
African Dwarf goats raised under intensive
management, while women participate as
meat retailers (Chidebelu and Ngo, 1998).
Details and description of meat-goat produc-
tion and marketing in Asia, Africa and Latin
America, as well as consumer preference,
carcass quality and composition, and the
influence of season, climate, breed, sex, age
and nutrition have been reviewed (Devendra
and Burns, 1983; Devendra, 1988; Upton,
1988; Wilson, 1992).

In the Mediterranean and northern
Europe, goats are kept with the primary
objective of producing milk for cheese-
making. In Tunisia, Algeria, Morocco,
Greece, Spain, Italy and France, significant
amounts of meat and meat products are sold
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in the domestic market within an industry
that varies among countries (Le Jaouen,
1997). In Tunisia, sedentary goat keepers of
the oases of Nefta and Tozeur usually keep
five does in smallholdings together with
sheep or dairy cattle to provide income for
the household from the sale of meat while
the milk is used for human consumption
(Rekik et al., 1996). This production system
appears to be highly efficient, despite a low
return from a negligible investment of capi-
tal and labour. In 1991, Algeria had 2.5 mil-
lion goats, which were located mostly in the
eastern and southern regions of the country
and raised together with multiple species in
herds of 20-200. Larger herds of more than
50 goats were common in the mountains of
the Kabylie region of central Algeria. In gen-
eral, indigenous goats of the Barber breed
were kept for meat, whereas those of the
Arabia breed provided both meat and milk.
In 1985, approximately 20,000 million t of
goat meat was produced in Morocco, dem-
onstrating the importance of goats to the
economy. In 1989, drought, along with the
implementation of a regressive legislation to
protect forests, decreased the goat popula-
tion dramatically, from 8 million in 1960 to
5 million in 1999. In France, the endangered
Rove goat raised under a transhumance sys-
tem is being promoted to produce meat from
feed based on wild flora. This concept is
based on the idea of safe keeping of the for-
est diversity while protecting employment
in areas where rural exodus is rampant.
Details and descriptions of the herding sys-
tems including transhumance and sedentary
herds, breed, vegetation, grazing and pro-
duction management, as well as socio-eco-
nomic and marketing aspects of goat-meat
production and processing in Europe, have
been reviewed (Flamant and Morand-Fehr,
1990; Morand-Fehr et al., 1992; El-Aich
et al., 1995; d’Avant, 2001).

4.4.3 The Americas

In the eastern USA, demand for goat meat is
from the increasing population of ethnic
origin and the growing appreciation for

food of exotic origin. This has contributed
to research on silvopastoral production sys-
tems based on a high proportion of browse
in diets composed of herbage from several
species of the genus Paulownia (Mueller
et al., 2001). In the north and west central
regions of Argentina, 50,152 farms have 3.7
million Criolo (syn. Creole) and Anglo-
Nubian goats on pasture for meat produc-
tion (Angel-Neelem and Nellem, 1998). In
Mexico, Galina ef al. (2000) reported that
goats grazing on semi-arid woody brush
(Caducifolio espinoso) rangeland were more
profitable when supplemented with a com-
plex catalytic feed containing non-protein
nitrogen compared with those fed tradi-
tional rations balanced by feeding supple-
ments. In Guadeloupe, Creole meat goats on
a semi-intensive production system based
on breeding cycles of 8 months and grazing
on fertilized and irrigated pastures of Digi-
laria decumbens, weaned 1.4 kg of kid
weight/ha (Alexandre et al., 1997, 1999).
Creole goats attained 90% fertility, a prolifi-
cacy of 2.25 and 78% viability to weaning,
doubling their productivity. The authors
concluded that meat production in the
humid tropics should be assessed in rela-
tion to agronomic sources of variation that
included grazing systems, animal manage-
ment and ingestion levels other than inci-
dence of gastrointestinal parasitism.

4.5 Breed Evaluation

Important information pertinent to the
genetic improvement of morphological
characteristics and production performance
of goats maintained under specific manage-
ment conditions is available from world-
wide studies, which include performances
of pure- and crossbred goats kept under
varying management practices across all
ecosystems. Worldwide, 28% of goat breeds
and populations either have not been
reported or are of unknown origin. Com-
pared with other ruminant livestock, this
represents the largest proportion (Galal,
2005). The problem can be attributed to dif-
ficulties encountered in collecting census
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data from remote regions of the world. Only
a fraction of the 1183 goat breed popula-
tions worldwide as reported by DAD-IS
(2010, http://dad.fao.org/) have been sub-
jected to evaluation. The majority of studies
are based on a small number of offspring
derived from few sires. These studies are
often confounded with feeding and manage-
ment practices that are not consistent with
smallholder farming systems in the country.
In developing countries, income from car-
cass weight should not be considered as the
only saleable product for meat goats because
non-carcass components have economic
and religious significance. While the repro-
ductive rate of the doe and kid survival are
considered important, there is no conscious
effort to improve growth rates and meat
quality. This is because increased numbers
of animals in the household are indicators
of wealth and status in the community.
Haenlein (1996) reported that improved
goat breeds, such as the Alpine breeds from
continental Europe, recognized for their
mature body size and higher milk yield
when crossed with the Anglo-Nubian, Boer
and Jamunapari breeds, have demonstrated
potential for increasing meat and milk pro-
duction. Galal (2005) assessed the produc-
tivity of goat breeds worldwide and
concluded that breeds in Europe were more
prolific with a higher milking ability and
heavier body weight compared with those
in Latin America. Breeds in Africa, Asia, the
Pacific and Near East regions, and North
America were intermediate, whereas those
in the Caribbean were smallest (Table 4.4).
Meat breeds in India have a mature weight
ranging from 19-37 kg at 15-18 months of
age in contrast to large breeds that weigh
58-60 kg, while dwarf breeds weigh
15—25 kg at the same age (Taneja, 1982).
Evidence has been presented that sug-
gests the presence of significant diversity
among breeds for economically important
traits associated with goat meat production.
In India, meat goats such as the Sirohi, Kan-
naiada, Black Bengal and Assam Hill breeds
and their crosses, as well as the Jamunpari,
Beetal, Barbari and Black Bengal breeds,
were evaluated for growth, feed conversion
and carcass characteristics (Acharya, 1988).

Also included in the study were growth rate
and milk production of crossbred offspring
from bucks of the Alpine, Saanen and
Anglo-Nubian breeds and does of the Mala-
bari, Beetal, Assam Hill, Black Bengal and
Jamunapari breeds. At the National Dairy
Research Institute in India, Alpine x Beetal
and Saanen x Beetal produced crossbred
offspring that exceeded their indigenous
parental breeds in body weight and dressing
percentage (Acharya et al., 1982). The Jamu-
napari breed characterized with large body
size weighed significantly more at maturity
than the Beetal, Barbari, Jhakrana, Sirohi
and Marwari breeds (Taneja, 1982). At the
Haryana Agricultural University in India,
Alpine x Beetal and Anglo-Nubian x Beetal
kids fed individually to 5 months on feedlot
exceeded their purebred contemporaries in
body weight, hot carcass weight and dress-
ing percentage. Bucks of the Jamunapari
and Beetal breeds crossed with does of the
Black Bengal, Beetal and Sirohi breeds pro-
duced offspring that were more productive.
In addition, Jamunapari-sired Black Bengal
does produced offspring that weighed sig-
nificantly more than their smaller parent.
The Beetal breed, known to be highly
fecund and better adapted when crossed
with does of the smaller Sirohi breed, pro-
duced large goats for meat production
(Misra et al., 1980).

In Nepal, Jamunapari-, Barbari- and
Beetal-sired indigenous does produced kids
that grew rapidly to 6 months, weighing
more than their indigenous contemporaries;
however, at 12 months of age, the indige-
nous goats were heavier (Sainju et al., 1994).
Crossbred kids from Jamunapari x Khari
and Saanen x indigenous goats weighed
more than their parental breeds at 15 weeks
of age by 3.4-3.5 and 5.9-13 kg, respec-
tively. In Malaysia, crossbreeding of the
German Fawn breed with the indigenous
Katjang goats produced large difference in
growth rate (Hirooka et al., 1997). In China,
the productivity of the Banjiao, Chengdu
Ma, Du An, Fuqing, Guizhou White, Hai-
men, Huai, Leizhou, Longlin, White goat,
Matou and Nanjiang yellow breeds and
their crosses, considered as meat goats, has
been assessed (Jiang, 1982, 1995). In Japan,
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Table 4.4. Diversity in the production performance of goats by region of the world (from Galal, 2005).

Performance Region Sex Goats? Mean+sp  Minimum Maximum
Body weight (kg) Africa Male 32 53+37 20 130
Female 32 39+22 20 94
Asia and Male 106 43 £ 17 16 130
Pacific Female 106 32+12 14 100
Europe Male 123 66 +13 35 120
Female 124 49 + 12 24 120
Latin America Male 10 40 + 14 15 70
and
Caribbean
Near East Male 48 44 + 14 17 75
Female 47 33=+8 15 50
North America Male 5 41 + 21 22 67
Female 4 35+ 26 13 60
Litter size (kid) Africa 17 1.4 +0.33 1 2.1
Asia and 79 1.4 +0.37 1 2.9
Pacific
Europe 28 1.6+0.35 1 2.2
Latin America 11 1.4+03 1.1 2.0
and
Caribbean
Near East 27 1.6+043 1.1 2.5
North 4 1.0 1 1
America
Milk yield Africa 3 126 = 116 50 500
(kg/lactation)
Asia and 63 136 = 109 16 550
Pacific
Europe 41 299 + 225 40 775
Latin America 2 63+4 60 65
and
Caribbean
Near East 32 150 + 97 35 460

sp, Standard deviation.
aNumber of goat breeds with records.

Shinjo and Toma (1985) reported that indig-
enous Okinawa meat goats were more pro-
lific with year-round kidding than the
Japanese Saanen goats, whereas fecundity
was lower.

In the Bahamas and Fiji, indigenous
goats sired by the Anglo-Nubian breed pro-
duced kids with superior body conforma-
tion and larger body size, demonstrating an
advantage in favour of the exotic sire breed
(Wilson et al., 1980; Hussain et al., 1983). In
Mexico, indigenous Mexican goats sired by

the Nubian and Saanen breeds resulted in
kids that were 8% heavier in post-kidding
body weight compared with those sired by
the Toggenburg breed (Montaldo et dl.,
1995). Also, litter weights of kids sired by
the Alpine breed were 18% heavier at birth
than those sired by the Granadina breed.
The performance of goats indigenous to
Africa such as the Bornu White, Red Sokoto,
Small East African, Sudanese Desert and
West African Dwarf breeds has been
described in detail (Quartermain, 1991). In
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Egypt, kids of Alpine x Rove surpassed their
parental breeds for weight gain from 30 to
90 days of age, carcass yield, width and
shape but produced more internal fat (Mou-
rad and Anous, 1998).

There has been a wealth of information
on breed evaluation published in the sec-
ond half of the last century, demonstrating
the opportunity to identify breeds with
potential genetic merit for increased goat
meat production. These studies are com-
prised of crossbreeding the Damascus with
the Anglo-Nubian and Jamunapari in Oman;
the Katjang with the Saanen, Anglo-Nubian,
British Alpine and Jamunapari in Malaysia;
the Boer with the Small East African in
Kenya and Malawi; the Creole with the Saa-
nen and the Barbados in Puerto Rico, and
with the Nubian, French Alpine and
Toggenburg in Venezuela; the Anatolian
Black with the Saanen and Maltese, and the
Saanen with the Sardinian and the Kilis in
Turkey; and the Jamunapari with indige-
nous goats in Sri Lanka. Further evaluations
encompass the Alpine, Anglo-Nubian and
Saanen breeds with the Beetal goat in India
and Fiji; the Jamunapari, Saanen, Barbari
and Beetal breeds with indigenous goats in
Nepal; the German Fawn breed and Katjang
goats in Malaysia; the Alpine and Rove
breeds in Egypt; the Japanese Saanen breed
with Okinawa meat goats in Japan; the
Nubian, Saanen, Toggenburg, Alpine and
Granadina breeds with indigenous goats in
Mexico; and the Boer breed with the Span-
ish and Angora, and the Nubian and Alpine
breeds in the USA.

A number of studies have reported that
offspring derived from breeds with genetic
potential for increased growth rate have a
requirement for a high-quality diet, signify-
ing the importance of breed x nutrition
interaction. Glimp (1995) suggested that
increased productivity could be achieved
by providing better nutrition for crossbred
kids from any improved breed. In India,
kids of Beetal x Sirohi raised extensively on
range failed to demonstrate any advantage
in body weight at 12 months of age over
those of the Sirohi breed. When kids were
raised on feedlot, performance was signifi-
cantly superior, whereas mortality, feed

efficiency and dressing percentage were
similar. The advantage of crossbred off-
spring under an abundance of feed has also
been reported in Fiji, where stall-fed
Alpine x Beetal, Anglo-Nubian x Beetal and
Saanen x Beetal goats not only grew rapidly
but had heavier pre-slaughter weight and
hot carcass weight to 5 months of age.

In the USA, kids of the Boer breed fed a
diet based on high-quality forage weighed
more than Spanish kids, whereas the feed-
ing of diets based on medium-quality forage
resulted in a reduction or reversal of the
advantage in growth rate (Blackburn, 1995).
In another study, Mislevy et al. (2000) was
not able to demonstrate any association
with type and quality of grass when
Spanish x Boer kids foraged Argentine,
Paraguay-22 and Tifton-9 Bahia grasses and
Florico stargrass. Boer x Spanish and
Boer x Angora kids fed a concentrate-based
diet resulted in similar early post-weaning
growth rates, whereas Boer crosses exceeded
Spanish crosses (Cameron el al., 2001).
Boer x Alpine kids gained substantially
more with better feed conversion at
31 weeks than at 50 weeks of age, suggesting
that growth rate tended to decrease as kids
grew older (Luo ef al., 2000). Kids slaugh-
tered at a constant age showed that a
Boer x Spanish cross compared with the
Spanish breed produced heavier body
weight and hot carcass weight, whereas
Boer x Spanish and Spanish x Angora were
similar, and the Angora breed was signifi-
cantly lighter (Oman el al., 2000). Breeds
did not vary in lean colour, surface discol-
oration, overall appearance or off-odour,
although kids of a Spanish x Angora cross
tended to have a higher proportion of lean
and less fat than those of the Angora breed,
suggesting crossbreeding as an option to
improve carcass characteristics.

4.6 Crossbreeding

Progressive breeders made use of cross-
breeding long before the importance of het-
erosis was well recognized by the scientific
community, recommended by specialists
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and willingly accepted for commercial pro-
duction. Previously, breeding strategies in
livestock and poultry were patterned some-
what after methods employed by plant
breeders to produce hybrid maize. Commer-
cial producers not only benefited from out-
standing genetic merit in the parental
breeds but also profited from heterosis prev-
alent among complementary breed crosses.
There has been irrefutable evidence from
researchers worldwide to suggest that cross-
bred offspring obtained in a systematic
manner grew more rapidly, were more
fecund and survived better than their pure-
bred contemporaries.

Studies with pigs and sheep have con-
firmed that heterosis improves the maternal
environment and enhances milk production
in the crossbred female parent, as well as
the growth performance of their offspring
(Shrestha, 1973; Shrestha and Heaney,
2003, 2004). Multiparous domestic mam-
mals, which include meat goats, benefit
from the maternal environment provided
during gestation and the nursing of their off-
spring. In industrial nations, the practical
importance of heterosis in improving
efficiency of production for livestock and
poultry has been widely appreciated by
commercial producers. Therefore, breeders
should opt for crossbreeding to maximize
production efficiency for the commercial
production of goat meat.

Earlier studies using single crosses
derived from two divergent inbred popula-
tions authenticated the benefits from heter-
osis. Unlike plants, the concept of inbred
lines is not practical in the livestock spe-
cies. This is because substantial loss in pro-
ductivity can result from lower inherent
potential for reproduction in the inbred par-
ents, along with an increase in inbreeding
and susceptibility to diseases in their off-
spring. In livestock and poullry species,
approaches to crossbreeding that have been
widely practised are contingent on the
number of parental breeds or populations,
and the order of mating among specialized
pure breeds and their crosses. These include
a number of approaches, such as specific or
rotational crosses involving multiple
breeds, backcrossing to the male parent, and

the combination of specific breeds and rota-
tional crosses.

The breakdown of desirable combina-
tions of segregating alleles inherited from
many of the parental breeds during cross-
breeding or the development of synthetic
populations could lead to a loss of desirable
morphological characteristics and produc-
tion performance (Dickerson, 1969a,b;
Kinghorn, 1980). This may be attributed to
the inter-breed recombination among non-
allelic genes (epistasis) decreasing the pro-
portion of retained heterosis, both direct
and maternal. In addition to recombination
loss, selection over subsequent generations
increases the loss of within-breed variabil-
ity, decreases the effective population size
and hastens the rate of inbreeding. Research
results on recombination loss in the parents
and their offspring have often been conflict-
ing because precise estimates require a large
number of breeds and their crosses indepen-
dent of environmental influence. Shrestha
(2010) has discussed in detail heterosis
retention and inter-breed recombination
among non-allelic genes associated with
crossbreeding and synthesis of breeds.

In practice, breeders are faced with the
difficulty of simultaneously improving a
number of economically important charac-
teristics to increase efficiency of goat meat
production. Therefore, genetic and environ-
ment components associated with produc-
tion traits of economic importance need to
be considered. There have been several
reports suggesting substantial improvement
in the productivity of offspring from crosses
between exotic breeds and indigenous
goats, leading to the myth that exotic crosses
are more productive under prevailing con-
ditions and requirements (Shrestha, 1998).
In developing countries, this approach has
contributed to successive generations of
unintentional crossbreeding, which has
often resulted in upgrading indigenous
goats to resemble the exotic breed. On the
other hand, the lack of adequate nutrition
and husbandry has contributed to loss of
adaptability, fecundity and disease resis-
tance, while the genetic base has been
reduced by repeated use of the same parents
to the detriment of performance in the
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crossbred population. The success or failure
of the breeding programme to a large extent
depends on socio-economic values, fiscal
constraints, religious rituals, responsive-
ness to indigenous knowledge and the tradi-
tional skills acquired by the producer.

Of the large number of breeds world-
wide, some have considerable merit for
meat production while others have shown
promise in crossbred combinations (Garcoa
and Gall, 1981; Devendra, 1982, 1988; Gall,
1982, 1996; Devendra and Burns, 1983).
The lack of inherent potential for lean
muscle yield among established or indige-
nous goats demonstrates prospects for
complementing with exotic breeds that
excel in genetic merit. Potential sources of
exotic breeds have demonstrated consider-
able promise in improving efficiency of
production when used for crossbreeding
and development of composite popula-
tions. Some of the popular goats in the
Asia-Pacific region with potential genetic
merit are the Barbari, Beetal, Damani, Daira
Deen Panah, Jamunapari and Kamori
breeds for milk and meat; the Black Bengal,
Fijian, Kambing, Katjang, Kheri, Marwari,
Ma’tou, Nubian, Sirohi, Teddy and Terai
breeds for meat; the Chyangra, Kashmiri
and Singhal breeds for meat and pashmina;
and the Black Bengal, Malabari, Barbari
and Ma’tou breeds for fecundity (Shrestha
and Fahmy, 2005). The Alpine, Saanen and
Toggenburg dairy breeds from continental
Europe and the Boer breed from South
Africa have considerable merit for use in
goat meat production.

In each country, the sources of animals
selected for crossbreeding need to be
assessed carefully. If breeds must be
imported, consultation with breed associa-
tions or societies as well as producer organi-
zations before making any decision on their
importation is essential. It is important to
note that breeders, besides having raised
goats for a number of years, are privy to a
great deal of information on the goats’
genetic background, health status, behav-
iour and previously available knowledge on
their performance. Breeding animals may
be introduced into the population chosen
either as a source of divergent genetic

resources or for their inherent potential
without jeopardizing the animal health sta-
tus of the country. There is always the pos-
sibility of a disadvantage associated with
the imported breed, due to restrictions asso-
ciated with the test environment and inad-
equacy of nutrients necessary for expression
of the full inherent potential in the cross-
bred offspring. The problem is more pro-
nounced with incidence of mortality. This
is because goat production tends to be con-
centrated in marginal lands that are not
suitable for crossbred offspring with higher
nutritional requirements.

Reproductive  technology,  which
includes collection, processing, storage and
use of fresh and frozen buck semen and
embryos from does, has achieved success in
controlling the spread of diseases. Cur-
rently, semen and embryos can be trans-
ported with relative ease while minimizing
the risk of introducing diseases. This ave-
nue provides an opportunity to sample a
large number of unrelated goats and estab-
lish a foundation herd consisting of as broad
a genetic base as possible. Achieving accept-
able fertility will reduce associated costs
incurred during the importation of exotic
breeds and their propagation. The choice of
animals within breeds selected for cross-
breeding may depend largely on previously
acquired knowledge and the availability of
a healthy breeding stock of appropriate age.
Experience has shown that fiscal constraints
usually result in the introduction of a lim-
ited number of unrelated animals, mostly
bucks. Details and descriptions of findings
from studies worldwide presented in the
following sections substantiate the advan-
tage of crossbreeding complementary breeds
to maximize production efficiency for com-
mercial production of goat meat.

4.6.1 Backcrosses

A common practice among goat breeders in
developing countries is to produce purebred
offspring necessary for herd replacement
from about one-third of the superior female
parents, while the remaining two-thirds are
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crossed with bucks of an alternative breed to
produce two-breed-cross offspring. Selected
two-breed-cross does are mated to bucks of
the sire breed to produce backcross offspring
for market. The operational advantage lies in
keeping a single breed in the farm or house-
hold and purchasing only bucks of an alter-
native breed to produce both the single- and
backcross offspring. In this procedure, there
is an advantage from heterosis in maternal
performance and survival of the crossbred
female parent, along with growth rate and
survival of their offspring. The drawback is
associated with the inability to benefit from
the full complement of heterosis, which can
result in lower performance of the backcross
than that of a single cross. In addition, the
genetic superiority associated with parental
breeds may not be optimal. It is important to
note that backcross combinations involving
exotic breeds may result in offspring that
may not be well adapted to their new envi-
ronment unless there is provision for ade-
quate nutrition and husbandry.

A number of studies worldwide revealed
that productivity of crossbred kids exceeded
that of their contemporary purebred parents.
In India, Saanen x (Saanen x Malabari) com-
pared with Saanen x Malabari goats weighed
-5 to 17% from birth to 6 months of age
(Acharya, 1982). Similarly, Angora x (Angora
x Sangamaneri) compared with Angora X
Sangamaneri goats weighed —11 to 4% from
birth to 12 months of age (Table 4.5). In con-
trast, Taneja (1982) reported that Beetal x
(Beetal x Sirohi) compared with Beetal x
Sirohi goats weighed 7-19% less from birth
to 9 months of age (Table 4.6).

In the USA, Gebrelul et al. (1994)
reported that the Alpine and Nubian breeds
and their single crosses varied in body
weight at birth, weaning and 6 months by
4-11, 8-17 and 3-5% of their dam breed,
respectively, while mortality to 90 days
increased substantially (Table 4.7). Corre-
sponding estimates for backcross kids were
-3 to 6, 8-16 and —1 to 16%, respectively,
while mortality to 90 days was variable.
Estimates of direct heterosis for body weight
at birth, weaning and 6 months of age were
0.24, 1.9, 0.6 kg, respectively, and for kid
mortality was 4%, whereas maternal hetero-

sis estimates for body weight were 0.16, 1
and 1.4 kg, respectively, and for kid mortal-
ity was 3%. Maternal heterosis had a sig-
nificant influence on weaning weight,
demonstrating the advantage of using cross-
bred dams for goat meat production. In
order to reduce the high mortality in cross-
bred offspring, management issues need to
be addressed.

In Egypt, Barki x (Zaraibi x Barki) and
Barki x (Damascus x Barki) goats exceeded
the Barki breed in productivity (Abdelsalam
et al., 1994). Barki x (Zaraibi x Barki) com-
pared with Zaraibi x Barki goats weighed
—15 to 11% from birth to market, and pro-
duced 21% less total 16-week milk yield.
Similarly Barki x (Damascus x Barki) com-
pared with Zaraibi x Barki goats weighed
12—4% less from birth to market, and pro-
duced 5% more total 16-week milk yield
(Table 4.8). At the same time, the Zaraibi
breed was more productive than the Damas-
cus breed (Abdelsalam et al., 2000). Does
of the Barki breed compared with those of
Zaraibi x Barki and Damascus x Barki pro-
duced 47 and 71% less total 16-week milk
yield than the Barki breed. In addition, does
of the Barki breed compared with those of
Barki x (Zaraibi x Barki) and Barki x (Damas-
cus x Barki) produced 16 and 54% less total
16-week milk yield. These results suggest
that crossbred does with a higher propor-
tion of the Barki breed produced less milk
from a shorter lactation period.

In Sri Lanka, the Boer, Jamunapari and
Kottukachchiya breeds and 50% Boer cross
weighed 3, 2.8, 2.2 and 2.7 kg, respectively
at birth (Premasundeba et al., 1998). Back-
crossing with the Boer breed resulted in off-
spring with heavier birth weight, while
inter se mating of Boer crosses did not
decrease body weight.

In Thailand, the Thai breed, Anglo-
Nubian x Thai and Anglo-Nubian x (Anglo-
Nubian x Thai) slaughtered at 6, 11 or
14 months of age produced carcasses with
similar yield and percentage of fat and bone
(Pralomkarn et al., 1995). Correspondingly,
Anglo-Nubian x (Anglo-Nubian x Thai)
compared with the Thai breed and Anglo-
Nubian x Thai produced lower lean muscle
by 1 and 4%, respectively.



Table 4.5. Means (+ sew) for body weight at birth (kg) and at various ages, age at first kidding, kidding interval, service period and litter size for various goat
breeds and crosses? (from Acharya et al., 1982 and Acharya, 1988).

Sire breed Beetal Alpine Saanen Malabari Alpine Saanen Saanen Sangamaneri Angora Angora
Saanen x Angora x
Dam breed Beetal Beetal Beetal Malabari Malabari Malabari Malabari Sangamaneri Sangamaneri Sangamaneri
Body weight at:
Birth 29+005 32+005 34+006 1.7=+002 19+005 23=+002 27=+0.11 1.9+000 21+0.02 22+0.07
3 months 77+011 103+0.13 104=+020 57=+012 6.3+016 6.1+0.11 59+0.26 73+028 73=+0.06 8.2+0.09
6 months 122+021 138=+020 143=+053 93=+0.19 89+036 102+025 9.7=+052 106+0.39 106+009 11.2+0.11
9 months 11.1+019 122+057 13.3+0.20 135+0.14 13.0+0.15 134+0.17
12 months 21.8+08 401+18 269=+14 152+04 176+12 178=+0.5 173+22 16.0+02 154 +0.2
Age of first 534+34 495=+14 546 +19 700=+23 685 + 27 585 + 28

kidding (days)
Kidding interval 3137 323+5 30011 295+10 329+20 407 £ 23

(days)
Service period 173+5 201 +9 141 +9 184 +19 260 + 63
(days)
Litter size (%)
Single 41 59 67 55 65 31
Twin 51 36 29 41 63
Triplet 9 5 5 4 35 6
Anglo
Sire breed Alpine Nubian Beetal Alpine Saanen Sangamaneri Angora
Dam breed Beetal Beetal Beetal Beetal Beetal Sangamaneri Sangamaneri
Slaughter
Age (months) 5 5 9 9 9 9 9
Live weight 141+170 239+340 152+065 183+041 188+081 115+1.46 129+050
(months)
Hotcarcass (%) 53+083 93+148 77+030 95+036 94+044 51+016 44+042
Dressing 38 39 50 52 50 44 38

percentage
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Table 4.6. Means (= se) for body weight of single born kids at birth (kg) and at various ages by breed and their crosses?.

Breed Body weight (kg)° at:
No. No. No. No. No.
Sire Dam kids Birth kids 3 months kids 6 months kids 9 months kids 12 months
1978-1979
Sirohi Sirohi 309 2.8=+0.02(0) 288 9.9+0.12 (0) 190 13.6+0.17(0) 167 17.1 +0.18 (.0) 164 21.3+0.18(0)
Beetal Sirohi 261 3.1+0.04 (11) 244 10.3+0.13(4) 163 14.3+0.19(5) 142 171 +0.19(0) 138 22.3+0.20(5)
Year: 1980
Sirohi Sirohi 57 29+0.04(0) 55 9.6 +0.29 (0) 34 125+0.33(0) 39 17.0+0.41(0)
Beetal Sirohi 36 3.1+0.06(7) 33 10.4 £ 0.43(8) 22 13.3+0.44(6) 21 17.6+0.52(4)
Beetal Beetal x 24 29+0.08(-6) 19 8.4 +0.46 (—19) 13 124+ 047 (-7) 10 16.2+0.53 (-8)
Sirohi
Breed Body weight® (kg) at:
No. No. No. No. No.
Sire Dam kids Birth kids 1 month kids 2 months kids 3 months kids 4 months
Black Black 65 1.2+0.03(0) 44 2.1 +0.10(0) 4 3.0+0.16(0) 29 3.8=+0.30(0) 24 4.4 +0.37(0)
Bengal Bengal
Jamunapari Black 135 1.4+0.04 (17) 64 25+0.12(19) 56 3.3+0.14(10) 38 44+0.21(16) 27 55=+0.40(25)
Bengal
Breed Body weight® (kg) at:
No.
Sire Dam kids Birth 3 months 6 months 12 months
Black Black 131 1.8¢c+0.07 (0) 7.6ab =+ 0.28 (0) 11.4b+0.40 (0) 16.5b+0.55(0)
Bengal Bengal
Beetal Beetal 274 25a+0.04(0) 8.6a+0.18(0) 12.9a+0.23(0) 19.0a+0.34(0)
Beetal Black 115 1.9¢+0.07 (6) 7.9ab+0.30(4) 12.4ab+0.43(9) 18.7ab+0.58 (13)
Bengal
Black Beetal 96 2.3b+0.06 (-8) 7.2b+ 0.28 (—16) 12.7ab + 0.40 (-2) 18.2ab + 0.54 (-4)
Bengal

Continued

S120Y) 1Ay BUIPaaIg

I8



Table 4.6. Continued.

Breed Reproductive traits
Age at first
No. conception  Age atfirst kidding  First service First kidding
Sire Dam does (days) (days) period (days) interval (days)
Black Black 91 307a=12(0) 451b + 13 (0) 151b = 3(0) 294b + 3 (0)
Bengal Bengal
Beetal Black 241 395a=+12(29) 543a=+12(20) 167a = 3 (11) 314a+3(7)
Bengal

aThe percentage deviation from the dam breed is shown in parentheses.

bTaneja (1982).
®Means within a column and class not followed by the same letter differ significantly (P < 0.05).
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Table 4.7. Means (= se) for body weight (BW) at birth and at various ages, and mortality to 90 days by breed and their crosses?.
Breed Body weight (kg)® at:

No. kids No. kids 10-12 weeks No. kids Mortality to
Sire Dam born Birth (kg) weaned (kg) marketed 6 months (kg) 90 days (%)
Alpine Alpine 89 2.7 +0.08 (0) 68 13.2+0.4(0) 54 19.9+0.7 (0) 1.8+2(0)
Nubian Nubian 47 2.6 +0.11(0) 24 12.7 + 0.7 (0) 17 183+ 1.1(0) 45+4(0)
Alpine Nubian 48 27 +011(4) 33 13.7+ 0.6 (8) 27 18.8 +0.9(3) 10.9 + 4 (142)
Nubian Alpine 79 3.0 +0.09 (11) 62 15.5+0.4 (17) 47 20.9+ 0.7 (5) 53 +3(194)
Alpine Alpine x Nubian 25 2.8+0.16 (4) 16 15.9+0.9 (16) 13 20.3+1.3(8) 13.1 + 5 (20)
Alpine Nubian x Alpine 57 29+011(3) 41 14.8 + 0.5 (-5) 29 20.7 £ 0.8(-1) 52+3(-2)
Nubian Alpine x Nubian 26 2.8+0.15(4) 14 13.8+0.9(1) 11 21.9+1.3(16) 11.4+5(5)
Nubian Nubian x Alpine 24 3.2+0.16 (6) 17 142+ 0.8 (-8) 13 206+1.3(-1) 11.2=x5(111)
Breed Body weight (kg)° at:

No. Litter size y weight (ko)

Sire Dam does at birth No. kids Birth 90 days
Spanish Spanish 38 1.46a+ 0.1 (0) 38 28a+01(0) 13.6a=+0.4(0)
Boer x Spanish  Spanish 31 1.40a+ 0.1 (-4) 31 3.1b+0.1 (11) 15.8b+0.5(16)

aThe percentage deviation from the dam breed is shown in parentheses.

bGebrelul et al. (1994).
CLopez-Perez et al. (1998).
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Table 4.8. Means (= se) for body weight (BW) at birth and at various ages, and reproductive traits by breed and their crosses?.

Breed Body weight® (kg) at:
Sire Dam No.kids BW at birth No. kids 4 months No. kids 9 months
1982-1985
East African  East African 189 2.0 + 0.06 (0) 95 8.8 +0.33(0) 21 11.9+0.64 (0)
Toggenburg  East African 218 2.2 +0.06 (10) 98 9.7 +0.33(10) 31 14.2+0.64 (19)
Anglo-Nubian East African 98 2.2=+0.06(10) 55 9.5+0.33(8) 20 13.0+0.64 (9)
Galla Galla 75 2.6=+0.06(0) 43 9.1 +0.33(0) 19 13.1 +0.64 (0)
Toggenburg  Galla 139 2.6+0.06(0) 57 10.2+0.33(12) 26 13.9+0.64 (6)
Anglo-Nubian Galla 91 28=+0.06(8) 44 10.4+0.33(14) 25 15.1 + 0.64 (15)
Breed Body weight® at: Productivity?
Total 16 weeks’
56 days Mortality to Litter weight at Milk intake milk yield
Sire Dam No. kids  Birth (kg) (kg) Market (kg) 56 days (%) No.does weaning (kg) per 1 kg gain (kg)
Barki Barki 146 2.1(0) 6.2 (0) 12.6 (0) 24 (0) 47 7.6 +0.78 (0) 9.17 = 0.45 (0) 80.0 (0)
Zaraibi Zaraibi 309 2.1(0) 6.3 (0) 10.9 (0) 31(0) 38 9.2+0.78 (0) 7.43 +0.45 (0) 116.5 (0)
Damascus Damascus 225 3.1(0) 9.1 (0) 17.5 (0) 35 (0) 73 11.9+0.78 (0) 6.78 = 0.45 (0) 146.0 (0)
Zaraibi Barki 52 2.6 (24) 7.1(15) 13.2 (5) 25 (4) 19 10.2+0.78 (29) 7.70 £ 0.45 (—16) 117.7 (47)
Damascus Barki 80 2.6 (24) 7.8 (26) 15.6 (24) 33 (38) 20 10.4 + 0.78 (33) 7.70 £ 0.45 (-16) 136.8 (71)
Barki Zaraibi 32 22(-15) 7.5(6) 14.7 (11) 34 (36) 16 7.9+078(-22) 8.73+0.45(13) 93.0 (-21)
x Barki
Barki Damascus 66 23(-12) 75(4) 14.8 (-5) 21 (-36) 29 10.4 +0.78 (-1) 8.20 = 0.45 (6) 123.0 (5)
x Barki

aThe percentage deviation from the dam breed is shown in parentheses.
PRuvuna et al. (1988).

CAbdelsalam et al. (1994).
dAbdelsalam et al. (2000).
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In Taiwan, Nubian x Taiwan, Nubian x
(Nubian x Taiwan) and Nubian x
[Nubian x (Nubian x Taiwan)] varied in per-
formance with fertility of 84, 72, 73 and
100%, a prolificacy of 1.6, 1.8, 1.9 and 1.6,
and average daily gains of 97, 124, 99 and
88 g, respectively, while feed efficiencies
were similar (Wen et al., 1997). The Nubian
breed was lower in performance than their
crosses, with fertility of 77% and a higher
prolificacy of 2.1. Kids from the Nubian and
Taiwan breeds and Nubian x Taiwan breeds
varied in performance, with carcass fat con-
tents of 10.5, 7.1 and 8.3%, respectively.

4.6.2 Rotational crosses

These involve the mating of selected
crossbred female offspring derived from
two or more breeds to bucks of a pure
breed not used in the previous breeding,
in succession (Figs 4.1 and 4.2), while
kids surplus to breeding requirements are
marketed. There is a drawback that can
result from large differences in the perfor-
mance of offspring due to the changing
proportion of parental breeds in succes-
sive breeding. This contributes to lack of
uniformity in the marketing of meat and
meat products to the consumer. In theory,
the performance of the two-breed rota-
tional cross is expected to be lower by
one-third of the difference between the
single cross and the average of the two
parental breeds, which corresponds to the
reduction in heterozygosity. Furthermore,
the benefit from maternal versus individ-
ual performance from the use of all breeds
in succession is not the same as in specific
crosses. In a three-breed rotational cross,
the performance may decrease by one-sev-
enth, the difference between the average
performance of three single crosses and
the average of the three parental breeds.
Further loss in maternal and individual
performance can occur from inter-breed
recombination in the gametes of the off-
spring associated with genetic compo-
nents transmitted from the dam and
maternal grand dam.

4.6.3 Specific breed crosses

In theory, the genetic basis of the average
superiority of the three-breed crosses over
constituent single crosses can be explained
by heterosis in maternal performance and
its interaction with transmitted and mater-
nal deviations in performance of the pure-
breds. These have been described to
include epistasis and the average level of
inbreeding characteristic of the breed
together with greater average heterozygos-
ity in the offspring (Dickerson, 1969a,b;
Hill, 1972a,b). The production of specific
three-breed-cross offspring involves cross-
ing bucks of a meat-type sire breed usually
recognized for superior growth rate and
meat quality with single-cross does derived
from fecund-type dam breeds that excel in
reproductive rate and maternal ability of
the female parent. One of the two dam
breeds may be indigenous in order to ben-
efit from availability, adaptability, mother-
ing ability and survival, while the other is
a complementary, highly fecund dam
breed. In practice, facilities and resource
requirements to maintain three breeds can
be a serious drawback. It is, however, pos-
sible to maintain only one fecund-type
breed or indigenous goat population and to
purchase bucks of an alternative breed to
produce the crossbred female parents.
These crossbred females are mated to a
meat-type sire breed resulting in terminal-
cross offspring. The specific three-breed-
cross kids produced will benefit from rapid
growth rate, carcass quality and increased
uniformity in the marketing of meat and
meat products to the consumer.

Usually, goat breeders produce a two-
breed-cross female parent by mating two-
thirds of does in the herd to bucks of an
alternative dam breed. Purebred goats for
herd replacement are retained from the
remaining one-third of does. In practice, the
female parent, probably from a breed popu-
lation indigenous to the region, can be
raised within the farm, while male parents
with potential for either growth or fecun-
dity may be purchased from reputable
breeders. Galal (1987) proposed a breeding
strategy that involves mating a proportion
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Fig. 4.1. Rotational crossbreeding based on two breeds (A and B).
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Fig. 4.2. Rotational crossbreeding based on three breeds (A, B and C).
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of indigenous goats to produce purebred
goats for herd replacement. The remaining
indigenous goats are crossed with bucks of
an improved dairy breed to produce cross-
bred does for milk production. Finally, the
mating of crossbred does to bucks of a meat-
type breed produces specific three-breed-
cross kids with rapid growth rate deemed
suitable for meat production.

In India, Acharya (1988) summarized
the performance of the Beetal, Malabari and
Sangamaneri breeds and their crosses sired
by the Alpine, Saanen and Angora breeds
and concluded that crossbred offspring sired
by dairy breeds tended to exceed the female
parent in body weight from birth to
12 months of age, age at first kidding, kid-
ding interval, service period, litter size and
weight, age and weight at slaughter, hot car-
cass weight and dressing percentage (Table
4.5). According to Taneja (1982), the Beetal
and Sirohi breeds with marginal differences
in mature weight produced Beetal x Sirohi
and Sirohi kids that were similar in average
body weight from birth to 12 months of age,
feed efficiency and dressing percentage at
6—7 months of age, whereas overall mortali-
ties were 3.5-11.9 and 2.4-10.1%, respec-
tively (Table 4.6). Misra (1983) evaluated
Jamunapari x Black Bengal, Beetal x Black
Bengal and Black Bengal kids for body
weight and carcass traits. The author con-
cluded that the larger Jamunapari and Beetal
breeds had potential merit for improving
meat production when crossed with small
and medium-sized goats in India. Black
Bengal and Beetal x Black Bengal goats had
a similar age at first conception and, in the
latter, age at first kidding, first service period
and first kidding interval were significantly
longer (Singh et al., 2000). The Beetal breed
exceeded the Black Bengal breed, as well as
their reciprocal crosses, in body weight at
birth, 3, 6 and 12 months of age, resulting in
heterosis estimates of -2, —7, 3 and 4%,
respectively (Singh et al., 2002). These find-
ings further support the use of bucks from
breeds characterized by larger body size and
mature weight to produce heavier crossbred
offspring.

In China, Boer x Xuhuai crossbreds
weighed more at birth, 2, 6 and 12 months

of age than the Xuhuai breed. Consequently,
Zhou et al. (2001) recommended Boer-sired
offspring for meat production.

In Kenya, indigenous East African and
Galla goats and their crossbreds sired by the
Toggenburg and Anglo-Nubian breeds were
evaluated for body weight from birth to
9 months of age, including their growth
rates (Table 4.8). Ruvuna et al. (1988)
ranked East African goats as the lightest,
Anglo-Nubian x Galla as the heaviest and
Galla, Toggenburg x East African, Toggen-
burg x Galla and Anglo-Nubian x East Afri-
can as intermediate. Toggenburg- and
Anglo-Nubian-sired East African and Galla
does exceeded the dam breed in body
weight at birth by 10 and 0-8%, respec-
tively, and at 9 months by 9-19 and 6-15%,
respectively. In another study, Ruvuna
el al. (1992) reported that kids born to Galla
does compared with those from East Afri-
can does produced 2.3 kg heavier live
weight, 3.2% greater hot and chilled car-
casses at 14.7 months, 0.9% more internal
fat, 1.4% more lean at 7.2 months and 2%
more lean at 14.7 months. Toggen-
burg x Galla goats slaughtered at 2 years of
age compared with those of Toggen-
burg x East African, Anglo-Nubian x East
African and Anglo-Nubian x Galla pro-
duced significantly more carcass lean con-
tent by 3.1, 3.4 and 3.8%, respectively. Kids
from Toggenburg- and Anglo-Nubian-sired
does had a similar growth rate, slaughter
weight and carcass composition, while
Galla does exceeded East African does in
producing heavier and leaner kids.

In Bangladesh, the Black Bengal, Bar-
bari and Anglo-Nubian breeds and Bar-
bari x Black Bengal breeds weighed 1.4, 2.2,
3.2 and 1.6 kg at birth, 7.7, 11.5, 19 and
10.6 kg at 6 months, and 11.3, 21.9, 31.9 and
16.5 kg at 12 months of age, respectively
(Mia et al., 1993). The body weight of Bar-
bari x Black Bengal goats was intermediate
to their parental breeds with heterosis esti-
mates of —11% at birth, 10% at 6 months
and —1% at 12 months of age.

In Oman, male kids of Anglo-
Nubian x Dhofari compared with the Dho-
fari breed were significantly heavier from
birth to 1 year of age, with greater wither
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height and body length (Al-Ojaili, 1995).
The author concluded that crossbreeding
does of the Dhofari breed with bucks of a
temperate breed demonstrated potential for
increasing meat production.

In Egypt, the Alpine breed compared
with the Rove breed was more fecund with
a lighter body weight and similar carcass
traits. The estimate of heterosis for body
weight increased from 7% at 10 days to
27% at 210 days for female kids, 12% at 90
days of age for male kids, and -9 to 4% for
lean yield, width and shape of carcass and
internal fat (Anous and Mourad, 1993). Het-
erosis estimates for length, width and con-
formation of gigot were not significant. The
authors concluded that crossbreeding the
Alpine breed with the Rove breed produced
does that were more prolific, while their
kids grew rapidly with wide and compact
carcass but more internal fat. Heterosis esti-
mates of Zaraibi x Barki goats for body
weight at birth, 56 days and market age
were 24, 14 and 12%, respectively, and for
mortality to 90 days was —9%, whereas
those for Damascus x Barki goats were 0, 2
and 4%, respectively, with 12% for mortal-
ity to 90 days (Table 4.8). The authors con-
cluded that Zaraibi x Barki and
Damascus x Barki were intermediate
between those of their parental breeds for
body weight at birth, 56 days and market
age (Abdelsalam et al., 1994). Barki goats
sired by the Damascus breed were more
productive than those sired by the Zaraibi
breed, resulting in more milk from a longer
lactation, heavier litter weights and better
milk conversion ratio, while contributing
towards improved performance of kids
(Abdelsalam et al., 2000). At the same time,
the crossbreds had an advantage over the
Barki breed by producing more milk and
heavier litters.

In the UK, castrated male kids of the
British Saanen breed were heavier than
Boer x British Saanen kids at 8 weeks of age
and when slaughtered at 28, 33 and 38 kg
live weight, whereas the latter were heavier
than the Anglo-Nubian breed (Gibb et al.,
1993). The Anglo-Nubian breed compared
with the British Saanen breed resulted in
kids with heavier carcasses (hot, cold and

empty), more muscle and less subcutaneous
and intermuscular fat at each of the three
slaughter weights. The reduction in inter-
muscular fat was presumed to be detrimen-
tal to eating quality. Boer x British Saanen
compared with the British Saanen breed
slaughtered at 28 or 33 kg live weight pro-
duced carcasses with proportionately more
intermuscular fat. Those slaughtered at
38 kg live weight showed a little increase in
internal and intermuscular fat deposition,
resulting in carcasses with slightly more
subcutaneous fat and lower overall fat con-
tent. The authors recommended mating
bucks of the Boer breed to a proportion of
does of the British Saanen breed to produce
kids for market. Dairy-goat producers were
encouraged to grow kids to a live weight of
38 kg or more for slaughter in order to take
advantage of heavier carcasses without
incurring excessive fat.

In the USA, Johnson et al. (1995)
reported that Nubian x Florida native com-
pared with Florida native and Span-
ish x Florida native goats weighed
significantly more at slaughter (22 versus 19
and 19.3 kg, respectively) with a heavier
carcass weight (10.9 versus 9.5 and 9.6 kg,
respectively) and larger rib eye area (8.3
versus 7.42 and 7.11 cm?, respectively),
whereas Florida native compared with
Nubian x Florida native and Spanish x Flor-
ida native goats were significantly lower in
the percentage of bone (20.4 versus 21.7 and
21.2%, respectively) and had more fat than
Nubian x Florida native (11.6 versus 9.3%).
Boer x Spanish goats compared with the
Spanish breed weighed more at birth and
90-day weaning by 0.26 and 0.67 kg, respec-
tively, and at 8 months (either on pasture or
feedlot by 2.1 and 4.1 kg, respectively),
whereas feed consumption, subcutaneous
backfat thickness and longissimus muscle
area adjusted for carcass weight were simi-
lar (Waldron et al., 1995).

Feedlot trials revealed that
Boer x Spanish compared with Spanish
goats resulted in kids that had significantly
heavier live and carcass weights, as well as
greater actual and adjusted fat thickness,
carcass conformation score and leg circum-
ference (Oman ef al., 1999). Only actual
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and adjusted fat thickness and carcass con-
formation remained significant when
adjusted for live weight. Again, kids on
feedlot compared with those on pasture
were significantly heavier in live and car-
cass weights, with more fat and lean but
less bone as a percentage of carcass weight.
In another study, the Angora breed com-
pared with the Spanish breed, Boer x Span-
ish and Spanish x Angora resulted in kids
that had significantly lighter live and hot
carcass weights, smaller longissimus mus-
cle area and leg circumference, a lower per-
centage of lean and a higher percentage of
fat (Oman et al., 2000). In addition, kids of
Boer x Spanish goats exceeded those of the
Spanish breed in live and hot carcass
weights and carcass conformation score
(P < 0.05) but were similar to Span-
ish x Angora goats. In general, the Spanish
breed and Boer x Spanish compared with
the Angora breed and Spanish x Angora
breeds produced carcasses with a higher
percentage of lean and a lower percentage
of fat. Again, Spanish x Angora compared
with the Angora breed produced carcasses
with more lean and less fat in most side and
primal cuts (Table 4.9). There was no dif-
ference among breeds and their crosses for
lean colour, surface discolouration, overall
performance and off-odour. The authors
concluded in favour of crossbreeding due
to an advantage associated with large body
size, rapid growth rate and carcasses with a
greater proportion of lean.

In Canada, preliminary evaluation
revealed that bucks of the Boer breed com-
pared with those of the Alpine breed
resulted in kids that were 9% heavier at
birth, whereas the Alpine breed
(Alpine x Saanen and Boer x Alpine) kids
had similar body weights at weaning and
160 days (Goonewardene el al., 1998).
There was a significant breed of dam effect
for body weights, while the Alpine breed
and crosses with Saanen does had a similar
dressing percentage and rib eye muscle
areas. The authors suggested that research
based on a larger sample size was necessary
to verify why carcass traits of Boer-sired
kids failed to demonstrate an advantage
over Alpine-sired kids.

In a Northern Mexican farm, Alpine,
Granadina, Nubian, Saanen and Toggen-
burg goats raised in a stall-fed system were
grouped according to the proportion of
exotic breed into high-grade (>7/) and low-
grade (<7,) goats (Sénchez ef al., 1994). The
high- and low-grade Alpine, Saanen and
Toggenburg goats compared with Nubian
goats were similar in birth weight (Table
4.10). In another study under stall-feeding
conditions, high- and low-grade Alpine,
Saanen and Toggenburg goats compared
with local Mexican goats produced more
milk from a longer lactation period, while
increasing their efficiency, litter size and
weight (Montaldo et al., 1995). The authors
suggested the need to estimate heterosis for
economically important traits based on fur-
ther studies of crossbred goats raised under
varying goat production systems. Potential
merit consistent with bioeconomic effi-
ciency indices of performance for stall-fed
systems resulted in Montaldo and Meza
(1999) proposing crossbreeding local goats
in Mexico with the Granadina and Nubian
breeds for meat production, and with the
Alpine and Saanen breeds for both meat
and milk production.

In Australia, capretto (6—10 kg carcass
of pink meat from suckling kids) production
from Boer x Saanen (BS) and Saanen x Feral
(SF) compared with Feral (FF) and Saa-
nen x Angora (SA) goats resulted in signifi-
cantly higher daily gain (165 and 162 versus
128 g/day), reducing the time to reach
market weight (77 and 83 versus 99 and
101 days), and longer carcasses (49 and
49.9 versus 46.7 and 47.9 cm), while
Boer x Angora (BA) goats (19 g/day, 88 days
and 38.4 cm) were similar or lower (Dhanda
el al., 1999a). Also, SA produced 0.9%
more kidney and pelvic fat, and 1% more
omental fat measured as a ratio of empty
body weight, while BA compared with
other crossbreeds and FF produced 2.6 cm
more subcutaneous fat. Chevon (16-22 kg
carcass from older kids) production from BS
and SF compared with BA and FF resulted
in a significantly higher average daily gain
(140 and 130 versus 106 and 95 g/day),
reducing the time required to reach market
weight (238 and 257 versus 282 and



Table 4.9. Least squares means (= se) for carcass yield and quality measures of Boer x Spanish, Spanish, Spanish x Angora and Angora goats on range and
feedlot.

Range Feedlot

Source Boer x Spanish? Spanish? Boer x Spanish2? Spanisha® Spanish x Angora® AngoraP
No. of kids 12 12 12 12 6 6
Live weight (kg) 20.5z+1.4 184z+1.4 38.2a,x+1.4 33.5by+14 36.5ab + 2.0 28.0c+2.0
Hot carcass weight (kg) 10.0z+ 0.7 8.82+0.7 21.7ax+0.7 19.2by + 0.7 20.1ab+1.0 14.5¢+1.0
Longissimus muscle area (cm?2) 6.3y+0.7 53y=+0.7 12.5a,x+0.7 11.5a,x+ 0.7 11.5a+ 0.5 9.3b+0.5
12th rib (cm)

Actual fat thickness 0.03y + 0.01 0.03y + 0.01 0.12a,x = 0.01 0.07b,x + 0.01 0.13a +0.02 0.12a +0.02

Adjusted fat thickness 0.04z +0.02 0.04z + 0.02 0.16ab,x + 0.02 0.11b,y + 0.02 0.23a +0.03 0.22a +0.03
Body wall thickness {cm) 0.62y = 0.09 0.53y = 0.09 1.32x + 0.09 1.40x + 0.09 1.55 +0.12 1.40 +0.12
Carcass conformation score® 3.32+0.8 1.82+0.8 11.4a,x +0.8 8.3b,y+0.8 10.7ab = 1.1 9.0ab + 1.1
Carcass length (cm) 92y +1.1 90y + 1.1 107a,x + 1.1 105a,x + 1.1 103b+ 1.6 94c +1.6
Leg circumference (cm) 44z + 0.6 432+ 0.6 55a,x+ 0.6 53ab,y + 0.6 532+ 0.9 48b + 0.9
Lean maturity scored 1.4x+0.15 1.4x =+ 0.15 1.4x =+ 0.15 1.5x = 0.15 1.9+ 0.21 1.4+ 0.21
Skeletal maturity score? 1.4y +0.08 1.5y +0.08 1.7x+0.08 1.7x £ 0.08 1.5+0.12 1.5+012
Marbling score® 1.7y £0.23 1.8y +0.23 3.4abx +0.23 3.1b,x = 0.23 41a+0.32 41a+0.32
Frank streaking score® 2.0y +0.17 1.8y =0.17 3.6bx+0.17 3.4b,x + 0.17 4.3a+0.24 4.2ab +0.24
Buckiness scoref 1.6y+0.3 1.3y +0.3 4.4a,x+0.3 4.0a,x+ 0.3 48a+04 3.2b+04

aOman et al. (1999); "Oman et al. (2000).

®Means based on a 15-point descriptive scale (1 = very angular, narrow and thin and 15 = extremely thick and bulging).
dMeans based on the USDA (1992) skeletal and lean maturity score for lambs, where 1 = A% and 2 = B%.

eMeans based on the USDA (1992) marbling and flank streaking scores, where 1 = practically devoid® and 5 = modest®°.
Means based on a 5-point scale where 1 = no buckiness and 5 = extreme buckiness.

a,b,c or x,y,z Means within a row not followed by the same letter differ (P < 0.05).
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Table 4.10. Means (= sk) for birth weight, total milk production, lactation length, post-kidding body weight, efficiency, and litter size and weight?.

Total milk Post-kidding Litter at birth
Birth weight No. production Lactation body weight Efficiency

Genetic group No. kids? (kg) doesP (kg) length (d) (kg) (kg)© Size Weight (kg)
Local 30 299c¢+34 288c + 11 427c+13 72bc+07 1.72ab=+0.11 5.2ab+0.4
Low-grade
Alpine 290 3.2ac +0.04 91 459ab+20 251bc+7 432bc+08 10.5a+04 1.73ab+0.07 5.5ab+0.2
Granadina 192 2.9¢ +0.05 52 353c+26 237bc+9 435bc+1.0 83bc+06 1.57ab+0.08 4.6ab+0.3
Nubian 355 3.2ef + 0.03 105 370c +19 230c+7 46.3ab+08 8.0bc+04 1.77a +0.06 5.5ab+0.2
Saanen 240 3.3ab + 0.04 71 428bc+23  244bc+8  435bc+09 99ab=+0.5 1.79ab=+0.07 5.6ab+0.2
Toggenburg 180 3.1ef + 0.05 54 422bc +26 259abc +9 419c+1.0 10.0ab+04 1.53ab=+0.08 4.8ab +0.3
High-grade
Alpine 871 3.3b +0.03 330 469ab +13 270ab+4  44.6bc+0.5 10.6a+0.3 1.65ab +0.04 5.6a=+0.1
Granadina 601 2.7d = 0.03 186 370c + 16 230c+5 43.6bc+06 8.4b+0.3 1.70ab+0.05 4.8b+02
Nubian 1062 3.1f+0.02 180 339c +15 228c+5 48.1a+0.6 7.0c+03 1.69ab=+0.05 5.3ab+0.2
Saanen 454 3.3ab + 0.03 160 513a+ 16 283a+5 459ab+06 11.2a+03 1.61ab+0.05 5.4ab+0.2
Toggenburg 378 3.3b +0.03 165 450b+16 263ab+5 427¢+0.6 10.6a+0.3 1.51b = 0.05 51ab+0.2

aSanchez et al. (1994); PMontaldo et al. (1995).
CTotal milk production as a ratio of post-kidding body weight.
a,b,c,d,e,f, Means within a column not followed by the same letter differ (P < 0.05).
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295 days) and longer carcasses (62.1 and
60.3 versus 54.9 and 56.4 cm). Also, SF pro-
duced 1.3% more kidney and pelvic fat,
and 2.1% more omental fat. Capretto pro-
duction from BS compared with other
crossbreeds and FF resulted in significantly
paler longissimus muscle, a desirable qual-
ity with a mean objective score of 1.4 on a
scale of 1-5, chromameter values of 53.6,
8.6 and 6.2 for lightness (L*), redness (a*)
and yellowness (b*) (Hunter scale), and a
fibre optic probe value of 53 (Dhanda et al.,
1999b). In addition, BS compared with SA
resulted in significantly more muscle in the
flank (57.7 versus 52.1%) and ribs, and
compared with FF and SA leg length (64.3
versus 68.8 and 67.7%) was lower (Dhanda
et al., 1999c). Chevon production from FF
compared with other crosses resulted in
43-73% more muscle (P<0.05) and various
primal cuts in carcasses, while BA and SF
compared with FF produced more subcuta-
neous fat (6.2 and 6 versus 4.5%) and
intermuscular fat (8.2 and 7 versus 5.5%).
Capretto production in the carcass side
from SA compared with BS and SF resulted
in more subcutaneous fat (6.6 versus 4.1
and 4.2%) and intermuscular fat (5.3 versus
3.3 and 3%), whereas BS resulted in a bone
content of 23-38% (P < 0.05) and various
primal cuts. Capretto and chevon produc-
tion from FF compared with other cross-
breeds resulted in higher muscle to bone
ratios of 2.7:1 and 3.6:1, respectively. Con-
currently, BA had a longissimus thoracis
muscle with 7.2% more extractable fat con-
tent compared with 5% for BS and 3.2% for
SF, while the proportion of individual fatty
acids varied significantly among the cross-
breeds and FF (Dhanda et al., 1999d). The
authors concluded that growth rate, carcass
characteristics and composition were in
favour of crossbred goats with no important
influence on meat quality and chemical
composition.

In Norway, Asheim and Eik (1998) pro-
posed an alternative source of revenue to
cashmere production for a specialized
dairy goat farm. This approach would
require kidding in the month of May and
raising offspring for slaughter at about
8 months of age or 16 kg live weight.

Surplus milk in summer and a growing
niche market for goat meat were expected
to increase farm family earnings by 18.5%
annually.

Modelling based on economic and
geneltic parameters has been helpful in
developing crossbreeding strategies for the
raising of livestock and poultry. Bett et al.
(2011) used bioeconomic models to study
profit and the economic values of four
breeding groups: purebreds (indigenous
goats and German Alpine breed), single
crosses, backcrosses, and second back-
crosses with the objective of defining breed-
ing objectives to determine optimum
crossbreeding levels for goats in small-
holder production systems. The authors
concluded that crossbred goats derived
from backcrossing would increase the prof-
itability of the smallholder production in
Kenya, whereas crossbreeding to a higher
proportion of the German Alpine breed
with second backcrossing was not
recommended.

4.7 Composite Populations

An integral part of breeding approaches
employed by livestock and poultry breed-
ers for commercial production of eggs,
meat, and fibre has been the concept of
composite populations (Figs 4.3 and 4.4).
This is because it may be possible to
achieve the same level of performance in a
single composite population with a much
simpler breeding structure compared with
the crossbreeding of two or more breeds.
The operational advantage arises from the
reduced risk of introducing diseases
because all replacements are produced
within the farm. There is also a lower
resource requirement from having to man-
age a single population with no require-
ment to purchase breeding stock. A large
number of newly developed breeds world-
wide have been described by Mason (1996)
and Gall (1996). However, the more recent
methods differ from the older principally
in their intensity and deliberate application
of a greater store of scientific knowledge on
qualitative genetics and complementing
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Fig. 4.3. Flow chart showing crossbred combinations of two breeds (A and B) leading to the development of a composite population (Shrestha, 2005).
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Fig. 4.4. Flow chart showing crossbred combinations of three breeds (A, B and C) leading to the development of a composite population (Shrestha, 2005).
aCrossbred parents with genetic contribution from two or three breeds. PCrossbred parents with genetic contribution from three breeds.
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husbandry requirements (Winters, 1953,
1954; Dickerson, 1969a; Lopez-Fanjul,
1974; Shrestha and Heaney, 2003, 2004).

In theory, a newly developed breed is
expected to have a lower genetic potential
for performance from a reduced level of het-
erozygosity compared with a specific or
rotational cross involving the same number
of breeds (Shrestha, 1973). This is because a
single population is not capable of exploit-
ing breed difference in maternal versus indi-
vidual performance. The expected loss in
heterozygosity can be reduced by increasing
the number of breeds assembled to three,
four or more, retaining two-thirds, three-
quarters or more of the average of single
crosses among constituent breeds. Further-
more, there is the possibility of minimizing
loss in heterosis arising from the rearrange-
ment of genetic combinations in the devel-
opment of a composite population.

In developing countries, the practice of
indiscriminate crossbreeding of the indige-
nous population with imported breeds has
led to breed replacement, and often the
development of composite populations
with no record of their genetic background.
This point is illustrated in Algeria where
the Muria and Maltese breeds were origi-
nally imported with the intention of cross-
breeding indigenous Berber, Makatia and
Arabia goats (Taferrant ef al., 1995). In the
following years (1967-87), further introduc-
tion of the Alpine, Toggenburg and Saanen
breeds for crossbreeding in the Kabylie
region resulted in the development of
composite populations. In Korea, Germany,
the Russian Federation, India, Australia and
New Zealand, grading up to European dairy
breeds with considerable potential for
improving productivity has been wide-
spread. In Korea, Saanen bucks have been
mated to a number of indigenous goats (Lee
et al., 1974). In the Russian Federation, the
grading up of local goats has been achieved
by crossbreeding through the use of semen
from the Toggenburg- and Saanen-derived
breeds (Orekhov, 1980). In India, the grad-
ing up of the Deccani and Gaddi breeds was
based on the use of the Angora breed, which
excels in mohair production (Shrestha,
2005). In Australia and New Zealand, the

productivity of feral goats improved with
the introduction of the Angora breed.

The interbreeding of a number of indig-
enous goalt populations located in isolated
regions has resulted in the development of
small meat-type breeds in Sri Lanka, India,
Papua New Guinea and Fiji; various Criollo
(syn. Creole) breeds in Latin America and
West Indies; Spanish goats in the south-
west USA; and Sem-Raga Definida goats in
Brazil (Quartermain, 1991). Some of the
newly developed goat breeds, such as
Anglo-Nubian, Boer, French Alpine, Killis,
La Mancha and Prenakan Etawah, have con-
siderable genetic potential for increased
productivity (Gall, 1996). Crossbreeding
with breeds that have demonstrated poten-
tial genetic merit has resulted in the devel-
opment of 80 composite breed populations
in 37 countries (Table 4.11).

In the early 1920s, South African farm-
ers from the Eastern Cape crossbred indige-
nous goats kept by the Hottentot and Bantu
tribe with imported Nubian and Indian
goats, resulting in the development of the
‘Boer breed’ (Skinner, 1972). In the follow-
ing years, recurrent selection for size and
conformation had a significant influence in
the development of this breed. The history,
origin and characteristics of the Boer breed
in South Africa have been reviewed (Malan,
2000). The author reported advantages of
210% fecundity, 29 kg weaning weight at
120 days, productivity to 10 years of age,
the ability to raise twins, increased lean
muscle yield, hardiness, adaptability and
resistance to diseases. According to Grey-
ling (2000), the Boer breed has a reproduc-
tive potential for early maturity with
puberty at 28-31 kg body weight, an
extended breeding season and rebreeding
within 55 days of kidding. Furthermore,
Boer goats have exhibited oestrus in all
months of the year, although the frequency
was <30% in breeding cycles of 9 months
and <30% in 4-month breeding cycles with
a 62-day mean interval from kidding to con-
ception. Boer goats are also known predom-
inantly as browsers, demonstrating potential
for use in controlling shrubs and bush (Eras-
mus, 2000). Australia, Canada, China,
France, Germany, Israel, New Zealand, Sri



Table 4.11. Composite breed populations in the world, number of foundation breeds and year of origin or recognition (from Shrestha, 2005).
Country Composite breed No. foundation breeds? Country Composite breed No. foundation breeds?
Australia Cashgora 2 Kyrgyzstan Kirgiz 2
Brazil Branca sertaneja 2 Malaysia Jermasia 2
Parda sertaneja 2 Mongolia Gobi Wool goat 2
SRD 2 Unjuul 2(1982)
Bulgaria Bulgarian White Dairy 2 Uuliin Bor 2(1991)
China Guanzhong Dairy 2 (1940) Morocco Fnideg 2
Hailun 3 Mozambique Pafuri 2(1928)
Hongtong 2 Netherlands Dutch Pied 2
Laoshan Dairy 2(1919) Dutch Toggenburg 2
Nanjiang Yellow 2 (1960) Dutch White 2
Cyprus Peratiki 2 Nigeria Savannah Brown 2+
Denmark Danish Landrace 3 Norway Norwegian 5
Fiji Fiji 3 New Zealand Kiko 2
France French Alpine 2 (1930)° Pakistan Beiari 2
Germany German Improved Fawn 2 (1928)° Buchi 2
German Improved White 2 (1928)° Jattal 2
Hungary Hungarian Improved 2+ Pak Angora 2
India Indian Mohair 3 (1973) Shurri 2
Malabari 2 Sind Desi 2
Ramdhan 2 Romania Banat White 3
Indonesia Peranakan Etawah 2 Russia Altai Mountain 2(1982)
Israel Israeli Saanen 2(1932) Angora-Don 2
Yaez 2+ Dagestan White 2
Italy Aquila 4 Don-Kirgiz cross 2
Benevento 4 Russian White 2 (1905)
Campobasso 4 South Africa Boer 2 (1959)°
lonica 2 (1981)° Spain Barrefia 3
Potenza 3 Murcia-Granada 2 (1980)°
Kazakhstan Soviet Mohair 2 (1962) Murcian 2 (1933)°
Kenya Kenya Dual-Purpose 4 Tajikistan Soviet Mohair 2(1962)

aYear of origin or year recognized.
bYear breeds society, association or stud book was established.
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Lanka and the USA, as well as many other
countries, have imported this breed to meet
the growing demand for increased produc-
tion of goat meat. Nevertheless, claims stat-
ing that Boer goats have resistance to
specific diseases need to be substantiated.

4.8 Selection

Morphological characteristics and produc-
tion performance considered by the breeder
to be of economic importance for improving
productivity are numerous. Studies in many
goat breeds and their crosses fed diets that
vary in nutritive value and raised under
conditions of sedentary, nomadic and semi-
nomadic management substantiate the
importance of environmental influences on
performance (Guha el al., 1968; Moulick
and Syrstad, 1970; Mavrogenis et al., 1984;
Nicoll, 1985; Bakshi et al., 1986; Herrera
el al., 1987; Gebrelul el al., 1994; Gerstmayr
and Horst, 1995). The general statement of
environment influencing many of the eco-
nomically important traits may be summa-
rized as follows: bucks are heavier than
does; single-born kids are heavier than
twins, which are heavier than triplets; and
body weight tends to increase with age of
the dam up to 5-6 years of age, declining at
older ages. In addition, location, year of
birth, season of kidding, parity and weight
at slaughter, as well as diet, have an impor-
tant influence on productivity. The inci-
dence of mortality has been reported to be
lower in goats raised under range condi-
tions and in arid and semi-arid regions of
the country that are well drained with
sandy soil compared with those in hot,
humid environments. In contrast, mortality
is higher in confinement and stall feeding as
a result of the concentration of animals and
diseases. The influence of environment on
performance has been described in detail in
a number of publications and is important
but is beyond the scope of the present
review.

In theory, any breeding plan that is
most efficient for one performance trait may
be less efficient for another. Also, increasing

the number of traits considered in the selec-
tion criteria reduces the annual increment
of genetic response to selection for each
trait. There is agreement among researchers
in the scientific community that perfor-
mance traits known to be highly heritable
benefit from mass selection by exploiting a
greater proportion of additive genetic varia-
tion. Genetic gains realized from selection
for performance traits of economic impor-
tance, which are primarily associated with
additive genetic variance, are permanent
and cumulative. At the same time, lowly
heritable traits benefit more from family
selection that could make the most of non-
additive genetic variation.

An important issue in goat breeding is
how selection should be exploited for the
recurrent improvement of performance
traits considered to be of economic impor-
tance for commercial production of goat
meat. Years of intensive selection in popu-
lations derived from narrow genetic bases
could eventually exhaust additive genetic
variance available for selection. Breeding
populations with large effective numbers of
parents comprised of sufficient genetic vari-
ability for economically important traits
allow increased intensity of selection while
reducing the rate of inbreeding. There is
evidence to suggest that selection will even-
tually exhaust additive genetic variation in
the population when a greater proportion of
genes influencing a quantitative trait is
additive and a smaller proportion is non-
additive. Possibly, breeding populations
today may already have experienced a
reduction in reproductive rate and perfor-
mance traits. Therefore, it is pertinent that
ways and means of exploiting variance
associated with dominance and epistasis
are explored. When overdominance is pres-
ent, even in a few loci, the value of progeny
testing and family selection for improving
performance could become inadequate.

In animal breeding, the practical impor-
tance of heterosis has long been appreci-
ated, and meat from crossbred animals is
well accepted by the consumer. Conse-
quently, in developed countries, the major-
ity of the meat animals marketed today
are of crossbred origin. Researchers have
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provided irrefutable evidence to suggest
that livestock and poultry species can ben-
efit from selection, both within and among
populations, without tremendous costs in
time and facilities compared with the devel-
opment of inbred lines. Breeders must rely
on the genetic superiority of parents for any
improvement of crossbred progeny perfor-
mance. This leads to an important issue —
whether  selection  for  commercial
production should be based on performance
within the purebred populations or their
crossbred progeny. There is evidence to
suggest theoretical promise in direct selec-
tion for maximum performance of crosses
among complementary populations based
on progeny tests of individuals and families
in test-cross mating (Comstock et al., 1949;
Comstock, 1961). Selection based on cross-
bred progeny performance could possibly
achieve further gains in productivity by

exploiting additive genetic covariance
between genotypes of both parental
populations.

Research results suggest that genetic
parameters (Tables 4.12—4.14) for weight
gain and meat quality are low to moderately
heritable and in the desired direction, dem-
onstrating considerable potential for genetic
improvement of meat goats (Acharya, 1982,
1988; Taneja, 1982). At the same time, the
influence of environment on performance is
of a positive nature. Prediction of genetic
merit of meat goats based on a comprehen-
sive and technically sound assessment of
performance can be relatively simple to
implement in terms of fiscal constraints and
resource requirements for labour and time.
This includes measuring and recording per-
formance consisting of reproduction, growth
and survival followed by estimated breeding
values for each trait. Estimated breeding val-
ues are a function of the additive genetic
variation among performance traits trans-
mitted from one generation to the next (heri-
tability) and their corresponding associations
(genetic, phenotypic and environmental).

The estimate of genetic parameters for
performance traits of economic importance
in the several breeds and their crosses with
higher levels of accuracy under the prevail-
ing environment is of vital importance for

the selection of meat goats. Estimates of
genetic parameters in many goat breeds
worldwide, including large populations of
the Angora, Boer and Saanen breeds, have
been summarized in Table 4.13. In Angora
goats, the heritability estimates for body
weight from weaning to yearling ranged from
0.23 to 0.59, while corresponding estimates
of phenotypic and genetic correlations
ranged from 0 to 0.38 and from 0.28 to 0.58,
respectively (Nicoll, 1985). In Saanen goats,
heritability estimates for body weight from 1
to 7 months of age ranged from 0.48 to 0.63,
while corresponding estimates of pheno-
typic and genetic correlations ranged from
0.41 to 0.95 and from 0.36 to 0.95, respec-
tively (Ricordeau et al., 1972). In Damascus
goats, phenotypic and genetic correlations
between body weight at birth and 70-day
weaning were 0.43 and 0.34, between body
weight at birth and 140 days were 0.71 and
0.82, and between body weight at 70 and 140
days were 0.71 and 0.82, respectively (Mav-
rogenis et al., 1984). In Ganjam goats, pheno-
typic and genetic correlations between body
weight at birth and 6 months were 0.33 and
0.92, between body weight at birth and
12 months were 0.03 and —0.35, and between
body weight at 6 and 12 months were 0.50
and 0.14, respectively (Madeli and Patro,
1984). Pooled estimates of genetic parame-
ters from six studies, which included
Alpine x Beetal, Beetal, Sirohi, Black Bengal,
Jamunapari and Indigenous x exotic goats
resulted in heritability estimates for body
weight at birth, 3, 6, 9 and 12 months of age
of 0.11, 0.22, 0.43, 0.33 and 0.41, respec-
tively (Acharya, 1988). Corresponding esti-
mates of phenotypic and genetic correlations
were large and in the positive direction.
Phenotypic and genetic correlations between
body weight at birth and 3 months of age in
Black Bengal goats were 0.51 and 0.78,
in Jamunapari goats were 0.47 and 0.56, and
in Beetal x Black Bengal goats were 0.51
and 0.49, respectively (Singh ef al., 1991). In
local Assam goats and their crosses with the
Beetal breed, heritability estimates for body
weight at 6, 9 and 12 months of age were
moderate, while phenotypic and genetic cor-
relations were also moderate and in the
desirable direction (Nahardeka et al., 2001).
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Table 4.12. Estimates of heritabilities and repeatabilities (= se) for age at first kidding, litter size, multiple
births, daily gain from birth to 150 days and bone content in the whole carcass.

Breed Heritability Repeatability Reference
Age at first kidding
Alpine x Beetal 0.56 + 0.08 Nagpal and Chawla (1987a,b)
Beetal 0.48 +0.09
Litter size
Beetal 0.15 Amble et al. (1964)
Beetal, Black Bengal 0.09 +0.25
Alpine x African common 0.02 Mourad (1994)
Multiple births
Egyptian Baladi 0.25 0.29 Tantawy and Ahmed (1960)
Beetal 0.15 0.22 Amble et al. (1964)
Black Bengal 0.09 0.15 Moulick et al. (1966)
Black Bengal 0.17+0.20 Ali (1983)
Daily gain (birth to 150 days)
West African Dwarf 0.38-0.63 0.21-0.38 Ebozoje and Ngere (1995)
Bone content in whole carcass
Black Bengal, Beetal x Black 0.71+0.30 Singh and Yadava (1997)

Bengal, Jamunapari x Black
Bengal

Estimates from a number of studies have
shown direct and maternal heritability for
body weight range from low to moderate,
while genetic correlations between direct
and maternal effects were low to moderate in
magnitude, varying from negative to positive
in direction (summarized in Table 4.14). Pro-
cedures developed by Dickerson (1969a) and
Kinghorn (1980, 1983) resulted in similar
estimates. In Turkish Angora goats, estimates
of direct and maternal heritability for body
weight at birth and 100 days, yearling fleece
weight, litter size and total weight of kids at
100 days were low, while genetic correla-
tions between the direct and maternal effects
for body weight at birth and weaning varied
from 0.18 to 0.91, for yearling and adult
fleece weight varied from —0.91 to —0.95, for
litter weight was —0.07, and for kid weight at
100 days was —0.98 (Gerstmayr et al., 1989,
1992; Gerstmayr and Horst, 1995). In Can-
ada, field records on 11 breed types consist-
ing of Alpine, Angora, Nubian, Saanen,
Toggenburg, non-descript goats and their
crosses were assessed (Nadarajah and Burn-
side, 1994). Corresponding estimates of

direct and maternal heritabilities for body
weight at birth were 0.14 and 0.17, and at
60-day weaning were 0.26 and 0.01, respec-
tively. In Angora goats, direct and maternal
heritability estimates for body weight were
0.29 and 0.09, respectively, while pheno-
typic and genetic correlation between body
weight and greasy fleece weight were 0.57
and 0.56, respectively (Snyman and Olivier,
1996). In Boer goats, estimates of direct and
maternal heritability for body weight at birth
and weaning were in the range of 0.16—0.33
and 0.05-0.60, respectively, while genetic
correlations between the direct and maternal
effects of body weight were small to moder-
ate and in the desired direction (Schoeman
et al., 1997). Corresponding estimates for the
Adelaide herd were smaller compared with
the combination of Adelaide and Omatjenna
herds. In local Malaysian goats and their
crosses with the German Fawn breed, esti-
mates of direct and maternal heritability for
body weight at birth, 3 and 6 months of age,
as well as genetic correlations between the
direct and maternal effects, were low to
moderate and in the desired direction



Table 4.13. Estimates of heritabilities (= sem) for body weights from birth to 12 months.

Body weight (kg) at:

Breed Birth 3 months 4 months 6 months 9 months 12 months Reference
Black Bengal 0.07 = 0.01 - 0.15+0.04 - 021021 0.32+0.08 Guha etal. (1968)
Saanen 0.83 (1 month) 0.48  0.49 (6 months) 0.49 (7 months) - - Ricordeau et al. (1972)
Sirohi 0.29+0.16 0.11+0.12 - 0.32+0.18 - - Misra (1983)
Black Bengal 0.40+024 0.09+0.18 4weeks) 25 + 0 56 (wean) - - - Ali (1983)
Damascus 0.31 £ 0.08 0.27 £ 0.07(70d) 0,24 +0.07 (1409 - - - Mavrogenis et al. (1984)
Osmanabadi 0.10 +0.03 0.75+0.03 - 066+06 0.02+0.01 - Siddiqui et al. (1981)
Ganjam 0.19+0.14 - - 0.34 +£0.23 - 0.36+0.26 Madeli and Patro (1984)
Angora - 0.59 + 0.38 (wean) - 023+0.14 - 0.40+0.28 Nicoll (1985)
Sirohi, Beetal x Sirohi - 0.59+0.38 - - - - CIRG (1986)
Indigenous x Exotic 0.30+0.11 0.17 +0.23 @months) 9410 + 0.11 0.08 £0.10 - - de Souza et al. (1987)
Alpine x Beetal 0.27 £ 0.03 093=+0.12 - 071+010 1.00+0.14 0.60+0.09 Nagpal and Chawla (1987a)
Beetal 0.24 +0.03 - - 043+010 0.86+0.17 0.40+0.16 Nagpal and Chawla (1987a)
Black Bengal 0.16 £+ 0.12 0.16 +0.15 - - - - Singh et al. (1991)
Jamunapari 0.55+0.18 0.42+0.18 - - - - Singh et al. (1991)
Beetal x Black Bengali 0.12+0.12 0.09+0.15 - - - - Singh et al. (1991)
Teddy 0.05+0.02 - - 0.10 = 0.01 - - Tahir et al. (1995)

(weaning)
Jamunapari 0.46 +0.15 0.43+0.15 - 025+013 013+010 0.13+0.17 Misra (1995)
South African Angora - - - - 0.29 +0.06 - Snyman and Olivier (1996)

(8-9 months)

Boer 0.18 £ 0.04 - 0.19 + 0.05(m) - - - Niekerk et al. (1996)
Criollo x imported 0.15 - 0.08 0.22 - - Garcia et al. (1996)
Angora 0.25 0.25 (1mo) 0.25 (2mo) - - - Hermiz, et al. (1997)
Boer at Omatjenne 0.36 +0.14 - 0.60 +0.12 @ mo) 0.60+0.17 040=+0.18 0.36+0.19 Schoeman etal. (1997)
Jamunapari - 0.30 - 0.51 0.23 0.31 Roy et al. (1997)
German Fawn, Katjang 0.34 0.18 - 0.30 0.24 - Hirooka et al. (1997)
African, French Alpine cross 0.68 = 0.14 - 0.49 +0.16 047 +0.14 043+0.16 - Mourad and Anous (1998)
Assam local, Beetal cross - - - 026+0.12 0.16 +0.11 0.31 +0.21 Nahardeka et al. (2001)

Superscripts in parentheses represents the age when weight was measured, if different from column heading.
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Table 4.14. Estimates of direct and maternal heritability (+ se) and heritability (+ sg) of feed

conversion.
Heritability
Correlation
Breed Direct Maternal (direct x maternal) Reference(s)
Turkish Angora Gerstmayr et al.
Birth weight 0.02 0.10 0.18 (1989, 1992),
100-day weaning weight 0.03 0.10 0.91 Gerstmayr and
Yearling fleece weight 0.06 0.04 —0.91 Horst (1995)
Adult fleece weight 0.01 0.02 -0.95
Litter size 0.06 0.04 —0.07
Total weight of kids at 0.06 0.04 -0.98
100 days
Boer in the Adelaide and Schoeman et al.
Omatjenna herds (1997)
Birth weight 0.33+0.07 0.36+0.14
Weaning weight 0.27 +0.09 0.60+0.12
Boer in the Adelaide herd
Birth weight 0.16 +0.06 0.14+0.04 —0.31
Weaning weight 0.18 +0.05 0.05+0.03 -0.15
Malaysian local goats Hirooka et al.
and their German Fawn (1997)
crosses?
Birth weight 0.16 (0.17) 0.24 (0.24) 0.19 (0.14)
3-month weight 0.07 (0.07) 0.11(0.12) 0.47 (0.41)
6-month weight 0.18 (0.21) 0.12(0.14) 0.25 (0.07)
9-month weight 0.18 (0.16) 0.12 (0.09) 0.0 (0.31)
Breed Trait Heritability Reference
Sirohi; Sirohi x Beetal Dry matter 0.23 +0.42 Misra (1983)
Total digestible 0.04 +0.42
nutrients
Barbari 6—9 months 0.12+0.10 Khan and Singh
9-12 months 0.06 +0.10 (1995)
3—-12 months 0.17 = 0.11

agstimates are based on Dickerson (1969a), while those in parentheses are based on Kinghorn (1980, 1983).

(Hirooka et al., 1997). In Saudi Aradi and
Damascus breeds and their crosses, estimates
of direct additive genetic effects were signifi-
cantly greater and in favour of the Damascus
breed in the Jouf and Qassim experiments
(Table 4.15), for body weight from birth to 24
weeks by 12-32 and 17-34%, respectively,
and for daily gains from birth to 24 weeks in
4-week intervals by 14-31 and 12-37%,

respectively (Khalil ef al, 2010). Corre-
sponding estimates of direct heterosis were
significant for growth traits in the Jouf and
Qassim experiments, ranging from 0.16 to
1.39 kg, and from 0.31 to 1.56 kg, respec-
tively. Maternal heterosis estimates were
generally favourable in the Jouf experiment
for body weight by 2-11% and for daily
gains by 2-8%, suggesting that crossbred



Table 4.15. Estimates (+ se) for direct additive effect, direct and maternal heterosis for growth traits, carcass and meat composition of Saudi Aradi (A) and
Damascus (D) goats at breeding stations at Jouf and Qassim (from Khalil et al., 2010)2.

Source

Direct additive effect (D' = D', — D'p)

Direct heterosis

Maternal heterosis

Jouf

Qassim

Jouf

Qassim

Jouf

Growth traits
Weight (kg) at:
Birth
4 weeks
8 weeks
12 weeks
16 weeks
20 weeks
24 weeks
Daily gain {(g)
0—4 weeks
4-8 weeks
8-12 weeks
12—16 weeks
16-20 weeks
2024 weeks

—0.4 +0.06 (-12)
—2.5+0.08 (-29)
—3.8+0.12 (-29)
—5.0+0.13 (-32)
—5.6 +0.15 (=30)
—-6.2+0.15 (-28)
—-42+0.19 (-17)

—47 +7.1 (=27)
—21+6.2 (-14)
-39 + 6.3 (-31)
24 +6.1 (17)
—47 + 4.2 (-25)
—40 + 3.1 (-23)

—0.9 +0.16 (-25)
—2.7 +0.48 (-34)
—3.3+0.82 (-26)
2.7 +1.09 (-17)
-3.8+1.51 (=21)
-4.8 +1.54 (-23)
—4.9 +1.64 (-21)

—52 + 4.1 (-34)
—36 + 8.2 (-24)
—54 + 5.2 (-37)
26 + 4.1 (=21)
—34 +2.2 (-26)
16 + 4.1 (-12)

0.16 + 0.05 (5)
0.76 + 0.06 (9)
0.93 + 0.07 (7)
1.20 = 0.09 (8)
0.79 + 0.10 (4)
0.55 + 0.10 (2)Ns
1.39 = 0.13 (8)

12+3.0(7)
7+2.0(4)
8+3.1(8)
7+22(5)
6+ 2.9 (3)NS
9+32(5)

0.31+0.14 (9)
0.52+0.21 (7)
1.39 = 1.04 (11)
1.48 = 0.48 (10)
1.44 = 0.69 (8)
1.80 = 0.81 (9)
1.56 = 0.46 (7)

14+2.1(9)
14+ 5.2 (9)
17 + 4.1 (12)
15+ 6.1 (12)
19+ 2.2 (15)
16+ 1.1(12)

0.12 + 0.05 (4)
0.93 + 0.08 (11)
0.33 + 0.08 (3)Ns
0.38 + 0.07 (2)N¢
0.45 +0.12 (2)Ns
0.46 + 0.20 (4)
0.98 + 0.23 (4)

15+ 6.1 (8)
5+8.2 (3)Ns
5+2.3(4)

16 £5.2 (7)
5=9.1 (2N

14 £ 6.2 ()

20l
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Carcass traits
Pre-slaughter weight (kg)
Hot carcass weight (kg)
Dressing percentage
Weight of carcass components (g)
Head
Skin
Viscera
Heart
Liver
Lungs
Kidneys
Spleen
Meat chemical compositon (%)
Moisture
Crude protein
Ether extract
Ash content

—6.3+0.6 (-22)
7.1 1.2 (-49)
—5.5+1.4 (-12)

—0.48 = 0.05 (-24)
—0.08 =+ 0.22 (—4)NS
—0.01=0.02 (-1)NS

—27 11 (=21)
—128 = 18 (-25)

—52 + 8 (-15)

14 + 4 (15)
17 + 2 (-30)

0.2+0.12 (0.2)Ns
0.4 + 0.56 (0.5)
0.5 + 0.38 (3)NS
0.1+ 0.23 (2)NS

1.4 +0.34 (5)
0.8+ 0.13 (6)
1.2+0.32 (2)\S

125 = 90 (B)
93 = 230 (4)
126 = 136 (1)\S
62 = 12 (4)
13 + 34 (0.5)\8
12+ 52 (0.2)N8
16 + 3 (6)
12 £ 92 (3)NS

—0.6 +0.23 (-0.8)Ns
0.7 = 0.56 (0.9)\S
—0.5+0.64 (-2.5)N8

—0.3 +0.05 (-6.1)

aThe percentage deviation from the average of the purebreds is shown in parentheses.
All estimates are significant except where indicated as NS (P > 0.05).
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dams were marginally superior to their pure-
bred contemporaries in growth. In the Qas-
sim experiment, estimates of additive genetic
effects for carcass traits were significant and
in favour of the Damascus breed; in contrast,
chemical composition of meat traits were in
favour of the Saudi Aradi breed. Estimates of
direct heterosis were positive and in the
desired direction for pre-slaughter weight,
hot carcass weight and weight of head, skin,
heart and kidneys. The wider range of varia-
tion in these estimates warrants further
studies to establish the nature of the genetic
relationship between direct and maternal
effects associated with performance traits of
economic importance. The difficulty in
obtaining consistent estimates of genetic cor-
relation arises from the inability to obtain
large amounts of data necessary to increase
precision.

An important constraint for the
improvement of economically important
performance traits in meat goats is the
absence of precise estimates of genetic
parameters and response to selection that
would have been possible with large data
sets and long-term studies such as those in
developed countries for other livestock and
poultry species. Genetic parameter esti-
mates and their standard errors derived
from different procedures using the same
data set tend to vary (Henderson, 1953;
Dickerson, 1969a; Patterson and Thompson,
1971; Rao, 1971; Hemmerle and Hartley,
1973; Henderson, 1984; Meyer, 1989, 1991;
Gilmour et al., 1995; van Tassell and van
Vleck, 1996). The pooling of additive
genetic variance estimates from pure breeds
and their crosses may be questionable in
terms of scientific merit. This is because
additive genetic variance within breeds and
additive genetic covariance among breeds
are considered alike. Nevertheless, in prac-
tice, additive genetic variance and covari-
ance components are combined to reduce
the sampling variance associated with
genetic parameter estimates.

There is the opportunity to increase the
body weight of goats by exploiting additive
genetic variability from genetically diverse
breed populations based on the use of indi-
vidual and family selection. This is because

European and Boer breeds known to exceed
100 kg in body weight (Warmington and
Kirton, 1990) have considerable potential
for use in crossbreeding and the formation
of composite populations to facilitate the
commercial production of meat from goats
(Shrestha 2005; Shrestha and Fahmy,
2007a).

In Barbari, Beetal, Osmanabadi, Mala-
bari and Bengal breeds, estimates of herita-
bility for reproductive trait, although
negligible in magnitude, were positive.
These estimates are indicative of prospects
for improvement of reproduction. Despite
the potential for genetic improvement,
breeding strategies have often ignored the
value of year-round kidding. According to
Devendra and Burns (1983), the income and
profitability associated with the commercial
production of goat meat to a large extent
depends on the reproductive rate of does.
The authors suggested that fecundity should
be included as a selection criterion for
goat meat production, along with body
weight and meat quality. Correspondingly,
any measure of body weight close to market
age would benefit from including repro-
ductive rate, maternal ability and resistance
to diseases in the selection criteria. An
alternative approach that could be consid-
ered is to include body weight at 6 months
or older along with age at kidding to
augment the number and weight of kids
marketed.

In Bangladesh, the Black Bengal breed
selected for body weight at 6 months of age
exceeded the random-bred Black Bengal
and Jamunapari x Black Bengal in body
weight per doe at birth and 60 days (Amin
el al., 2001). Concurrently, no detrimental
influence on fertility, age and weight at first
oestrus, litter size and kidding interval was
observed. In the same study, crossbreeding
did not offer any advantage as a result of
delayed sexual maturity and post-partum
service period, leading the authors to favour
selection over crossbreeding. In Black Ben-
gal and Jamunapari x Black Bengal goats,
chilled carcass weight, loin eye area and
edible body parts were similar, leading
Das et al. (2001) to favour selection for
commercial chevon production. According
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to Acharya (1988), economically important
traits that need to be considered in the
selection criteria for improvement of goat
meat in India are growth, survival, feed con-
version and carcass yield for kids, along
with reproduction, age at first kidding, milk
yield, kidding interval and longevity for
mature goats.

In Mexico, the average generation inter-
val of the Granadina, Nubian, Saanen,
Alpine and Toggenburg breeds was 3.5, 3.6,
3.7, 3.8 and 4.3 years, respectively. The
average generation interval between sire
and offspring was 3.4-3.5 years, and
between dam and offspring was 4—4.1 years
(Meza et al., 1994). Goats are known to kid
year-round, demonstrating the opportunity
to accelerate the genetic response to selec-
tion by minimizing generation interval.

Goats carry a substantial amount of
abdominal and intestinal fat, which could
be lowered, eliminating costs associated
with producing unwanted fat. Reducing fat
not only improves feed conversion but also
promotes consumer acceptance. Despite the
lack of precise estimates of genetic parame-
ters for meat quality in goats, there is an
opportunity for improvement. Aids to selec-
tion such as the use of ultrasonic devices to
measure back fat and loin muscle area in
live animals or dissecting individual car-
cass cuts to permit the separation of fat,
meat and bone from a sample of slaughtered
siblings have achieved considerable success
in improving lean muscle yield (Stouffer,
1969). Furthermore, technology for scan-
ning of live animals has improved notice-
ably over the years, making it possible to
obtain a clear image of muscle area at a frac-
tion of the cost of marketing the animal.
Ultrasonically measured longissimus mus-
cle area and depth in Alpine goats have
demonstrated potential merit for use in
genetic improvement of muscling (Stanford
et al., 1995). In Australian cashmere goats,
boneless meat yield has been predicted
from live weight and hot carcass weight
(McGregor, 1990). In addition, Angora kids
fed a high-quality energy diet and slaugh-
tered at 5 months of age produced meat of
commercially acceptable quality (McGregor,
1996).

4.9 Genetic Improvement Programmes

One of the most challenging issues for goat
meat production is to implement genetic
improvement programmes for the resource-
poor goat keeper in developing countries.
Lack of adequate resources, provision of
essential services and facilities that extend
across households over great distances as
well as serious concerns over their feasibil-
ity have caused a great deal of difficulty in
the delivery of performance testing pro-
grammes across countries. There is reason to
believe that biological, cultural, statistical,
social, economic and management aspects
are necessary components of the decision-
making process. This is because goats reared
in large herds under transhumance systems
along with many small herds around urban
areas are closely associated with the envi-
ronment, religious rituals and sustainable
development. The improvement of meat
goats must include a comprehensive and
technically sound assessment with suffi-
cient flexibility to meet the needs of diverse
environmental and managerial conditions.
Therefore, a breeding strategy for improve-
ment of meat goats should include more
than a prediction of breeding values for eco-
nomically important production traits.

It is also crucial to have a clear under-
standing of the nature of the underlying
quantitative genetic principles involved in
exploiting genetic resources for genetic
improvement. This is particularly impor-
tant when examining possible benefits from
crossbreeding against selection in terms of
genetic gain in performance, improved
vigour, uniform animal products and a
decline in inbreeding depression against
expenses incurred during breed evaluation.
The negative association between the pro-
duction of fibre and meat when nutrition is
a limiting factor suggests that fibre produc-
tion occurs at the expense of meat (Shelton,
1998). Under such conditions, productivity
could be enhanced with provision for sup-
plementary feeding.

Developing breeding strategies for
improvement of economically important
performance traits associated with goat meat
production may rely on the diversity of goat
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genetic resources worldwide, along with
evaluation of breeds and their crosses (Shres-
tha and Fahmy, 2005). The genetic base
should be as broad as possible to provide suf-
ficient genetic variation in performance traits
to sustain the genetic response to selection
over a number of generations. One should
also consider the prior selection history of
the base population for economically impor-
tant production traits, the relative magnitude
of non-additive to additive genetic effects
and the possible role of stress environments
during the choice of sire and dam breeds.
Likewise, the decision to continue with
either selection or crossbreeding must take
into consideration the time and resource
requirements necessary for breed evaluation
and the benefit achieved from genetic gain.
In the short run, crossbreeding has an advan-
tage whereas selection of replacement par-
ents based on genetic merit of the individual
accelerates the genetic response, enhancing
performance with either crossbreeding or
composite breed formation. In this context,
parameter estimates in a number of meat
breeds and their crosses for traits including
body weight at various ages, age at kidding,
kidding interval, service period, litter size,
live weight at slaughter, hot carcass weight,
dressing percentage and feed conversion
have been assembled from numerous studies
and are presented in Tables 4.12—4.15.

Goat breeders may employ simple means
of identifying, measuring and recording per-
formance on the farm for use in the genetic
evaluation of their breeding stock. In general,
the genetic potential of goats under uniform
feeding and management conditions are eval-
uated on the basis of growth rate of their off-
spring or in combination with reproduction
of their dam. Furthermore, bucks and does
are evaluated on the basis of productivity and
the contemporary performance of their kids.
In some instances, bucks from a number of
adjoining farms are evaluated for their perfor-
mance under more uniform environments in
test stations located at a convenient distance
from herds. In practice, bucks and does with
superior genetic merit are often certified by a
government agency or breed organization
based on their performance and are sold at
auctions across the country.

National breeding programmes for the
evaluation of genetic merit in breeding
animals usually adopt mixed animal
model methodologies to determine esti-
mated breeding values for multiple traits.
The evaluation of parents along with their
offspring has achieved considerable suc-
cess in other livestock and poullry spe-
cies, demonstrating potential merit in
meat-goat production. Precise estimates
of genetic parameters, performance
records of parents and their siblings,
pedigree relationships among animals and
performance across herds have improved
the accuracy of predicting breeding val-
ues. Information processing along with
software, lowered costs of processing,
memory and storage requirements has
made the application of mixed model
methodology feasible for breeding meat
goats. Likewise, goats with sufficient
genetic merit should rapidly be dissemi-
nated among herds under sedentary,
nomadic and semi-nomadic management
across the country to multiply genetic gain
for the production of goat meat.

India, with one of the world’s largest
goal populations, has no breeding pro-
gramme for improvement of productivity of
goats (Acharya, 1988). In practice, central
and state government farms maintain small
herds of goats, while animals surplus to
breeding requirements, usually unproven in
terms of their genetic merit, are sold as
potential breeding stock to breeders. It has
been suggested that goat meat production
could be improved in India by increasing
reproduction and kid survival without
increasing the total number of breeding ani-
mals in the country. At the same time,
China, with one of the largest goat popula-
tions in the world, has no organized breed-
ing activity for improvement of goats across
the country (Wenxiu, 1988). The prospects
for West African Dwarf goat production in
the south-eastern region of Nigeria appear
uncertain. Nevertheless, it has been sug-
gested that women producers can benefit
from vertical integration of goat production
from the producer to the market.

The past few decades have seen a rise
in goat improvement programmes around
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the world, although mostly for dairy and
fibre production (Devendra, 1988; Wilson,
1992; El-Aich ef al., 1995; Delfosse and
Jaouen, 1998). In South Africa, the National
Small Stock Improvement Scheme provides
the stud and commercial farms with the
breeding values of all the animals assessed
based on their performance records and
pedigree information. The organization not
only maintains breed standards but also
encourages breeders to improve production
performance. In Canada, Ontario has imple-
mented breeding programmes for genetic
improvement of meat goats (Nadarajah and
Burnside, 1994). The USA is in the process
of developing breeding programmes for
meat goats.

Evaluation of production performance
based on available records of the individual
goat along with those of their parents should
be adequate for the identification of goats
with potential genetic merit. These include
body weight at birth and 6 months of age,
dams’ litter size and milk yield, survival,
dressing percentage, hot carcass weight, fer-
tility, prolificacy and mortality. Breed orga-
nizations or governments could possibly
encourage breeders to establish a hierarchi-
cal structure, which might include nucleus,
multiplier and commercial goat breeders, or
group breeding schemes similar to those
available for other livestock species. In
India, there are proposed Group Breeding
Schemes with nucleus herds comprised of
selected bucks and does for producing
breeding stock (Acharya, 1988). In Malay-
sia, accelerating genetic gain based on open-
nucleus herds along with embryo transfer
has been proposed for milk and meat goats
(Mukherjee et al., 1996). An alternative
would be to establish an open-nucleus
structure where the nucleus herd produces
bucks for the replacement male parent in
commercial herds, while both the nucleus
and commercial herds contribute replace-
ment females for the nucleus herd. This
approach will reduce inbreeding (James,
1977), as well as the lag associated with the
transfer of genetic gain from the nucleus to
the commercial herds.

In the absence of genetic evaluation of
morphological characteristics and produc-

tion performance based on the application
of mixed model methodologies, breeders
can rely on simple measures for genetic
improvement similar to those used to deter-
mine ewe productivity (Shrestha et al.,
2002), which may include body weight of
kids at weaning or an older age adjusted to
a male equivalent basis. The efficient use of
a selection index is based on the emphasis
placed on several production traits relative
to their economic value necessary to opti-
mize breeding objectives. Prevailing mar-
kets, either in the region or across the
country, could help in determining costs
and benefits associated with meat, milk and
fibre production in order to derive appro-
priate weighting factors for economically
important production traits. An aggregate
breeding value derived from a combination
of relative economic weights and produc-
tion traits will be meaningful for improving
meat goats. Further details on breeding and
genetics for goat production have been
explained in the textbook Goat Science and
Production (Shrestha and Crow, 2010).

4.10 Future Considerations

Prediction of performance of breed crosses
from the evaluation of the performance of
all possible two or more breed cross combi-
nations can be useful to predict the perfor-
mance of the optimum cross approaching
maximum efficiency of production. Unfor-
tunately, when more than two breeds are
considered, the number of possible two-
breed-cross combinations that need to be
evaluated can be cumbersome. Even the
testing of two- and three-breed crosses
alone, neglecting reciprocals, can be a for-
midable task, and for a large number of
breeds it soon becomes impossible. Carmon
(1960) predicted the performance of specific
three-breed cross, i.e. A x (B x C), where A,
B and C are the parental breeds from the
average of (A x B) and (A x C). This includes
the two possible combinations of the breeds
being crossed with the exception of (B x C),
which is the female parent. Similarly, the
performance of a four-breed cross, i.e.
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(A xB) x (CxD), where A, B, C and D are the
parental breeds, can be predicted from the
average of (A x C), (A x D), (B x C) and
(B x D) crosses. These crosses represent all
possible two-breed crosses among the four
parental breeds with the exception of
(A x B) and (C x D), which are the male and
female parents. The success in the predic-
tion of performance of the multiple breed
crosses depends largely on the nature of
genetic variability associated with the eco-
nomic trait in the two-breed cross. Prefera-
bly, management and environmental
conditions should be alike.

The combination of rotational and spe-
cific crossbreeding may be based on mating
of fecund-type crossbred does derived from
a two or more breed rotation to bucks of an
unrelated meat-type sire breed. In theory, an
advantage in performance associated with
two-thirds of the maximum maternal hetero-
sis as well as individual heterosis can be
achieved. The drawback is the need to fol-
low a complex breeding protocol, which
requires a large number of animals from
diverse breeding populations. In practice,
the replacement females for rotational cross-
breeding and crossbred does are usually
raised within the premises of the farm and
derived from about one-third of the cross-
bred offspring. The remaining two-thirds of
the crossbred offspring are mated to bucks of
a meat-type breed purchased from highly
reputed breeders to produce specific breed
cross offspring that are marketed.

The use of crossbred males as sires has
received little attention in animal breeding.
In theory, crossbred male parents could
capitalize on possible hybrid vigour in
terms of libido and sperm production, as
well as realized paternal heterosis from
optimization of gene frequency for categori-
cal or composite traits in the livestock spe-
cies. According to Notter (1987), the use of
crossbred males may be optimum at the
production system level, e.g. net effect of
heterosis for male fertility, non-linearity
between individual traits, optimized gene
frequencies of sire and dam combinations
and overall profit. One would expect cross-
bred bucks to exhibit increased vigour that
may be more appropriate in environments

stressful to purebreds due to unfavourable
climate, grazing condition and diseases.
This is because purebred bucks may not be
able to express their full genetic potential
under extensive and harsh environments,
habitats typical of a large proportion of
goats worldwide. In practice, it is possible
to raise one fecund-type goat breed within
the farm and to purchase crossbred bucks
from meat-type breeds for breeding.

Specific three-breed-cross offspring can
also be produced by mating a crossbred
buck based on two meat-type sire breeds
with a purebred doe of a fecund-type breed.
A drawback can occur from the lower per-
formance associated with the absence of
maternal heterosis and favourable genes in
the crossbred dams including the rearrange-
ment of genetic combinations between the
chromosomes of crossbred parents. In a pre-
liminary study, (Boer x Spanish) x Spanish
compared with the Spanish breed weighed
more at birth and 90 days by 11 and 16%,
respectively (Table 4.7), whereas prolificacy
was similar (Lopez-Perez ef al., 1998).

Specific four-breed-cross offspring may
be produced by mating does derived from
two fecund-type dam breeds with bucks
from two meat-type sire breeds. In theory,
this approach could capitalize on the full
potential of maternal, paternal and individ-
ual heterosis. In this procedure, goats from
one or two parental breeds and their crosses
may be kept within the farm premises to
produce does to be female parents. Cross-
bred bucks of alternative breeds, as required,
may be purchased to be male parents.
Despite the drawback of having to maintain
more than two breeds for crossbreeding,
there may be potential merit from increased
productivity in commercial goat meat pro-
duction. However, no research results are
available on goat meat production based on
the use of three- and four-breed-cross off-
spring.

The use of hill and lowland breeds of
sheep in the UK demonstrates regional seg-
mentation of production to support com-
plex and efficient crossbreeding. In
developing countries, efficient meat-goat
production from the crossbred combination
of indigenous goats with productive exotic
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breeds is possible (Ruvuna ef al., 1992). The
authors proposed producing specific breed
combinations to complement breed differ-
ences in carcass merit with segmentation of
varying production systems and established
markets for meat and meat products. In
remote or tribal communities, there is the
opportunity to produce crossbred does for
use, as a terminal cross to be sold for imme-
diate cash, or under intensive production in
areas adjoining urban markets. Further-
more, the infrastructure for the transporta-
tion and marketing of extra kids from
crossbreeding is crucial.

Breeders of goats of nomadic and semi-
nomadic origin that receive a substantial
portion of their income from meat and meat
products are not aware of the scientific
accomplishments in the field of genetics,
nutrition and husbandry that have helped
other livestock and poultry become more
productive. Emerging and developing econ-
omies with 85% of the human population,
75% of the breed population and 97% of
goats worldwide could benefit from
increased productivity of meat goats raised
by the poor and landless at the end of the
social scale that are not only illiterate but
also lack the necessary husbandry skills and
finances. The difficulty of establishing
breed improvement programmes in devel-
oping countries lies in establishing produc-
tion criteria in the absence of an industry
structure with no specific advantage from
rapid growth rate, early maturity and
favourable meat quality (Norman, 1991).
Large numbers of bucks, possibly with
potential genetic merit, continue to be sacri-
ficed for religious rituals in accordance with
the tradition and culture of the region.
According to Purohit (1982), private or
cooperative ventures to increase goat meat
production in the villages of India could
benefit from periodic culling of less produc-
tive animals followed by the feeding of
high-energy diets in feedlots to culled ani-
mals starting one month before slaughter.
Developing breeding strategies for goats
raised under sedentary, nomadic and semi-
nomadic management presents a real chal-
lenge. Adding value to meat and meat
products, as well as recognizing their

significant role in maintaining cultural heri-
tage and sustaining biodiversity, can con-
tribute to alleviation of poverty.

Alpine, Saanen and Toggenburg dairy
breeds have benefited from research
directed towards their genetic improvement
(Flamant and Morand-Fehr, 1982). Evi-
dence presented from a number of studies
support the use of dairy breeds of goats from
continental Europe for crossbreeding with
indigenous goats to produce offspring with
a rapid growth rate and potential for
increased milk production. Besides produc-
ing more milk for sale, there is the opportu-
nity for meat-type breeds to sire crossbred
does to produce terminal-cross offspring for
meat production.

The influx of ethnic populations in
developed countries and the growing appe-
tite for food of exotic origin have resulted in
increased demand for goat meat. Goat meat
from domesticated feral populations in New
Zealand and Australia (Horton and Dawson,
1987; Kelly, 1988; B.A. McGregor, personal
communication) is being exported to help
meet the demand from increased consump-
tion. This is indicative of potential for
import replacement by promoting commer-
cial production of meat from goats. Physi-
cal, chemical and sensory properties of
meat from kids of Boer and Cashmere breeds
and their crosses compared with those from
lambs were of less intense flavour, tender-
ness and juiciness, while panellists
accepted curries and patties made from goat
meat (Swan ef al., 1998), demonstrating the
opportunity to market more meat to con-
sumers in developed countries. Neverthe-
less, goat meat continues to be a by-product
of the dairy and fibre industries in devel-
oped countries (Decoster and Berinstain-
Bailly, 1996; Asheim and Eik, 1998).

The application of quantitative genetic
methodologies in  combination  with
advances in molecular methodologies could
accelerate genetic progress in selection,
while developing more efficient means for
commercial production of meat from goats.
Constraints due to the seasonality of pro-
duction and labour shortages may be
avoided with controlled reproduction based
on induction and synchronization of
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oestrus, fixed-time artificial insemination,
year-round breeding based on 6-month
breeding cycles, the use of meat-type sire
and fecund-type dam breeds and cross-
breeds, fattening and marketing activities.
Green and stored forage and concentrates
along with vitamin and mineral supple-
ments to supply the necessary dietary nutri-
ents to lactating goats, feeding high-energy
diets to promote rapid growth rates for kids
surplus to breeding requirements for slaugh-
ter at 90 days or earlier at 40—45 kg body
weight, milking does following a suckling
period of 3 weeks or less, milk replacers and
solid feed to earlier-weaned kids, and the
prevention of mastitis, abortions and para-
site infestations provided in herd health
programmes can conftribute towards
increased production efficiency.

Despite only a few objective evalua-
tions of goats raised independent of range
conditions (Warmington and Kirton, 1990),
complementing specific breed combina-
tions to exploit breed differences in carcass
merit with segmentation of varying produc-
tion systems and established markets for
meat and meat products (Ruvuna et al.,
1992) has considerable merit in increasing
the efficiency of meat-goat production in
developing countries. The application of
innovative breeding technologies can facili-
tate genetic improvement in large herds due
to the ease in recording of performance and
pedigree, uniform feeding and manage-
ment, proximity to markets and the ability
to deliver goods and services to the breeder
on a low-cost basis. Nevertheless, one
should examine the relative costs in terms
of capital expenditure, labour, selection,
crossbreeding, breed formation and recur-
rent crossbreeding to exploit heterosis
before agreeing on a particular strategy for
commercial production of meat goats.

The Winrock International (USA), Inter-
national Development Research Centre (Can-
ada) and International Livestock Research
Institute (Kenya) have promoted meat-goat
production in developing countries. Pro-
grammes supporting the production of goat
meat in Africa (Upton, 1988), South-east
Asia (Jalaludin et al., 1992) and Africa and
Latin America (Wilson, 1992) and the

performance of meat-goat breeds in Asia, as
well as strategies to achieve genetic improve-
ment, have been published (Devendra, 1988).

4.11 Conclusions

Challenges to attain the biological ceiling of
goats for meat production reveal the com-
plexity of implementing innovative breeding
technologies that involve the application of
quantitative genetic methodologies for
improvement of meat goats. Wilson (1968)
estimated the biological ceiling at seven off-
spring per lambing and a potential mean
lambing interval of 6 months, possibly simi-
lar for goats. The availability of 1183 breed
populations worldwide along with previ-
ously documented information on their
background, adaptability, productivity and
husbandry need to be critically assessed.
Furthermore, meat goats lack precise esti-
mates of genetic parameters based on large
data sets as well as selection studies to cor-
roborate research results. Constraints, limita-
tions and social and cultural attributes may
include diseases, diet, climatic conditions,
natural vegetation and terrain, labour sur-
plus to household requirements, the avail-
ability of trained personnel and equipment,
religious rituals, economic reality and
proximity to markets. Smallholders under
sedentary, nomadic and semi-nomadic man-
agement must rely on breeding animals with
sufficient genetic merit to improve the effi-
ciency of goat meat production, and benefit
from crossbreeding and composite breed
development. Evidence to suggest that addi-
tive genetic variance may have been
exhausted for performance traits of economic
importance, although not currently likely,
would warrant family selection and progeny
testing to achieve a genetic response. There
is overwhelming evidence to support the
genetic improvement of goat meat by cross-
breeding complementary breeds, the forma-
tion of composite populations and selection
for economically important performance
traits. At the same time, genetic improve-
ment will depend on how widely animals
with potential genetic merit can be dissemi-
nated rapidly across commercial herds.
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5.1 Introduction

Reproduction efficiency in female goats
(does) is determined by many different pro-
cesses. These processes include, for exam-
ple, early initiation of reproductive life,
length of the breeding season, cyclic activ-
ity, ovulation rate, fertilization rate and
post-partum anoestrous period. All these
reproductive traits depend on numerous
components: genotype, environment and
husbandry factors. In goats, and for small
ruminants in general, the most important
factor affecting flock efficiency is reproduc-
tion. Increasing reproduction is the most
important way of improving meat produc-
tion. This chapter addresses ways of
improving reproductive efficiency in meat
goats by reviewing data from highly special-
ized and less intensive production systems.
However, it is first important to describe the
main features of the reproductive biology of
meat goats.

5.2 Doe Reproductive Biology

5.2.1 Onset of puberty

As in other livestock species, puberty is an
important reproductive trait in goats that

will determine the age at first kidding and
therefore initiates the start of the reproduc-
tive career of the animal. Puberty can be
defined in several ways. In the female, it is
commonly defined as being the age at which
oestrus is first detected and is followed by
the establishment of a functional corpus
luteum and a characteristic cyclic ovarian
activity in the non-pregnant animal. Sexual
maturity is different from puberty and
occurs later. In young female sheep and
goats, sexual maturity, which indicates
acquisition of a full reproductive potential
(maturation of the hypothalamic—pituitary
axis, oestrous expression, embryo survival),
is reached at a later age than puberty
(Drymundsson, 1983). In this respect, one
major feature of sexual immaturity in Creole
goats is the dissociation between oestrus
and ovulation at puberty (Delgadillo et al.,
1997). Half of the first detected oestruses are
not accompanied by ovulation and 36% of
the first ovulations are silent.

The occurrence of puberty in goats is
similar to ewe lambs and fits within the
model that classifies chronologically the
events leading to the first luteotropic hor-
mone (LH) surge in young female sheep
(Foster and Ryan, 1981). At puberty, the
response of the hypothalamic—pituitary axis
to inhibition by oestradiol is considerably
reduced. Basal secretions of LH therefore
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increase as a result of the acceleration in the
rate of LH discharges, thus resulting in one
or more of the follicles developing towards
the pre-ovulatory stage. This is the first fol-
licular phase, which is associated with a
steady increase in the concentration of oes-
tradiol, which eventually elicits the first
pre-ovulatory LH surge.

There are several factors that could play
a role in the attainment of puberty in the
female goat. These include season of birth,
season of weaning, body weight, nutritional
status and presence of bucks. The effect of
the presence of bucks on puberty will be
reported later in the chapter related to
induction of puberty in young females.

Under field conditions, some of the pre-
vious factors, such as season of birth and
season of weaning and also body weight
and nutritional status, act in complex inter-
actions, which makes objective assessment
of the individual effects on the attainment
of puberty very difficult. These factors seem
to involve a breed effect, probably with two
major types of genotypes: early and late sex-
ually maturing breeds.

In the young doe, body weight is of crit-
ical importance to the attainment of puberty.
In general, breeding in goats should be
delayed until the animal has attained
60-75% of its mature body weight (Smith,
1980). The mean body weight at puberty of
Boer goat does has been set at 30.6 kg for
animals on a high-energy diet and 27.5 kg
on a lower-energy diet (Greyling, 1988).
However, there are reports (Attwood, 2007)
that Boer goats in South Africa can reach
puberty at 18 kg body weight. It has also
been documented that delayed attainment
of puberty in temperate breeds of goats
under tropical conditions is explained by
the low growth rates of animals of these
breeds under unfavourable management
conditions in the tropics. The effect of inad-
equate nutrition hampering normal growth
of the animals could be mediated through
adverse effects on pituitary function.

Puberty is also influenced by the season
of birth of the kids. The recorded mean age
at the onset of puberty in Boer goat does is
191.1 and 157.2 days for does born during
August (late winter) and January (mid-

summer), respectively (Greyling, 2000). In
northern Mexico, Creole does born in Janu-
ary demonstrate their first oestrus at an age
of 250 days and on average at an age of
172 days for females born in August or
December (Delgadillo and Malpaux, 1996).
In both the previous studies, the authors
concluded that season of birth is the main
cue for the onset of puberty and that
observed differences could not be ascribed
to body weight, level of nutrition or the
buck effect.

Boer kids weaned in April (during the
normal breeding season in the southern
hemisphere) exhibited oestrus significantly
earlier than those weaned in December (out-
side the natural season) (Greyling, 1996).
Animals weaned during the natural breed-
ing season maintained higher LH levels
compared with those weaned outside the
normal breeding season, indicating greater
pituitary activity during the breeding
season.

A compilation of the age at puberty for
some breeds of meat-producing goats is
presented in Table 5.1.

5.2.2 Seasonality of reproduction

The seasonal character of sexual activity in
small ruminants has long been known.
Among the factors controlling seasonal
reproduction and birth seasonality, the
change in day length is the most important
component. Long days are reported to be
inhibitory and short days stimulatory to
sexual activity (Karsch et al., 1984). Indeed,
the most reliable environmental cue to set
kidding at the optimal time of year is the
seasonal cycle of day length, which does
not vary from one year to another and there-
fore allows predictability. The photoperi-
odic information is perceived by the retina
and transmitted to the pineal gland where
this signal modulates the rhythm of melato-
nin secretion (Legan and Karsch, 1983;
Karsch et al., 1984).

The majority of goat breeds show
seasonality in reproduction activities
(Chemineau et al., 1992). For goats bred
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Table 5.1. Age at puberty for some meat-producing breeds of goats.

Breed Country Age at puberty (days) Specific information Reference

Boer South Africa 191 Born during seasonal Greyling (2000)
anoestrus

Boer South Africa 157 Born during the breeding  Greyling (2000)
season

Creole Mexico 172 Born between August and Delgadillo et al. (1997)

(128—204) December
Black Bengal NS 196 Bhattacharrya et al.
(1984)

Baladi Syria 180210 Kassem (2005)

Damascus Cyprus 220-270 Mavrogenis (2005)

Matou China 108 (79-216) Based on first oestrus Moaeen-ud-Din et al.

(2008)

NS, Not specified.

under temperate latitudes (above 40°N), the
female experiences a period of anoestrus
from the beginning of spring to late sum-
mer, with no behavioural or ovarian activ-
ity. In the northern hemisphere, the
breeding season starts in the summer and
autumn months and ends in winter. In con-
trast, tropical breeds do not appear to be
seasonal breeders (Devendra and Burns,
1983).

In Argentina, based on the monthly dis-
tribution of parturition, Creole goats reared
under range conditions were classified as
non-seasonal breeders (Molina et al., 1997).
Conversely, other results (Rivera et al.,
2003) based on the systematic recording of
oestrus and ovulations indicate that Argen-
tine Creole goats, maintained under natural
photoperiod and controlled nutritional lev-
els, are seasonal breeders. Transitions
between seasons were gradual, with maxi-
mum and minimum levels of sexual activity
concentrated at about the winter and sum-
mer solstice, respectively. For the Creole
goats under southern latitudes in South
America, a shorter breeding season with
concentration of sexual activity during the
months of June and July has been reported
(Santa Maria et al., 1990). For feral goats at
similar latitudes in Australia, spontaneous
ovulation was shown beginning in April,
with peak incidence occurring in June and
no ovulation between September and Feb-
ruary (Restall, 1992).

For Damascus goats reared under desert
conditions in Egypt, oestrus occurrence is
correlated with the decrease in day length.
The percentage of goats manifesting oestrus
is high from July to October, while the per-
centage of kidding is high in January, Febru-
ary and March (Shalaby et al., 2000).

It has often been assumed that the goat
is similar to the sheep with regard to repro-
duction, but differences between the two
species exist, and extrapolation from one
species to the other could be misleading.
Seasonal variation in reproductive activity
in Australian goats was investigated and
showed that does did not begin spontane-
ous ovulation until April, with peak inci-
dence occurring in June (90%), and no
ovulations were recorded between Septem-
ber and February (Restall, 1992). In con-
trast, the sheep began to ovulate in February
with a peak incidence in March (95%), and
the proportion ovulating remained high
until July and then declined with no
ovulations observed between August and
December.

In Tunisia, the breeding season of local
goats occurred from September to March
(Lassoued and Rekik, 2005), during which
80% of the nanny goats exhibited oestrus at
least once and 53% of all oestrous cycles
were accompanied by ovulations. The pro-
portion of ovulations increased gradually
from September to reach 100% during
December, and then declined to reach a
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minimum of 14% during March. This season
preceded a period of sexual inactivity
(March—August) that was distinctly longer
than for local breeds of sheep in the same
environment (Khaldi, 1984). The trends for
the local Tunisian goat are similar to what
has been reported for the Bedouin goat native
to the Algerian Sahara, where seasonal
anoestrus extends from the end of winter to
the end of summer (Charallah et al., 2000).
Some examples related to sexual activity in
several goat breeds in tropical, subtropical
and temperate zones are reported (Table 5.2).

Unlike most goat breeds, Boer goats are
partially seasonal breeders. Anoestrus does
not occur and Boer does will cycle virtually
all year round if favourable rearing condi-
tions are provided (Greyling, 1990). This is
similar to indigenous goats in Zimbabwe,
which exhibit ovarian activity throughout
the year (Llewelyn et al., 1993).

At locations close to the equator and in
the tropics, local breeds of goats either are
non-seasonal breeders or exhibit only a weak
seasonality of reproduction (Chemineau,
1986). Under these conditions, seasonal
reproductive  patterns relate more to
variations in rainfall, available nutrition and
temperature than to day length (Devendra
and Burns, 1983). In the Mediterranean and
tropical areas, the majority of goats are
maintained in extensive or semi-extensive
systems and may be mated more than once a
year and subject to seasonal variations in
food availability. It is often thought that
nutrition is responsible for the seasonal
reproductive pattern; in particular, insuffi-
cient nutrition is often responsible for pro-
longed anoestrous and anovulatory periods,
areduction in fertility and prolificacy. In the

dual-purpose goats of north Senegal, most
goats (65%) kid once a year, but some (22%)
fail to reproduce, while others (13%) repro-
duced three times in 2 years (reviewed by
Walkden-Brown and Bocquier, 2000).

The social environment, in particular
the presence of bucks, is an important factor
that affects the length of the breeding sea-
son. In Australian goats, exposure to males
extended the period of ovulatory activity
both before and after the period of sponta-
neous ovulation. In the absence of males,
does only ovulated between April and
August, but exposure to bucks, either inter-
mittently or continuously, extended the
ovulatory period from March to September
(Restall, 1992). Other results support the
suggestion that continuous exposure to the
male prolonged, to some extent, the ovula-
tory period and also an earlier initiation of
the ovulatory activity in Creole goats than
in females kept isolated from male stimuli
(Rivera ef al., 2003). This may suggest that
the annual ovulatory rhythm in does reflects
a changing sensitivity to exteroceptive stim-
uli that initiate reproductive activity.

The effects of season on reproduction
in sheep and goats are mediated by similar
mechanisms. The change in the duration of
the night-time melatonin pattern alters the
hypothalamic responsiveness to oestradiol,
and this leads to changes in the frequency of
LH pulses. A low pulse frequency switches
off the reproductive system and a high fre-
quency switches it on. During the sexual
season, the hypothalamus shows little
response to oestrogen and the LH pulse fre-
quency is high, whereas, during anoestrus,
the hypothalamus is very responsive to oes-
trogen and the LH pulse frequency is low.

Table 5.2. Examples of seasonality of sexual activity of some goat breeds in tropical, subtropical and

temperate zones.

Cyclicity Country Breed Sexual season Reference

Seasonal Tunisia Local Maure September—March Lassoued and Rekik (2005)
Seasonal Algeria Bedouine End summer—end winter  Charallah et al. (2000)

Seasonal Argentina  Creole March—October Rivera et al. (2003)
Non-seasonal Guadeloupe Creole All year Chemineau (1986)
Non-seasonal Morocco D’Man All year Derquaoui and El Khaledi (1994)
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At the onset of the breeding season, the
secretion of gonadotropins, particularly the
frequency of LH pulses, increases to more
than three pulses every 6 h in mid-September
(Chemineau et al., 1988). These seasonal
changes in pulse frequency are mediated by
melatonin-induced differences in respon-
siveness to gonadal feedback (Chemineau
el al., 1988). This gradual enhancement of
gonadotropic activity stimulates ovarian
folliculogenesis and therefore may be
responsible for the gradual onset of cyclic
ovarian activity.

5.2.3 The ovarian cycle and related
endocrine events

During the natural breeding season, female
goats are seasonally polyoestrous with a
spontaneous ovulation. When the does are
not pregnant, they will display a succession
of oestrous cycles lasting 21 days on aver-
age, which can be very irregular as we will
discuss later. At each cycle, the doe can
ovulate producing one or more oocytes at
approximately 3036 h after the beginning
of oestrus (Gonzalez-Stagnaro el al., 1984).
Following ovulation, the Graafian follicle
transforms into the corpus luteum (the
luteinization process), which is active in
secreting progesterone during the luteal
phase, which lasts 16 days. If the female
does not conceive, the corpus luteum
regresses (luteolysis) and a new follicular
phase starts.

Several hormonal changes are associ-
ated with the main events of the oestrous
cycle. These hormonal changes are mainly
the result of interactions between the ova-
ries, the hypothalamic—pituitary axis and
the uterus. Throughout the luteal phase, the
frequency of LH pulses is negatively corre-
lated (r=-0.97) with the level of circulating
plasma progesterone (Sutherland, 1987).
These concentrations exert a very potent
negative feedback on LH secretion during
the luteal phase, hence keeping the ampli-
tude of LH pulses to less than 1 ng/ml. The
maximum plasma progesterone concentra-
tions are attained around day 10 (day 0 is

ovulation time) and remain high until day
15 (Simdes et al., 2006).

Starting on days 16—17 of the oestrous
cycle, the prostaglandin F2a (PGF20)
released from the non-pregnant uterus,
most likely influenced by ovarian oxytocin
(Homeida, 1986), will induce luteolysis.
The rapid decline of plasma progesterone
concentrations is associated with an accel-
eration of the frequency of LH pulses and an
increase in their amplitude (Mori and Kano,
1984). This is the major event triggering the
start of the ovulatory follicular phase during
which there is stimulation of the growth of
follicles with a mean diameter >1 mm
(Akusu et al., 1986). These growing follicles
will increase their steroidogenic activity
and hence start secreting oestradiol 170 at
high concentrations >10 pg/ml (Rubianes
and Menchaca, 2003). The sustained
increase in oestradiol concentration will in
turn induce a positive feedback action on
the pituitary gland, culminating in the pre-
ovulatory LH surge. This surge usually lasts
between 8 and 10 h; its maximum is reached
3 h after the peak of oestradiol and 10-15 h
after the onset of oestrus (Chemineau and
Delgadillo, 1994). Ovulation usually occurs
20 h after the pre-ovulatory LH surge with
some variation, as will be discussed later.

These endocrine events are those that
have been reported for natural oestrous
occurrence or when oestrus has been
induced following luteolysis with exoge-
nous PGF2a. Nevertheless, it is worth men-
tioning that when oestrus is induced with
equine chorionic gonadotropin (eCG),
growth of the follicles is faster and some
features of the endocrine changes are modi-
fied, such as a longer interval between the
peak of oestradiol 17f and the pre-ovulatory
surge of LH, which occurs earlier in relation
to the onset of oestrus (5.6 versus 15.7 h;
Chemineau and Delgadillo, 1994).

In parallel to the endocrine changes,
the doe oestrous cycle is also characterized
by major changes in follicular turnover.
Useful information on this topic can be
found in recent reviews (Rubianes and
Menchaca, 2003; Simoes et al., 2006) and
we shall report here the main characteris-
tics of follicular dynamics in the doe.
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The use of ultrasonography has facili-
tated a rapid increase in our knowledge of
animal reproductive physiology and its
control. The efficiency of transrectal ultra-
sonography to study ovarian function in
goats provides a means for repeated, direct,
non-invasive monitoring and measuring of
follicles >2 mm, regardless of their depth
within the ovary. The results of daily
ultrasonographic studies indicate that the
inter-ovulatory cycle of goats is character-
ized by a wavelike pattern of follicular
development, as has been reported for other
ruminant species. A follicle wave involves
the emergence of a group of small antral
follicles from which commonly one or two
follicles are selected to grow to >5 mm in
diameter. According to different authors,
the number of follicular waves ranges
between two and five waves per cycle, but
the predominant pattern for goats that
developed an inter-ovulatory cycle of nor-
mal length (19-22 days) is of four waves
(Fig. 5.1). The emergence of waves one, two,
three and four (the ovulatory wave) occurs
on days 0, 5-6, 10-11 and around day 15
post-ovulation, respectively. However,
some breed differences have been reported
and the duration of the first inter-wave
interval in Serrana goats (5.6 + 0.3 days;
Simoes et al., 2006) was between the values
observed in Boer goats (4.0 = 1.4 days;
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Schwarz and Wierzchos, 2000) and in
Saanen goats (7.3 = 0.9 days; de Castro
et al., 1999).

Some of the more frequently observed
characteristics of the follicular waves are
as follows: (i) the diameter of the largest
follicle of a wave differs between waves;
commonly the largest follicles of waves
two and three attain smaller maximum
diameters than both the largest follicle of
wave one and the ovulatory follicle; (ii)
two or more follicles per wave frequently
attain 5 mm or more; (iii) the growth rate
between the day of emergence (i.e. first day
with a size of 3 mm) and the day of maxi-
mum diameter is around 1 mm/day; (iv) as
the luteal phase progresses, follicular turn-
over increases and the inter-wave intervals
are shorter than during the early luteal
phase; (v) during the mid- to late luteal
phase, the follicles that do not grow
beyond 4 mm often are not a part of the
wave phenomenon and it is suggested that
they represent a dynamic underlying pool;
(vi) most of the ovulatory follicles are the
largest follicles on the day of luteolysis;
(vii) in most double-ovulatory goats, the
ovulatory follicles emerge as part of the
same follicular wave but in a few cases
also as a part of different waves; and (viii)
double ovulations occur on the same day
in most cycles.

4 5

Number of waves per oestrous cycle

Fig. 5.1.

Distribution of the number of follicular waves per oestrous cycle in goats. Different letters within

columns (a versus b) show that the difference was significant (P < 0.001) (Simdes et al., 2006).
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There is good evidence showing that
the pattern of fluctuations of serum follicle-
stimulating hormone (FSH) concentrations
is tightly associated with the emergence of
most follicular waves in sheep (Evans et al.,
2000). An increase in FSH concentrations
commonly precedes the emergence of the
wave and this is followed by a decrease,
which is negatively correlated with the oes-
tradiol produced by the largest follicle of
the wave. Reports regarding the relation-
ship between FSH and follicular dynamics
are scarce in goats, and several reports
related to FSH fluctuations along the oes-
trous cycle of the goat are inconclusive.
However, the positive effects of an exoge-
nous FSH treatment on follicle recruitment
are well established in goats (Rubianes and
Menchaca, 2003).

Goats are reported to have more irregu-
lar oestrous cycles than ewes. The period of
the season (beginning or end of the sexual
season) or post-partum are the major factors
related to irregular oestrous cycles. How-
ever, buck introduction to anoestrous
females or the administration of exogenous
hormones can also contribute to the appear-
ance of irregular oestrous cycles. Irregular-
ity of the oestrous cycle refers to the length
of the cycle, silent ovulation or oestrus
without ovulation (Lassoued and Rekik,
2005). When studying the seasonality of
oestrus and ovulation in Creole goats of
Argentina (Rivera el al., 2003), it was found
that the mean length of the oestrous cycle
was 21.7 + 0.6 days with >90% of the cycles

between 19 and 22 days. Frequencies of
short (<16 days) and long (>27 days)
oestrous cycles were, respectively, <5% and
around 15% of all observed cycles. Such
data are similar to those reported for the
Boer goat (Greyling, 1988) in which the fre-
quencies of short and long cycles have been
recorded as being 16.6 and 10.2% and also
for the Barbari goat breed (Prasad and Bhat-
tacharyya, 1979) for which the oestrous
cycle was categorized into short, medium
and long cycles, with the frequency of each
category being 19.7, 68.8 and 11.5%. Oes-
trous cycles were found to be significantly
shorter during periods of the year with mod-
erate climatic conditions, compared with
extreme cold/dry and hot/wet periods. For
the local Maure goat, it was reported that,
on average, a goat has a mean of 1.2 normal
cycles during the whole breeding season
with an average length of 21.1 + 1.5 days
(Lassoued and Rekik, 2005). All other cycles
were irregular, delimited either by silent
ovulations or by oestruses without ovula-
tion. The mean length of the oestrous cycle
for different breeds of meat goats in many
countries are summarized in Table 5.3.

5.2.4 Oestrous expression and
occurrence of ovulation

Oestrous expression in goats is hormone
dependent and is triggered by the sustained
increase of oestradiol following regression
of the corpus luteum at the end of the luteal

Table 5.3. Mean length {days) of the oestrous cycle for some breeds of meat-producing goats.

Length of oestrous

Breed Country cycle (days) Specific information Reference
Boer South Africa 20.7+0.7 Greyling (2000)
Creole Argentina 21.7+0.7 Regular cycles only Rivera et al. (2003)
Maure Tunisia 211+1.5 Regular cycles only Lassoued and Rekik (2005)
Dwarf Pakistan 19.7+15 Post-partum period Khanum et al. (2007)
Damascus New Zealand 21.2+1.5 Zarkawi and Soukouti (2001)
Serrana Portugal 20.6+1 Induced oestrus with  Simdes et al. (2006)

PGF2a
Matou China 19.7+15 Moaeen-ud-Din et al. (2008)

PGF2a, Prostaglandin F2c.
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phase and the rapid fall in progesterone
plasma concentrations. On the day of oes-
trus, progesterone plasma concentrations
are very low, i.e. <0.5 ng/ml. The duration of
the oestrous period in goats appears to be
variable in length, but on average it lasts
36 h, with a variation of between 22 and
60 h (Riera, 1982). The mean duration of the
natural oestrous period in the mature Boer
goat is 37.4 = 8.6 h, with a variation of
24-56 h among individuals (Greyling, 2000).
No significant difference was recorded
between multiparous, biparous and primip-
arous does (38.2, 34.0 and 38.6 h, respec-
tively). When in oestrus, the doe is more
expressive than other females of mammalian
domestic species (Fabre-Nys, 2000). During
the first phase of oestrus, behaviour known
as ‘proceptivity’ or pro-oestrus occurs, when
the female seeks partners for stimulation
through intermittent approaches. The female
then moves on to the second phase of ‘recep-
tivity’ or oestrus, when she is in heat,
expressing the following signs: seeking out
bucks more frequently, wagging of the tail,
mounting behaviour, bleating, clear mucous
discharge from the vulva, urine emission,
and reddening and swelling of the vulva.
These signs will end with the female accept-
ing mounting. When in oestrus, the female
goatl can express a homosexual behaviour by
mounting other goats in heat. The intensity
of the oestrous signs may vary; this often
happens with young does for which these
behaviours are not so obvious.

The time of ovulation in the goat is
reported as occurring towards the end of the
oestrous period (van der Westhuizen et al.,
1985). Ovulation is a complex process, initi-
ated by the surge of gonadotropins, and is
characterized by resumption of meiosis,
culminating in rupture of the follicular sur-
face, release of a mature fertilizable (sec-
ondary oocyte) ovum and restructuring of
the follicular wall. To decide the precise
time of mating and also to make effective
use of modern reproductive tools such as
artificial insemination and embryo transfer
technology for improving goat production,
information on ovulation profiles is essen-
tial. In the Boer goat doe, the time of ovula-
tion is recorded as occurring 36.8 h after the

onset of oestrus (86.7% of does ovulating by
38 h after the onset of oestrus), with the
mean time interval between the LH peak
and ovulation being 24.7 h (Greyling, 2000).
The timing of the LH peak relative to the
onset of oestrus was recorded as being
between 4 and 20 h after the onset of oes-
trus. These data on the Boer goat are similar
to what have been reported for the Jakhrana
goat for which ovulation occurred 28 h after
the onset of oestrus (towards the end of the
oestrous period) and reached its peak at
36 h post-oestrus (Goel and Agrawal, 2003)
and also for local Egyptian goats for which
ovulation occurred at about 27 h after the
onset of oestrus (Salama, 1972).

Timings of oestrus and ovulation are
hastened when the does are hormonally
treated. Knowledge of time, rate and syn-
chrony of ovulation after treatment with
intravaginal devices is important to establish
a suitable schedule in fixed-time artificial
insemination programmes. For the Tunisian
local goat, it has been found that treatment
of the does with eCG advances oestrus by
approximately 10 h (N. Lassoued and
M. Rekik, 2010, unpublished results). This is
similar to other results (Ritar ef al., 1989)
showing that ovulation had occurred by the
final laparoscopy (65-75 h) in all females
(n = 22) injected with 200 or 400 interna-
tional units (IU) eCG at 0 or —48 h in relation
to withdrawal of the progestogen treatment,
whereas only seven of the does not injected
with eCG (control) had ovulated by this time.

5.2.5 Ovulation rate and reproductive
wastage

For meat production breeds of goats, ovula-
tion rate has a major impact on their litter
size and hence on their reproductive effec-
tiveness. A high ovulation rate is an impor-
tant characteristic, referring to the number of
ova liberated and eventually the number of
kids born per doe kidding. Physiologically,
the number of ova shed by a goat at each
ovarian cycle is the interaction between
three levels of regulatory mechanisms: the
concentrations of circulating gonadotropins
(mainly FSH), the response of the follicles to
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these hormones and the internal regulations
at the ovarian level, whether paracrine
(between follicles) or autocrine (within a fol-
licle) (Driancourt et al., 1990). Ovulation rate
is influenced by the stage of breeding season,
genotype, parity and nutrition.

When studying seasonal variations of
reproductive traits of the local Maure goat
in central Tunisia, an important effect of
season on ovulation rate was reported
(Lassoued and Rekik, 2005). Ovulation rate
dropped from a mean value of 1.51 at the
start of the breeding season in September—
October to <1.25 at the end of the breeding
season towards January and February.
These findings are consistent with other
published data (Restall, 1992) reporting a
decreasing gradient of ovulation rate
between the beginning and the end of the
breeding season for Australian goats, with a
trend for the ovulation rate to be higher for
does kept in the presence of males. When
ovulation rate shows seasonal variation,
maximum prolificacy in the flocks can be
obtained by presenting does to bucks at the
start of the breeding season. For breeds that
are not seasonal, as in the case of the Creole
goat in Guadeloupe (Chemineau, 1986) or
the D’'Man in Morocco (Derquaoui and El
Khaledi, 1994), seasonal variations of
ovulation rate are less important. However,
under such conditions, this trait can
show variations associated with other

environmental factors such as nutrition
(Delgadillo et al., 1997) or health status.
Breed is also a major variation factor for
ovulation rate. The Boer doe with a mean
ovulation rate of 1.72 is considered one of
the more prolific breeds in the world
(Greyling, 2000). In terms of litter size, the
percentage of singletons, twins, triplets and
quadruplets born in the Boer goat are quoted
as being 24.5, 59.2, 15.3 and 1%, respec-
tively (Campbell, 1994). Because of the close
relationship between ovulation rate and
litter size, we would expect most of Boer
goats to shed twin ovulations. The ovulation
rate of the Boer goats is higher than that
quoted for Malawian goats (1.68; Campbell,
1994) or Jakhrana goats native to semi-arid
India (1.33; Goel and Agrawal, 2003). Other
breeds can have much higher ovulation
rates, such as the Black Bengal goat with a
mean rate of 4 (Rao and Bhattacharrya, 1980).
For the prolific Matou breed in China, it is
anticipated that ovulation rate, although not
measured, would be high on the basis of
litter sizes recorded in the flocks: mean litter
size was reported to be 2.09 (Moaeen-ud-Din
et al., 2008), with the percentages of single-
tons, twins, triplets and quadruplets being
27.4, 45.4, 16.3 and 10.9%, respectively.
Lower frequencies of does gave birth to quin-
tuplets or sextuplets. However, the survival
rate of kids was 90.8% and was negatively
associated with litter size (Fig. 5.2).
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Fig.5.2. Association of survival rate at puberty of kids with litter size in the Matou breed (redrawn from

Moaeen-ud-Din et al., 2008).
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Nutrition is known to play a funda-
mental role in controlling several reproduc-
tive events, including hormone production,
gametogenesis, fertilization and early
embryonic development in farm animals.
Like sheep, but in contrast to cattle, most
goats have the potential for multiple ovula-
tions, but this ability may be impaired by
inadequate nutrition. Long-term effects
(3 weeks) of overfeeding on ovulation rate
are mediated through improved body con-
dition (dynamic component of nutrition on
ovulation rate), whereas short-term effects
are achieved through the provision of nutri-
ents that modify the hormonal environ-
ment, with no alteration of body condition
(static component). The appearance and
continuation of oestrous activity of goats
are less dependent on nutrition than ovula-
tion rate. In British Saanen and Toggenburg
thin goats, severe energy deprivation dur-
ing the 19 days before a synchronized oes-
trus did not affect the proportion of goats
coming into oestrus but did decrease the
ovulation rate, and timing of ovulation was
delayed (Mani ef al., 1992). Ovulation rate
increased asymptotically in small prolific
Indonesian goats that gained body weight
at 30 g/day before mating (Henniawati and
Fletcher, 1986). Such an effect could be
mediated through an increase in blood glu-
cose, insulin and leptin, leading to
increased folliculogenesis and ovulation
rate (Vifioles, 2003). No negative effect of
overconditioning on reproduction has been
documented in goats, as it has been in
sheep (West et al., 1991). Further examples
on the interaction between nutritional
inputs, ovulation rate and litter size will be
discussed in section 5.4.

Similarly to ewes, ovulation rate for
does varies with age, although the effect can
be confounded by parity. If we assume that
the effect of age on ovulation rate is similar
to the effect on litter size, maximum ovula-
tion rate is reached when does are 5-7 years
old. Investigations into the genitalia of preg-
nant Teddy goats in Pakistan (Anwar and
Ahmad, 1999) showed that ovulation rate
increased from 1.6 to 2.3 for young does
with no permanent teeth and old does with
six or eight permanent teeth, respectively.

In goats with no permanent teeth, 57.6% of
the does had multiple ovulations compared
with 96.3% for goats with six or more per-
manent teeth. Interestingly, embryo losses
increased from 7.7 to 16.1%, but it was not
possible to conclude whether the trend in
embryo loss was correlated with age or ovu-
lation rate.

In mammals, reproductive losses can
occur from mating time up to the end of
pregnancy. These losses can be summarized
as being due to fertilization failure, early
embryonic losses and fetal losses (abortion).
In goats, many of the data related to fertiliza-
tion failure emanate from studies on super-
ovulation and embryo recovery. Fertilization
failure in goats has been summarized as
being the result of a poor synchronization of
oestrus and ovulation, especially following
fixed-time artificial insemination, and also
of abnormal maturation of the oocytes fol-
lowing superovulation (Lehloenya, 2008).

In sheep, most early embryo losses
occurred during the period immediately
preceding day 18 after mating during either
blastulation or extension of the embryonic
membranes (Quinlivan et al., 1966). In
goats, it was also concluded that limited
conceptus loss is expected after the first
3 weeks of pregnancy (Anwar and Ahmad,
1999). Some of the factors involved in early
embryonic mortality are: body condition
(does that are too fat or too thin at mating
time); dietary changes within the first few
weeks after breeding negatively influencing
functioning of the corpora lutea; extreme
hot weather within the first month after
breeding; genetic factors of the sire, dam or
embryo leading to congenital defects and
early conceptus loss; maternal hormone
imbalances; age of the dam (embryo losses
are greater in young does and goats over
6 years); excessive oestrogen in the diet
(ingestion of plants containing phyto-
oestrogens); deficient uterine environment
(insufficient uterine space for the number of
embryos or too few placental attachment

sites or caruncles); and immunologic
incompatibility (blood types and serum
antigens).

During later stages of pregnancy and in
the absence of the incidence of abortive
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diseases, it was shown that a severe reduc-
tion in the energy allowances well below
the requirements of goats through the third
month of pregnancy was associated with
increased embryo loss (Mani et al., 1992).
In late gestation, an energy deficit, particu-
larly for does carrying multiple fetuses,
will result in pregnancy toxaemia (ketosis)
and fetal death. Signs of ketosis are anorexia
(off feed), lethargy and pain. Caught early,
ketosis can be treated with propylene glycol
given orally.

5.2.6 Gestation and uterine involution

For a pregnancy to be established, commu-
nication between conceptus and mother
(maternal recognition) and implantation of
the conceptus on the uterine wall must
occur. The establishment of intimate
contact between the embryo and the
mother follows a succession of common
critical steps whose chronology and timing
may vary considerably from species to spe-
cies. In goats, implantation begins around
days 14-17 of pregnancy (Bazer etal.,
1997) when the embryo starts placentation.
The placentome serves as immunological
barrier membrane and mediates gas and
micronutrient exchange (Wani, 1996). The
placenta secretes steroid hormones (oestra-
diol and progesterone) and placental lacto-
gen (cPL). The latter plays a major role in
maintaining pregnancy and in growth of
the mammary gland (Hayden et al., 1979).
The length of pregnancy is called the
gestation period. For goats, the gestation
period is about 149 days with a usual range
of 145-153 days. The length of gestation is
variable according to breed and the individ-
ual. The mean gestation period for the Boer
goat is recorded as being 148.2 + 3.7 days
(Greyling, 1988). In Black Bengal does, the
length of gestation is 144 days (Jainudeen
el al., 2000). Gestation may be shorter in
twin-bearing does and in extreme weather.
However, for Boer goats, there was no sig-
nificant difference in the gestation length
between does bearing singletons or triplets,
and the season of mating had no significant

effect on gestation length (Greyling, 1988).
The influence of nutrition on fetal develop-
ment during certain months of pregnancy
does tend to shorten or lengthen the gesta-
tion period, but the variation due to this fac-
tor was only 1.5 days (Riera, 1982).

The endocrine balance during preg-
nancy in goats is complex and involves
several hormones such as progesterone, oes-
trone sulfate, cPL and pregnancy-associated
glycoproteins (PAGs). Progesterone is
required to maintain pregnancy (Meites
el al., 1951). Early during pregnancy, pro-
gesterone facilitates the implantation pro-
cess and thereafter maintains pregnancy by
ensuring closure of the cervix. During gesta-
tion, there is little evidence of any dramatic
increase in serum progesterone concentra-
tion above the levels attained during the
luteal phase of the oestrous cycle, suggest-
ing the corpus luteum as the only source of
progesterone (Wango et al., 1991). A posi-
tive relationship between multiple pregnan-
cies and maternal serum progesterone levels
was not observed (Thorburn and Schneider,
1972).

cPL is somewhat related to prolactin
and growth hormone and is secreted
by the placenta. The hormone becomes
detectable in the maternal circulation from
day 44 of pregnancy (Currie et al., 1990).
The hormone is important for the develop-
ment and activity of the mammary gland,
and its secretion increases between weeks
10 and 16 of pregnancy, coinciding with the
development of the epithelial tissue of the
mammary gland (Hayden et al., 1979).

PAGs are of feto-placental origin and
are detected in the peripheral circulation of
pregnant animals. PAGs are immunosup-
pressants and are believed to play a role in
preventing the immune system of the preg-
nant female from attacking the embryo
(Shaw and Morton, 1980; Bose et al., 1989).
These proteins are secreted by trophoblastic
cells and are found in the peripheral circu-
lation of pregnant dairy and beef cows (Zoli
el al., 1992), goats (Benitez-Ortiz, 1992) and
in Churra, Merino and Assaf ewes (Ranilla
etal., 1994, 1997). During pregnancy of
Moxto and Caninde goats, PAG was detected
on day 24 after artificial insemination
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(Sousa et al., 1999). The profiles for PAG
were not different between the breeds
throughout pregnancy. However, a signifi-
cant effect of the stage of pregnancy and the
number of fetuses on PAG concentrations
was found (Fig 5.3).

Morphological changes or their delay
in the post-partum uterus and ovaries of
farm animals exerts limitations on the
reproductive performance of females fol-
lowing parturition. After distension and
distortion of uterine tissues during preg-
nancy and the heightened glandular devel-
opment for support of the conceptus, the
uterus must undergo contractions and loss
of weight, together with extensive regenera-
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tion of its epithelial layers during the pro-
cess of uterine involution (Hunter, 1981).
The interval from parturition to a subse-
quent pregnancy is a factor of major eco-
nomic importance and hence the involution
of the post-partum uterus must be seen as
one of the important limitations in achiev-
ing the goal of optimal reproduction effi-
ciency. The time required for uterine
involution in goats is not very precise. In
the Boer goat, macroscopic changes of the
post-partum uterus show a rapid decline in
weight and volume from parturition to
approximately day 12 post-partum. This is
demonstrated by the fact that, by day 12
post-partum, the uterus weight is 15% of its
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Fig. 5.3. Pregnancy-associated glycoprotein (PAG) profiles during pregnancy in Moxoto (a) and
Caninde (b) goats with either single (-) or multiple (x) pregnancies. Significant differences (P < 0.05) in
PAG concentrations between prolificacy levels are indicated by asterisks (*) (Sousa et al., 1999).
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weight at parturition. By day 20, it is 8% of
that at parturition and only 27% more than
the uterus weight of maiden Boer goats.
Decreases in uterine horn length and diam-
eter were less pronounced and the external
diameters were back to normal by day 28
post-partum. According to these observa-
tions, it would seem that the involution
process of the Boer goat uterus is macro-
scopically complete by approximately
28 days post-partum (Greyling and van
Niekerk, 1991).

Pseudopregnancy occurs when the
corpus luteum persists in the absence of a
viable conceptus in the uterus. During pseu-
dopregnancy, aseptic fluid accumulates in
the uterus (visible on ultrasonography), and
this pathological uterine condition is known
as hydrometra (Pieterse and Taverne, 1986).
Progesterone secreted by the corpus luteum
is also high and the lifespan of the corpus
luteum is longer in comparison with a cyclic
corpus luteum and can prolong the duration
of a gestation period. From field studies
based on the use of ultrasonography, it
appears that the incidence of hydrometra in
herds of dairy goats varies between 3 and
21%, although hydrometra is rare in young
goats (Mialot et al., 1991; Hesselink, 1993a;
Leboeuf ef al., 1994). There are no specific
reports on the incidence of hydrometra in
meat goats. Treatment of pseudopregnant
goats with a luteolytic dose of PGF2o will
cause discharge of the uterine fluid (Pieterse
and Taverne, 1986). It has been demon-
strated under field conditions that a second
treatment with PGF2a given 12 days
after the induced discharge significantly
improves the reproductive performance of
the goats when they are mated during the
oestrus induced by the second injection
(Hesselink, 1993b).

5.2.7 Post-partum anoestrous period

Early resumption of ovarian and oestrous
activities during the post-partum period is
a necessary requirement for successful
rebreeding in domestic animals. Such
a requirement 1is more critical for

meat-producing livestock breeds than for
dairy breeds, which are usually managed to
reach the target of one reproductive cycle
per year, i.e. one lactation per year. In goats,
an early restart of oestrous activity during
the post-partum period is important to
obtain a suitable kidding interval. Physio-
logically, the endocrine mechanisms under-
lying post-partum anoestrus in goats are
similar to those described for sheep and
cattle and are illustrated by an increased
oestradiol feedback at the hypothalamo-
pituitary axis leading to inadequate pulsa-
tility of LH to promote follicular growth at
the ovarian level.

When comparing sheep and goats, the
latter are reported to have an earlier resump-
tion of post-partum ovarian activity (Mbaya-
haga etal, 1998). However, various
abnormalities characterize the post-partum
ovarian activity in goats, namely a higher
incidence of atypical cycles with short and
long luteal phases. Regular ovarian cycles
are usually observed in sheep. The first
post-partum oestrus precedes the first ovar-
ian activity in goats (4 days for local Burun-
dian goats) but occurs later in sheep
(36 days) (Mbayahaga ef al., 1998). These
differences could be related to the require-
ment for progesterone priming between the
two species. In fact, the central nervous sys-
tem of the ewes needs to be primed with
progesterone before they can become
responsive to oestrogen, but goats do not
require this progesterone priming for oes-
trous behaviour.

For goat breeds, a strong correlation was
observed between kidding interval and the
latitude of the area where the breeds origi-
nate from (Fig. 5.4; Delgadillo ef al., 1997).
For breeds thriving near the equator, the kid-
ding interval is approximately 250 days,
which means that the post-partum anoes-
trous period is relatively short. In contrast,
when the latitude increases (such as areas at
latitude 30°), the kidding interval becomes
longer, around 1 year. This relationship
between kidding interval and latitude can
be modified by several environmental fac-
tors such as seasonal anoestrus, breed, nutri-
tion and body condition (a statement that is
true for all reproductive traits), number of
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Fig. 5.4. Relationship between the length of the kidding interval and the latitude of the geographical
area where the breed of goat originates from (each point represents a breed) (redrawn from Delgadillo

et al., 1997).

suckled kids and parity. Another factor that
has a role to play in resumption of ovarian
activity is the presence of the male. The
practical applications of the buck effect will
be discussed later.

One explanation for a delayed resump-
tion of reproductive activity following kid-
ding is an interaction between seasonal
anoestrus and post-partum anoestrus. For
local goats of North Mexico, 50% of females
resumed reproductive activity 3.5 months
after parturition in May, while the same
percentage was reached at 5.5 months if
parturition occurred in January (Delgadillo
et al., 1997). Intervals for resumption of
reproductive activity after kidding are
therefore shorter when the kidding season
coincides with the natural breeding season,
and this can be the basis for management
practices to accelerate kiddings in meat-
producing breeds.

Breed of goat is another factor that alters
length of the post-partum anoestrus. In Bra-
zil, local Caninde and mixed breeds of goats
resumed post-partum reproductive activity
on average between 46 and 52 days after kid-
ding (Freitas et al., 2004); this interval was
much shorter than for Anglo-Nubian and
Saanen goatsraised in the same environment.

The uniqueness of these two latter breeds,
rendering them more sensitive to post-
partum endocrine interactions, may be
one of the reasons for the large interval
between parturition and the occurrence of
first oestrus. Dwarf goats are also known to
have a shorter period of post-partum anoes-
trus than other meat breeds (e.g. Black
Bengal, West African Dwarf or Malaysian
Katjang). For Dwarf goats in Pakistan, a
mean post-partum anoestrous period of
only 28 days (range 15-59 days) was
reported (Khanum et al., 2007).

In several mammalian species, the
presence of the young strongly inhibits the
resumption of post-partum sexual activity,
and the sensory stimulation caused by suck-
ling is an important component in this
process, although its mechanisms of action
may vary between species. In domestic
ruminants, there is also some effect of the
young on post-partum anoestrus duration.
For example, in sheep, there is a positive
correlation between nursing activity and
post-partum anoestrus duration (Fletcher,
1971), and ewes separated early from their
young and submitted to milking return to
heat sooner than the mothers that keep
nursing, an effect partly due to an inhibitory
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action of prolactin. The effect of suckling
stimulus on post-partum anoestrus in goats
remains controversial. Twin-bearing goats
tend to have a longer post-partum anoestrus
than single-bearing does (Mbayahaga et al.,
1998), but the numbers of animals were not
sufficient to demonstrate this statistically.
Similarly, the mean duration of the post-
partum anoestrous period in the Boer goat
is quoted as being 55.5 + 24.9 days with
this period being 53.2 + 14.3 days for
does bearing singletons, 58.5 + 30.0 days for
does with twins and 61.7 + 30.7 days
for does bearing triplets (no significant dif-
ferences) (Greyling, 2000). The duration of
the suckling period did not have an effect
on the length of the post-partum period. In
North Mexican goats, weaning of the kids at
2, 30 or 90 days of age did not influence the
time of resumption of post-partum ovarian
activity (Delgadillo et al., 1994).

Parity seems also to be a source of
variation of the length of post-partum
anoestrus. It was shown that goats in their
first and second lactation had a longer post-
partum anoestrus when compared with
goats in later lactations (Freitas ef al., 2004).
It is possible that this difference is due to a
better ability for the return to oestrous activ-
ity after kidding in higher parity goats. Such
a fact may be related to the faster uterine
involution and/or to the return of the
responsiveness to gonadotropin-releasing
hormone (GnRH) post partum.

5.3 The Buck Reproductive
Physiology

5.3.1 Neuroendocrine control and
seasonality of reproduction

In bucks, spermatogenesis (all the processes
that converge to the production of spermato-
zoa) are under the control of LH and FSH.
These two pituitary hormones participate in
the differentiation and multiplication of ger-
minal cells and also in the synthesis and
secretion of testosterone by Leydig cells. Tes-
tosterone in turn maintains spermatogenesis,
triggers male sexual behaviour and exerts

feedback control on gonadotropins. LH is
secreted in pulses controlled by GnRH from
the hypothalamus. Between pulses, basal
secretion is recorded. It has been shown that
the frequency of the pulses and their ampli-
tude are key factors determining the response
of the gonads to LH (Delgadillo and
Chemineau, 1992).

In seasonal breeds, variations in the
gonadotropic activity are responsible for the
low reproductive activity of the bucks dur-
ing spring when the photoperiod is increas-
ing and for the intense activity during
autumn and winter under a decreasing pho-
toperiod. In the northern hemisphere, the
basal plasma concentrations, pulse fre-
quency and amplitude of LH are low from
January to May (Chemineau and Delgadillo,
1994). The amplitude of the pulses then
shows sustainable increases from June to
January. In September, the pulse frequency
increases while the amplitude declines
because of the inverse relationship between
the two features. It is also likely that the
reduction in the LH pulse amplitude results
from the negative feedback action of testos-
terone, which reaches its highest concentra-
tions in autumn. After the peaks reached by
LH and testosterone concentrations in
autumn, these two hormones then show a
gradual decrease until January when a new
annual cycle begins. The close relationship
between changes in gonadotropin plasma
levels, the weight of the testes (as an indica-
tor of spermatogenesis) and sexual behav-
iour confirms that seasonal changes in
reproduction of the buck are controlled by
neuroendocrine activity. Seasonal changes
in reproductive activity of bucks have also
been reported in areas where changes in
photoperiod are less important than in tem-
perate countries. This is the case for the low
libido and semen quality of Zaraibi bucks in
Egypt during the spring season, which has
been attributed to the low level of circulat-
ing plasma testosterone and a reduction in
the thickness of the seminiferous tubules
due to the lower number of spermatic layers
(Barkawi ef al., 2006). Seasonal changes in
reproductive activity of bucks are also illus-
trated by a number of other observations
where the month of collection significantly
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affected the mass motility, progressive
motility, percentage of abnormal sperm and
volume of ejaculate. Additionally, different
trends in seasonality of ejaculate volume
have been reported for Murciano-Granadina
(at latitude 37°) and Verata (at latitude 40°)
bucks (Roca et al., 1992; Perez and Mateos,
1996). In these studies, higher semen vol-
umes were recorded in summer and autumn
(June-November). As has already been dis-
cussed for the doe, changes in photoperiod
are the primary cue for the seasonal changes
in neuroendocrine activity. Photoperiod
would act through the secretion of
melatonin from the pineal gland, hence
modulating the sensitivity of the hypotha-
lamic—pituitary axis to feedback by steroids.
Differences between breeds with regard
to seasonal variation of reproduction can
also have a genetic component. Under the
same environment, photoperiod did not
have the same effect on semen characteris-
tics of the Verata and Malaguetia bucks. The
Verata breed was more affected by photope-
riod, with higher semen production and
better semen quality during the decreasing
photoperiod (Perez and Mateos, 1996).

5.3.2 Other factors affecting reproduction
in bucks

Nutrition is one of the factors of utmost
importance in the expression of the repro-
ductive characteristics. Nutrition can have
long-, medium- and short-term effects on the
reproductive function of small ruminants.
To alter reproduction, nutrition can act on
the hypothalamic—pituitary axis through
changes in gonadotropin secretion or
directly on the gonads, interfering with the
processes of gamete production. It is well
established that the effects of nutrition are
mediated through a number of metabolites
and metabolic hormones, such as insulin,
leptin, insulin-like growth factors, glucose
and amino acids. In most tropical and
subtropical climates, undernutrition poses
serious limitations on animal production
and animals may lose up to 40% of their
body weight because of the poor quality of

the pastures in the dry season (Clariget et al.,
1998). The effect of seasonal weight loss on
several reproductive parameters has been
described extensively for several goat breeds
such as Damascus (Al-Ghalban et al., 2004)
and Zairabi (Barkawi ef al., 2006) goats. For
Boer bucks in arid areas of South Africa, the
feeding of non-supplemented winter veld
hay significantly reduced the reproductive
performance in the Boer goat buck (de Waal
and Combrinck, 2000). From this study, it
was possible to conclude that the feeding of
only winter veld hay had a significant detri-
mental effect on testicular development and
semen quality in the young Boer goat buck.
Such interactions between nutrition and
reproduction have also been well described
for Cashmere bucks receiving a lucerne-
based diet, which had a frequency of seven
LH pulses in 7 h in comparison with only
two pulses in their counterparts fed a
tropical grass with a low protein content
(Walkden-Brown, 1991).

Age is also considered an important
factor affecting the reproductive efficiency
of bucks. Mature bucks of the Damascus
breed were heavier, with a greater scrotal
circumference, total number of sperm per
ejaculate and sperm concentration when
compared with yearling bucks (Al-Ghalban
et al., 2004). This is in line with previous
reports (Osinowo et al., 1988), showing that
mature rams generally have higher ejaculate
volumes, sperm concentrations and total
number of sperm per ejaculate than younger
rams. The percentage of abnormal sperm
was lower in mature bucks compared with
yearlings (Al-Ghalban et al., 2004), although
other workers (Osinowo et al., 1988) found
no significant differences in this trait
between yearlings and mature rams.

Although the male goat has an excep-
tionally high libido, particularly during the
breeding season, infertility is reported only
in polled bucks, which are, in reality,
intersex (hermaphroditism and pseudo-
hermaphroditism). The presence of horns
(as an indication of masculinity) has a sig-
nificant effect on sperm concentration, total
sperm per ejaculate and viable sperm
concentration for all breeds. This statement
is in agreement with other results showing
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that fertility improved when using horned
rather than polled Damascus bucks during
the breeding season (Hasan and Shaker,
1990). In addition, the number of live kids
per litter was greater in the case of horned
bucks. Polledness was also associated with
an increasing incidence of intersexuality in
goat kids (Hancock and Louca, 1975).
Because of the genetic link between the
locus for the presence of horns and the
fertility characteristics of bucks (Devendra
and Burns, 1983), it is suggested that
replacement sires should preferably be
horned, and all bucks from two polled
parents should be excluded from the
breeding flock.

5.3.3 Sexual behaviour in bucks

In the buck, the level of sexual activity fluc-
tuates during the year in relation to the con-
centration of testosterone. However, such
dependence is less accentuated than in
other species and can be modulated by the
social environment, such as the presence of
other males and regular exposure to recep-
tive females. Sexual behaviour of the buck
has been reviewed extensively (Fabre-Nys,
2000) and we report here the major elements
of this review. The first step of the buck sex-
ual behaviour is illustrated, as in the ram,
by the adoption of a posture where the head
is stretched to the front with the ears in a
down position. 1t is then followed by sniff-
ing of the anogenital area of the female, and
the buck urinates and displays the charac-
teristic ‘flehmen’ reaction. If the doe shows
signs of receptivity, then the buck moves on
to a courtship behaviour, rotating his head
in the direction of the female, emitting brief
sounds at a low frequency and striking the
doe with his foreleg.

The second sequence of steps starts by
copulation attempts, ending with the
following sequence of events: erection,
mounting, intromission and ejaculation. In
the buck, ejaculation follows the first intro-
mission and usually lasts a few seconds.
Following ejaculation, the buck usually
turns to feeding if available.

One major factor explaining variation
of sexual behaviour in the buck is the level
of testosterone. In temperate zones, sexual
behaviour is usually preceded by an
increase in the concentration of testoster-
one approximately 6 weeks earlier (Ahmad
and Noakes, 1995). The two parameters
remain high during autumn and winter,
after which testosterone concentrations
start to decline. This is followed by a dimi-
nution of sexual behaviour a few weeks
afterwards.

Other factors are also implicated in the
control of sexual behaviour of the buck. The
effect of age and previous experience are
difficult to dissociate in the young buck.
Only 40% of young bucks show an interest
in females at the age of 12 weeks (Ahmad
and Noakes, 1996). At 21 weeks of age, all
bucks will mount the females and collec-
tion of semen becomes possible at the age of
24 weeks.

If bucks are raised exclusively in groups
of males, they can develop homosexual
behaviour at the adult age and a sexual inhi-
bition in the presence of receptive females
(Price and Smith, 1984). In the adult, sexual
behaviour shows little improvement with
age. Nevertheless, regular stimulation of
bucks with receptive females maintains a
high level of sexual activity, even outside
the breeding season (Khaldi, 1984). The
same author also reports that males kept
near other males expressing sexual behav-
iour will have a shorter period of inactiva-
tion between two ejaculations and a higher
frequency of ejaculations than males kept
alone.

5.3.4 Photoperiodic treatment of bucks
and semen biotechnology

Bucks kept under photoperiodic treat-
ments, initially developed for rams, would
suppress the problem of seasonality of
reproduction, particularly sperm produc-
tion. Accelerated alternation of treatments
of increasing photoperiod (1-2 months
of long days:16 h light:8 h dark) and
decreasing photoperiod (1-2 months of
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short days: 16 h dark:8 h light) has been
shown to abolish seasonal variations of
testicular weight and sperm production
(Chemineau et al., 1999). Over a period of
3 years, all reproductive traits were
improved for treated in comparison with
untreated bucks maintained under a natu-
ral photoperiod (Delgadillo et al., 1993).
For photoperiodically treated bucks col-
lected twice a week, sperm yield was
improved by 61% and the total number of
doses for artificial insemination over a
2-year period was increased by 62%. How-
ever, the fecundity of the bucks tested on
artificially inseminated does was not
improved by the treatment.

The increase of sperm output by
photoperiod-treated bucks can be explained
by improvement of the biological efficiency
of spermatogenesis. Spermatogonia and
spermatogenic divisions in treated bucks
reach maximum yields similar to those
usually observed during the breeding
season (Delgadillo ef al., 1995).

A specific problem during conservation
of buck sperm in artificial insemination
centres is the deleterious effect of the semi-
nal plasma on the viability of spermatozoa
after freeze-thawing when milk- or egg
yolk-based diluents are used. There is an
enzyme in the seminal plasma that reduces
survival of the spermatozoa in vitro (Corteel,
1975; Memon et al., 1985). The protein that
is incriminated in these deleterious effects
is found in the fraction of the seminal
plasma that is produced by the bulbo-ure-
thral glands. It is a glycoprotein of 55-60
kDa (named BUSgp60) and causes a reduc-
tion in mobile spermatozoa, rupture of the
acrosome and death of spermatozoa when
the semen is diluted in skimmed milk
(Pellicer-Rubio et al., 2008). So far, a wash-
ing step during which the seminal plasma is
removed prior to sperm conservation is
necessary before cryopreservation of the
bucks’ semen. More recently, commercial
extenders with no biological components
have been developed to improve sanitary
safety in semen processing (Gil et al., 2003).
Techniques of sperm-cell cryopreservation
and fresh semen production require further
studies in order to increase the efficiency of

semen production in artificial insemination
centres.

5.3.5 Managing bucks for reproduction

Bucks must be in excellent condition at
mating, otherwise mating performance and
subsequent kidding performance could be
depressed. Bucks must be capable of serv-
ing at least ten does each day when intro-
duced during the second oestrous cycle of
the breeding season. Spermatogenesis is
susceptible to outside influences such as
elevated temperature, the season of the year
and nutrition, and breeding males need to
be evaluated for reproductive soundness
3—4 weeks prior to the mating season
(Memon et al., 2007), while other actions
are required several months before the
breeding season:

o Sufficient feed.

e Fresh, clean water.

e Adequate shade during summer and in
the time leading up to mating. If this is
not done, semen production will be
reduced and sperm numbers may be
inadequate for fertilization of more
than a few does.

e Regularly trimming of bucks’ feet to
make sure they are kept in good order.
Bucks place most of their body weight
on their hind legs and feet during
mounting. If they are in pain from bad
feet, they will refuse to mate.

Examination (palpation) of the external
genitalia (scrotum and scrotal content,
sheath and penis) for signs of infections and
other abnormalities is also an important
step of the breeding soundness examination
(Memon et al., 2007). The testes should be
firm and spongy and free of lumps. A male
with large symmetrical testes, free of defects,
is likely to produce semen of good quality.
There are currently no age and breed stan-
dards for scrotal circumference in meat-type
breeds, and there is a need for guidelines to
be developed. Alternatively, examination
involves the collection and evaluation of an
ejaculate. In trained bucks, this is achieved
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using an artificial vagina, but in most
instances an electroejaculator or battery-
operated ejaculator is used (Memon et al.,
1986). The ejaculate scored is immediately
assessed for sperm motility using a light
microscope and a pre-warmed slide. 1t is
also possible to assess libido by allowing
the buck access to an oestrous doe as a
teaser. Animals deficient in any part of the
examination should be considered ques-
tionable and retested after several weeks.

For young bucks, it is important to
ensure that both testicles have descended.
The breeding potential and value of a buck
are considerably reduced if it has only one
descended testicle. This abnormality (crypt-
orchidism) can be passed to the next genera-
tion (Mickelsen and Memon, 2007). Young,
inexperienced bucks need extra management
to ensure that they get on with mating. Young
bucks should be confined in yards or small
secure paddocks with mature does in oes-
trus. When the young bucks show interest in
mating and staying with the flock, they can
be put into larger paddocks used for mating.

The best method of checking if bucks
are working is to use mating crayons. Bucks
are fitted with a harness that holds a
coloured crayon over the sternum. When a
buck mates, a coloured mark is left on the
rump of the doe. It is essential that the har-
ness is correctly fitted. Records can be kept
of when does are mated for rational manage-
ment of kidding. By changing the colours of
the crayons every 21 days, it is easy to deter-
mine when does have conceived.

5.4 Manipulating Reproduction for
Increased Meat Production

5.4.1 Induction of puberty

Inducing early puberty in young female
goats is one way for intensive meat produc-
tion. Initiation of early reproductive life has
been studied extensively in sheep, but little
information is available in goats. We sum-
marize below the techniques that have
proved to be promising for early induction
of puberty in goats.

Social interactions can play an impor-
tant role in modifying expression of some
reproductive traits in both sexes. There is
evidence that the presence of the buck may
modify the age of puberty in the goat
(Greyling, 1996). In an early study (Amoah
and Bryant, 1984), it was suggested that
contact with the male goat has an effect on
the timing of puberty and is associated with
rapid and highly synchronous attainment of
puberty in the majority of kids. Similarly,
on the basis of the oestrous response, it was
shown that the permanent, rather than the
intermittent, presence of bucks had a
marked beneficial effect on the number of
young kids exhibiting oestrus (Greyling,
1996).

Exogenously administered melatonin
from continuous slow-release implants has
been shown to advance the onset of the
breeding season in sheep and goats by
mimicking the stimulatory effect of short
days. It is well known that melatonin is
implicated in the sequence of events leading
to the onset of puberty in small ruminants,
but there are very few reports on the use of
exogenous melatonin to advance the onset
of puberty. Melatonin implants adminis-
tered during the last month of spring in
autumn-born female Damascus goats
advanced their breeding season by about
11-12 weeks when joined with young males
also implanted with melatonin (Papa-
christoforou et al., 2007). In the anticipa-
tion that such improvement would not
affect later performances with regard to the
earlier breeding of Damascus female kids, it
was found to have positive effects on their

lifetime performance (Mavrogenis and
Constantinou, 1983).
Insufficient dietary energy/protein

intake before puberty retards growth and
delays puberty in livestock. Energy restric-
tion prevents or slows the maturation
process at the hypothalamus—pituitary
level, and ovarian steroidogenesis may be
compromised in energy-/protein-restricted
animals. In a study designed to examine
the effects of dietary supplementation with
maize and cottonseed cake given at differ-
ent ratios on the age and weight at first
oestrus in nulliparous Savannah Brown
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young does (Fasanya et al., 1992), it was
demonstrated that supplemented animals
were younger and heavier at the first
pubertal oestrus. Dietary supplementation
allowed animals to undergo fairly rapid
growth, hence attaining a desirable size
and weight at an early age.

5.4.2 Out-of-season breeding

For seasonal breeds, out-of-season breeding
and resumption of post-partum anoestrus
are necessary to intensify the rhythms of
kidding and to increase meat output per
doe per year. In this section, we will
address the techniques that are used most
in diverse production systems in order to
induce breeding in anoestrous does. Two
main techniques will be discussed: the use
of melatonin and the buck effect. Other
pharmacological means to induce breeding
in anoestrous does such as the association
between progestogens and exogenous
gonadotropins (such as eCG) will be
reported in the section dedicated to the
discussion on oestrous induction and
synchronization.

Use of exogenous melatonin

An alternative pharmacological means of
modifying the seasonal breeding patterns is
through manipulation of the melatonin
signal. Treatments with exogenous melato-
nin in sheep and goats have increased the
duration of melatonin elevation in spring
and summer, which caused an increase in
gonadotropin secretion and an early onset
of the breeding season, as well as decreased
prolactin secretion (Lincoln and Clarke,
1997).

Exogenous melatonin is administered
continually to supplement endogenous
release and thus mimic the ‘short days’
associated with the onset of breeding season
in autumn, while animals’ eyes perceive
long days of spring and summer (Chemineau
et al., 1988). Giving (orally or by intramus-
cular injection) a large amount of melatonin
during the early afternoon in June to ani-
mals artificially exposed to long days

induces ovulation in goats (Chemineau
el al., 1986). The mechanism that can be put
forward to explain the action of melatonin
is that it provides a short-day signal
(O’Callaghan et al., 1989). Short-day treat-
ment can therefore be replaced by melato-
nin treatments so that the maintenance of
constantly high levels of melatonin mimics
a short-day effect.

Melatonin can be supplied either as an
orally active compound, by injection or as a
subcutaneous implant for about 3 months
(several commercial products are available
in many countries), all of which have been
shown to be similarly effective to increase
the pregnancy rate in Spanish does (Wuliji
el al., 2003). A prerequisite for the advance-
ment of the breeding season through mela-
tonin treatment is for animals to have
experienced a sufficient period of long
days. Two months of photoperiod treat-
ment, followed by melatonin treatment
(daily injection or drenching or subcutane-
ous implants) allows cycles with ovulation
to be maintained for a few months. In the
seasonal breeds of sheep and goats, origi-
nating from northern Europe, melatonin
alone cannot be used too early in the sea-
son and is only able to advance the natural
breeding season by about 1.5 months (Eng-
lish et al., 1986). Conversely, in Mediterra-
nean breeds of sheep and goats, which are
normally mated in the spring, melatonin
can be used alone without previous light
treatment.

The results indicate that melatonin
treatment, in comparison with untreated ani-
mals, improved the kidding rate (71 versus
36%) and the percentage of kids born (180
versus 160%) (Wuliji et al., 2003). Further-
more, the ability of melatonin treatment to
interrupt seasonal or post-partum anoestrus
implies that an accelerated out-of-season
breeding system with goats, scheduling
kidding twice, in both the autumn and
spring, is feasible. Such a system should
increase the total annual meat-goat produc-
tion. However, it must be remembered that
the type of treatment used and likely rate of
success will depend greatly on the extent of
breed susceptibility to photoperiod, time
of the treatment application in relation to
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onset of the breeding season year (depth of
anoestrus is greatest in late spring/early
summer), physiological state, body-condition
score and nutritional status.

The buck effect

The existence of a two-peak abnormal dis-
tribution of lambing and kidding 5 months
after the reintroduction of males in sheep
and goat flocks was described very early in
the literature. In the 19th century, this tech-
nique was presented as ‘being able to fertil-
ize all adult ewes of the flock in the shortest
time possible’ (Girard, 1813). In Angora
goats, careful description of the distribution
of lambing and kidding induced by the vol-
untary reintroduction of males was given
(Shelton, 1960). The existence of two peaks
of kidding, clearly separated by some days,
suggested that the underlying physiological
mechanisms were probably not so simple.

They suggested that this reintroduction
probably provoked induction of synchro-
nous ovulations and oestrous behaviour,
being able to induce such synchronizations
of parturitions. This phenomenon has
attracted attention during recent years and
the reasons for this distribution have been
investigated.

Many authors have separated the short-,
medium- and long-term responses to the
male effect to allow a rationalization in the
understanding of female responses (reviews
in goats by Chemineau, 1987 and Walkden-
Brown et al., 1999).

Immediately after introduction of males
(day 0), LH pulse frequency increases and
remains elevated if the male remains pres-
ent among females in the flock. The gonado-
tropin stimulation of the ovarian follicles
provokes an increase in plasma oestradiol
17p, which centrally triggers the onset of the
pre-ovulatory surge of LH, around 20 h after
day 0, and females ovulate before day 3 after
the introduction of males. After the first
male-induced ovulation, in one group of
females, the corpora lutea develop and
secrete progesterone during normal dura-
tion, leading to a second ovulation around
day 23 in goats. The second group of females
experience a very early luteolysis, after only

1.5 days (i.e. days 4-5). After this short cycle
of highly constant duration (5-6 days), these
females reovulate a second time, around
day 29. If does continue to cycle, subsequent
ovulations generally occur at the normal
interval of approximately 21 days and are
accompanied by fertile oestrus. The induced
ovulations are associated with oestrus in a
variable proportion of goats: in 68% of
Creole goats (Chemineau, 1983) and in 35%
of native goats in Tunisia (Lassoued et al.,
1995).

The first ovulation is usually of low
fertility and the second ovulation 5 days
later is accompanied by a fertile oestrus
with a luteal phase of normal length. The
ovulation rate may be enhanced at this
second ovulation (Chemineau, 1987;
Lassoued et al., 1995).

Injecting adequate doses of progester-
one (i.e. 20 mg per doe) at exactly the same
time as the introduction of males provokes
a delay in the induced ovulations and
prevents short cycles in 85% of females
(Lassoued ef al., 1995). Similarly, progesto-
gen pre-treatment through vaginal sponges
is efficient to control short ovarian cycles in
96% of Creole meat goats (Chemineau,
1985).

A global explanation of the underlying
physiological mechanisms controlling these
short cycles points to the uterus being
involved in the early regression of the cor-
pus luteum, induced by the bucks through
the secretion of PGF2o (Chemineau et al.,
2006). However, it appears that the quality
of the follicles induced to ovulate are poor
because of the unsustained long-term
gonadotropin activity during anoestrus.

In goats, the reproductive condition in
the buck seems to be the limiting factor
determining the response of anoestrous does
to the male effect (Flores et al., 2000). A sea-
sonal decline in the intensity of the induc-
tive stimulus from the male may also be
involved. Treating bucks with long days and
melatonin increased their teasing capacity
to induce sexual activity in females during
anoestrus, which indicated that the absence
of response to teasing at this time of the year
is not due to female unresponsiveness but to
insufficient stimulation from the male.
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Recent published results (Luna-Orozco
et al., 2008) demonstrated that parity of
female goats does not influence their oes-
trous and ovulatory responses to the male
effect. The same results indicated that,
regardless of parity, female goats respond to
male introduction if they are stimulated by
males that were previously exposed to arti-
ficial long days to increase their sexual
behaviour.

A model of factors influencing the male
effect was developed and presented as one
component of a complex cycle of social
interaction between sexes, markedly influ-
enced by environmental, social and physi-
ological factors. Work on Australian
Cashmere goats indicated that improving
buck nutrition, selecting bucks for maxi-
mum libido and exposing bucks to oestrous
does prior to or during joining are all
likely to enhance the ovulatory response to
bucks by advancing and synchronizing it
(Walkden-Brown et al., 1993b).

Exposure to buck fleece alone may
induce an ovulatory response in seasonally
anovulatory does. However, this response is
attenuated in comparison with that induced
by bucks, with fewer does ovulating, and
fewer ovulating does going on to reovulate.
The response is not enhanced by the addi-
tion of buck urine. The intensity and dura-
tion of exposure to buck stimuli appeared to
influence not only the proportion of does
ovulating but also the timing and persis-
tence of the ovulatory response (Walkden-
Brown et al., 1993a). Nevertheless, there are
reports of the successful induction of ovula-
tion in seasonally anovulatory does follow-
ing short-term intermittent exposure to
male fleece odours.

Suppression of the sense of smell by
irrigation of nasal mucosa with zinc sulfate
solution markedly modified the ovulatory
and oestrous responses of female goats to the
introduction of males. The proportions of
responding females were reduced by ~50%
but were not completely suppressed, proba-
bly because the females detected the males
using other senses (Chemineau ef al., 1986).
Overall, the data suggest that the male effect
in these goats is not a simple reflex response
to olfactory cues but rather a complex

response involving the integration of a range
of exteroceptive stimuli from the buck.

In addition to the ‘male effect’ in which
sexually active males induce pulses of
GnRH, female—female effects have been
demonstrated in goats (Restall ef al., 1995).
It was clearly established that oestrous
females can induce ovulation in anovula-
tory Australian Cashmere goats. The oes-
trous state is essential for the phenomenon,
as the presence of non-oestrous females had
no effect. The nature of the induced ovula-
tory response is similar to that following
exposure to males. Ewe—ewe interactions
play no part in timing seasonal transitions
in reproductive activity.

The proportion of initial ovulation with
oestrus and of initial ovulation followed by
a short luteal phase was shown to vary with
‘depth of anoestrus’ as reflected by the per-
centage of anovular goats in the group at the
time of stimulation (Chemineau, 1983). In
less seasonal breeds, the depth of anoestrus
as defined by the percentage of anovulatory
females before introduction of males is deep
when >50% of Creole goats are in anoes-
trous and shallow when <30% of the goats
are anoestrus (Chemineau, 1983). The mean
interval (days) between teasing and ovula-
tion seems to be related to the proportion of
non-cycling females at the time of introduc-
tion of males. In the case of Creole goats, it
averaged 3.3 days when the proportion was
>50% and only 1.8 days when it was <50%
(Chemineau, 1983).

5.4.3 Hormonal manipulation of the
oestrous cycle

This section will be dedicated exclusively
to synchronization protocols leading up to a
grouping of oestrus and ovulation over a
short time (days) using exogenous hor-
mones. Other means for synchronization of
oestrus over longer intervals (weeks)
include melatonin implants or the buck
effect, which are discussed above.

Oestrus synchronization in livestock
focuses on the manipulation of either the
luteal or the follicular phase of the oestrous
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cycle. In does and ewes, the opportunity for
control of the cycle is greater during the
luteal phase, which is of longer duration
and is more responsive to manipulation.
Strategies can be employed either to extend
the lifespan of the corpus luteum by admin-
istration of exogenous progesterone or to
shorten this phase through premature
regression of the existing corpus luteum
using PGF2o.

Oestrus synchronization allows for
concentration of breeding time and parturi-
tion at suitable seasons to take advantage of
the following:

e The use of reproductive biotechnolo-
gies for the dissemination of genetic
improvement (e.g. artificial insemina-
tion, embryo transfer). With oestrus
synchronization, producers are able to
use complementary techniques more
efficiently for reproductive manage-
ment, including artificial insemination
and embryo transfer, so that genetic
material is more easily obtained or
transferred domestically and interna-
tionally. Good examples can be given
for European dairy goat breeds where
synchronization of oestrus has been
used extensively (up to 10% of the
French goat population) to develop
fixed-time artificial insemination with
improved bucks while obtaining rea-
sonably high pregnancy rates.

e Oestrus induction of out-of-season
breeding.

e Improvement of flock management,
taking advantage of niche markets, feed
supplies, labour and rising price trends.

Since the initial introduction of tech-
niques based on the use of progestogens to
synchronize the reproductive cycle and
eCG to stimulate ovarian follicular growth
in ruminants, reproductive technologies
applied to goats have not advanced greatly.
In goats, the treatments of choice are still
those based on administering intravaginal
progestogens for 11 days, followed by an
injection of eCG and PGF20, or their ana-
logues, 2 days before withdrawal of the pro-
gestogen-releasing device (Lopez-Sebastian

el al., 2007). According to different authors,
mean fertility results obtained using this
protocol combined with the use of semen
refrigerated at 5°C and cervical artificial
insemination performed 43-46 h after pro-
gestogen treatment can be variable. Under
the best experimental conditions, mean fer-
tility rates approaching 60% have been
achieved (Leboeuf et al., 1998). One major
advantage of the treatment is its potential
use irrespective of seasonal effects (breed-
ing or anoestrus season). For example, when
inducing oestrus during the non-breeding
season, an 18-day sponge treatment in com-
bination with 150 or 200 IU of eCG at sponge
withdrawal allowed 100% of indigenous
Damascus does to be mated, with a 65.8%
conception rate, a 64.1% kidding rate and a
192.2% kid crop compared with buck use
alone (no animals expressed oestrus or were
mated; Zarkawi et al., 1999).

The most commonly used synchroniza-
tion protocols include methyl acetoxy pro-
gesterone (MAP; 60 mg) or fluorogestone
acetate (FGA; 45 mg) vaginal sponges. A
controlled internal drug-releasing device
(CIDR) in the form of a silicone intravaginal
progesterone insert is also available for use
in goats. Comparison of the use of MAP,
FGA and CIDR vaginal inserts in Boer and
South African indigenous goats during the
breeding season showed no influence of
progestogen treatment on oestrous response,
but time to the onset of oestrus was
advanced by 3-5 h in the CIDR group com-
pared with the FGA and MAP groups
(Montlomelo et al., 2002). These results are
confirmed by those in Nubian goats, indi-
cating that the use of CIDR, MAP and FGA
treatments plus PGF2a following progesto-
gen withdrawal is equally efficient in syn-
chronizing oestrus, with similar fertility
between treatments (Romano, 2004). The
need for an intravaginal hormone-releasing
device gives rise to problems such as vagini-
tis (Lopez-Sebastian et al., 2007), which has
adverse effects on fertility as a result of
impaired sperm transport and viability.
Moreover, the use of intravaginal progesto-
gens has negative implications for the legal
limits established for progestogen residues
in milk and meat.
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Besides these shortcomings related to
the use of intravaginal devices to deliver
progestogens, the development of anti-eCG
antibodies in repeatedly treated does nota-
bly reduces fertility, particularly in artifi-
cially inseminated females (Chemineau
et al., 1999). Repeated use of eCG delays the
timing of oestrus as a result of a delayed
pre-ovulatory LH surge with a major draw-
back on fertility (Fig. 5.5). These limitations
have prompted the development of alterna-
tive methods of synchronizing oestrus in
female goats.

Recently, a new concept of synchroniz-
ing oestrus was developed, based on induc-
ing ovulation by the male effect in
progesterone-treated goats (injection of a
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single dose in oil) and provoking early cor-
pus luteum lysis using cloprostenol (a pros-
taglandin analogue) during the non-breeding
season 9 days after exposure to bucks
(Lopez-Sebastian et al., 2007). The pro-
posed method was an adequate alternative
for oestrus synchronization prior to artifi-
cial insemination during the non-breeding
season in the absence of previous oestrus
detection in goats. The outcome of the pro-
tocol provided higher fertility rates than
those observed in response to the classic
method based on the use of progestogens
and eCG.

Another convenient method to admin-
ister progestogens without having the
adverse effects of intravaginal devices is
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Fig. 5.5. Relationship between the interval of withdrawal of sponges to oestrus and the number of
equine chorionic gonadotropin treatments (a) and between the same interval and fertility of the does (b)

(redrawn from Chemineau et al., 1999).
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oral dosing in feeds. The use of melenges-
trol acetate has been documented but not as
many studies have determined its potential
value in goats.

During the breeding season, early stud-
ies with a few animals have shown that
PGF2o and its analogues (as with cattle and
sheep) can be used for synchronization in
cycling females. In Black Bengal goats (n =6
or 8 per treatment), a comparison was made
between 15 mg PGF2o0 injections given
intramuscularly 11 days apart with treat-
ments that included progesterone injections
for 16 days with or without eCG (Ishwar and
Pandey, 1992). Overall, PGF2o-treated does
showed maximum fertility compared with
other treatments, with oestrus and ovula-
tion in four out of six and kidding (per doe
mated) in three out of four treated does. In
Boer goats, it was shown that two injections
of cloprostenol at 62.5, 125 or 250 pg,
administered 14 days apart, were effective
in synchronizing does during the breeding
season (Greyling and van Niekerk, 1986).
Although the highest dose given (250 pg)
apparently increased the percentage of does
in oestrus (100%, compared with 87.5% for
125 pg and 93.8% for 62.5 pg), overall fertil-
ity appeared to decrease with increasing
dose, with seemingly lower conception
rates and numbers born per doe bred. In
addition, Dwarf goats under different envi-
ronmental/nutritive conditions responded
positively to two injections of a PGF20 ana-
logue 10 days apart (Khanum et al., 2006).
The treatment resulted in regression of the
corpus luteum within 48-56 h, and in 19/20
animals oestrus signs appeared 56-72 h
after the second injection.

Another breakthrough in the develop-
ment of oestrus synchronization in goats
during the breeding season is the method
known as ‘Ovsynch’, which is derived
from cows and generates control of the fol-
licular waves as well as of the lifespan of
the corpus luteum (Holtz et al., 2008). The
method includes a GnRH-PGF2a-GnRH
treatment sequence. When the females are
cycling with a large follicle present at the
time of injection, the first GnRH injection
triggers ovulation and formation of an
accessory corpus luteum. At the same time,

it reprogrammes follicle development by
initiating the emergence of a new follicular
wave. To get full control of ovarian func-
tion, the Ovsynch treatment includes a
prostaglandin injection 7 days after the
first GnRH treatment to time luteal regres-
sion (natural and accessory corpus luteum)
in all females. Ovulation is timed by the
second GnRH administration. Fertility and
prolificacy following the Ovsynch syn-
chronization scheme compared favourably
with the ‘classical’ sponge impregnated
with progestogens and eCG treatment, pro-
vided the animals are cycling (i.e. in
season).

5.4.4 Improvement of litter size

Like other litter-bearing animals, litter size
has a major impact on the reproductive effi-
ciency of goats. This trait shows large varia-
tions between breeds and production
environments, which make changes in man-
agement a primary cause to alter litter size
in meat-producing goats. It is important to
note that the scientific literature related to
improvements of litter size in sheep is much
more important than for goats. This can be
explained by the higher natural prolificacy
of goat breeds in comparison with sheep in
most parts of the world and also by the pres-
ence of goats in more marginal production
systems, making improvement of litter size
a risky step in the management of the flock.

With regard to breed differences, we
shall give only a few examples of the rela-
tionship between litter size and breed. There
is a growing body of literature in different
environments which indicates that Nubian
goats present a higher frequency of multiple
births than goats of European origin (Mellado
et al., 2006). When studying the reproductive
performance and pre-weaning growth in the
West African Dwarf goat with respect to
variations in coat colour, it was reported
that black or chocolate-brown goats had the
highest prolificacy of 210 + 24, while white
goats had the lowest figure of 162 + 31
(Ebozoje and Ikeobi, 1998). Goats with other
colours had intermediate levels of prolifi-
cacy. The authors concluded that coat colour
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plays an important role in the adaptation
and survival of the West African Dwarf goat
breed. Selection for breed identification
mark on the basis of coat colour would prob-
ably favour the black goats based on the
results of their performance. Although it is
not immediately known why performance
increased with an increase in coat pigmenta-
tion intensity, it could be associated with
the suppressive action of the non-pigmented
(white) gene. The top dominant allele at the
agouti locus (Awh), which produces white
coat colour, depressed ewe fertility in Ice-
landic sheep by about 0.15 lambs per ewe
mated (Adalsteinsson, 1975). A similar gene
action could have been responsible for the
differences in performance observed in the
West African Dwarf goat. The production
environment is also reported to affect the lit-
ter size of goats. Goats mated in the autumn
were almost half as likely to present multi-
ple births as does mated in the hottest part of
the year (summer) (Mellado ef al., 2006).
Other studies in hot environments (reported
by Mellado et al., 2006) also report signifi-
cantly larger litters in goats mated in the
spring or summer compared with cooler sea-
sons of the year. However, no clear explana-
tion of these results can be put forward at
this stage. For Korean native goats (Song
et al., 2006), mean litter sizes were 1.69 +0.03
and 1.78 + 0.16 at birth and 1.31 + 0.03
(77.5%) and 1.52 + 0.17 (85.4%) at weaning
(which could passively be seen as an indica-
tion of mothering ability) for range and
intensively managed groups, respectively.
For Creole goats in Guadeloupe, a significant
correlation was found between prolificacy
and rainfall 1 month before conception
(Chemineau and Xandé, 1982). Prolificacy
depends on the feeding conditions during
mating, which is a consequence of the rela-
tionship between natural feed availability,
body condition and ovulation rate of the
females. Indeed, ovulation rate was higher
(P < 0.01) in does with a better body condi-
tion (1.9 + 0.1) than in those with a worse
body condition (1.6 + 0.1) (de Santiago-
Miramontes et al., 2008). A higher ovulation
rate in ewes with a better body condition is
well documented for a wide range of breeds
and under various production systems.

For local goats browsing in the harsh
conditions of central Tunisia, condensed
tannins in Acacia cyanophylla Lindl. had a
detrimental effect on ovulation rate (Las-
soued ef al., 2006). Deactivation of these
condensed tannins by polyethylene glycol
increased the ovulation rate to 1.76 + 0.60
in comparison with 1.25 + 0.45 for untreated
goats. The probable increased availability of
proteins in the polyethylene glycol-receiv-
ing goats could explain their higher ovula-
tion rate. The prospects for nutritional
manipulation of litter size through altera-
tion of ovulation rate and embryo survival,
similar to what is currently established in
sheep, should be investigated further for
different genotypes under different produc-
tion systems.

The effect of the social environment of
the doe at mating on later litter size remains
equivocal. There was no beneficial effect of
buck stimulation prior to the breeding
period in terms of kidding rate or litter size,
either in goats exposed to bucks immedi-
ately before the breeding period (litter size
of 1.30) or goats teased by bucks 15 days
prior to the breeding season (litter size of
1.40) (Mellado et al., 1994).

Litter size can also be manipulated by
pharmacological means. Increases in litter
size have been achieved through the immu-
nization of does to steroids. Steroid immuni-
zation has become commercially available in
many countries, for example, using Fecun-
din®, which immunizes females to andro-
stenedione. Immunization (active or passive)
is achieved by two subcutaneous injections
(2 ml each) administered initially 2-3 weeks
apart and in single annual boosters thereaf-
ter. A period of 3 weeks is suggested between
the booster immunization and the time of
optimum ovulation. Due to the long-term
effects and the relative ease of application of
the product, steroid immunization can be
used for the improvement of ovulation rate
and subsequently litter size in more exten-
sively managed flocks. The animal response
in terms of ovulation rate and litter size var-
ies with breed and location, but improve-
ments of ovulation rate (+1) and litter size
(+0.5) have been achieved in does. Immuni-
zalion against androstenedione increases
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ovulation rate and does not affect embryo
losses. Therefore, prolificacy is always
increased and the improvement is higher in
naturally lowly prolific breeds. For the hardy
Greek dairy breed, litter size at birth was
1.25 + 0.43 in comparison with 1.63 + 0.64
for untreated and immunized goats, respec-
tively (Driancourt et al., 1990). Most treated
goats tend to have twin pregnancies.

When using hormone therapies to
increase litter size, the association between
sponges impregnated with a synthetic pro-
gestogen followed by the injection of eCG
can also yield increases in litter size. Such
treatment is classic in sheep and is perhaps
the most widely used for both synchroniza-
tion of oestrus and increases in litter size.
There are limited published data on the use
of eCG in goats to increase litter size. Our
unpublished results (N. Lassoued and M.
Rekik, 2010, Fig. 5.6) on Tunisian local
breeds show that, at doses of 200 and 300 IU
of eCG, there is an improvement in concep-
tion rate at the induced oestrus. However,
prolificacy was similar to the does not receiv-
ing eCG after withdrawal of the sponges. A
substantial increase in prolificacy is obtained
only when the eCG dose is increased to
400 IU. However, at this dose, fertility at the
induced oestrus is very low because of a high

incidence of reproductive wastage (unfertil-
ized ova and early embryo losses).

A number of other pharmacological
treatments to manipulate litter size in goats
are under investigation and development
under research conditions. However, it is
not clear to what extent these approaches
will be biologically and/or economically
feasible. Among the concepts under investi-
gation are: (i) immunization against inhibin,
which selectively suppresses FSH but not
LH; and (ii) the use of GnRH in conjunction
with progestogen-based superovulation
treatments. Both techniques have the poten-
tial to be used in superovulation treatments
as part of embryo ftransfer programmes.
However, their use to increase litter size
under farming conditions is precluded.

5.4.5 Reproductive biotechnologies for
improved meat production

The application of assisted reproductive
technologies (ART) in livestock production
allows animals of high genetic merit to pro-
duce more offspring than would be possible
by natural breeding. ART present producers
of breeding stock with unique opportunities

180

O Conception rate
H Prolificacy

160 -
140 -

o]
o

Conception rate or prolificacy (%)

S D
o (@]
1 1

N
o

120
100
T o " 200 ' 800 ' 400

Dose of eCG (IU)

Fig. 5.6. The effect of increasing doses of equine chorionic gonadotropin on conception rate and
prolificacy at the induced oestrus of local Tunisian female goats (N. Lassoued and M. Rekik, 2010,
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to move their germplasm around with rela-
tive ease. The costs involved in ART are
most likely prohibitive for producers of
goats that are marketed for meat. In the fledg-
ling meat-goat industry, the recent introduc-
tion of the Boer goat in several countries is
an excellent example of the need to apply
ART for the dissemination of stock. As other
superior meat-producing germplasm is iden-
tified, the application of artificial insemina-
tion and embryo transfer is likely to rise in
the area of meat-goat production.

Artificial insemination

Artificial insemination can contribute to the
optimization of the selection schemes of the
main seasonal meat breeds and is consid-
ered a powerful tool to control kidding
dates in order to adapt production to market
demands, especially during the non-
breeding season in the goat. In addition,
proper selection of young bucks and appro-
priate healthcare of males, as well as
utilizing artificial insemination, may con-
trol some infectious diseases. However, at
present, genetics is the main justification for
using artificial insemination (and frozen
semen) because of its formidable ability to
produce many offspring per male in multi-
ple environments over time. This ability is
necessary to create and diffuse genetic gains
and facilitates the application of recent
molecular genetics techniques in selection
programmes (Leboeuf ef al., 1998).

Three methods of semen preservation
(fresh, refrigerated and frozen/thawed) and

two techniques of insemination (cervical
and intrauterine) are used worldwide in
goats (Evans and Maxwell, 1987; Chemineau
and Cognié, 1991; Amoah and Gelaye, 1997;
Leboeuf et al., 2000).

Does can be inseminated with fresh and
extended, chilled semen stored for up to
48 h. Fresh semen is the preferred method
when the bucks are collected on the farm,
especially during the breeding season when
semen production and quality are at their
peak. The use of refrigerated semen is a
common strategy in circumstances where a
particular male is shared by a group of farm-
ers located within a relatively small area. In
such cases, the semen is stored at ~4°C and
can be used for up to 24 h after collection.
However, for most practical purposes,
semen originates frozen from outside the
farm, having a long-term preservation allow-
ing it to be marketed over a wide area and
used throughout the year, and conserving
the genetic material in case the animal dies.

Transcervical insemination involves
deposition of semen in the body of the
uterus. The conception rate using this
method ranges from 50 to 70% depending
on the season of insemination. The concep-
tion rate is low during spring and summer,
due to lower sperm motility, than in the
autumn and winter (Table 5.4; Tuli and
Holtz, 1995). However, photoperiod treat-
ment of bucks (Delgadillo etal., 1995),
which enables quality sperm collection all
year round, may alleviate such seasonal
variation in sperm quality. In their review of
the effectiveness of artificial insemination

Table 5.4. Pre- and post-freezing percentage of progressive motility and percentage of live
spermatozoa in Boer goat semen at different seasons of the year (from Tuli and Holtz, 1995).

Progressive spermatozoa motility (%)

Live spermatozoa (%)

No. Pre- Post- Freezing Pre- Post- Freezing
Season doses freezing+sem freezing = sem loss (%) freezing + sem  freezing + sem  loss (%)
Spring 35 62b + 2 29b +2 54 61b +2 32b +3 47
Summer 45 65b + 1 35b +2 46 71c+2 40c+ 3 44
Autumn 60 71d+2 39c+2 45 75cd + 3 44c + 2 41
Winter 37 73d +2 450 +3 38 76d + 3 49d + 3 36

Within columns, different letters (b, ¢, d) indicate significant differences (P < 0.05).
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in dairy breeds in France (Leboeuf et al.,
1998), the authors enumerated some of the
factors affecting variation in fertility after
artificial insemination:

e Ovarian response to hormonal treat-
ment: 4.3% of the females had a low
progesterone concentration, i.e. a prob-
able lack of ovulation following the
synchronization treatment.

e Ovulation time after hormonal treat-
ment: variability of the ovulation time
seems to be a limiting factor for the effi-
ciency of hormonal treatment plus arti-
ficial insemination.

e Repeated hormonal treatments and
antibodies against eCG: this was dis-
cussed in an earlier section.

o  Parity of inseminated females: artificial
insemination of nulliparous does often
yields lower fertility rates than the adult
goats. These low fertility rates could be
caused by factors such as weaning age,
growth rate, body condition and age at
first artificial insemination.

Laparoscopic insemination involves
the use of a laparoscope and depositing
fresh or frozen-thawed semen directly into
the uterine horns. Laparoscopic insemina-
tion procedures are described for sheep and
goats (Ritar and Ball, 1991) and a >80% con-
ception rate has been reported. However,
the technique requires a skilled operator.
Due to the high cost of the procedure, lapa-
roscopic insemination has a very limited
use in meat goats.

Semen is usually collected from bucks
trained to serve an artificial vagina. Once a
collection schedule is initiated, bucks can
be collected two to three times daily on
alternate days. Semen is immediately evalu-
ated for quality and the concentration deter-
mined. The semen is then extended in a
medium containing egg yolk, sugars and
buffer to provide an insemination dose of 20
million (frozen, laparoscopic intrauterine)
to 300 million (fresh, cervical) spermatozoa,
depending on the intended insemination
technique. The success of the actual insemi-
nation depends to a large degree on appro-
priate timing in relation to oestrus and
ovulation. Does must be observed closely

for the onset of oestrus, or can be synchro-
nized (see oestrus synchronization dis-
cussed above) and should be inseminated
12—18 h after the onset of oestrus.

Embryo transfer

The first successful cryopreservation of goat
embryos was reported by Bilton and Moore
(1976). Since then, large numbers of goats
have been successfully produced from fro-
zen-thawed embryos (Baril et al., 1989). The
technique of multiple ovulations and
embryo transfer (MOET) is often referred to
as a method of producing more offspring
from a genetically valuable female than
would be possible by natural breeding.
However, MOET has not yet become a wide-
spread tool for genetic improvement for a
variety of reasons including its cost, techni-
cal demands and variable and unpredictable
efficiency (Baril et al., 1989; Cognié et al.,
2003). The main factors contributing to the
unpredictability of this technique are the
variability of the superovulatory response,
poor fertilization associated with high ovu-
latory responses and early regression of the
corpus luteum (Cognié et al., 2003). An aver-
age of six to eight transferable embryos per
donor can be produced in a successful goat
MOET programme (Baril et al., 1989; Cognié
et al., 2003). It is common for the number of
transferable embryos to range from 0 to 30
per donor, with up to 30% of the donors fail-
ing to produce any transferable embryos due
to fertilization failure and early regression of
corpus luteum (ERCL) (Pintado ef al., 1998).
The causes of ERCL are not fully under-
stood, but its occurrence has been associated
with inadequate nutrition (Jabbour et al.,
1991) and the use of eCG in superovulatory
regimes (Pintado et al., 1998).

Techniques used for oestrus synchroni-
zation of donor and recipient and for super-
ovulation of the donor with gonadotropins
(FSH and eCG) are similar to those described
above (see oestrus synchronization discussed
above). Insemination of the donor does
should occur either naturally or through cer-
vical rather than intrauterine artificial insem-
ination, to avoid additional manipulation of
the uterus and oviducts. For the collection,
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the uterus of the donor is flushed 3-5 days
after mating. Particularly in the case of
repeated collections, this may cause adhe-
sions interfering with subsequent collections.
Recent embryo collection techniques using
laparoscopy have been developed with suc-
cessful outcome in goats (76% pregnancy).
Following collection, the flushing medium is
examined to identify fertilized (cleaved)
embryos, determine the recovery of embryos
(based on the number of corpora lutea) and
evaluate embryo quality. Only high-grade
embryos should be used for freezing and stor-
age, whereas embryos of less quality may be
used for fresh transfer. Embryos should be
transferred into the uterine horn of the same
side containing an ovary with a corpus
luteum. Following a sufficient period of rest,
donor does can be repeatedly collected.

It has been reported that blastocysts can
be cryopreserved better than morulae (Puls-
Kleingeld et al., 1992). Goat embryos are
successfully traded internationally using
ethylene glycol, which is a better cryopro-
tectant than glycerol (35 versus 22% kids
born from embryos thawed, respectively; Le
Gal etal, 1993). Vitrification of goat
embryos involving embryo exposure to high
concentrations of cryoprotectants followed
by direct immersion in liquid nitrogen has
been reported to be successful (Yuswiati
and Holtz, 1990).

Superovulation is an important part of
a MOET programme and has the potential to
increase the reproductive performance of
selected donors of goat breeds in high
demand. Superovulation accomplished by
gonadotropins (primarily FSH and eCG),
used at higher (pharmacological) doses to
elicit a superovulatory response, is com-
monly used in embryo transfer programmes.
eCG is more easily administered than FSH,
usually as a single injection of up to
1500-2000 IU, but the superovulatory
response to eCG can be quite variable and is
usually lower than in an FSH-induced
superovulation. Currently, the major factor
leading to a variable ovulation rate and
embryo output seems to be the follicular
status of the donor at the onset of super-
ovulatory  treatment (Gonzalez-Bulnes
et al., 2004). Several strategies have been

suggested for increasing the number of
small recruitable ovarian follicles at the
time of FSH treatment, while avoiding the
presence of large (dominant) follicles.
Among these concepts are: (i) immuniza-
tion against inhibin, which selectively sup-
presses FSH but not LH: (ii) the use of GnRH
agonist/antagonists and the administration
of FSH shortly after an induced oestrus/
ovulation; and (iii) the use of FSH plus
GnRH treatment. Immunization of goats
against inhibin has proved to be a practica-
ble means of producing embryos for transfer
purposes (Wang et al., 2009). Pre-treatment
with GnRH antagonist for 10 days prior to
superovulation resulted in an increased
number of small follicles at the time of FSH
administration and an increased number of
ovulations (Cognié et al., 2003).

Pregnancy diagnosis

Early and accurate diagnosis of pregnancy is
important for effective livestock manage-
ment. While not of immediate concern in
extensive goat operations that utilize
extended natural mating, the early determi-
nation of pregnancy can be a useful manage-
ment tool under more intensive production
conditions, or when artificial insemination
and embryo transfer are employed. Inability
to detect early pregnancy can result in eco-
nomic losses in milk and kid production
due to longer kidding intervals. Lack of
knowledge of techniques to differentiate
pregnant from non-pregnant animals may
result in heavy reproduction and produc-
tion losses in the form of abortions, still-
births and the production of weak kids. It
also results in uneconomical feeding of non-
pregnant animals. Pregnancy diagnosis will
identify the females requiring repeat breed-
ing or insemination and/or will allow the
separation of pregnant and open females for
differential management. When fetal num-
bers can be determined as part of the preg-
nancy diagnosis, different feeding regimes
can be applied to single- and litter-bearing
females. To be most useful to the producer,
pregnant animals need to be identified as
early as possible in gestation. A variety of
approaches have been explored for the early
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detection of pregnancy and possibly fetal
numbers. The techniques have either
focused on the detection of physical changes
resulting from pregnancy (fluid accumula-
tion and presence of a detectable fetus)
through palpation and ultrasound (Wani
and Sahni, 1980; Buckrell, 1988; Goel and
Agrawal, 1989) or been concerned with the
identification of maternal and fetal physio-
logical signals (progesterone, oestrone sul-
fate and pregnancy proteins) associated
with pregnancy (Restall et al., 1990; Ishwar,
1995). Only a few methods seem reliable
and applicable under field conditions.

NON-RETURN TO OESTRUS The length of the
oestrous cycle ranges from 19 to 24 days
(average 21 days) in goats. Non-return to
oestrus after breeding is considered a sign
of pregnancy. During the breeding season,
goats return to oestrus within 7-23 days if
there is a fertilization failure. The sign of
non-return to oestrus due to pregnancy is not
physically different from seasonal anoestrus
at the end of the breeding season and out-of-
breeding season. Non-return to oestrus is an
unreliable method when does are synchro-
nized and bred during the non-breeding sea-
son. In addition, pathological conditions of
the uterus or ovaries may cause anoestrus in
non-pregnant does (Ishwar, 1995).
Therefore, pregnancy diagnosis based
on non-return to oestrus is not reliable in
goats that exhibit seasonality in oestrous
behaviour. The use of vasectomized bucks
with raddle harnesses with the does after
mating to detect the return to service
appeared to be unreliable in detecting preg-
nancy in Thai goats, as 36.5% of pregnant
does came into oestrus, as evidenced by
raddle marks on the rump, during early
pregnancy, and this can lead to serious
errors (Restall et al.,, 1990). Non-return
determination is a method recommended
for traditional goat owners only, who do not
have other facilities for pregnancy diagnosis.

ABDOMINAL PALPATION In the late stages of
pregnancy, does can be examined by ab-
dominal palpation. This technique becomes
easier and more reliable as pregnancy

advances. The gravid uterus or fetus can
sometimes be palpated through the relaxed
abdominal wall by placing a hand on either
side of the abdomen and squeezing or lift-
ing upwards (Ishwar, 1995). If the doe is
pregnant, the fetus is felt to drop on to the
palpating hand (Arther et al., 1982). With-
holding feed and water for at least 12 h be-
fore examination increases the ease of the
examination (Ishwar, 1995). It is easier in
thin does than in fat animals. Pregnancy
can be diagnosed to an acceptable accu-
racy (up to 70%) after 80 days of gestation
by the abdominal palpation method. As the
method is simple and does not involve any
equipment, it can be used by goat owners to
screen their flock.

ULTRASOUND TECHNIQUES ~ There has been
increasing interest in the use of ultrasound
techniques for pregnancy diagnosis in goats
by various workers (Aswad etal., 1976;
Wani and Sahni, 1980; Shelton, 1982; Buck-
rell, 1988; Goel and Agrawal, 1990; Haibel,
1990). Pregnancy may be detected with all
three types of ultrasonographics available:
amplitude depth (A-mode), Doppler and
real-time B-mode ultrasonics. Each can be
used under field conditions. The accuracy
of diagnosis, timing of examination, fetal
numbers and age and fetal viability vary
considerably among these techniques. One
of the most important features of ultra-
sound, when used for tissue examination,
is its safety to the operator and patient. To-
day, the most used method is the real-time
B-mode ultrasonics.

Real-time, B-mode ultrasonic scanning
appears to offer an accurate, rapid, safe and
practical means of diagnosing pregnancy
and determining fetal numbers. The tech-
nique allows visualization of the fetus in
the uterus, fetal numbers and fetal viabil-
ity. Two types of scanners are available on
the market and both are utilized for preg-
nancy diagnosis: (i) linear array scanners;
and (ii) sector scanners. There are a num-
ber of abdominal/rectal probes. A mid-
range abdominal (5 MHz) or rectal (7 MHz)
probe is ideal for goats (Goel and Agrawal,
1992). Sector scanners provide a much
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wider angle of view and the entire uterus
can be visualized from either side of the
animal. They have some advantages over
linear scanners: they require less skin sur-
face contact, have a reduced scanning time
and have superior resolution. In goats,
transrectal ultrasonography with a 5 MHz
probe allows visualization of the embryo
vesicle starting from day 19 of pregnancy
(Martinez et al., 1998). Nevertheless, it is
only from day 25 onward that precision
and sensitivity are >90%.

Scanning Thai native goat does by real-
time ultrasonic imaging between 55 and
65 days post-coitus was 100% accurate in
detecting pregnancy using an abdominal
probe (Restall ef al., 1990). It is therefore
apparent that day 45-50 is the ideal time to
make a pregnancy diagnosis by transab-
dominal scanning with a high degree of
accuracy (Buckrell, 1988). Accuracy of
counting numbers of fetuses with real-time
ultrasonography is an advantage over other
ultrasound techniques. The optimal time
for counting fetal numbers is between 45
and 90 days of gestation (Haibel, 1990).
After 90-100 days of gestation, fetuses
become too large to be consistently differen-
tiated from each other.

In addition to pregnancy diagnosis,
ultrasound scanners may be helpful for
early diagnosis of fetal malformation,
factors influencing fetal growth and diag-
nosis of diseases of the reproductive tract
(Buckrell, 1988). Fetal age in ewes and
does can also be determined by the use of
real-time ultrasonics at 40-100 days of
gestation by measuring the width of the
fetal skull (Reichle and Haibel, 1991). This
technique would be helpful in predicting
parturition date when the actual date of
breeding is not known.

The main limiting factor preventing
greater use of this technique in developing
countries is its high cost. In addition, train-
ing and considerable experience are
required to obtain better accuracy in terms
of image interpretation. With a decrease in
equipment cost and an increase in practical
experience, it may be possible in the future
to significantly increase the use of portable
ultrasound scanners in goats.

HORMONAL ASSAYS Progesterone levels can
be obtained using a radioimmunoassay
(RIA) or enzyme-linked immunosorbent
assay (ELISA). Assays can be performed on
serum, plasma or milk samples. The con-
centration of plasma progesterone can be
determined on days 19-23 post-breeding
in does with high accuracy (Gonzalez
et al., 2004). Progesterone concentration in
plasma as well as in milk 21-22 days after
artificial insemination in the goats was es-
timated (Thibier et al., 1982). The level of
plasma progesterone was 7.64 + 4.17 and
0.86 + 0.73 ng/ml in pregnant and non-
pregnant goats, respectively. Its accuracy
in early pregnancy diagnosis was 100 and
87.5%, for non-pregnant and pregnant
does, respectively.

A progesterone test in does is a good
test for non-pregnancy as it allows early
identification of open does with 80-100%
accuracy, but it is only a fair test for preg-
nancy.

Oestrone sulfate is produced by the
placenta in sheep and goats. Oestrone sul-
fate can be detected in the plasma of does
from around 40-50 days post-breeding.
Around day 60 of pregnancy, the average
concentration is 0.6 ng/ml in non-pregnant
goats and 6.1 ng/ml in those that are preg-
nant (Refstal et al., 1991). A positive test
indicates a viable fetus.

In the pregnant doe, PAG concentra-
tions are detectable from day 17-18, reach-
ing concentrations of 3—-5 ng/ml on days
21-22. Pregnancies can be detected by
day 24 (Humblot et al., 1995) or day 25
(Folch et al., 1993). PAG determination was
highly accurate on days 24 and 26 (99 and
100%, respectively) (Gonzalez-Bulnes
et al., 2004).

The PAG milk-test provides an accurate
pregnancy diagnosis from day 32 after
breeding and, in combination with good
management practices, this test would be
suitable under farm conditions to confirm
pregnancies tentatively identified by
non-return to oestrus on day 21 after breed-
ing (Gonzalez el al., 2001). A summary of
the effectiveness and practical applications
of different techniques for pregnancy diag-
nosis is presented in Table 5.5.
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Table 5.5. Comparisons of techniques available for pregnancy diagnosis in the doe.

Sensitivity Fetal Accuracy  Practical
Technique range(days) numbers (%) application
Vasectomized harnessed >20 No 65-90 High
male

Abdominal palpation 60-115 No 60-90 Moderate
Progesterone assay 18-22 No 90-95 Moderate
Oestrone assay >60 No 90-95 Low
Real-time ultrasound 40-100 Yes 90-95 High
Doppler ultrasound 60-90 No 85-90 Moderate
Radiography >50 Yes 90-95 Low

5.4.6 Genetic improvement of
reproductive traits

For animals kept primarily for meat pro-
duction, reproductive rate is the single
most important factor contributing to the
efficiency of production. The economic
importance of reproductive traits should
not be abandoned while selecting for
performance traits associated with improv-
ing meat production. This is because repro-
ductive rate directly influences the income
and profitability for commercial produc-
tion of meat from goats. Reproductive traits
of interest in meat goat enterprises are
conception rate, kidding rate and ability to
breed out of season. In addition, several
studies have demonstrated that twins and
triplets produce more total weight of kid
per doe per year. Therefore, prolificacy,
defined as the number of kids born per doe,
is another important reproduction trait.
Genetic improvement of these traits can be
undertaken by selection within purebred
strains or by crossbreeding. Prospects for
improvement of reproductive traits in
several meat breeds of goats by selection
are available (Shrestha and Fahmy, 2007).
The heritability estimate for reproductive
traits, although negligible in magnitude, is
positive (Table 5.6). However, for some
traits such as age at first kidding, heritabil-
ity estimates are high and this can yield
important genetic progress.

From a practical point of view, it is use-
ful to quantify reproductive performance
using the number of weaned animals (and

Table 5.6. Estimates of heritabilities and
repeatabilities for some reproductive traits of
meat-producing breeds of goat (from Shrestha and
Fahmy, 2007).

Trait/Breed Heritability =~ Repeatability
Age at first kidding
Alpine x Beetal 0.56 +0.08
Beetal 0.48 +0.09
Litter size
Beetal 0.15
Beetal, Black 0.09 +0.25
Bengal
Alpine x African 0.02
common
Multiple births
Egyptian Baladi 0.25 0.29
Beetal 0.15 0.22
Black Bengal 0.09 0.15
Bengal 0.17 +£0.20

their weight) relative to the number of
reproductive females. In this case, litter size
is considered to be one of the most impor-
tant components of reproductive perfor-
mance, due to its high correlation with the
number of animals at weaning. Unfortu-
nately, litter size is a sex-limited character-
istic with a low heritability value, which
acts as a limiting factor for the improvement
of reproductive performance. A good exam-
ple in this respect is given for African
common goats in Rwanda for which herita-
bility and repeatability estimates are 0.025
and 0.061, respectively, for the number of
kids born, indicating that the possibility of
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selection to improve these reproductive
traits would take a long time (Mourad, 1994,
1996). However, the genetic correlation
between the number of kids born and the
number of kids alive was positive, which
means that selection for one character may
tend to improve the other.

Most of the breeding programmes in
goats ignore the frequency of year-round
kidding, an important characteristic in
many goat breeds, particularly goats from
tropical regions that are non-seasonal breed-
ers and kid all year round. Therefore, incor-
porating this trait of non-seasonality into a
meat-goat enterprise would be advanta-
geous. An alternative would be to include
reproductive traits and a pre-weaning
growth rate that can be combined into an
index to give a measure of productivity of
the doe. An example of such an index is pre-
sented by Gipson (2008) as:

Productivity index
= conception rate x litter size
x survivability to weaning
x 365/kidding interval
x (birth weight + pre-weaning
growth rate x age at weaning)

As for most livestock species, improve-
ment of reproductive traits in goats has also
been attempted through crossbreeding. In
Egypt, reproduction, growth and carcass
traits of kids from Alpine and Rove breeds
and Alpine x Rove crosses were evaluated
(Anous and Mourad, 1993). The study
revealed that the Alpine breed was more
fecund than the Rove breed but was similar
in carcass traits and weighed less. The esti-
mates of heterosis of 24% for prolificacy
and 4% for fertility were important, but not
for the rate of abortion. Prolificacy is the

trait that is most improved by crossbreeding
a local with a prolific breed, while no sig-
nificant superiority in fertility of crossbred
over purebred goats is reported (Anous and
Mourad, 1993).

In Tunisia, genetic improvement of the
local goat was undertaken through cross-
breeding with imported breeds, namely the
Alpine, Boer and Saanen, in the north of the
country. The impact of such crossbreeding
on the reproductive traits and productivity
of the does is reported in Table 5.7 (Rekik
et al., 2005). It was concluded that, under
the pastoral production systems of northern
Tunisia, there is no benefit of crossbreeding
with imported breeds; the absence of a clear
effect of crossbreeding on the improvement
of productivity could be explained by prob-
lems of adaptation of the crossbred animals
to the prevailing difficult conditions.

The specific three-breed cross has
demonstrated increased productivity in
pig and sheep species and should also
have potential in meat goats (Shrestha
and Fahmy, 2007). In order to produce a
specific three-breed-cross offspring, does
of the fecund-type dam breeds that excel
in rate of reproduction, milk production,
mothering ability and survival are first
mated to bucks of an alternative breed to
produce fecund-type two-breed-cross off-
spring. The crossbred offspring selected as
the female parent are mated to bucks of a
third breed, usually a meat-type terminal
sire breed recognized for superior growth
performance and meat quality. The cross-
bred offspring is expected to exhibit maxi-
mum individual and maternal heterosis,
resulting in rapid growth and increased
uniformity in the marketing of meat and
meat products to the consumer.

Table 5.7. Compared reproductive and productivity performances of indigenous goat and
its crosses with imported breeds (from Rekik et al., 2005).

Trait Local goat F, Alpine F, Boer F, Saanen
Fertility rate (%) 941 95.6 98.0 89.3
Prolificacy rate (%) 148.8 144.5 144.5 109.1
Pre-weaning mortality rate (%) 5.58 231 0 12.69
Kids weaned per goat (%) 134 115 141 85
Kilograms weaned per goat 16.9 16.6 18.7 121




Reproduction of Meat Goats 153

References

Adalsteinsson, S. (1975) Depressed fertility in Icelandic sheep caused by a single colour gene. Annales de
Génétique et de Sélection Animale 7, 445-447.

Ahmad, N. and Noakes, D.E. (1995) Seasonal variations in testis size, libido and plasma testosterone
concentrations in British goats. Animal Science 61, 553-559.

Ahmad, N. and Noakes, D.E. (1996) Sexual maturity in British breeds of goat kids. British Veeterinary Journal
152, 93-103.

Akusu, M.O., Osuagwuh, A.l.A., Akpokodje, J.U. and Egbunike, G.N. (1986) Ovarian activities of the West
African goat (Capra hircus) during estrus. Journal of Reproduction and Fertility 78, 459-462.

Al-Ghalban, A.M., Tabbaa, J. and Kridli, R.T. (2004) Factors affecting semen characteristics and scrotal
circumference in Damascus bucks. Small Ruminant Research 53, 141-149.

Amoah, E.A. and Bryant, M.J. (1984) A note on the effect of contact with male goats on occurrence of
puberty in female goat kids. Animal Production 38, 141-144.

Amoah, E.A., and Gelaye, S. (1997) Biotechnological advances in goat reproduction. Journal of Animal
Science 75, 578-585.

Anous, M.R. and Mourad, M.M. (1993) Crossbreeding effects on reproductive traits of does and growth and
carcass traits of kids. Small Ruminant Research 12, 141-149.

Anwar, M. and Ahmad, K.M. (1999) Ovulation rate, number of fetuses and embryo loss in Teddy goats of
Pakistan. Small Ruminant Research 31, 281-283.

Arther, G.H., Noakes, D.E. and Pearson, H. (1982) Veterinary Reproduction and Obstelrics (Theriogenol-
ogy), 5th edn. The English Language Book Society and Bailliére Tindall, London, UK.

Aswad, A., Abdou, M.S.S., Al-Bayaty, F. and El-Sawaf, S.A. (1976) The validity of the ‘ultrasonic method’ for
pregnancy diagnosis in ewes and goats. Zentralblatt flir Veterindrmedizin 23, 467-474.

Attwood, B.M. (2007) A Guide to the Grazing Requirements of Fibre and Meat Goats. Agriculture Notes
AG0998, Department of Primary Industries, Victoria, Australia.

Baril, G., Casamitjana, P., Perrin, J. and Vallet, J.C. (1989) Embryo production, freezing and transfer in
Angora, Alpine and Saanen goats. Zuchthygiene 24, 101-115.

Barkawi, A.H., Elsayed, E.H., Ashour, G. and Shehata, E. (2006) Seasonal changes in semen characteris-
tics, hormonal profiles and testicular activity in Zaraibi goats. Small Ruminant Research 66, 209-213.

Bazer, FW., Spencer, T.E. and Ott, T.L. (1997) Interferon tau: a novel pregnancy recognition signal. Ameri-
can Journal of Reproductive Immunology 37, 412—-420.

Benitez-Ortiz, W. (1992) Diagnostic de pregnancy et étude de la mortalité embryonnaire chez les rumi-
nants par dosage de la pregnancy associated glycoprotein. PhD thesis, Institut de Médecine Tropicale
Prince Leopold, Antwerp, Belgium.

Bhattacharrya, B., Sanwall, P.C., Pandle, J.D. and Varshney, V.P. (1984) Plasma levels of sex hormones in
female kids approaching puberty. Animal Breeding Abstracts 52, 758.

Bilton, R.J. and Moore, N.W. (1976) In vitro culture, storage and transfer of goat embryos. Australian Journal
of Biological Sciences 29, 125-129.

Bose, R., Heng, H., Sabbadini, E., McCoshen, J., MaHadevan, M. and Fleetham, J. (1989) Purified human
early pregnancy factor from pre-implantation embryo possesses immuno-suppressive properties.
American Journal of Obstetrics and Gynecology 160, 954—960.

Buckrell, B.C. (1988) Applications of ultrasonography in reproduction in sheep and goats. Theriogenology
29, 71-84.

Campbell, Q.P. (1994) Information regarding the improved Boer goat. Boer Goat News 11, 49-50.

Charallah, S., Khammar, F, Amirat, Z. and Lakhdari, Y. (2000) Evaluation de I'activité sexuelle male et
femelle, caractérisations zootechnique et nutritionnelle chez la chévre bédouine. In: Proceedings of
the 7th International Conference on Goats, France, Vol. |, 15-21 May, p. 460.

Chemineau, P. (1983) Effect on estrus and ovulation of exposing creole goats to the male at three times of
the year. Journal of Reproduction and Fertility 67, 65-72.

Chemineau, P. (1985) Effects of a progestogen on buck-induced short ovarian cycles in the creole meat
goat. Animal Reproduction Science 9, 87-94.

Chemineau, P. (1986) Influence de la saison sur 'activité sexuelle du Cabri Créole male et femelle. PhD
thesis, Université des Sciences Techniques de Languedoc, Montpellier, France.

Chemineau P. (1987) Possibilities for using bucks to stimulate ovarian and oestrous cycles in anovulatory
goats — a review. Livestock Production Science 17, 135—147.



154 M. Rekik et al.

Chemineau, P. and Cognié, Y. (1991) Training Manual on Artificial Insemination in Sheep and Goats. FAO
publications, Rome, Italy.

Chemineau, P. and Delgadillo, J.A. {1994) Neuroendocrinologie de la reproduction chez les caprins. INRA
Productions Animales 7, 315-326.

Chemineau, P. and Xandé, A. (1982) Reproductive efficiency of Creole meat goats permanently kept with
males. Relationship to a tropical environment. Tropical Animal Production 7, 98-104.

Chemineau, P, Normant, E., Ravault, J.P. and Thimonier, J. (1986) Induction and persistence of pituitary and
ovarian activity in the out-of-season lactating dairy goat after a treatment combining a skeleton
photoperiod, melatonin and the male effect. Journal of Reproduction and Fertility 78, 497-504.

Chemineau, P, Martin, G.B., Saumande, J. and Normant, E. (1988) Seasonal and hormonal control of
pulsatile LH secretion in the dairy goat ( Capra hircus). Journal of Reproduction and Fertility 88, 91-98.

Chemineau, P., Malpaux, B., Delgadillo, J.A., Guerin, Y., Ravault, J.P, Thimonier, J. and Pelletier, J. (1992)
Control of sheep and goat reproduction: use of light and melatonin. Animal Reproduction Science 30,
157184,

Chemineau, P, Baril, G., Leboeuf, B., Maurel, M.C., Roy, F, Pellicer-Rubio, M., Malpaux, B. and Cognie, Y.
(1999) Implications des progrés récents en physiologie de la reproduction pour la conduite de la
reproduction dans I'espéce caprine. INRA Productions Animales 12, 135-1486.

Chemineau, P., Pellicer-Rubio, M.T., Lassoued, N., Khaldi, G. and Monniaux, D. {2006) Male-induced short
oestrous and ovarian cycles in sheep and goats: a working hypothesis. Reproduction Nutrition and
Development 46, 417-429.

Clariget, R.P, Forsberg, M. and Rodriguez-Martinez, H. (1998) Seasonal variation in live weight, testes
size, testosterone, LH secretion, melatonin and thyroxine in Merino and Corriedale rams in a
subtropical climate. Acta Veterinaria Scandinavae 39, 35—47.

Cognié, Y., Baril, G., Poulin, N. and Mermillod, P. (2003) Current status of embryo technologies in sheep
and goat. Theriogenology 59, 171-188.

Corteel, J. (1975) Effect of washing on deep frozen goat semen preservation. Annales de Biologie Animale
Biochimie Biophysique 15, 525-528.

Currie, W.B., Card, C.E., Michel, FJ. and Ignotz, G. (1990) Purification, partial characterization, and
development of a specific radioimmunoassay for goat placental lactogen. Journal of Reproduction and
Fertility 90, 25-36.

de Castro, T., Rubianes, E., Menchaca, A. and Rivero, A. (1999) Ovarian dynamics, serum estradiol and
progesterone concentrations during the interovulatory interval in goats. Theriogenology 52, 399—-411.

Delgadillo, J.A. and Chemineau, P. (1992) Abolition of the seasonal release of luteinizing hormone and
testosterone in Alpine male goats ( Capra hircus) by short photoperiodic cycles. Journal of Reproduction
and Fertility 94, 45-55.

Delgadillo, J.A. and Malpaux, B. {(1996) Seasonal variations in testicular weight in Alpine and Nubian male
goats in subtropical conditions (Northern Mexico). In: Proceedings of the Sixth International
Conference on Goats. International Academic Publishers, Beijing, China, pp. 785—-793.

Delgadillo, J.A., Leboeuf, B. and Chemineau, P. (1993) Maintenance of sperm production in bucks during a
third year of short photoperiodic cycles. Reproduction Nutrition Development 33, 609-617.

Delgadillo, J.A., Flores, J.A., Luna, M.C., Duarte, G., Carrilo, E., Hoyos, G. and Nava, P. (1994) El anestro
postparto de las cabras de la comarca laguna que paren en enero no es modificado por el momento
en que se realiza el destete. In: /X Reunion Nacional de Caprinocultura, La Paz, Mexico, pp.
157-160.

Delgadillo, J.A., Hochereau-de Reviers, M.T., Daveau, A. and Chemineau, P. (1995) Effect of short
photoperiodic cycles on male genital tract and testicular parameters in male goats (Capra hircus).
Reproduction Nutrition Development 35, 549-558.

Delgadillo, J.A., Malpaux, B. and Chemineau, P. (1997) La reproduction des caprins dans les zones
tropicales et subtropicales. INRA Productions Animales 10, 33—41.

Derquaoui, L. and El Khaledi, O. (1994) Evaluation de I'activité sexuelle pendant la saison de baisse de
fertilité chez la chévre de race D'Man. In: Proceedings of the 2nd Conference of the African Small
Ruminant Research Network, Arusha, Tanzania, 7-11 December, 1992, Addis Ababa, Ethiopia,
pp. 49-51.

Devendra, C. and Burns, M. (1983) Reproductive performance. In: Devendra, C. and Burns, M. (eds) Goat
Production in the Tropics. Commonwealth Agricultural Bureaux, Farnham Royal, UK, pp. 74—89.

de Santiago-Miramontes, M.A., Malpaux, B. and Delgadillo, J.A. (2008) Body condition is associated with
a shorter breeding season and reduced ovulation rate in subtropical goats. Animal Reproduction
Science 114, 175—182.



Reproduction of Meat Goats 155

de Waal, H.O. and Combrinck, W.J. (2000) The development of the Dorper, its nutrition and a perspective
of the grazing ruminant on veld. Small Ruminant Research 36, 103—117.

Driancourt, M.A., Philipon, P, Terqui, M., Molenat, G., Mirman, B., Louault, C., Avdi, M., Folch, J. and
Cognie, Y. (1990) Possibilités de I'immunisation contre les stéroides pour améliorer les performances
ovulatoires et la taille de la portée des ovins et caprins. INRA Productions Animales 3, 31-37.

Drymundsson, O.R. (1983) The influence of environmental factors on the attainment of puberty in ewe
lambs. In: Haresign, W. {(ed.) Sheep Production. Butterworth, London, UK, pp. 393—408.

Ebozoje, M.O. and lkeobi, C.0O.N. (1998) Colour variation and reproduction in the West African dwarf (WAD)
goats. Small Ruminant Research 27, 125-130.

English, J., Poulton, A.L., Arendt, J. and Symons, A.M. (1986) A comparison of the efficiency of melatonin
treatments in advancing estrus in ewes. Journal of Reproduction and Fertility 77, 321-327.

Evans, A.C., Duffy, P, Hynes, N. and Boland, M.P. (2000) Waves of follicle development during the estrous
cycle in sheep. Theriogenology 53, 699-715.

Evans, G. and Maxwell, W.M.C. (1987) Frozen storage of semen. In: Salamon’s Artificial Insemination of
Sheep and Goats. Butterworths, Sydney, Australia, pp, 122-141.

Fabre-Nys, C. (2000) Le comportement sexuel des caprins: contréle hormonal et facteurs sociaux. INRA
Productions Animales 13, 11-23.

Fasanya, O.0.A., Molokwu, E.C.I., Eduvie, L.O. and Dim, N.I. (1992) Dietary supplementation in the Savanna
brown goat. 1. Effect on attainment of puberty in the doe. Animal Reproduction Science 29, 157—166.

Fletcher, 1.C. (1971) Relationships between frequency of suckling, lamb growth and post-partum oestrous
behaviour in ewes. Animal Behaviour 19, 108—111.

Flores, J.A., Véliz, EG., Pérez-Villanueva, J.A., Martinez de la Escalera, G., Chemineau, P.,, Poindron, P,
Malpaux, B. and Delgadillo, J.A. (2000) Male reproductive condition is the limiting factor of efficiency
in the male effect during seasonal anestrus in female goats. Biology of Reproduction 62, 1409-1414.

Folch, J., Benitez, W., Alabart, J.L. and Beckers, J.F. {1993) Determination de la concentracion plasmatica
de PAG (pregnancy-associated glycoprotein) en cabras blanca celtibericay su utilizacion como
diagnostico de gestation. /TEA 12, 364.

Foster, D.L. and Ryan, K.D. (1981) Endocrine mechanisms governing transition into adulthood in female
sheep. Journal of Reproduction and Fertility Supplement 30, 75-90.

Freitas, V.J.F,, Rondina, D., Nogueira, D.M. and Simplicio, A.A. (2004) Post-partum anestrus in Anglo-Nubian
and Saanen goats raised in semi-arid area of North-eastern Brazil. Livestock Production Science 90,
219-226.

Gil, J., Rodriguez-Irazoqui, M., Lundeheim, N., Soderquist, L. and Rodriguez-Martinez, H. (2003) Fertility
of ram semen frozen in Bioexcell® and used for cervical artificial insemination. Theriogenology 59,
1157-1170.

Gipson, T.A. (2008) Meat goat breeds and breeding plans <http://www.GoatWorld.coms.

Girard, L. (1813) Moyens employés avec succés, par M. Morel de Vindé, Membre de la société d’Agriculture
de Seine et Oise, pour obtenir, dans le temps le plus court possible, la fécondation du plus grand
nombre des brebis portieres d'un troupeau. In: Ephémérides de la Société d’Agriculture du
Département de I'indre pour 'An 1813, 5 September, Chateauroux, Département de I'lndre, France,
Cahier VII, pp. 66-68.

Goel, A.K. and Agrawal, K.P. (1989) Pregnancy diagnosis in sheep. Indian Journal of Animal Science 59,
974-976.

Goel, AK. and Agrawal, K.P. (1990) Pregnancy diagnosis in goats. /ndian Veterinary Medical Journal
14,77-78.

Goel, A.K. and Agrawal, K.P. (1992) A review of pregnancy diagnosis techniques in sheep and goats. Smal/
Ruminant Research 9, 255-264.

Goel, A.K.and Agrawal, K.P. (2003) Ovulation in Jakhrana goats native to tropical climates. Small Ruminant
Research 50, 209-212.

Gonzalez, F., Sulon, J., Calero, P, Batista, M., Gracia, A. and Beckers, J.F. (2001) Pregnancy-associated
glycoproteins (PAG) detection in milk samples for pregnancy diagnosis in dairy goats. Theriogenology
56, 671-676.

Gonzalez, F., Cabreraa, F., Batistaa, M., Rodriguez, N., Alamoa, D., Sulon, J., Beckers, J.F. and Gracia, A.
(2004) A comparison of diagnosis of pregnancy in the goat via transrectal ultrasound scanning,
progesterone, and pregnancy-associated glycoprotein assays. Theriogenology 62, 1108—1115.

Gonzalez-Bulnes, A., Santiago-Moreno, J., Garcia-Garcia, R.M., Souza, C.J.H., Lopez-Sebastian, A. and
McNeilly, A.S. (2004) Effect of GnRH antagonists treatment on gonadotrophin secretion, follicular
development and inhibin A secretion in goats. Theriogenology 61, 977-985.



156 M. Rekik et al.

Gonzalez-Stagnaro, C., Pelletier, J., Cognié, Y., Locatelli, A., Baril, G. and Corteel, J.M. (1984) Descarga
preovulatoria de LH y momento de oculacion en cabras lecheras durante el celo natural o inducido
por via hormonal. In: Proceedings of the 10th International Congress on Animal Reproduction and
Artificial Insemination, University of lllinois at Urbana-Champaign, IL, USA, 10—14 June, Vol. 2, p. 10
(abstract).

Greyling, J.P.C. (1988) Reproductive physiology in the Boer goat doe. PhD thesis, University of Stellenbosch,
Republic of South Africa.

Greyling, J.P.C. (1990) Sexual activity of the Boer goat doe. Boer Goat News 9, 51-53.

Greyling, J.P.C. (1996) The induction of puberty in female Boer goat kids. In: Lebbie, S.H.B. and Kagwini,
E. (eds) Small Ruminant Research and Development in Africa. Proceedings of the Third Biennial
Conference of the African Small Ruminant Research Network, UICC, Kampala, Uganda, 5-9 Decem-
ber, 1994. International Livestock Research Institute, Nairobi, Kenya.

Greyling, J.P.C. (2000) Reproduction traits in the Boer goat doe. Small Ruminant Research 36, 171-177.

Greyling, J.P.C. and van Niekerk, C.H. (1986) Synchronization of estrus in the Boer goat doe: dose effect
of prostaglandin in the double injection regime. South African Journal of Animal Science 16, 146—150.

Greyling, J.P.C. and van Niekerk, C.H. (1991) Macroscopic uterine involution in the post-partum Boer goat.
Small Ruminant Research 4, 277-283.

Haibel, G.K. (1990) Use of ultrasonography in reproductive management of sheep and goat herds.
In: Smith, M.C. (ed.) Advances in Sheep and Goat Medicine. The Veterinary Clinics of North America
Food Animal Practice, Vol. 8, no. 3. W.B. Saunders, Philadelphia, PA, USA, pp. 597-613.

Hancock, J. and Louca, A. (1975) Polledness and intersexuality in the Damascus breed of goat. Animal
Production 21, 227-231.

Hasan, N.A. and Shaker, B. (1990) Goat Resources in Arab Slates in Syrian Arab Republic. Publication of
the Arab Center for the Study of Arid Zones and Dry Lands (ACSAD), Syrian Arab Repubilic.

Hayden, T.J., Thomas, C.R. and Forsyth, |.A. (1979) Effect of number of young born (litter size) on milk yield
of goats: role for placental lactogen. Journal of Dairy Science 62, 53—63.

Henniawati, |. and Fletcher, C. (1986) Reproduction in Indonesian sheep and goats at two levels of nutrition.
Animal Reproduction Science 12, 77-84.

Hesselink, J.W. (1993a) Incidence of hydrometra in dairy goats. Veterinary Record 132, 110-112.

Hesselink J.W. (1993b) Hydrometra in dairy goats: reproductive performance after treatment with
prostaglandins. Veterinary Record 133, 186-187.

Holtz, W., Sohnrey, B., Gerland, M. and Driancourt, M.A. (2008) Ovsynch synchronization and fixed-time
insemination in goats. Theriogenology 69, 785-792.

Homeida, A.M. (1986) Role of oxytocin during the oestrous cycle of ruminants with particular reference to
the goat. Animal Breeding Abstracts 54, 263—-268.

Humblot, P., Brice, G., Chemineau, P. and Broqua, B. (1995) Mortalité embryonnaire chez la chévre laitiere
aprés synchronisation des chaleurs et insémination artificielle a contre saison. Rencontres Recher-
ches Ruminants 2, 387-390.

Hunter, R.H.F. (1981) Physiology and Technology of Reproduction in Female Domestic Animals. Academic
Press, London/New York.

Ishwar, A.K. (1995) Pregnancy diagnosis in sheep and goats: a review. Small Ruminant Research 17,
3744,

Ishwar, A.K. and Pandey, J.N. (1992) Estrus synchronization and fertility in Black Bengal goats following
administration of progesterone and gonadotropins. Research in Vieterinary Science 52, 141-1486.
Jabbour, H.N., Ryan, J.P, Evans, G. and Maxwell, W.M.C. (1991) Effect of season, GnRH administration
and lupin supplementation on the ovarian and endocrine response of Merino ewes treated with PMSG

and FSH-P to induce superovulation. Reproduction, Fertility and Development 3, 699-707.

Jainudeen, M.R., Wahid, H. and Hafez, E.S.E. (2000) Sheep and goats. In: Hafez, E.S.E. and Hafez, B.
(eds) Reproduction in Farm Animals, 7th revised edition. Blackwell Publishers, UK, pp. 172—181.

Karsch, F.J., Bittman, E.L., Foster, D.L., Goodman, R.L., Legan, S.J. and Robinson, J.E. (1984) Neuroen-
docrine basis of seasonal reproduction. Recent Progress in Hormone Research 40, 185-225.

Kassem, R. (2005) Small ruminant breeds of Syria. In: Iniguez, L. (ed.) Characterisation of Small Ruminant
Breeds in West Asia and North Africa, Vol. 2. International Centre for Agricultural Research in the Dry
Areas (ICARDA), Aleppo, Syria, pp. 183-237.

Khaldi, G. (1984) Variations saisonniéres de I'activité ovarienne, du comportement d'estrus et de la durée
de l'anestrus post-partum des femelles ovines de race Barbarine: influence du niveau alimentaire et
de la présence du male. PhD thesis, Université des Sciences et Techniques du Languedoc, Académie
de Montpellier, France.



Reproduction of Meat Goats 157

Khanum, S.A., Hussain, M. and Kausar, R. (2006) Manipulation of estrous cycle in Dwarf goat (Capra
hircus) using estrumate under different management conditions. Animal Reproduction Science 92,
97-106.

Khanum, S.A., Hussain, M. and Kausar, R. (2007) Assessment of reproductive parameters in female Dwarf
goat (Capra hircus) on the basis of progesterone profiles. Animal Reproduction Science 102, 267-275.

Lassoued, N. and Rekik, M. (2005) Variations saisonniéres de I'estrus et de 'ovulation chez la cheévre
locale Maure en Tunisie. Revue d’Elevage et de Médecine Vétérinaire des Pays Tropicaux 58,
69-73.

Lassoued, N., Khaldi, G., Cognié, Y., Chemineau, P. and Thimonier, J. (1995) Effet de la progestérone sur
le taux d’'ovulation et la durée du cycle ovarien induits par effet male chez la brebis Barbarine et la
chévre locale Tunisienne. Reproduction Nutrition Development 35, 415-426.

Lassoued, N., Rekik, M., Ben Salem, H. and Dargouth, M.A. (2006) Reproductive and productivity of goats
grazing Acacia cyanophylia Lindl., with and without daily polyethylene glycol supplementation.
Livestock Science 105, 129—136.

Leboeuf, B., Renaud, G., de Fontaubert, Y., Broqua, B. and Chemineau, P. (1994) Echographie et pseudo-
gestation chez la chevre. In: Proceedings of the 7th International Meeting on Animal Reproduction,
Murcia, Spain, pp. 251-255.

Leboeuf, B., Manfredi, E., Boue, P., Piacere, A., Brice, G. and Baril, G. (1998) Artificial insemination of dairy
goats in France. Livestock Production Science 55, 193-203.

Leboeuf, B., Restall, B. and Salamon, S. (2000) Production and storage of goat semen for artificial
insemination. Animal Reproduction Science 62, 113—141.

Le Gal, F, Baril, G., Vallet, J.C. and Leboeuf, B. (1993) In vivo and in vitro survival of goat embryos after
freezing with ethylene glycol or glycerol. Theriogenology 40, 771-777.

Legan, S.J. and Karsch, F.J. (1983) Importance of retinal photoreceptors to the photoperiodic control of
seasonal breeding in the ewe. Biology of Reproduction 29, 316-325.

Lehloenya, K.C. (2008) Multiple ovulation and embryo transfer in goats. PhD thesis, University of the Free
State, Bloemfontein, Republic of South Africa.

Lincoln, G.A. and Clarke, |.J. (1997) Refractoriness to a static melatonin signal develops in the pituitary
gland for the control of prolactin secretion in the ram. Biology of Reproduction 57, 460—467.

Llewelyn, C.A., Ogaa, J.S. and Obwolo, M.J. (1993) Plasma progesterone profiles and variation in cyclic
ovarian activity throughout the year in indigenous goats in Zimbabwe. Animal Reproduction Science
30, 301-311.

Lopez-Sebastian, A., Gonzalez-Bulnes, A., Carrizosa, J.A., Urrutia, B., Diaz-Delfa, C., Santiago-Moreno, J.
and Gomez-Brunet, A. (2007) New estrus synchronization and artificial insemination protocol for
goats based on male exposure, progesterone and cloprostenol during the non-breeding season.
Theriogenology 68, 1081-1087.

Luna-Orozco, J.R., Fernandez, I.G., Gelez, H. and Delgadillo, J.A. (2008) Parity of female goats does not
influence their estrous and ovulatory responses to the male effect. Animal Reproduction Science 1086,
352-360.

Mani, A.U., McKelvey, W.A.C. and Watson, E.D. (1992) The effects of low level of feeding on response to
synchronization of estrus, ovulation rate and embryo loss in goats. Theriogenology 38, 1013—1022.

Martinez, M.F,, Bosch, P. and Bosch, R.A. (1998) Determination of early pregnancy and embryonic growth
in goats by transrectal ultrasound scanning. Theriogenology 49, 1555—1565.

Mavrogenis, A.P. (2005) Small ruminant breeds of Cyprus. In: Iniguez, L. (ed.) Characterisation of Small
Ruminant Breeds in West Asia and North Africa, Vol. 1. International Centre for Agricultural Research
in the Dry Areas (ICARDA), Aleppo, Syria, pp. 417-458.

Mavrogenis, A.P. and Constantinou, A. (1983) Performance of Damascus Goats Bred as Yearlings or as
Two-year Olds. Technical Bulletin No. 45. Agricultural Research Institute, Nicosia, Cyprus.

Mbayahaga, J., Mandiki, S.N.M., Bister, J.L. and Paquay, R. (1998) Body weight, oestrous and ovarian
activity in local Burundian ewes and goats after parturition in the dry season. Animal Reproduction
Science 51, 289-300.

Meites, J., Webster, H.D., Young, W., Thorp, FJ.R. and Hatch, R.N. (1951) Effects of corpora lutea removal
and replacement with progesterone on pregnancy in goats. Journal of Animal Science 10, 411-4186.

Mellado, M., Vera, A. and Loera, H. (1994) Reproductive performance of crossbred goats in good or poor
body condition exposed to bucks before breeding. Small Ruminant Research 14, 45-48.

Mellado, M., Valdez, R., Garcia, J.E., Lopez, R. and Rodriguez, A. (2006) Factors affecting the reproductive
performance of goats under intensive conditions in a hot arid environment. Small Ruminant Research
63, 110-118.



158 M. Rekik et al.

Memon, M.A., Bretzlaff, K.N. and Ott, R.S. (1985) Effect of washing on motility and acrosome morphology
of frozen-thawed goat spermatozoa. American Journal of Veeterinary Research 46, 473—-475.

Memon, M.A., Bretzlaff, K.N. and Ott, R.S. (1986) Comparison of semen collection techniques in goats.
Theriogenology 26, 823-827.

Memon, M.A., Mickelsen, W.D. and Goyal, H.O. (2007) Examination of the male reproductive tract and
evaluation of potential breeding. In: Youngquist, R.S. and Threlfall, W.R. (eds) Current Therapy in
Large Animal Theriogenology. W.B. Saunders, Philadelphia, PA, USA, pp. 515-518.

Mialot, J.P., Saboureau, L., Gueraud, J.M., Prengere, E., Parizot, D., Pirot, G., Duquesnel, R., Petat, M. and
Chemineau, P. (1991) La pseudogestation chez la chévre: observations préliminaires. Recueil de
Médecine Vétérinaire Spécial Reproduction Ruminants 1, 383-390.

Mickelsen, W.D. and Memon, M.A. (2007) Infertility and diseases of the buck. In: Youngquist, R.S. and
Threlfall, W.R. (eds) Current Therapy in Large Animal Theriogenology. W.B. Saunders, Philadelphia,
PA, USA, pp. 519-523.

Moaeen-ud-Din, M., Yang, L.G., Chen, S.L., Zhang, Z.R., Xiao, J.Z., Wen, Q.Y. and Dai, M. (2008) Repro-
ductive performance of Matou goat under subtropical monsoonal climate of Central China. Tropical
Animal Health and Production 40, 17-23.

Molina, S., Fernandez, J.L., Fernandez, M. and Martin, G.O. (1997) Frecuencia y distribucién mensual de
pariciones en majadas de caprinos criollos. Revista Argentina de Produccion Animal 17 (Suppl. 1),
271-272.

Montlomelo, K.C., Greyling, J.P.C. and Schwalbach, L.M.J. (2002) Synchronisation of estrus in goats: the
use of different progestagen treatments. Small Ruminant Research 45, 45—49.

Mori, Y. and Kano, Y. (1984) Changes in plasma concentrations of LH, progesterone and oestradiol in
relation to the occurrence of luteolysis, estrus and time of ovulation in the Shiba goat (Capra hircus).
Journal of Reproduction and Fertility 72, 223-230.

Mourad, M. (1994) Estimation of genetic and phenotypic parameters of some reproductive traits of African
Common goats in Rwanda. Small Ruminant Research 15, 67-71.

Mourad, M. (1996) Estimation of repeatability of litter size of common African goats and crosses with alpine
in Rwanda. Small Ruminant Research 19, 263—266.

O'Callaghan, D., Roche, F.J., Boland, M.P. and Karsch, F.J. (1989) Does a melatonin implant mimic a short
day photoperiodic effect in ewes? Journal of Animal Science 67, Abstract 879.

Osinowo, O.A., Amed, M.S. and Ekpe, G.A. (1988) Semen quality and sperm output of Yankasa rams at
different ages. Theriogenology 29, 381-386.

Papachristoforou, C., Koumas, A. and Photiou, C. (2007) Initiation of the breeding season in ewe lambs and
goat kids with melatonin implants. Small Ruminant Research 73, 122—126.

Pellicer-Rubio, M.T., Leboeuf, B., Bernelas, D., Forgerit, Y., Pougnard, J.L., Bonné, J.L., Senty, E., Breton,
S., Brun, F. and Chemineau, P. (2008) High fertility using artificial insemination during deep anestrus
after induction and synchronisation of ovulatory activity by the ‘male effect’in lactating goats subjected
to treatment with artificial long days and progestagens. Animal Reproduction Science 109, 172—188.

Perez, B. and Mateos, E. (1996) Effect of photoperiod on semen production and quality in bucks of Verata
and Malaguefa breeds. Small Ruminant Research 22, 163-168.

Pieterse, M.C. and Taverne, M.A.M. (1986) Hydrometra in goats: diagnosis with real-time ultrasound and
treatment with prostaglandins or oxytocin. Theriogenology 26, 813-821.

Pintado, B., Gutierrez-Adan, A. and Perez Llano, B. (1998) Superovulatory response of murciana goats to
treatments based on PMSG/anti-PMSG or combined FSH/PMSG administration. Theriogenology 50,
357-364.

Prasad, S.P. and Bhattacharyya, N.K. (1979) Estrus cycle and behaviour in different seasons in Barbari
nannies. Indian Journal of Animal Science 49, 1058—1062.

Price, E.O. and Smith, V.M. (1984) The relationship of male—male mounting to mate choice and sexual
performance in male dairy goats. Applied Animal Behaviour Science 13, 71-82.

Puls-Kleingeld, M., Nowshari, M.A. and Holtz, W. (1992) Cryopreservation of goat embryos by the one-step
or three-step equilibration procedure. In: Lokeshwar, R.R. (ed.) Recent Advances in Goat Production.
Nutan Printers, New Delhi, India, pp. 1388—1391.

Quinlivan, T.D., Martin, C.A., Taylor, W.B. and Cairney, |.M. (1966) Estimates of pre-and perinatal mortality
in the New Zeland Romney Marsh ewe. Journal of Reproduction and Fertility 11, 379-390.

Ranilla, M.J., Sulon, J., Carro, M.D., Mantecon, A.R. and Beckers, J.F. (1994) Plasmatic profiles of
pregnancy-associated glycoprotein and progesterone levels during gestation in Churra and Merino
sheep. Theriogenology 42, 537-545.



Reproduction of Meat Goats 159

Ranilla, M.J., Sulon, J., Mantecon, A.R., Beckers, J.F. and Carro, M.D. (1997) Plasma pregnancy-associated
glycoprotein and progesterone concentrations in pregnant Assaf ewes carrying single and twin lambs.
Small Ruminant Research 24, 125—131.

Rao, V.H. and Bhattacharrya, N.K. {1980) Ovulation in Black Bengal nanny goats. Journal of Reproduction
and Fertility 58, 67—69.

Refstal, K.R., Marteniuk, J.V., Williams, C.S.F. and Nachreiner, R.F. {1991) Concentrations of estrone
sulfate in peripheral serum of pregnant goats: relationships with gestation length, fetal number and
the occurrence of fetal death in utero. Theriogenology 36, 449-461.

Reichle, J.K. and Haibel, G.K. {1991) Ultrasonic biparietal diameter of second trimester Pygmy goat
fetuses. Theriogenology 35, 689—694.

Rekik, M., Aloulou, R. and Ben Hamouda, M. (2005) Small ruminant breeds of Tunisia. In: Iniguez, L. (ed.)
Characterisation of Small Ruminant Breeds in West Asia and North Africa, Vol. 2. International Centre
for Agricultural Research in the Dry Areas (ICARDA), Aleppo, Syria, pp. 91-140.

Restall, B.J. (1992) Seasonal variation in reproductive activity in Australian goats. Animal Reproduction
Science 27, 305-318.

Restall, B.J., Milton, J.T.B., Klongyutti, P. and Kochapakdee, S. (1990) Pregnancy diagnosis in Thai native
goats. Theriogenology 34, 313-317.

Restall, B.J., Restall, H. and Walkden-Brown, S.W. (1995) The induction of ovulation in anovulatory goats
by oestrous females. Animal Reproduction Science 40, 299-303.

Riera, S.(1982) Reproductive efficiency and managementin goats. In: Proceedings of the Third International
Conference on Goat Production and Disease, Tuscon, Arizona, USA, 10-15 January 1982. Dairy
Goat Publishing Co., AZ, USA, pp. 162-174.

Ritar, A.J. and Ball, P.D. (1991) Fertility of young Cashmere goats after laparoscopic insemination. Journal
of Agricultural Science 117, 271-273.

Ritar, A.J., Salamon, S., Ball, P.D. and O’'May, P.J. (1989) Ovulation and fertility in goats after intravaginal
device-PMSG treatment. Small Ruminant Research 2, 323-331.

Rivera, G.M., Alanis, G.A., Chaves, M.A., Ferrero, S.B. and Morello, H.H. (2003) Seasonality of estrus and
ovulation in Creole goats of Argentina. Small Ruminant Research 48, 109-117.

Roca, J., Martinez, E., Vazquez, J.M. and Coy, P. (1992) Characteristics and seasonal variations in the semen
of Murciano-Granadina goats in the Mediterranean area. Animal Reproduction Science 29, 255-262.

Romano, J.E. (2004) Synchronization of estrus using CIDR, FGA or MAP intravaginal pessaries during the
breeding season in Nubian goats. Small Ruminant Research 55, 15-19.

Rubianes, E. and Menchaca, A. (2003) The pattern and manipulation of ovarian follicular growth in goats.
Animal Reproduction Science 78, 271-287.

Salama, A. (1972) Ovarian changes in goats during estrus. Indian Journal of Animal Science 42, 436—438.

Santa Maria, A., Cox, J., Mufioz, E., Rodriguez, R. and Caldera, L. (1990) Estudio del ciclo sexual,
estacionalidad reproductiva y control del estro en la cabra Criolla en Chile, Liverstock reproduction in
Latin America. In: Proceedings of the Final Research Co-ordination Meeting, Bogota, 19-23
September 1988. International Atomic Energy Agency, Vienna, Austria, pp. 363-385.

Schwarz, T. and Wierzchos, E. (2000) Relation between FSH and ovarian follicular dynamics in goats
during the estrous cycle. Theriogenology 52, 381.

Shalaby, A.S., Shalawy, S.M., Saleh, N.H. and Medan, M.S. {2000) Reproductive performance of Damascus
goats in semi-arid areas in Egypt. In: Proceedings of the 7th International Conference on Goats,
France, 15-21 May, Vol. 1, pp. 424-425.

Shaw, F.D. and Morton, H. (1980) The immunological approach to pregnancy diagnosis: a review. Veterinary
Record 106, 268-270.

Shelton, M. (1960) Influence of the presence of a male goat on the initiation of estrous cycling and ovulation
of Angora does. Journal of Animal Science 19, 368-375.

Shelton, M. (1982) Methods of pregnancy diagnosis in Angora and dry meat-type goats. In: Proceedings of
the 3rd International Conference on Goat Production and Disease, Tucson, Arizona, USA, 10-15
January, p. 496 (abstract).

Shrestha, J.N.B. and Fahmy, M.H. (2007) Breeding goats for meat production: 3. Selection and breeding
strategies. Small Ruminant Research 67, 113-125.

Simdes, J., Almeida, J.C., Valentim, R., Baril, G., Azevedo, J., Fontes, P. and Mascarenhas, R. (2006)
Follicular dynamics in Serrana goats. Animal Reproduction Science 95, 16—26.

Smith, M.C. (1980) Caprine reproduction. In: Morrow, D.A. {(ed.) Current Therapy in Theriogenology. W.B.
Saunders, Philadelphia, PA, USA, pp. 975-977.



160 M. Rekik et al.

Song, H.B., Jo, |.H. and Sol, H.S. (2006) Reproductive performance of Korean native goats under natural
and intensive conditions. Small Ruminant Research 65, 284—287.

Sousa N.M., Garbayo, J.M., Figueiredo, J.R., Sulon, J., Goncalves, P.B.D. and Beckers, J.F. (1999)
Pregnancy-associated glycoprotein and progesterone profiles during pregnancy and postpartum in
native goats from the north-east of Brazil. Small Ruminant Research 32, 137—147.

Sutherland, S.R.D. (1987) Progesterone concentration and pulsatile LH secretion during normal oestrous
cycles in Angora-cross does. In: Proceedings of the 4th AAAP Animal Science Congress, Hamilton,
New Zealand, p. 246.

Thibier, M., Jenguyot, N. and Montigny, G.D. (1982) Accuracy of early pregnancy diagnosis in goats based
on plasma and milk progesterone concentrations. International Goat and Sheep Research 2, 1-6.

Thorburn, G.D. and Schneider, W. (1972) The progesterone concentration in the plasma of the goat during
the estrus cycle and pregnancy. Journal of Endocrinology 52, 23—-36.

Tuli, R.K. and Holtz, W. (1995) Effect of season on the freezability of Boer goat semen in the northern
temperate zone. Theriogenology 43, 1359—1363.

van der Westhuizen, J.M., Wentzel, D. and Grobler, M.C. (1985) Angora Goats and Mohair in South Africa.
NKB Printers, Port Elizabeth, Republic of South Africa, pp, 138—140.

Vinoles, C. (2003) Effect of nutrition on follicle development and ovulation rate in the ewe. PhD thesis,
University of Uppsala, Sweden.

Walkden-Brown, S.W. (1991) Environmental and social influences on reproduction in Australian cashmere
goats. PhD thesis, University of Queensland, Australia.

Walkden-Brown, S.W. and Bocquier, F. (2000) Nutritional regulation of reproduction in goats. In: Proceed-
ings of the 7th International Conference on Goats, Tours, France, pp. 389-395.

Walkden-Brown, S.W., Restall, B.J. and Henniawati (1993a) The male effect in the Australian cashmere
goat. 2. Role of olfactory cues from the male. Animal Reproduction Science 32, 55-67.

Walkden-Brown, S.W., Restall, B.J. and Henniawati (1993b) The male effect in the Australian cashmere
goat. 3. Enhancement with buck nutrition and use of oestrous females. Animal Reproduction Science
32, 69-84.

Walkden-Brown, S.W., Martin, G.B. and Restall, B.J. {1999) Role of male—female interactions in regulat-
ing reproduction in sheep and goats. Journal of Reproduction and Fertility Supplement 54,
243-257.

Wang, X.L., El-Gayar, M., Knight, P.G. and Holtz, W. (2009) The long-term effect of active immunization
against inhibin in goats. Theriogenology 71, 318-322.

Wango, E.O., Heap, R.B. and Wooding, F.B.P. (1991) Progesterone and 5b-pregnanediol production by
isolated fetal placental binucleate cells from sheep and goats. Journal of Endocrinology 129,
283-289.

Wani, G.M. (1996) Embryo Biotechnology in Sheep and Goats. Valley Book House Publisher, University
Road, Hazratbal Srinagar, Kashmir.

Wani, G.M. and Sahni, K.L. {1980) An ultrasonic technique for detection of pregnancy in sheep and goats.
Veterinary Research Journal 2, 35—-73.

West, K.S., Meyer, H.H. and Nawaz, M. (1991) Effects of differential ewe condition at mating and early
postmating nutrition on embryo survival. Journal of Animal Science 69, 3931-3938.

Wuliji, T., Litherland, A., Goetsch, A.L., Sahlu, T., Puchala, R., Dawsonc, L.J. and Gipson, T. (2003)
Evaluation of melatonin and bromocryptine administration in Spanish goats: |. Effects on the out of
season breeding performance in spring, kidding rate and fleece weight of does. Small Ruminant
Research 49, 31-40.

Yuswiati, E. and Holtz, W. (1990) Work in progress: successful transfer of vitrified goat embryos.
Theriogenology 34, 629-632.

Zarkawi, M. and Soukouti, A. (2001) Serum progesterone levels using radioimmunoassay during oestrous
cycle of indigenous Damascus does. New Zealand Journal of Agricultural Research 44, 165—169.

Zarkawi, M., Al-Merestani, M.R. and Wardeh, M.F. (1999) Induction of synchronized oestrus in indigenous
Damascus goats outside the breeding season. Small Ruminant Research 33, 193—-197.

Zoli, A.P, Guilbault, L.A., Delahaut, P, Benitez-Ortiz, W. and Beckers, J.F. (1992) Radioimmunoassay of a
bovine pregnancy-associated glycoprotein in serum: its application for pregnancy diagnosis. Biology
of Reproduction 46, 83-92.



6

Nutrition of the Meat Goat

J.R. Kawas', O. Mahgoub? and C.D. Lu®
"Cuerpo Académico de Produccion Animal y Recursos Naturales, Facultad de
Agronomia, Universidad Autdnoma de Nuevo Leén, Nuevo Leén, Mexico;
2Department of Animal and Veterinary Sciences, College of Agriculture and Marine
Sciences, Sultan Qaboos University, Oman; 3University of Hawaii, Hilo, Hawaii, USA

6.1 Abstract

This chapter aims to provide a summary of
some applications of basic nutrition to the
meat goat. Nutrient requirements of goats and
nutritional limitations associated with for-
ages and other feed resources are discussed.
Some aspects of the feeding habits, feed com-
position, nutrient requirements, feed formu-
lation and feeding of goats will be discussed.
Present knowledge of nutrient requirements
and nutritional management based on infor-
mation available for the meat goat of native
and specialized breeds in the literature is
summarized. Emphasis is also placed on the
use of feed supplements to optimize the pro-
duction potential of goats in semi-arid range
environments. Where applicable, compari-
sons with other relevant species are made.

6.2 Introduction

Nutrition involves the consumption, diges-
tion, absorption and metabolism of nutri-
ents required for tissue repair and health,
reproduction, growth and lactation of the
meat goat. Browsing constitutes the main
diet of free-ranging goats. As intermediate
opportunistic domestic feeders, goats

possess morphological, physiological and
behaviour characteristics that allow them to
select and have a greater availability of the
native vegetation than other ruminants
(Malechek and Provenza, 1983). Among
these are the mobility of their superior lip,
their ability to stand in a biped posture and
their capability for travelling long distances
(Askins and Turner, 1972).

Forage fibre and other feed components
are fermented in their rumen, generating
energy precursors, synthesizing microbial
protein for post-ruminal absorption as
amino acids, and synthesizing B-complex
vitamins and vitamin K (Haenlein and
Caccese, 1992). Water conservation and
nitrogen recycling are important mecha-
nisms that allow goats to withstand better
the adverse conditions of semi-arid regions
of the world (Silanikove, 2000).

Many environmental and nutritional
factors influence goat production in range-
lands. Reduced forage availability and
quality lead to low consumption of feed
nutrients, which are further exacerbated by
the effect that plant secondary metabolites
(PSMs) in browse and parasitism have on
nutrient utilization. Frequently, available
feed resources fail to satisfy the maintenance
requirements of small ruminants (Ben Salem
and Nefzaoui, 2003). Supplementation is
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required to mitigate both nutrient deficien-
cies and the effect of PSM toxicity.

Supplementary feeds include legumi-
nous fodders, which can serve as good
protein and energy sources, cacti, which
require very little water, and energy sources
such as molasses, cereal grains and by-
products and oilseed meals. Mineral and
protein supplementation of goats consum-
ing high-fibre/low-protein forages generally
improves intake and performance. Nutrient-
specific supplements should take into
consideration the protein content and min-
eral profiles of forages in each region. These
should be formulated to be cost-effective
and supply those nutrients required to
optimize growth and reproduction of range
goats (Kawas et al., 2010).

6.3 Gastrointestinal Tract

The goat gastrointestinal tract has evolved
on the basis of adaptation to feed resources.
The goat is a ruminant animal with a diges-
tive tract consisting of mouth, oesophagus,
a four-compartment stomach, small intes-
tine (duodenum, jejunum and ileum), and
large intestine (caecum and colon).
Accessory organs such as the salivary
glands, liver and pancreas contribute to
digestion. Ruminant comes from the word
‘rumen’, which is the first major compart-
ment of the four-compartment stomach of
goats where microbial fermentation takes
place. Some anatomical and physiological
aspects of the digestive tract of the goat have
been discussed by several authors (Haenlein
and Caccese, 1992; Silanikove, 2000; Lu
et al., 2005; Hart, 2008) and will be summa-
rized in this section.

The primary prehensile structures of
the goat are the mouth, lips, teeth and
tongue. Like other ruminant animals, goats
lack upper incisor and canine teeth. They
depend on the hard and rigid dental pad,
lower incisor teeth, lips and tongue to bite
and take feed into their mouths. The lips are
important prehensile organs. This charac-
teristic enables the greater selectivity of
goats when grazing under range conditions.

Feed components are broken down into
smaller particles by the mechanical action
of the teeth. The tongue helps in mixing the
feed in the mouth and swallowing it. Five
pairs of salivary glands (parotid, submaxil-
laries, sublingual, inferior molar and buccal
glands) secrete a mixture of serous and
mucous fluids, released by the stimulation
of chewing activities including eating and
rumination (Haenlein and Caccese, 1992).
The saliva secreted aids in cud chewing and
swallowing, and is needed for buffering and
maintenance of rumen pH within an opti-
mal range (pH 6.2—-6.8) for microbial growth
(Lu et al., 2005).

The insalivated feed then enters the
oesophagus, which is a tube-like duct that
carries food from the mouth into the stomach
at the reticulum. The feed bolus is forced
down the oesophagus as a result of voluntary
muscular contractions in its proximal por-
tion, while smooth muscles in the remainder
of the oesophagus cause peristaltic contrac-
tions that transport the bolus further to the
reticulum. During resting, the ball-like bolus
of fibrous and coarse feed, called the cud, is
regurgitated from the reticulo-rumen into the
mouth through the oesophagus. The rumina-
tion process includes regurgitation of the
cud, which is thoroughly chewed and swal-
lowed again. Goats may spend more than 7 h
a day ruminating, depending on the fibre
content of the feed (Lu et al., 2005). As chew-
ing or mastication is comprised of both con-
sumption and rumination, excess fibre in the
diet may increase the latter, affecting the
amount of feed dry matter (DM) the goat can
eat. Chewing aids in particle size reduction,
allowing a greater surface area for microbial
digestion and for the smaller particles to flow
out of the rumen. Lateral movements of the
jaw allow effective grinding of forage and
other feed particles (Haenlein and Caccese,
1992).

The four-compartment stomach is com-
prised of the reticulum, rumen, omasum
and abomasum, the latter being the true
stomach (Fig. 6.1) where enzymatic diges-
tion occurs. Each of these compartments
has a specific function in the digestive pro-
cess. When the goat kid is born, the rumen,
reticulum and omasum are underdeveloped,
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Fig. 6.1.

and the abomasum or gastric stomach is the
largest of the four compartments. The
abomasum functions similarly to the stom-
ach of non-ruminant animals. The utiliza-
tion of nuftrients and absorption of
antibodies (immunoglobulins) from colos-
trum that bypasses the rumen and reticu-
lum through the oesophageal groove and
into the abomasum is high during the first
days of life. The four stomach compart-
ments reach their adult size after 2 months
of age. In the adult goat, the rumen is the
largest of the four stomach compartments.
Feed first undergoes microbial diges-
tion in the rumen and reticulum, and these
compartments are collectively referred to as
the reticulo-rumen. The reticulum is sepa-
rated from the rumen by the reticulo-
ruminal fold. The capacity of the goat
reticulum is only 1-2 1, whereas the rumen
contains a considerable amount of fluid
(12-25 1; >20 1 in the adult goat), which
depends on the type of feed consumed
(Silanikove, 2000). Small finger-like projec-
tions called papillae that cover the rumen
surface increase the absorptive surface area.
As goat kids grow, they continuously
increase their consumption of solid feed,
allowing the rumen to develop and micro-

Abomasum

Pilorus

Oesophagus

Reticulum

Omasum

Diagram of the digestive tract of the meat goat.

organisms to thrive. Microbial fermentation
accomplished by millions of microorgan-
isms such as bacteria, protozoa and fungi
produce enzymes that break down forage
fibre and other feed components, generating
energy precursors know as volatile fatty
acids (VFAs), and synthesizing B-complex
vitamins and vitamin K and providing pro-
tein from microbial origin for post-ruminal
digestion and absorption as amino acids by
the host animal.

Carbohydrates are fermented in the
reticulo-rumen producing VFAs, primarily
acetic, propionic and butyric acids, which
are absorbed through the rumen wall pro-
viding most of the energy requirements.
Fermentation by rumen microorganisms
also generates gases, primarily methane and
carbon dioxide, which are lost through
eructation. With the rapid consumption of
large amounts of lush legumes or grain,
goats may be unable to eliminate these
accumulated gases, producing a condition
known as bloat, which may be lethal.

After forage has been digested and
broken down into small particles in the
reticulo-rumen, it passes through the omasum
where water absorption occurs, and then
enters the abomasum, the ftrue stomach,
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where hydrochloric acid and digestive
enzymes are secreted. Here, the digestion
process continues bef