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Foreword

Congratulations and commendations to Dr. Solaiman for
bringing together a truly international team of experts as
contributors to this book addressing the characteristics,
management, production, and contributions of goats in
our world. These authors have resided and studied in at
least 14 countries and traveled extensively throughout
many others, molding their perspectives on the roles of
goats in global cultures. Sandra, whom I am privileged to
know personally, is a consummate professional, more
interested in truth than perception and value than appear-
ance. Clearly, these qualities are shared by those selected
as contributors.

Goats belong to one of a large number of species
regarded generally as small ruminants that occupy special
niches throughout the entire world. They vary in size,
shape, color, and behavior and supply numerous consum-
able products. Likewise, the human populations served by
goats are diverse. In 2007, the National Research Council
of the National Academies published under its Animal
Nutrition Series the ‘“Nutrient Requirements of Small

ix

Ruminants: Sheep, Goats, Cervids, and New World
Camelids.” Dr. Solaiman, a member of the writing com-
mittee of the NRC issue and a major contributor to the goat
sections, determined to expand the application of knowl-
edge of the goat beyond its nutritional requirements to
include other biological, social, managerial, and economic
considerations. It is to that end and for that purpose that
this volume is being published. The codependence of goats
and their holders under greatly different circumstances
presented special challenges to the authors. Under Dr.
Solaiman’s editorial leadership, these challenges were met.

Having invested a career working with goats and with
colleagues of similar interests, I am grateful for this oppor-
tunity to commend this volume to you for your information
and enjoyment.

Ed Huston

Professor Emeritus of Animal and Range Science
Texas A&M University

San Angelo, Texas






Preface

Currently in the U.S., goats have been gaining popularity
for their milk and meat products, catching up with popular-
ity they have experienced in other parts of the world.
Though more U.S. universities are involved in goat
research and extension programs than ever before, few
offer courses in goat science and management. The last
comprehensive book on goats, “Goat Production,” was
published more than a quarter of a century ago by Gall
(1981), while a more recent publication, “Goats: Biology,
production and development in Asia” by Devendra (2007)
is focused on Asia. There was a need for a new book cover-
ing all aspects of goat sciences and all applicable produc-
tion practices; therefore, this book was created. This book
has been designed to provide a comprehensive, up-to-date
compilation of information on goat science and the prin-
ciples governing their production. It is intended to primar-
ily serve as a textbook for a Junior-Senior level animal
science course, which may also be taught as a first-year
graduate course in some universities. The depth of scien-
tific information relating to the field of animal and veteri-
nary science presented in this book qualifies it for use in
educating veterinary students as well as for use as a
resource book for veterinarians, educators, researchers,
extension specialists, managers, consultants, and all other
goat enthusiasts.

TOPICS

The topics covered in this book are the collections of my
thoughts after reviewing many textbooks and resource
books, after conducting more than 20 years of research in
the field of goat science and production, both nationally
and internationally, and lastly after serving more than 25
years as a teacher in higher education. I would also like to
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note that many of my contributors have provided me with
excellent suggestions that were also incorporated into the
contents. I felt that the reader should be introduced to goats
in Chapter 1 to understand the main position of this noble
animal and its significant contribution to the socioeconom-
ics of subsistence farming and its role in hunger alleviation
in the world. Chapters 2, 3, and 4 are focused on major
breeds of goats and how to conserve genetic resources in
indigenous breeds, especially after introduction of geneti-
cally superior breeds, principles of genetics, and breeding.
Chapter 5 can serve as a reference and satisfy goat enthu-
siasts that actively show goats. Showing animals is a
common practice in the developed world and goats are no
exception as they are commonly included in animal shows.
This chapter additionally focuses on ideal meat, dairy, and
fiber goat characteristics for proper selection for breeding.
Chapter 6 was created mainly for veterinary students and
others interested in different functional parts of the goat.
This chapter identifies the principles governing common
practices, for example, hoof trimming, dehorning, castra-
tion, etc., as well as major functional anatomy of different
body systems, such as digestive, respiratory, cardiovascu-
lar, endocrine, nervous, etc. Chapter 7 focuses on applied
reproductive physiology of the goat and covers all of the
advances in reproductive technology practiced in goats.
Chapters 8, 9, and 10 cover principles governing digestive
physiology, nutrient metabolism, unique ingestive behav-
ior of goats, and feeds and feeding practices. Rumen dys-
functions and common problems associated with feeding
are also covered in these chapters. The next two chapters,
11 and 12, cover herd health program, diseases and para-
sites, integrative approaches for prevention and control of
parasites, and preferred goat management practices for
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raising healthy goats. Chapters 13, 14, and 15 focus on
goat products such as meat, milk, and fiber including topics
such as their uniqueness, quality, and marketability.
Chapter 16 explores the unique characteristics of goats and
their use in enhancing the environment, reducing fuel load,
and preventing fires. Chapter 17 discusses the require-
ments for housing including a discussion of both shelter
and fencing. After properly raising goats, they should be
marketable and profitable. Chapter 18 covers basic eco-
nomic indices based on enterprise budgeting, which can be
used to measure profitability and to identify proper market-
ing channels for goat meat, milk, and fiber.

Reviewing information provided in each chapter, con-
tributors were asked to identify main teaching, research,
extension, and outreach activities that are currently lacking.

Also by searching the literature and Internet using various
search engines, information lacking was identified. Based
on information gathered, future needs for teaching,
research, extension, and outreach were formulated and
briefly summarized in Chapter 19.

PREREQUISITES

This book is written assuming that the reader has at a
minimum a basic understanding and exposure to both bio-
logical and animal science. In terms of mathematical and
chemical background, it is assumed that the reader has a
basic understanding of the topics covered in general chem-
istry, organic chemistry, and first and second year equiva-
lent mathematics concepts.
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1

Perspectives on Goats and
Global Production

C. Devendra, PhD, DSc, FASc and S.G. Solaiman, PhD, PAS

KEY TERMS

Improver breeds—Ilocal breeds of goats that have a potential to improve performance of other breeds.
Bezoar—Capra hircus, the true goat, one of the five wild ancestors of the domestic goat.

The Silk Road—one of the world’s oldest and historically important trade routes.

Agroecological zones—climate, soil, and terrain conditions relevant to agricultural production.
Agropastoralism—mixed crop-livestock systems with extensive grazing in which households are on the move and

their livelihoods are involved with the system.

Range-based systems—extensive systems characterized by rainfall of less than 150 millimeters (mm)/year.
4-H Competition—a competitive event important in youth development education.
Rainfed areas—non-irrigated agricultural areas that depend on rain as a source of water.

OBJECTIVES

By completing this chapter, the reader should acquire knowledge on:

e Where the goat originated

e How the goat contributes to human culture

e Outlook for goat production in the world

¢ Outlook for goat production in the United States (U.S.)
e Production systems in the world

e Production enterprises in the U.S.

e Constraints to goat production

e Farming systems research

INTRODUCTION

The goat species is an important component of animal
genetic resources. Together with sheep, and partly
because of their size, both are commonly called “small
ruminants.” Goats have been associated with man since
the dawn of agriculture and the domestication of animals.
Goats were the first animals to be domesticated by man
and continue to hold an important niche particularly

in subsistence agriculture in the developing countries,
and they support a variety of socioeconomic functions
throughout the world.

This chapter provides a comprehensive background and
some perspectives on goats and goat production in the
world and the U.S. highlighting and discussing the various
aspects of goat production. For brevity, discussions are
necessarily concise, and readers are encouraged where
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appropriate to read the references provided when seeking
further information.

EVOLUTION AND DOMESTICATION
OF GOATS

Evolutionary biology indicates that the goat was domesti-
cated about 10,000 years ago at the dawn of the Neolithic
age. Domestication was associated with three of the oldest
civilizations: the Nile in northeast Africa, the Tigris—
Euphrates in west Asia, and the Indus in the Indian sub-
continent. Archeological investigations of relics from past
civilizations show that links between goats and people and
their livelihoods were very close. Archeologists indicate
that the goat was first domesticated in the “Fertile Crescent”
of the eastern Mediterranean. This landmass stretches
between the Black and Caspian seas along the coast of
Palestine, and curves like a quarter moon toward the
Persian Gulf. This is the site where agriculture originated—
in the narrow strip bounded by the Euphrates and Tigris
rivers.

Domestication of wild goats was evident first in Jericho
(Jordon) around 7000 BC as well as in the Zagros
Mountains in Gangi Dareh (Iran) around 8000 BC (Zeuner,
1963). Since then, the goat has been involved in many
aspects of human culture including religion, tradition, folk-
lore, nutrition, livelihood, and economics (Boyazoglu
et al., 2005).

GOATS IN MYTHOLOGY

Goats, probably more than any other species, have been
associated with mythology in many cultures. In ancient
mythology, Jupiter was nursed by a goat and Thor’s chariot
was pulled by a team of goats. The Greek god Pan often
is represented as half man and half goat. In Chinese culture
for example, the goat spirit Yang Chin is the god of Fan-
Yin, the transcendent goat with a white face, horns, a long
beard, and a special headdress.

In Chinese astrology, the goat is one of the cycles among
the 12 earthly branches of nature. Symbolizing love and
happiness, the goat represents Wei, the eighth earthly
branch and the embodiment of summer. The goat also is a
Mongolian god (Cooper, 1992). The zodiacal sign
Capricorn comes from the Latin word Capra meaning a
goat. In addition, the sign Aries has a mixed etymology.
In Umbrian it is a ram, in Greek it is a kid (goat), and in
old Irish it is a doe.

ZOOLOGICAL CLASSIFICATION

The goat is a hollow-horned ruminant that belongs to the
mammalian order Artidactotyla, suborder Ruminantia,

Table 1.1 Zoological classification and ancestry
of domestic goats.

Common name Species

True goat Capra hircus, including the
bezoar (c.h.aegagrus)
Ibexes Capra ibex

Caucasian tur
Spanish ibexes
Markhor

Capra caucasica
Capra pyrenaica
Capra falconeri

Source: Ellerman and Morrison Scott, 1951.

family Bovidae, and is of either the Capra or the
Hemitragus genera. The distinction between these two
genera was based first on horn structure, but the distinction
has been confirmed genetically.

The domestic goat belongs to the genus Capra. It devel-
oped from the following five wild ancestors:

1. Capra hircus, the true goat including the bezoar
(e.g., aegagrus)

Capra ibex, the ibexes

Capra caucasica, the Caucasian tur

Capra pyrenaica, the Spanish ibex

Capra falconeri, the markhor

wbk W

See Table 1.1. The Mediterranean breeds also owe some
of their distinctive characteristics to the ancestral influence
of the extinct Capra prisca.

The comparative morphology and breeding experiments
indicate that the bezoar of western Asia was the main
progenitor of most domestic goats. Both the markhor and
bezoar gave rise to the majority of the Indian and central
Asian breeds with their distinctive characteristics: long
coarse hair, black rather than white, brown, or other colors,
and scimitar-shaped horns (Devendra and Burns, 1983).

IMPORTANCE AND SOCIOECONOMIC
RELEVANCE OF GOATS

Goats provide products and services important for man
throughout the world. In developed countries goats are
valued mainly for their milk, fiber, and meat; while in the
developing countries, they are valued mainly for meat,
followed by milk, fiber, and skins. Table 1.2 summarizes
the products and services from goats in Asia, which will
be similar to other regions of the world.

The socioeconomic relevance of goats is greatest in
developing countries where they meet socioeconomic, cul-
tural, and recreational needs. Their small size is especially
relevant and relates directly to economic, managerial, and
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Table 1.2 Goat products and services in Asia.

Products

Services

Meat (raw, cooked, blood,
soup, goat meat extract—
“Zeungtang” in Korea)’

Milk (fresh, sour, yogurt,
butter, cheese)

Skins (clothes, shoes,
water/grain containers,
tents, handcraft,
shadow play in
Indonesia, thongs, etc.)

Hair (cashmere, mohair,
garments, coarse hair

Cash income and
investment
Security and insurance
Prestige in ownership
Gifts and loans
Religious rituals (e.g.,
sacrificial slaughter)
Human nutrition—
beneficial characteristics
of meat and milk
Pack transport
Draught power

rugs, tents, ropes, wigs, Medicine
fish lures) Control of bush
Horns encroachment

Bones (handcraft)
Manure and urine
(crops, fish)

Guiding sheep for grazing

*With goats: Total edible proportion is 61%. Total
saleable proportion is 82%.
Source: Devendra, 2007a.

biological advantages over other species. The following
benefits are noteworthy (Devendra, 1998):

* Income: means to earn supplemental money

e Food: provide animal proteins (milk and meat) for the
nutritional well-being of peasants, particularly the
undernourished

e Security: form for investment, maintenance of assets,
security, and economic stability

e Employment: creation of jobs, including effective utili-
zation of family labor

e Fertilizer: contributes to crop production and farm fertil-
ity through the return of dung and urine

e By-product utilization: using nonmarketable crop resi-
dues to generate value-added products (for example,
meat, fiber, and skins)

* Social values: increases cohesiveness in village activi-
ties and religious ceremonies

* Recreation: buck fighting and buck races

The small size of the goat contributes to its popularity.
Goats help to meet daily food needs (meat and milk), are
easily sold as a source of cash, provide insurance and col-
lateral for various agricultural activities, are valued in
religious ceremonies including sacrifices, are gifts during

marriage ceremonies, and are even used for sport and rec-
reation. In harsh semiarid and arid environments such as
the Sahel, Near East region, and northern parts of the Indian
subcontinent to which the species are well adapted, poor
and landless farmers often increase the size of their goat
flocks to provide greater food and economic security.

POPULATION SIZE AND GLOBAL
DISTRIBUTION

Table 1.3 tabulates the total population size and the global
distribution of goats. Several items of note follow:

e The total world population of goats in 2007 was about
850 million.

e The developing countries claim about 41% of the goat
population.

e The low-income, food-deficit countries had about 86%
of the goat population.

e The largest goat population is in Asia (545 million)
followed by Africa (245 million). Combined, these two
continents accounted for about 93% of the world’s total
goat population.

* During the period of 1986-2007, the annual growth of
the goat population was 3.5% per year, with growth rate
in developing countries of 4.5%. Of the developing
nations, only Latin America and the Caribbean had a
very low population growth rate for goats.

* In Europe, goats had a negative growth rate. But Europe
had 2% of the total world goat population with a sizeable
number of breeds (26% of breeds), many of which have
been introduced into other countries.

e Oceania had the highest negative growth rate and only
0.1% of the total world goat population. But it is among
the highest exporters of goat meat.

* North America had the smallest goat population of about
3 million or about 0.3% of the total goat population, but
it has an impressive population growth rate of 3.4%
among developed countries.

Table 1.3 shows how goats are distributed very widely
globally across a wide variety of agroecological zones
(AEZ). Historically, distinct dispersion routes enabled the
spread of goats leading to their wide distribution. Such
trade routes continue to be used today. Examples would
include the early settlement of the West Indies where goats
often were carried aboard ships to supply fresh milk during
voyages. Thereby, goats from India were introduced to
Trinidad, Guyana, and Jamaica. Likewise, goats accompa-
nied immigrants aboard the ship with Captain Cook to
Australia in the eighteenth century. Asia, western Asia,
and the Indian subcontinent were especially important as
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Table 1.3 Goat populations and their global distribution.

1986 2007 % of Total Average Annual

Region (Million) (Million) (2007) Growth Rate (%/yr)
Africa 1534 245 28.8 3.0

Asia 288 545 64.1 4.5

Europe 20 18.1 2.1 —-0.45
Americas 34.6 41.1 4.8 0.9

Oceania 1.5 1.0 0.1 -1.7

North America 1.8 3 0.3 34

Latin America and 32.8 38.1 4.5 0.8

Caribbean

Developing countries 186 351 41.3 4.4

Food deficit countries 385 728.6 85.7 4.5

Least developed countries 126.6 246 29 4.7

Total world 497.5 850.2 — 3.5

Source: FAO, 2007.

the focal points for goat dispersion along two routes
(Devendra and Nozawa, 1976):

1. From Iran, Afghanistan, and Turkistan to Mongolia and
northern China along the Silk Road.

2. From the Indian subcontinent to Asia and Europe
through the Khyber Pass.

The second route is older, being used by the Indo-Aryan
people from the north in the second millennium BC.
Mongolia, China, and India received domestic goats from
nomadic and seminomadic pastoralists from western and
central Asia who used these routes.

Because goats are fully adapted to drier, semiarid to arid
AEZ environments, they thrive in sub-Saharan Africa
(SSA). Among grassland environments, in the mixed
rainfed arid and semiarid grassland systems, and in all
mixed systems, goats and sheep outnumber -cattle.
A similar situation exists in rainfed arid and semiarid
Rajasthan in the northern parts of India. In such environ-
ments, goats and sheep are critical for the livelihood of the
landless and marginal farmers in West Asia, North Africa,
north India, north Brazil, and north Mexico.

The principal reason for the wide distribution of the goat
species is their intrinsic capacity to adapt to different bio-
physical conditions and environments. This adaptability is
aided by their inquisitive nature and independent habits.
This in turn becomes reflected in their adaptations in terms
of anatomical, morphological, physiological, feeding
behavior, and metabolic modifications under different cli-
matic conditions (Table 1.4).

GOAT PRODUCTS AND PRODUCTIVITY

Goats produce meat, milk, fiber, and skins. Goat meat is
widely consumed locally and may be exported. Milk is of
secondary importance, being consumed primarily by the
household in developing countries. In developed countries,
milk and milk products and notably cheese are sold com-
mercially and consumed widely. Milk and milk products are
important contributors to human nutrition (Haenlein, 2004).

Commercially, goat fiber (mohair, cashmere) is the most
luxurious fiber in the world and goatskin is a very valuable
product with high added value especially in European
markets. In developing countries, the value of goatskins
often is not recognized due to inadequate knowledge and
poor processing methods. India is one exception due to the
advances in their tannery function and processing methods.
Consequently, the export of skins is a major source of
income for India.

Figure 1.1 illustrates global goat meat and milk produc-
tion from 1980 to 2007. Globally, goat meat and milk
production were 5.1 and 14.8 million metric tons (MT) in
2007, respectively. These numbers represent increases of
3.0- and 2.0-fold from 1.7 and 7.7 million MT from those
of 1980. The total world meat and milk inventories in 2007
according to the Food and Agriculture Organization of the
United Nations (FAOSTAT) were 285.7 and 671.3 million
MT (FAOSTAT, 2007), respectively. Goat meat and milk
production represents only 2.0 and 2.2% of the global
inventory, respectively. Unlike other major meats and
milk, goat meat and milk are not widely traded but instead
are consumed locally.



Table 1.4 Characteristics of adaptation by goats to different tropical climates.

Feeding behavior/feed

Type of climate  Anatomical Morphological Physiological Metabolism utilization Products
Arid/semi-arid  Large size (30—  White, black, or Panting, sweating, and  Increased Browse over long distances; Meat/milk/
50kg), long brown coat cooling mobilization of resistance to dehydration; fiber
legs and ears; color; shiny fat during desiccation of feces;
scrotum surface; white- periods of feed increased concentration and
shows two colored goats shortage; lower reduced urine volume;

distinct sacs

Subtropical Intermediate size
(25-30kg)

Humid/ Small/dwarf size
subhumid (10-25kg)
short legs;
small ears

absorb less
amounts of solar
radiation

White, black, or
brown coat
color; less shiny
coat

Mainly black or
brown coat
color; shiny coat

Panting and sweating

Reduced panting and
evaporative cooling
due to humidity and
also more shade

water turnover
rate

Lower water

turnover rate

Low metabolic

rate; restricted
pituitary function

rumen acts as water
reservoir; higher digestive
efficiency of coarse
roughages; efficient use and
retention of nitrogen

Intermediate Meat/milk/
fiber
Reduced walking due to Meat

increased availability of
forages and crop residues

Source: Devendra, 1987.
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Figure 1.1 Changes in global goat meat and milk production (FAOSTAT, 2007).

Table 1.5 Top producers of goat meat.

Table 1.6 Top producers of goat milk.

Country Goat meat (MT) % Country Goat milk (MT) %
China 2,253,678 43.8 India 3,823,000 25.8
India 527,000 10.2 Bangladesh 2,016,000 13.6
Pakistan 350,000 6.8 Sudan 1,450,000 9.8
Bangladesh 195,000 3.8 Pakistan 699,000 4.7
Sudan 186,000 3.6 France 590,000 4.0
Nigeria 148,830 2.9 Greece 500,000 34
Iran, Islamic Republic 106,000 2.0 Spain 488,500 33
Indonesia 63,410 1.2 Somalia 393,000 2.6
Greece 58,000 1.1 Iran, Islamic Republic 370,000 2.5
Mali 52,820 1.0 China 268,000 1.8
Others 1,214,504 23.6 Others 4,218,152 28.5
World 5,146,202 100 World 14,800,534 100

Source: FAOSTAT, 2007.

Tables 1.5 and 1.6 summarize the contributions of
the top 10 countries to global goat meat and milk pro-
duction. Goat meat and milk are important in most parts
of the world particularly in the developing countries.
Production parallels the size of goat populations. More
than 60% of the total world goat meat was produced
by China, India, and Pakistan in 2007. At the same
time, almost 50% of the goat milk was produced by
India, Bangladesh, and Sudan, and more than 70% of milk
was produced in the top 10 countries in goat milk
production.

Source: FAOSTAT, 2007.

Among exporting countries, Australia leads the world in
goat meat exports with 21,952 MT exported in 2006 (the
latest data available on the FAOSTAT website in 2009)
and 41.1% of the total world market. Ethiopia claimed
25.7% of the export market, followed by China (8.9%),
Pakistan (7.4%), and France (5.4%). More than 80% of
the goat meat was exported by the top seven countries
(Table 1.7).

The top importers of goat meat were the U.S. with
22.6%, followed by United Arab Emirates (16.7%), and
China (15.5%). Collectively, these three countries import
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Table 1.7 Top exporters of goat meat.

Country Goat meat (MT) % Total
Australia 20,199 41.1
Ethiopia 12,659 25.7
China 4,406 8.9
Pakistan 3,650 7.4
France 2,666 54
Saudi Arabia 1,410 2.8
New Zealand 1,132 2.3
Others 3,145 6.4
World 49,137 100
Source: FAOSTAT, 2005.
Table 1.8 Top importers of goat meat.
Country Goat meat (MT) %
U.S. 9,653 22.6
United Arab Emirates 7,119 16.7
China 6,599 15.5
Qatar 3,013 7.0
China, Hong Kong 2,680 6.3
Saudi Arabia 2,511 5.9
France 1,470 34
Italy 1,459 34
Canada 1,302 3.0
Others 6,914 16.2
World 42,680 100

Source: FAOSTAT, 2005.

almost 55% of the total goat meat imports (Table 1.8).
Goat milk and skin are not traded according to the
FAOSTAT Web site, and trade of goat cheese is minimal.

THE GOAT INDUSTRY IN THE U.S.

As a contrast with the situation in the developing countries,
it seems relevant to examine the goat industry of the U.S.
and its outlook.

In the U.S., goats are used mainly for meat, milk, and
fiber production, for vegetation control and management,
and for reducing the fuel for wildfire.

Meat goat production in the U.S. has increased in recent
years because of a growing population of ethnic and faith-
based groups that consume goat meat. The national esti-
mates, based on import data only, indicate that in 2007 the
U.S. had a deficit of more than 718,000 goats relative to
the current demand for goat meat (Solaiman, 2007).

Status and trends of goat farms and the industry

According to the 2007 U.S. Department of Agriculture-
National Agricultural Statistics Service (USDA-NASS),
the goat population in the U.S. is a little over 3 million
head. Goat numbers doubled from 1985 to 2007
(Figure 1.2). In 2007, more than 83% of goats in the U.S.
were meat goats, 10% were dairy goats, and 7% were
Angora goats (Table 1.9).

According to the USDA Census (2002), the number of
all-goat farms increased more than 19%, and the goat
population increased by over 12% from 1997 to 2002;
however, the number of farms selling goats increased by
over 45%, and goat sales were up by more than 55%.
USDA-NASS (2007) sample data indicated that the total
number of goats continued to increase, being up 19% from
the 2002 USDA Census. The number of meat goat farms
increased by 18%, and the number of meat goats increased
more than 57% from 1997 to 2002. The number of farms
selling meat goats increased by 48% with an increase
of more than 108% in meat goat sales. According to the
2007 USDA-NASS sample data, meat goat population
was up another 29% from the 2002 USDA Census. The
number of dairy goat farms increased by 45%, and dairy
goat numbers increased by 52.5% from 1997 to 2002. The
number of farms selling dairy goats increased by 71%, and
the number of dairy goats sold increased 57%. According
to the 2007 USDA-NASS sample data, the number of dairy
goats had increased by another 5% from 2002.

During the same period, the number of Angora goat
farms declined by over 63% from 1997 to 2002. The
number of farms selling Angora goats also declined with
61% fewer Angora goats being sold. Sample data indicated
that the number of Angora goats declined another 29%
from 2002 to 2007. Although there was a drastic reduction
in Angora goat numbers and sales, the increase in the total
goat population in the U.S. can be attributed partially to a
small increase in the numbers of dairy goats, and a major
increase in the numbers of meat goats.

The majority of the meat goats are produced in the South
and the Southeast regions of the U.S. In contrast, the states
producing dairy goats are located in the Midwest and
West, with a small number in the Northeast. The majority
of the Angora goats are produced in the South and the
Southwest.

Texas leads the nation with the largest number of
goats: 44% of the meat goats, more than 70% of the
Angora goats, and more than 8% of the dairy goats (Table
1.10).

According to the USDA-NASS 2007 data, Missouri and
Florida had the greatest percentage increase in the number
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Table 1.9 Changes in goat farming in the U.S. (1997-2007").
Category 1997 2002 2007 % of total % of 1997
All goats
Farms 76,543 91,462 119.5
Number of goats 2,251,613 2,530,466 3,015,000 100 134.0°
Farms selling goats 29,937 43,495 145.3
Number of goats sold 843,773 1,314,310 155.8
Meat goats
Farms 63,422 74,980 118.2
Number of goats 1,231,762 1,938,924 2,500,000 83 203.0°
Farms selling goats 24,539 36,403 148.3
Number of goats sold 532,792 1,109,619 208.3
Dairy goats
Number of farms 15,451 22,389 145
Number of goats 190,588 290,789 305,000 10 160.0"
Farms selling goats 5,163 8,850 171.4
Number of goats sold 72,307 113,654 157.2
Angora goats
Number of farms 5,485 5,075 92.5
Number of goats 829,263 300,753 210,000 7 28.7°
Farms selling goats 1,883 1,662 88.3
Number of goats sold 238,674 91,037 38.1

*Reflects the 2007 USDA-NASS sample data.

of meat goats (213% and 197%, respectively); lowa expe-
rienced an increase in the number of dairy goats (220%);
and although the number of Angora goats continued to
decline, Colorado, Nebraska, Minnesota, and Missouri
experienced more than an 80% increase in the number of

Angora goats since 2002.

Import and Export of Goat Meat

The United States was a net exporter of goat meat before
1990. Exports ceased in 1994 due to an increased domestic
demand. This shift reflects increased goat meat consump-
tion nationally. In 2007, the U.S. imported 10,166 MT,
nearly 23 million pounds (Ib) of goat meat valued at USD
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Figure 1.3 Changes in the amount of goat meat imported to the U.S. Source: USDA-FAS (www.fas.

usda.gov/ustrade)

Table 1.10 The top three states for the numbers
of goats in the U.S. (20077).

Category Goat numbers % of total % of 2002
Meat goats 2,500,000 100 129
Texas 1,090,000 43.6 116
Tennessee 118,000 4.7 110
California 100,000 4.0 163
Georgia 100,000 4.0 152
Dairy goats 305,000 100 105
Wisconsin 33,000 10.8 127
California 30,000 9.8 80
Texas 25,000 8.2 111
Angora goats 210,000 100 70
Texas 150,000 71.4 65
Arizona 18,000 8.6 65
New Mexico 7,500 3.6 106

*Reflects the 2007 USDA-NASS sample data.

$37 million, up 146% from 6,982 MT in 2002; and its price
per kilogram (kg) was up 173% from $2.11 in 2002. Based
on an average carcass weight of 14.7kg, an estimated
718,000 goat carcasses were imported. This number of
goats imported is a potentially viable value-added enter-
prise opportunity for the goat industry and increased diver-
sification of small farms in the U.S.

The main exporters of goat meat to the U.S. are
Australia and New Zealand with more than 90% of the
contribution coming from Australia. Slightly more than

18 MT of goat meat was imported from Mexico in 2007
(Figure 1.3).

Goats Slaughtered

The number of goats slaughtered at the state and federally
inspected plants in 2007 was nearly 830,000, up 3.6-fold
from 1999. Meat goat slaughter numbers have increased
steadily since 1999 (Figure 1.4). The meat goat industry
in the US. is in its infancy; therefore, many on-farm
slaughters are probably not reported. One can conjecture
that for every goat reported, there are at least four
(Solaiman, 2007) that are not reported. Also 2006 was the
first year that the number of goats slaughtered in state-
inspected plants was reported.

Goat Meat Consumption

Goat meat consumption in the U.S. can be estimated based
on imported goat meat and slaughter data at nearly 1.5
million head of goats being consumed annually (2007).
This represents an increase of 150% from 2002 and a more
than 320% increase from 1999. Total goats imported were
estimated from the total weight of goat meat imported and
an average carcass weight of 14.7kg (29.5kg of live
weight is an average slaughter weight reported by the
USDA). Goat consumption in the U.S. has increased
steadily since 1999 and likely will continue to increase due
to current trends in population growth that promote meat
goat production (Figure 1.5). The sharp increase in the
number of slaughtered goats may reflect the revision to
report data from the state-inspected plants that was initi-
ated in 2006.
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Figure 1.5 Changes in number of
goats consumed in the U.S.

Factors Affecting Goat Meat Consumption in the U.S.

Population demographic changes have contributed to the
increased interest in goat meat production and consump-
tion in the U.S. According to the U.S. 2000 population
census, the foreign-born population in the U.S. increased
by 57% since 1990, from 19.8 million to 31.1 million, and
continues to increase. In 2000, 51.7% of the foreign-born
population came from Latin America and 26.4% from
Asia. The Hispanic population is rising rapidly and will
reach over 100 million or 25% of the population by the
year 2050. This group of immigrants has a strong prefer-
ence for goat meat, and increased consumption of goat
meat will stimulate growth in this sector of agriculture.
The population of different cultures in the U.S. has
increased. In 2000, over 1 million Buddhists, 1 million
Muslims, over 10 million Asians, and over 35 million
Hispanics lived in the U.S. (U.S. Census, 2000). Marked
increases in these populations from 1990 to 2000 created an

opportunity for U.S. agriculture to produce new products to
meet food preferences of this ever-increasing population.

Goat cheese also has gained in popularity in recent
years. Goats provide healthy meat and milk that fit the
designer diets of health-conscious Americans.

PRODUCTION ENTERPRISES IN THE U.S.

Three major goat enterprises exist in the U.S. today: meat
goat, dairy goat, and Angora or fiber goat farms. Meat goat
farms predominate with purebred farms, commercial
farms, and independent dealers all contributing. These can
operate on a local or national basis. Dairy goat and Angora
goat production are more established industries than the
newly developing meat goat industry.

Purebred Production Farms

Purebred farms produce a specific goat breed and help to
preserve the breed quality and integrity. There are several
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purebred meat-type, dairy-type, and fiber-type goats in the
U.S. Purebred goats usually are more expensive than com-
mercial goats, and they are purchased by producers to
improve the quality of their herd. Purebred goat producers
also have a potential source of income in the popular 4-H
market. As goats gain in popularity, the number of 4-H
goat projects, plus the interest in 4-H competition among
youngsters, will increase and this will increase the market
demand for purebred goats.

Commercial Goat Production Farms

The majority of meat, dairy, or fiber goat farms in the U.S.
produce commercial goats mainly for domestic use.
Commercial Angora goat farms usually have a larger
number of goats than meat and dairy goat farms, with
Angora goats often being raised under range condition.
Most of these producers/ranchers purchase their goats
from other farms or at auctions, and some produce their
own kid crop.

The type of goats sold, their age, weight, sex, and color
are important factors for different ethnic groups and must
be considered when selling meat goats. Selling brood stock
to other producers is another marketing outlet; however,
superior stock is required to produce superior-grade goats
that will be more expensive than commercial goats. Most
commercial farms use crossbred goats and grade animals.

Multi-enterprise Goat Farming

On multi-enterprise farms, goats that produce meat, fiber,
or milk also will serve as a holistic tool to control brush
and restore vegetation. Gross margins from combination
enterprises with two (meat and fiber), three (meat, fiber,
and milk), four (meat, fiber, milk, and brush control), or
any combination requires careful economic evaluation.
With careful planning, the potential exists to manage a
dual purpose or multi-purpose crossbreeding enterprise
that produces for fiber, milk, meat, or vegetation manage-
ment markets. Goat farmers also can produce vegetable
crops to further diversify, increase their cash flow, and
spread the risk of production.

Organic Goat Production

Raising goats organically for meat and milk is gaining
popularity in the U.S. and can add value and revenue to
the farm. Organically raised animals are in high demand;
however, according to the USDA Organic Program, live-
stock produced organically must be managed according to
specific USDA organic standards from the last third of
gestation. Livestock feeds must be 100% organic. Although
feeds such as vitamins and mineral supplements are accept-

able, the use of hormones and antibiotics is not permitted
in an organically raised animal production unit.

GOAT PRODUCTION IN EUROPE

The variation in climate increases the diversity of goat
production systems in the European countries. Housing
and indoor feeding often are required for the cold months,
and supplemental feed normally is required. Upland and
mountain grazing under marginal conditions in some
European countries may require several hectares per
animal to sustain production while lowland systems with
intensive grazing will have a carrying capacity of several
goats per hectare with a small herd size. Many European
countries have emphasized development of the dairy
industry with superior dairy goat breeds. Goat production
systems in Europe are in close harmony with natural condi-
tions in each locality and thus fulfill most criteria of sus-
tainable development in agriculture. More than 75% of
goat milk is produced in the Mediterranean region, and
most of the goat products (meat, milk and hide) are utilized
there. The development from subsistence farming to the
marketing of products has led to more specialized produc-
tion systems. In the goat sector, milk is the main product
with meat being secondary in most cases followed by skins
and hair. Milk from goats often is regarded as a niche
product and is less visible in an open mass-market situa-
tion. Goat meat consumption per capita has been fairly
stable or declined slightly over the last 40 years (EAAP,
2003). However, ethnic changes in the population may
lead to an increased demand for goat meat in countries
with large numbers of immigrants.

GLOBAL GOAT PRODUCTION SYSTEMS

Goat production systems have evolved from the broader
livestock systems and vary among the AEZs and types of
farming systems (Spedding, 1975; Ruthenburg, 1980). The
biophysical environment and the available production
resources are especially important in the genesis and inten-
sification of the production systems (Devendra, 2007a).
The biophysical environment will determine to a large
degree the types of crops that can be grown and the result-
ing feed resource available for animal production.

In developing countries, the main livestock systems can
be divided into four types: landless, mixed crop based,
agropastoralist, and range-based. Each of these systems
exists in Asia, sub-Saharan Africa (SSA), Central Asia
(CA), West Asia and North Africa (WANA), and Latin
America and the Caribbean (LAC). While the other systems
are common in most of the regions referred to, the term
agropastoralism is more specific to Africa and is used to
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describe agropastoral systems or mixed crop-livestock
systems with extensive grazing where households are
nomadic and their location and livelihood depend on
the system. Agropastoralism has evolved from pastora-
lism that in the future likely will shift to more intensive
mixed crop-animal systems. Range-based systems are
essentially extensive systems characterized by rainfall of
less than 150 mm/year, chronic droughts, and minimal
feed resources. These systems usually are associated with
extensive nomadic and transhumant systems. In the
Balochistan province of Pakistan for example, 93% of the
available 35.7 million hectares (ha) of land is rangeland
that supplies 60% of the feed requirements of sheep and
goats. The average dry matter yield is about 0.5MT/ha,
and the carrying capacity is about 0.5-1.5 hectares per
sheep equivalent. Within the prevailing livestock systems,
four categories of goat production systems are identifi-
able (Devendra, 2007b):

e Rural landless systems

¢ Extensive systems

¢ Systems combining arable cropping (tethering, commu-
nal and arable grazing systems, and cut-and-carry
feeding)

e Systems integrated with tree cropping

Rural landless production systems involve a variety of
mitigating practices to overcome the constraints of harsh
environments, namely high temperatures, inadequate
water, droughts, and chronic feed shortages. These systems
are extensive, and are associated with resource-poor
nomads, transhumant or agricultural laborers and seasonal
migrations with small ruminants, cattle, and camels
(Devendra, 1999). Very common in the arid and semiarid
regions, notably Pakistan and India, they also exist in the
Hindu-Kush Himalayan region in South Asia. Movements
follow annual cycles that are triggered by reduced feed and
water supplies, and market opportunities. They are also a
way of life for the poor. Two problems common to these
systems are overgrazing and environmental degradation.

Among the production systems, the extensive systems
are the most prevalent in many regions. Integrated systems
involving tree crops generally are neglected and underes-
timated. The decreased availability of arable land in many
areas and the need for more food from animals can encour-
age the development and intensification of this potentially
important silvopastoral system. One example is the inte-
gration of goat production with production of oil palm
(Devendra, 2004).

Ruminant production systems in the developing coun-
tries are unlikely to change in the foreseeable future

(Mahadevan and Devendra, 1986; Devendra, 1989).
However, intensification is likely to increase and a shift,
especially from extensive, to systems combining arable
cropping, will be induced by population growth. The prin-
cipal aim should be improved feeding and nutrition, and
maximum use of the available feed resources, notably crop
residues, low quality roughages, and various leguminous
forage as supplements.

Emerging issues associated with the future of these
systems need to be addressed in an interdisciplinary
fashion. Table 1.11 provides a summary of the broader
livestock systems, priority production systems in rumi-
nants, as well as some of the major issues across regions.

CONSTRAINTS TO PRODUCTION AND
THEIR RESOLUTION

Improved goat production requires an understanding of the
types and extent of the constraints to improve performance
and enhance development and productivity. Both genetic
and nongenetic constraints are involved. The latter group
is more widespread and includes such examples as nutrient
deficiencies, diseases, and poor housing. Constraint analy-
sis also helps to establish priorities for research and devel-
opment, and in the formulation of strategic programs that
are needs based and respond to farm situations.

One essential prerequisite for improved goat production
is knowledge and understanding of prevailing production
systems, their problems, and constraints that limit produc-
tion. Systems perspectives and analysis enable one to
address these issues, formulate approaches and strategies
that can resolve the problems, improve the situation, and
increase production. Often the research approach has
tended to be top down, whereby perceived and unrealistic
constraints are addressed to seek improvements. Failure to
respond to needs results in the persistence of the real con-
straints that limit production. Even within rainfed environ-
ments in Asia for example, a systems approach can increase
animal production (Devendra, 2000).

The diversity of crops and animals, traditional methods
of farming, the role and contribution of animals, multiple
crop-animal interactions, and numerous problems of
farmers present complex issues that cannot be routinely
resolved. Specific problems often cannot be resolved by a
single discipline. This has been a major weakness of many
research programs involved with natural resource manage-
ment (NRM) of the past. Farming Systems Research (FSR)
and systems methodologies can provide new and very
important pathways to promote improvements that can
expand meat and dairy production. More importantly,
innovative, on-farm linkages that involve farmers,
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Table 1.11 Summary of livestock systems, priority production systems, and major issues across

regions.
Type of Regions
livestock
systems Priority production system Asia SSA CA WANA LAC Major issues
1. Landless e Peri-urban / urban dairy / / / / e Surface water contamination
production
e Peri-urban / urban poultry and / / / / / * Zoonosis
pig production e Waste disposal
e Feedlot (cattle or small / / / / / e Nutrient flows
ruminants)
¢ Goat and sheep production / / / / / e Overgrazing
2. Crop based e Integrated systems with / / / / / ¢ Food-feed systems
mixed e Annual crops (ruminants) and / / / ¢ All-year-round feeding
non-ruminants plus fish) systems
integrated systems with ¢ Nutrient flows / soil fertility
perennial crops (ruminants)
¢ Beef and dairy production / / / / / ¢ Productivity enhancement
¢ Goat and sheep production / / / / e Intensification and
specialization
¢ Overgrazing
3. Agro- e Cattle / / / * Feed supplies / drought
pastoralist strategies
¢ Goat and sheep production / / / ¢ Property regimes
¢ Overgrazing
¢ Trypanosomiasis
4. Range based ¢ Sheep and goat production / / / / / * Drought strategies

¢ Overgrazing
¢ Property regimes
e Marketing

Notes:

(1) SSA - Sub-Saharan Africa, CA-Central Asia, WANA - West Asia and North Africa, LAC - Latin America and

the Caribbean

(i1) / indicates that both the production systems and animal species are the most important within the region.
(iii) Major issues inter alia are those that currently merit R and D attention. Across regions, the issues are broadly
similar as is the case with dairying. Dairy production includes buffaloes and cattle especially in Asia.

Source: Devendra, Morton, and Rischkovsky, 2005.

researchers, community, extension agents, nongovernment
organizations, and development agents are necessary. In
this context, Eponou (1993) has suggested several ele-
ments to integrate agricultural research and technology
transfer. These include shared goals between researchers
and farmers, synergy, strong leadership for the whole,
decision making by consensus, accountability to clients
and policy makers, and considering farmers as partners.

Advantages of Listening to Farmers

Associated with constraint analysis are the very needs and
aspirations of individual farmers. Listening to farmers is
central for development. Because participatory approaches
have many advantages, it is therefore important to invest
time and resources to address this issue. Research is mean-
ingless if it does not drive development, and development
programs are futile if they do not involve farmers as
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partners. Major advantages from listening to farmers
(Devendra, 2006) include:

e They know the biophysical environment.

¢ They understand prevailing farming systems.

e They have full understanding of the major constraints
and problems.

e Research and development issues are identified.

e They are the target beneficiaries of improved
technologies.

e They have deep knowledge of local customs and indig-
enous and traditional systems.

e Farmers are the agents of change and promotion of wide
adoption.

e They have all the local contacts.

e They know current patterns of marketing.

e Farmers are the target beneficiaries of sustainable
livelihoods.

e This enables understanding of farmers’ perceptions and
aspirations about household stability, improved liveli-
hoods, and a better tomorrow.

Formulation of Participatory Research and
Development Programs

Farming systems in regions throughout the world are char-
acterized by a diversity of crops and animals, traditional
methods of farming, various contributions of animals, and
multiple crop-animal interactions. The numerous problems
of farmers present complex issues that cannot be resolved
easily. Farming System Research is important to address
the needs of farmers.

Farming System Research owes its origin to cropping
systems research and methodologies that were developed
in Asia and Latin America. The key features of FSR are:

e It seeks to provide a clear understanding of the farming
systems and practices.

e It is needs based.

¢ [t has systematic methodology.

e [t is multidisciplinary.

e It involves the participation of farmers, researchers,
community, extension agents, and development agents.

e It is on-farm.

e It identifies farmers as partners.

e [t promotes efficiency in NRM.

e It enables definition of an agenda for promoting devel-
opment and progress.

The methodology for FSR follows several distinct steps,
including:

Site selection

Site description and characterization (diagnosis)
Planning of on-farm research

On-farm testing and validation of alternatives
Diffusion of results

Impact assessment

SN e

Figure 1.6 illustrates the steps involved in Farming
System Research. Due to the multidisciplinary nature of
the activities, other methodologies also are involved.

Table 1.12 provides an example of constraint analysis.
For convenience, constraints are identified under the
subheadings of environment, socioeconomics, farming

Existing Information —
(Household Surveys Area & Target

ete)

Design
(Investigations)

—

|

[ On-f.arm Studies ] —_—

Database

Technology
Delivery

/

RA articipatory Rural Appraisal
E Economic pportunity urvey
B artial Budgeting
LI A Livestock Information

anagement Application

PRA

Investigations
Investigations
PRA

<+«———— Interventions

PRA

Figure 1.6 Methodology for
farming systems research.
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Table 1.12 Nature and extent of constraints to goat production in typical mixed small-farm systems
in humid Southeast Asia.

Environment

Socioeconomics

Farming systems

Goats

Externalities

Poor soil fertility

Extreme periods of
precipitation (both

wet and dry)
Soil erosion

Pollution

Contamination of
surface water
Land subdivision

and conversion

Geographic isolation

Soil salinization

Low income

Limited assets

No access to
capital

No access to
market outlets

Limited access
to knowledge

Economic
isolation

No access to
off-farm labor

Poor access to
technology
Poor crop yields

Limited cropping
options

Underuse of fodder
trees

Inefficient use of
production resources

Inadequate feed supply

Droughts

Rising production

Inadequate numbers

High cost

Poor performance (e.g.,
meat and milk yields)

Poor nutrition

Poor management

Diseases (e.g.,
Nematodes)

No extension services

No vaccines and drugs

Poor infrastructure

Poor marketing facilities

Price fluctuations
Policies

No or weak farmer
organizations
No cooperatives

Poor linkages with
institutions
Poor rural-urban linkages

costs

Source: Devendra, 2006.

system, animals, and externalities. Because the list of
constraints can be numerous, it is most essential topri-
oritize these issues to focus on the more important con-
straints. Analysis and proposed interventions must
involve the participating farmers to implement the on-
farm activities.

The major challenge for increased resource use by small
farm systems in rainfed areas concerns collective and
holistic approaches that can shift the level of productivity
from a traditional low-input system to an intermediate and
market-oriented system. Switching from a sustainable
system to an intermediate level must be consistent with
agricultural growth, poverty reduction, food security, envi-
ronmental sustainability, and self-reliance (Devendra,
2000). Figure 1.7 illustrates the different productivity
levels and possible shifts. The figure demonstrates that,
with various improvements, it is possible to shift produc-
tivity from traditional systems to market-oriented systems
with maximum productivity.

Pro-poor strategies and social and effective develop-
ment policies are needed to sustain and increase the con-
tribution from these farms to help feed hungry nations and
continents (Devendra, 2007c). Additionally, one must
enable an economic environment to spur agricultural
development. Hunger is more prevalent where depen-

dence on agriculture and goats is greatest. Every effort
must be made to maximize food production of animal
origin to provide for sustained nutritional security and
improve the socioeconomic well-being of the poor in the
future.

CHALLENGES FOR THE FUTURE

To increase productivity and the contribution of goats, it
is urgent to accelerate productivity in tandem with produc-
tive potential. Emphasis must be placed on specific areas
of research and development, on needs-based delivery of
appropriate technologies, and on large-scale development
at the farm level. Such development needs to address the
following aspects inter alia:

¢ The concept of production-to-consumption that links the
owner, producer and consumer

e The importance of needs-based research, in which
research is focused on resolving farmers’ problems and
constraints

e Systems approaches and interdisciplinary efforts that
consider whole-farm systems

e Formulation of a research and development agenda that
addresses real needs and opportunities for national goat
production
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Goals

o Sustainable
development

* Environmental

protection

* Poverty reduction

* Food security

* Economic growth

o Self-reliance

(Low inputs)
« Diversification
* Reduced risk
* Low resource risk
* Low efficiency
e Inadequate application
of technology

application

Agro-ecosystem
socio-economic environment
institutional support
policy issues
Maximum
productivity
Optimum
productivity
Current
low output
Traditional —— » Intermediate — Market-orientated

(Medium inputs)
o Systems orientation
o Crop-animal systems
o Improved breeds
 Potential technology

(High inputs)

* Production to post-production
to consumption system

e Germplasm conservation

o Efficient resource use

o Intensification

Figure 1.7 Potential levels of productivity feasible from traditional, market-oriented system and the
development of sustainable small farms (Devendra, 2000).

e Large-scale development of the breeds that enhance
meat production

¢ Acceleration of the transfer of technologies on-farm;
promotion of wide dissemination of information, and
networking

The following chapters provide a comprehensive and up-
to-date summation of the science of goat production. The
descriptions involve both the developing and developed
countries and agroecosystems and a global perspective.

SUMMARY

The goat is one of the first livestock that was domesti-
cated. About 10,000 years ago, the goat was domesticated
by three of the oldest civilizations: the Nile in northeast
Africa, the Tigris—Euphrates in west Asia, and the Indus
in the Indian subcontinent. The bezoar of western Asia is
the main progenitor of most domestic goats. The majority
(98%) of the world population of goats is in developing
countries where goats are raised under extensive condi-
tions. Goats provide meat, milk, and skins and also con-
tribute to socioeconomic, cultural, and recreational needs
of mankind. In developed countries, goat meat, milk, and
fiber also have increased in popularity. In the last decade,
the demand for goat meat and cheese has increased in the
U.S. because population demographics have shifted
toward those that traditionally consume goat products.

The current domestic supply in the U.S. cannot meet the
demand, so the U.S. is the largest importer of goat meat in
the world.

Ruminant production systems in the developing coun-
tries are not likely to change in the foreseeable future
despite some increase in intensification of production and
a gradual shift from extensive production to systems that
involve cropping of arable land. This change will be driven
by population growth. A variety of constraints to goat
production exist. Constraints must be identified clearly so
that research can provide solutions to improve animal per-
formance, and enhance development and productivity. Use
of Farming Systems Research perspectives provide ways
to address the issues and to formulate approaches and
strategies to resolve the problems and increase animal pro-
duction to help alleviate world hunger.
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Goat Breeds

N.K. Gurung, PhD, PAS and S.G. Solaiman, PhD, PAS

KEY TERMS

Herdbook—records and pedigree of a recognized breed of any livestock species.

Breed—a group of animals within a species descended from a common ancestor (similar genotypes) that visibly are
similar in most physical characteristics (similar phenotypes).

Dairy breed—breed of goat selected for high milk production, dairy characteristics, large body capacity, and a superior
mammary system.

Feral goats—domesticated animals that have been in the wild for over 100 years with no introduction of new
genetics.

Meat breed—breed of goat selected for faster gain, muscling, and carcass characteristics.

Fiber breed—breed of goat selected for fiber coat quality.

Companion breed—a group of goats with a mild temperament often used for pets.

Multi-purpose breed—a group of goats that is valued for its combination of traits (milk, meat, and fiber production).

Composite breed—a crossbreed developed from two or more existing breeds that outperform the parent purebreds.

Transborder breeds—breeds that cross the national borders.

OBJECTIVES
By completing this chapter, the reader will acquire knowledge on:

e Breed definition

e Morphological characteristics of different breeds
e Breeds commonly used for meat production

e Breeds commonly used for milk production

e Breeds commonly used for fiber production

e Breeds commonly used for pets

INTRODUCTION

More than 1,153 goat breeds are listed in the Food and
Agriculture Organization (FAO) of the United Nations’
inventory of domestic animal diversity database (FAO,
2009). According to the FAO (2007), more than 850
million goats exist in the world with more than 95% found
in the developing countries. Of this total population, Asia

21

has the highest breed share at 65.3%, followed by Africa
with 29.2%, and Central America with 1.3% (Oliver et al.,
2005). Only 60% of the breeds are found in the developing
countries (Scherf, 2000). Europe is broadest in goat genetic
resource (33%) but only 4% of the world’s goat population
(Galal, 2005). According to Oliver et al. (2005), approxi-
mately 31% of the goats are dairy/milk goats in the
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developed countries compared with only 19% for the
developing world. Therefore, worldwide, most goats are
valued primarily for their meat.

BREED AND NUMBERS

In the developing countries, goats are seldom defined in the
traditional sense and generally breed societies, breed stan-
dards, or herdbooks are lacking. According to the new FAO
(2009) database, there are 1,153 goat breeds in the world.
However, the World Dictionary of Livestock Breeds
(Mason, 1996) lists 565 goat breeds plus 76 varieties (sub-
breeds) but only 68 herdbooks and/or established breed
societies. Such registries are found primarily in Europe and
North America. Of 68 herdbooks or breed societies listed,
21 are for the descendents of original breeds. For example,
7 breed societies/herdbooks are listed for the Saanen breed
and its descendents in different countries. In developing
countries, efforts to establish the purity of breeds or improve
existing breeds generally are lacking. Therefore, the major-
ity of goat breeds listed in the FAO database found in the
developing countries are not known or recognized outside
of their country of origin.

Goat breeds are usually classified by their geographical
origin (Epstein, 1969; 1971; 1977), their region and pro-
ductivity (Devendra and Burns, 1983), or their height at
the withers (Devendra, 2007). Some classifications include
the shape and size of the horns in conjunction with produc-
tion and geographical considerations (Mason, 1981) while
other classification methods include the primary product
of goats and their distribution (The Council of Science and
Industrial Research [CSIR], 1970), their morphological
characteristics (in India; Acharya, 1982), and hair and coat
characteristics (in Pakistan; Hasnain, 1985). Based on
these different classification methods, the number of goat
breeds in the world has been reported to be 562 by
Devendra (2007), 136 by Gall (1996), 565 by Mason
(1996), and 1,153 by FAO (2009).

Within developed countries, the majority of goat breeds
are classified according to their products. Duplications
occur when goats are used for multiple purposes such as
meat, milk, fiber, or skin; however, end use has been
adopted for goat breed classification in this chapter. Some
breeds are mentioned according to their end use, alphabeti-
cally under countries of origin for simplification.

SELECTION OF THE DESIRED BREED
OR TYPE
Ideally, a breed should be selected according to its purpose

or use, the environmental conditions, and adaptability of
the breed (Gipson, 1996). No single breed has all the char-

acteristics desired and is productive under all environ-
mental conditions. Indigenous breeds are adapted to
local environments but may not excel in performance.
Crossbreeding of local (indigenous) breeds with improved
breeds often produces crossbred offspring that have faster
gains, higher milk yields, and greater adaptability to dif-
ferent regions (Solaiman, 2007). Hybrids or composite
breeds can exploit hybrid vigor. Over 80 composite goat
breed populations have been developed in 37 countries in
the world (Mason, 1996). Listed below are favorable traits
or preferable characteristics usually employed when devel-
oping or selecting a breed.

Adaptability

All goats, regardless of their breed, should readily adapt
to the environment where they will grow and perform.
Spanish goats raised in hot, dry climates such as west
Texas may not adapt favorably to either the humidity of
the southeastern U.S. or the irrigated pastures of the
western U.S. Improved breeds of goats that are produced
under various environmental conditions, such as Boer
goats from South Africa or Kikos from New Zealand, may
perform differently when produced under environmental
conditions that differ fromtheirarea of origin. Crossbreeding
and selection can enhance environmental adaptability.

Reproductive Efficiency

Capacity to reproduce is one of the most important produc-
tion traits for meat, dairy, and fiber goats. High rates of
conception, kidding, and weaning are all important. Females
(does) that produce more kids per pregnancy are more pro-
ductive even though kids may have lower birth weights,
slower growth, and lower weaning weights. Because goats
usually are not managed as individuals, total herd reproduc-
tive performance is important. Goat breeds from temperate
regions and dairy goats tend to breed only seasonally with
the breeding season being from July/August to November/
December in the Northern Hemisphere. In contrast, goat
breeds from the tropics or meat goats often kid year-round.
This trait is desired economically. However, tropical breeds
may not have desired meat characteristics and the larger
carcasses preferred for meat production.

Growth Performance

Kid performance usually is evaluated in two segments:
average daily gain (ADG) prior to weaning (pre-weaning
ADG) and after weaning (post-weaning ADG). For goats
sold at weaning (either for Cabrito or meat stock), pre-
weaning performance is important and depends on both the
kid’s ability to grow rapidly and its dam’s mothering ability.
For kids sold as yearlings or for milk production, both pre-
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and post-weaning ADG are important selection criteria.
Where resources are available, the choice for larger body
size with more capacity to consume feed is desired for
milk production. The choice for the size of carcass differs
among cultures. In some countries, small carcasses are
valued whereas larger, older carcasses are preferred in
other cultures.

Carcass Characteristics

The proportion of muscle to bone is one major criterion
for selecting a meat-type goat. Although other traits can
be measured on live animals, this trait is measured when
animals are slaughtered. The higher the proportion of
muscle to bone, the better the animal is rated for meat
production. One carcass characteristic often measured is
dressing percentage—the proportion of live weight found
in the carcass. Dressing percentage for goats usually is
50% or less. Fat content of the carcass increases as the
animal ages and develops, but goats usually have a lower
proportion of fat in their carcass than other domestic
animals. Lower fat content makes goat a desirable product
for precooked diet meals. As the animal ages and fattens,
the proportion of bone in the carcass decreases while the
proportion of lean stays relatively constant.

Productivity

Productivity of animals in the herd is their yield in terms
of meat, milk, or fiber. With accurate records, an individual
animals’ productivity can be measured to aid in selection
for maximum productivity. For milk production, produc-
tivity usually is measured as the amount of milk produced
and efficiency of milk production. Both the amount and
quality of fiber produced are important factors for selection
of fiber goats.

When conception rate in the herd increases, litter size
will increase, more kids are weaned per doe in a year, and
the productivity of the herd increases. But if it takes longer
to breed back the doe, or if the doe produces lower-weight
kids with lower ADG, a longer time will be required for
kids to achieve desirable weaning weights reducing pro-
ductivity in terms of meat production. In a dairy or fiber-
producing enterprise, animal productivity usually is
measured in terms of milk or fiber production.

CHARACTERISTICS OF MEAT
GOAT BREEDS

Most of the world’s goat population is used for meat pro-
duction, but in western countries, goats may be used for
milk, meat, or fiber production. The dwarf goat breeds of
Asia and Africa are exclusively considered as meat animals
(Gall, 1981). For instance, in a predominantly Hindu

country like India, goat meat provides 47% of the total
meat consumed in India because beef consumption is taboo
(MLA, 2007). Goat meat often is considered to be healthier
than mutton because goat meat is lower in fat and choles-
terol, being more comparable to lean meat from chickens.
Another unique characteristic of goat meat is the low extent
of marbling within muscle tissues (Solaiman et al., 2006).

The major factors involved with selection of meat goat
breeds are their growth rate, feed efficiency, total edible
and salable percentage of the animal, dressing percen-
tage, and carcass traits including flavor, tenderness, juici-
ness, and cooking loss. Adaptability to local environmental
conditions and feed resources also is important. The type of
goat meat preferred will vary with cultural traditions. In
some cultures, goat age and sex are important while in other
cultures they are not. Similarly, in some cultures, in addi-
tion to income from carcasses as the salable product, the
economic and religious significance of specific noncarcass
components are highly valued (Shrestha and Fahmy, 2005).

According to Devendra (1981), the types of meat
produced and consumed in the tropics will include meat
from kids (Category 1: usually 8—12 weeks old), meat from
young goats (Category 2: 1-2 years old), and meat from
old goats (Category 3: 2—6 years old). For the first cate-
gory, breed selection should be based on pre-weaning
growth rate, whereas for the second category, both pre- and
post-weaning growth rates need to be considered. For the
final category, less emphasis is placed on growth rate than
on meat quality.

Leanness of carcass is another universally desired crite-
rion because it reflects the quantity of salable components.
For rapid improvement of performance of meat goat pro-
ductivity, emphasis should be placed on crossbreeding and
formation of composite breed populations (Shrestha and
Fahmy, 2007). Obviously, emphasis on selection must also
consider production levels and resource availability. The
ideal type will be different for subsistence-based, market-
based, and high input production systems. The most prom-
inent meat goat breeds are listed in this chapter. Although
most breeds lack specific standards, where they are avail-
able, those standards are listed.

Black Bengal

Also known as Bengal, this dual-purpose breed is used for
both meat and milk production in west Bengal, Bihar, and
Orissa regions of northeastern India (Acharya, 1982). Its
skin is used extensively for making high quality shoes in
India. The Bengal is the predominant breed of Bangladesh.
Known for its prolificacy and kidding twice a year with
60% twins and 20% triplets (Sengar, 1976), Bengal are



24 Goat Science and Production

small with adult goats weighing about 13kg (29 pounds
[Ib]) with a wither height of 45cm (18 inches [in.]).
Primarily black, individuals may be brown, white, or grey.
The breed has a short coat and ears and is bearded.

Chappar

This multipurpose goat breed originated in the Sind and
Las Bela, Baluchistan area of Pakistan and also is known
as Jabli, Jablu, Kohistani, and Takru. This breed is used
for several purposes including meat, cashmere, hair, and
milk production. Its coat color can be black, white, or pied.
The breed is of medium size with adult males weighing
about 26 kg (571b) and adult females weighing 20kg (44 1b)
(Devendra, 2007). Wither height is 60—-70cm (24-281n.).
Daily milk yields average about 0.8—1.0kg (1.8-2.21b).

Chinese Meat Goat Breeds

Mason (1996) listed 18 meat goat breeds native to China
whereas Jiang (1982, 1995) grouped Chinese meat goats
into 11 classes, namely the Banjiao, Chengdu Ma, Duan
Fuqing, Guizhou White, Haimen, Huai, Leighou, Longlin,
White Goat, Matou, and Nanjiang Yellow breeds. Several
of these breeds are described below.

HuAI

This breed originated in the Henan and the Anhui prov-
inces of China and also is known as Huanghuai. Subtypes
include Fuyang, Huaipi, and Xuhai. Their color is usually
white, and they are medium-sized goats. Adult males
weigh 30kg (661b) and adult females 26kg (571b). They
have horns and mature early with high prolificacy and
rapid growth rate potential (Ying, 1986).

MATOU

The Matou goat is one of the most prevalent of the Chinese
indigenous breeds. According to Moaeen-ud-Din et al.
(2008), this breed is extensively distributed in more than
10 provinces (i.e., Sanxi, Henan, and Jiangxi). The breed
is very prolific with a kidding rate of 196%. The goat was
developed in the border areas of China, in Hunan, Hubei,
Sichuan, and Guizhou provinces. The adult male weighs
44kg (971b) while the adult female weighs 34kg (751b).
This is a polled breed. Their coat color is white with
coarse, medium-length hair. This breed is a dual-purpose
breed valued for both its meat and its milk. The average
dressing percent is 60%. Skins also are highly valued. The
breed is known for its rapid growth rate, big build, and
good meat quality.

NANJIANG YELLOW
A Chinese meat goat breed native to Nanjiang County of the
Sichuan province, this breed is well adapted to mountainous

areas and is suitable for year-round grazing. The breed has a
high rate of growth with high prolificacy potential and a
kidding percentage of 198% (Ying, 1986). The adult males
weigh 59kg (1301b), and females weigh 39kg (861b).

SOUTH CHINA

This breed resembles the Kambing Katjang (Epstein,
1969) except for having shorter legs. This breed originated
in the Yunnan and Kwangtung provinces of China. These
animals are relatively small in size with a concave profile
and short prick ears. Both sexes have horns and beards.
They generally are used for meat, but their skins are
valued. The adult male weighs 30kg (661b), and the adult
female weighs about 25kg (551b). Wither height is 50—
55cm (23-25in.).

Creole

Also known as Reunion Creole, this breed is widely dis-
tributed in the West Indies but has spread to 18 different
Caribbean and South American countries being a promi-
nent transborder breed (FAO, 2004). A meat breed, Creoles
look similar to South American Criollo goats with short
ears and horns with colors being black, brown, or pied.
Adult males weigh 25kg (551b), and females weigh about
20kg (441b). Wither heights are 60 and 50cm (24 and
20in.) for adult males and females, respectively. The
reported fecundity rate is 90% with 2.25% prolificacy and
78% viability to weaning (Alexandre et al., 1999).

Criollo
Criollo goats are distributed across many Latin and South
American countries, especially Mexico, Argentina,

Bolivia, Peru, and Venezuela (Mason, 1980). They origi-
nated with the Spanish conquest and colonization (Lanari
et al.,, 2003). This breed has many characteristics of
European dairy breeds. Their color is variable, but the most
common color is black. Horns are short. Their main use is
as meat, but milk production also is valued. The average
adult weighs 39kg (861b). Very hardy, this breed is
well adapted for grazing under harsh environmental
conditions.

Kambing Katjang or Pea

A very prevalent meat breed in Southeast Asia, this breed
is native to Malaysia and Indonesia. It also is called
Kambing, which means goat, and Katjang, which means
beans. The breed resembles the goats found in Burma,
Thailand, the Philippines, and Taiwan. Medium in size,
adult males weigh about 25kg (551b), and females weigh
20kg (441b; Devendra, 2007). Wither height is 60—65cm
(24-261n.) for males and 56cm (22 in.) for females. Their
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hair is coarse, males have beards, and their color usually
is black with some patches. It is a prolific breed with twin-
ning being very common.

Khurasani

Found in the border regions of Afghanistan and Iran and
also in Baluchistan in Pakistan, this dual-purpose breed is
valued for both meat and milk. The breed is horned, their
size is medium, and their color usually is black but they
may be white or grey. Adult males weigh about 25kg
(551b), and females produce up to 1.3kg (2.01b) of milk
per day. They produce a small amount of cashmere.

Kiko

Kiko means “flesh” or “meat” in Maori. This breed is a
composite developed in New Zealand from crossing feral
goats exhibiting good meat-type qualities with Anglo-
Nubian, Toggenburg, and Saanen bucks and is selected for
survivability and growth rate in hill country environments
(Mason, 1996). Established in 1986, the breed was imported
to the U.S. in the 1990s. This breed is hardy, resistant to
parasites, produces a lean carcass, and has good mothering
ability. In the U.S., Kiko goats and their crosses can be
registered by the International Kiko Goat Association either
as New Zealand Fullblood Kiko (NZFK), American Premier
Fullblood kiko (APFK), Percentage Kiko, American BoKi
(cross between NZFK or APFK and Fullblood Boer),
American MeatMaker (crosses between NZFK or APFK
and American BoKi), and International MeatMaker (crosses
between 15/16 Boer and American BoKi). Their color
usually is white or creamy. Adult does weigh more than
48.6kg (1071b) with some bucks weighing nearly 100kg
(2201b) (Taneja, 1982). They are very prolific and adapt
well to harsh environments. See Figure 2.1.

Nepalese Hill

The predominant breed of Nepal, this breed is found spread
across the Siwalik and Mahabharat hill regions of Nepal.
The Southern Hill goats are found in the Siwalik range
while the Northern Hill goats are spread in the Mahabharat
range. Their main use is for meat, but occasionally they
may be milked. They usually are brown or black with
white markings, or white with black markings. They are
named by their coat colors including Khairi, Kali, Seti,
Singari, or Dhobini. The Northern Hill goats are heavier
than the Southern Hill goats. The male Northern Hill goats
weigh about 35—45kg (77-991b), while the females weigh
about 24-30kg (53-661b). Wither heights are 60—70cm
(24-281n.) for adult males while adult females are 50—
65cm (20-261n.) (Epstein, 1977). Corresponding values

Figure 2.1 Kiko (Meat Goat). For color detail, see
Appendix A.

for the Southern Hill goats are 12—-16kg (27-351b) and
50-55cm (20-221in.).

Small East African

A very prominent breed across Kenya, Uganda, and
Tanzania (Devendra and Burns, 1983), this breed resem-
bles the goats raised by farmers in Rwanda, Malawi,
Zimbabwe, and Botswana. Their size is small with short
hair and short erect ears, and they vary in color. They are
used mainly for meat but also for their skins. They have
tassels. They are early maturing, but the twinning rate is
low. The types found in Uganda are very longhaired, and
they are favored for skins and their long hair. Adult goats
of this breed weigh about 30kg (661b).

Somali

These goats have different names depending on the
country. In Somalia, they are known as Abgal or Modugh;
in Ethopia, they are called Ogaden or Benadir; while in
Kenya they are Galla or Boran. The breed is mainly used
for meat, but skins also are valued. Their coat color is
primarily white, and their ears and horns are short. Males
are horned, but females may be either horned or polled.
The breed is primarily adapted to dry areas (Mason and
Maule, 1960).

South African Meat Goat Breeds

BOER
The Boer goats were derived from the indigenous goats
kept by Namaquo Hottentots and Southern Bantu tribes of
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Figure 2.2 Boer (Meat Goat). For color detail,
see Appendix A.

South Africa although some genes were derived from
goats from India and Europe (Casey and Niekerk, 1988).
The name Boer means “farmer” in Afrikaans. The South
African Boer goats have a white body with a red head
and a blaze. This breed is suited for mixed grazing
with cattle due to its browsing skills with little impact on
grass cover. The adult males weigh between 110 and
135kg (240 and 3001b), and females weigh about 90—
100kg (200-2251b), with an average daily gain of 0.2kg
(0.441b) in feedlots and 0.14-0.18kg (0.3-0.41b) on a
standard farm.

The Boer goat is a horned breed with lopped ears. The
breeding season is extended with does often producing
three kid crops every two years. A kidding rate of 200%
and weaning rate of 160% is common for this breed. The
breed is very prolific with potential for high growth rate
and excellent carcass traits.

The Boer goats are distributed widely throughout the
world being used to upgrade indigenous goats and improve
meat production. They are found in more than 48 countries
(FAOQ, 2004). This breed has been registered in herdbooks
in Germany since 1980 with Boer breed societies being
recognized in many countries. See Figure 2.2.

KALAHARI RED

These goats are considered as feral goats of South Africa
with the breed being a result of successful crossbreeding
programs started in 1990 between feral and African breeds
including the Red Boer, the African Boer, and the Nubians.
Two improved lines of the Kalahari Red breed exist in
South Africa. One line developed exclusively from the red

Figure 2.3 Kalahari Red (Meat Goat). For color
detail, see Appendix A.

head Boer goat while the other line was developed from
unimproved indigenous breeds. Kalahari Red breeders
claim that this breed is tougher and more robust than red-
headed Boer goats.

This breed is well suited to semidesert and arid condi-
tions because of its hardiness and color that serve as a
camouflage from predators. This breed thrives in very
harsh conditions. Kalahari Red is very productive, has
good mothering abilities, strong teeth, excellent growth
rates, large frames, immense goat meat conformation, and
a carcass with uniform color. It was imported by Australia
in 2000 and crossed with their feral goats. Demand for this
breed is increasing in other countries and is prized by
North and South American goat breeders (Campbell,
2003). See Figure 2.3.

SAVANNA

Found throughout the African continent, this breed is
raised by pastoralists for both milk and meat (Shrestha and
Fahmy, 2007). This breed also was developed in South
Africa from the crossbreeding of indigenous goats with
white Boer goats. Its white coat is a dominant trait over
other colors in goats. Demand for these white goats,
despite their higher price, has been high for religious cer-
emonies, for celebration of the birth of a son, and based
on the belief that white goats have superior carcass quali-
ties. This breed has high productivity, high muscular
development, and strong bones, legs, and hooves. Also,
natural selection has resulted in bare skin, horns, and
hooves that are totally black and well pigmented (Campbell,
2003). See Figure 2.4.
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Figure 2.4 Savanna Buck (Meat Goat). For color
detail, see Appendix A.

Spanish
The Spanish goat in the U.S. originated from Mexican
Criollo (Shelton, 1978). Aliases include Woods, Ball
Field, Brush, Briar, Hill, and Scrub goats. This breed is
distributed throughout the southwestern U.S., particularly
Texas, with the major concentration around the Edwards
Plateau of central Texas. Not known for rapid growth rates,
they are very prolific. Spanish goats are nonseasonal
breeders and under proper management can produce three
kid crops in 2 years. Mature bucks weigh up to 91kg
(2001b) and mature does up to 59kg (1301b). Until
recently, these goats were used primarily to clear brush,
but with growing demand, they were crossed with improved
imported goats to produce meat of higher quality.
Lacking any particular breed characteristics, they
are highly variable in appearance. Due to wide variability
among Spanish goats, they offer an excellent opportunity
for selection. They are very hardy and excellent foragers
because they have survived undomesticated in harsh envi-
ronments through many years of natural selection. See
Figure 2.5.

Sudanese Meat Goat Breeds

SOUTHERN SUDAN

Small to dwarf in size, this breed is found in the southern
region of Sudan. The females do not exhibit any of the
signs of the achondroplasia of the West African Dwarf
(Mason, 1981). These goats are primarily used for meat.
The colors are variable. The males are horned, but females
often are polled. Like Somali goats, their horns and ears
are short.

Figure 2.5 Spanish (Meat Goat). For color detail,
see Appendix A.

SUDANESE DESERT

This breed is found in the semidesert areas of northern
Sudan. A subtype in North West Darfur is known as
“Zaghawa” (Mason, 1996). This breed is used mainly for
meat and milk production. While they usually are white to
black in color, they can also be grey. Both sexes are
horned. The adult males weigh 40-58 kg (88—1281b) while
females average 33 kg (731b). The breed is a nonseasonal
breeder with 200% kidding rate.

Syrian Mountain

This breed is found primarily in Syria, Lebanon, and north-
ern Israel (Mason, 1981). This breed also is known as
Black Bedouin, Djelab, Jabali, Jabel or Jebel, Mamber,
Mambrine or Membrine, Northern Mountain (Israel),
Palestinian, and Syrian black. The hair color is usually
black, and ears are long and pendulous. This medium-sized
breed has adult males that weigh 60kg (1321b), and
females weigh about 40kg (88 1b). The breed is of medium
prolificacy with about 130% kidding rate. A multipurpose
breed, they are raised for meat, milk, and hair.

Tennessee Wooden-Leg or Myotonic

One of the few goat breeds indigenous to America, this
breed of goats has many names including Tennessee
Fainting goats, Nervous goats, Tennessee Wooden Leg,
Fall-down goat, Fainting goat, and Stiff-Leg goats. In a
frightened state, these goats lock up or fall over and lie
very stiff for a few seconds (myotonia). These animals are
nonseasonal breeders and are capable of kidding three
times in 2 years. Does are easy kidders, good mothers,
and milk producers. The breed is medium in size, is very
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Figure 2.6 Myotonic (Meat Goat). For color
detail, see Appendix A.

muscular and meaty, and has great potential for cross-
breeding by crossing myotonic bucks with new improved
breeds such as Boer and Kiko. The fainting trait is reces-
sive, so it is not expressed in crossbreeds (OSU, 2004).
This involuntary muscle reaction is reported to increase
meat tenderness. See Figure 2.6.

West African Long-Legged

This breed resembles the West African Dwarf goats except
that they are larger in size, and their horns are long and
twisted (Mason, 1981). They also are known as Sahelian
or Sudan goats, and Fulani. Local names in Mali include
Gorane, Niafounke, and Nioro. The breed is found in
northern Africa spreading between Chad and Senegal, in
the tropical forest, and in thick desert areas. This breed is
used for meat and milk purposes. Their faces are either
straight or slightly convex, and their ears are short. The
coat colors vary from white, black, and brown to pied.

CHARACTERISTICS OF DAIRY
GOAT BREEDS

Dairy goats have been selected primarily for productivity
in terms of milk quantity and milk-fat percent, as well as
efficiency of production and longevity. Morphological
traits closely related to milk production include large body
capacity and angularity. Composition of milk is an impor-
tant criterion for cheese making. The kidding interval is
another selection criterion. A longer kidding interval is a
desirable trait in temperate climates where there is limited
demand for goat meat, while the opposite is true for the
tropical countries where goat meat is popular (Devendra

Figure 2.7 British Alpine (Dairy Goat). For color
detail, see Appendix A.

and Burns, 1983). Higher reproductive rates and lower
generation intervals are of economic importance for dairy
goats. Most prominent dairy goat breeds are listed in this
chapter: and where available, breed standards are listed.

Alpine

The Alpine breed originated in Switzerland. Alpines are
excellent milkers with well-shaped large udders. Many
composite breeds have Alpine ancestry.

The French Alpine breed is descended from Swiss
Alpine goats of the Alps. These goats were selected for
their uniformity, large size, and high milk production.
They have a larger size than the other Swiss breeds. No
distinct color pattern has been established; color may range
from pure white through shades of fawn, gray, and brown
to black. Both sexes have short hair. The males usually
have long hairs along the spine. The adult bucks weigh
about 77kg (1701b) with a height of 85-100 cm (34—401n.)
at the withers. The does are about 61kg (1341b) in weight
and 75cm (34in.) at the withers. They may be either
horned or polled. Except for white, all colors are accept-
able, but the most common color is chamoisee. Ears are
erect and hair is short. They have high milk production and
are adapted to most climates (Briggs and Briggs, 1980).

The British Alpine breed has both horned and polled
animals. The breed is a medium to heavy milker. The
wither height is 95cm (38in.) for adult males and 83 cm
(33in.) for females. The Swiss Alpine was imported into
Great Britain in 1903. The breed was recognized in 1921,
and its herdbook was established in 1925. This breed is
ideally suited for temperate climates. See Figure 2.7.
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Figure 2.8 Barbari (Dairy Goat). For color detail,
see Appendix A.

Barbari

This small breed of goats originated in Rajasthan of India
and Sandi of Pakistan. These goats have small erect horns
and short hair. A white coat with tan spots is common.
Adult females are 27-36kg (60-791b) in weight. This
breed has been selected for milk production and is very
prolific with twins and triplets being common (Devendra,
2007). See Figure 2.8.

Beetal

Although this breed looks similar to Jamunapari, it is
smaller in size. This breed is widely distributed in both
Punjab provinces of India and Pakistan along with sur-
rounding areas in Rawalpindi and Lahore. The coat color
usually is red but black also is common. The ears are pendu-
lous, and the horns are twisted. The adult male goats weigh
about 65kg (143 1b) while adult females weigh about 45kg
(1001b) (OSU, 2004). The average lactation yield is about
195kg (4301b) in 224 days (Devendra and Burns, 1983).
Meat production is remarkable, so this breed is classified as
adual-purpose breed. The dressing percentage is reported to
be 46.9% (Bhatnagar et al., 1971). See Figure 2.9.

Canary Island

This Spanish dairy goat also is used as a meat animal. The
breed is very hardy with good mothering ability. Their coat
color is variable, and they have saber to twisted horns with a
straight face. The ears are drooping, and animals are medium
to large in size. They are good milk producers averaging
300-400kg (661-8821b) milk with 5% fat when milked
once per day (Mason, 1981). The breed is considered very
hardy and resistant to disease with a high twinning ability.

Figure 2.9 Black Beetal (Dairy Goat). For color
detail, see Appendix A.

Figure 2.10 Damascus (Dairy Goat). For color
detail, see Appendix A.

Damascus

This prominent goat breed is spread across the Middle
East, especially Syria and Lebanon. They are known as
Baladi or Shami, and Aleppo in Turkey (OSU, 2004). This
is a dairy breed that contains some Nubian blood. Color
usually is red or brown but also may be pied or grey. The
hair is long, and males have tassels. Both horned and
polled types are produced. See Figure 2.10.

Golden Guernsey

This breed was developed from local breeds by cross-
breeding with Anglo-Nubian and Swiss dairy breeds
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Figure 2.11 Jamunapari (Dairy Goat). For color
detail, see Appendix A.

during a period from 1920 to 1950 (Mason, 1996) in the
Channel Islands off the coast of Britain. A rare breed, it is
recognized as a dairy breed by the British Goat Society.
Although not producing as much milk as their Swiss coun-
terparts, the high fat and protein content of milk make it
suitable for cheese making. The color varies from cream
to brown, and the breed is usually polled.

Jamunapari

This is the most famous and the largest Indian goat breed
(Acharya, 1982). The breed is also known as the Etawah
breed, a name that is derived from the Etawah district of
Utter Pradesh state. The breed is very tall with long legs,
pendulous ears, and a Roman nose. They have short and flat
horns. The breed has been exported to as many as eight dif-
ferent countries in the world to improve milk and meat pro-
duction of local indigenous breeds (FAO, 2004). The adult
male weighs around 68-91kg (150-2011b), and females
weigh about 36-63kg (79—-1391b) (Devendra and Burns,
1983). Their wither heights are 91-127 cm (36-51in.) and
76—107 cm (3043 in.) for adult males and females, respec-
tively. The breed can yield up to 562 kg of milk (1,2391b)
from selected females. Kidding is once a year with a low
twinning percentage (10%). See Figure 2.11.

LaMancha

Developed in Oregon (U.S.), this breed originated in Texas
from short-eared Spanish goats that were brought from
Mexico by early Spanish explorers and Catholic mission-
aries. They have distinct short or almost nonexisting ears
and come in all colors. The LaMancha goat has a pleasant

Figure 2.12 LaMancha (Dairy Goat). For color
detail, see Appendix A.

temperament among dairy breeds. It is a very sturdy animal
that can withstand hardships, yet still produce milk.
Although selected for milk production, this goat has a
lower milk production, but the milk is higher in fat content
than the Swiss breeds. The breed society and herdbooks
were established in 1969 and 1958, respectively, in the
U.S. See Figure 2.12.

Malabar or Malabari

This dairy breed is found in the southeastern region of
Kerala, India, where the climate is hot and humid. Milk
yields are about 1kg (2.21b) per day. They are medium-
sized animals with adult does weighing about 40kg (88 1b)
with quite variable coat colors. Both sexes are horned, but
polled animals also are common (Devendra, 2007). This is
a prolific breed with a high twinning ability.

Nubian

This breed also is called Anglo-Nubian. The breed was
developed in England by crossing British goats with
African and Indian bucks to form a composite breed
in the 1870s. The name originated from Nubia, a region
spreading from northern Sudan to southern Egypt.
According to Mason (1981), the Nubian is more of a
concept rather than a specific breed, because it is difficult
to find a Nubian goat in Nubia. This is an all-purpose
breed used for meat, milk, and hide. Though not a high
milk producer, its milk contains high levels of fat. This
breed has a longer breeding season than Swiss breeds.
The Nubian goat has been used in as many as 33 countries
(FAO, 2004) for upgrading programs for meat and milk
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Figure 2.13 Nubian (Dairy Goat). For color
detail, see Appendix A.

particularly in tropical countries because of its suitability
for hot environments. This is a large, graceful dairy breed
with droopy long ears and a Roman nose. Mainly horned,
they also can be polled. It is always shorthaired. A mature
buck usually weighs at least 80kg (1751b), and a mature
doe usually weighs over 61kg (1351b). Composite breeds
with Nubians as ancestors include the Zaraibi, Sudan
Nubian, Damascus or Shami, Kilis, Mzabite, Mishri,
and Anglo-Nubian (Briggs and Briggs, 1980). The U.S.
Nubian was derived from the Anglo-Nubian breed of
England. See Figure 2.13.

Oberhasli

This breed originated in the mountains and valleys of
Switzerland (OSU, 2004) and is a very energetic and alert
breed. It also is known as the Swiss Alpine and was part
of Alpine registry. However, in 1979 the Oberhasli breed
was established. This breed is medium in size and has
chamoisee color with black markings (stripes) on its face,
the base of the ear through the dorsal line, belly, and legs
below the knee. Oberhasli does are 71 cm (28 in.) in height
and weigh around 55kg (1201b). See Figure 2.14.

Saanen

This most reputable dairy goat breed (queen of the dairy
goats) is native to the Saanen Valley of Switzerland. Its
herdbook was established in 1890 in Switzerland. The
breed is a heavy milk producer with average butterfat
content. This rugged and vigorous breed has a medium to
large frame with does weighing around 68kg (1501b) and
measuring 75 cm (301in.) in height at the withers. The adult

Figure 2.14 Oberhasli (Dairy Goat). For color
detail, see Appendix A.

Figure 2.15 Saanen (Dairy Goat). For color
detail, see Appendix A.

males weigh 80-91kg (176-2001b) and are 90cm (36in.)
at the withers. It is shorthaired and white or light cream
color. They are polled. Along with Nubian goats, this
breed has been used frequently to form composite breeds
and improve meat breeds (FAO, 2004; Glowatzki-Mullis
et al., 2008). This is one of the most widely distributed
dairy goat breeds in the world (68 countries) for upgrading
local goats to increase milk and meat production (FAO,
2004). Herdbooks have been established in many countries
including South Africa (1922), Great Britain (1922), the
U.S. (1954), and Italy (1981). See Figure 2.15.
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Sable Saanen

Sables are Saanens that are not white in color; they are
rare. These also are called a black variety of Saanen. They
come in many colors and combinations and have been a
part of the Saanen heritage. The Sable is descended from
Saanen goats brought to America by Europeans. In 2005,
the Sable was recognized as a separate breed. Usually very
dark or black, they can be multicolored.

When two recessive genes for coat color are paired, one
from the sire and one from the dam, Sables are created
(i.e., both genes must be present) (Dohner, 2001). Sables
are recognized by the American Dairy Goat Association.
Their weight or height is similar to the Saanen breed.

Sangamneri

This breed is native to Pune, Maharastra (Devendra, 2007).
Although it is considered a dairy breed, its meat also is
valued highly. Colors vary from white to black to brown
or pied. The breed is a medium-sized breed with an average
weight for females about 29 kg (64 1b). Their wither height
is 68cm (271n.).

Stiefelgeiss

Also known as the Booted goat, this breed originated in
St. Gallen, in the northeastern part of Switzerland. This is
1 of the 10 goats in Switzerland with a testified Swiss origin
(Glowatzki-Mullis et al., 2008). The breed was almost
extinct until the foundation called Pro Specie Rara saved
it in the 1980s. The breed is a milk breed well adapted to
the extensive system of production in the mountainous
regions. They are horned with hair colors that range from
grey brown to dark-red brown. They are concentrated in
eastern Switzerland with scattered breeding groups also
found in the central and western regions of the country
(OSU, 2004). The German subvariety is called St. Galler
Stiefelgeiss (Mason, 1996). Their coats range from a light-
greyish brown to a dark reddish color. The breed is managed
by the “Booted Goat Breeders Club of Switzerland.”

Toggenburg

This breed originated in the Toggenburg Valley of north-
eastern Switzerland, also known as “Alemu.” Among the
Swiss dairy breeds, this is the oldest known dairy breed.
This breed is medium in size and slightly smaller than
other Alps breeds. The doe weighs at least 54kg (1201b)
while the buck may weigh more than 91kg (2001b). The
hair is short, and the color is solid from light fawn to dark
chocolate. The ears are erect and carried forward. They
have white stripes down the face. The height at the withers
is at least 83cm (33in.) for adult males, and females are

Figure 2.16 Toggenburg (Dairy Goat). For color
detail, see Appendix A.

68cm (27in.) tall at the withers. The Toggenburg also is
known for being very sturdy, vigorous, and alert. They
perform best in cooler environments and produce great
amounts of milk with average butterfat content. They have
been exported to at least 48 countries around the world
(FAO, 2004) to upgrade the milking ability of indigenous
local goats. As a result, many Toggenburg breeds have
developed in different countries. See Figure 2.16.

CHARACTERISTICS OF FIBER
GOAT BREEDS

Quantity of fiber produced and quality of the fleece have
been emphasized in selection of these breeds with less
emphasis on body size. Fiber goats generally are smaller
in stature than meat and dairy goats. Mason (1996) has
listed more than 70 breeds in the world that are used for
either hair or cashmere production purposes besides provid-
ing meat and milk. Most prominent fiber goat breeds are
listed below. Breed standards are listed where available.

Angora

This breed originated in the mountainous district of Angora
(Ankara, Turkey) in Asia Minor. It is distributed to more
than 22 countries in the world (FAO, 2004). The breed
society was established in the U.S. in 1900 and in 1921 in
South Africa (Mason, 1981). The fiber produced by these
goats is called mohair. Though similar to wool, mohair has
a much smoother surface and a very thin smooth scale. The
Angora goat is a small animal. The average carcass weight
is 13kg (291b). This breed is not as prolific as other goat
breeds and does lack good mothering ability. Angora goats
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Figure 2.17 Angora (Fiber Goat). For color detail,
see Appendix A.

are very delicate and appear more susceptible to internal
parasites than other goat breeds. Newborn kids need pro-
tection from the cold during their first few days of life.
Angora goats have excellent browsing ability and can
adapt to areas where sheep would not thrive on land unsuit-
able for other agricultural uses.

The average amount of mohair produced by these goats
is 2.4kg (5.31b) per shearing with animals usually being
sheared twice a year in the U.S., South Africa, and Russia
but only once a year in Turkey. Mohair does not shed out
naturally; therefore, Angora goats must be sheared. See
Figure 2.17.

Atlai Mountain

This fiber (wool) breed of goat originated in Gorno, Atlai,
Siberia, Russia, by crossing Don goats (wool goats) with
local goats. The breed also is used for production of milk
and skins. The coat color usually is black with a grey
undercoat. This breed was first recognized as a breed group
in 1968 and as a separate breed in 1982. They are well
adapted to year-round grazing on pastures under extensive
systems in the highlands. They are uniform in color, size,
and conformation (Dmitriez and Ernst, 1989). The adult
males weigh about 65-70kg (146—1551b) and females
about 41-44kg (90-971b). The guard hair color is black
and true dark. Of very high quality, the fiber is a valuable
commodity.

Cashgora

This is a composite breed that developed in Australia, New
Zealand, and Great Britain primarily by crossbreeding

Figure 2.18 Cashmere (Fiber Goat). For color
detail, see Appendix A.

Cashmere goats with Angora goats. This is a first cross
between Angora goats with feral goats or Angora goats
with Cashmere goats. The Angora goats were being used to
upgrade feral goats in Australia and New Zealand. There
are two foundation breeds developed in Australia (Shrestha,
2005). The fiber has both Mohair and Cashmere qualities.

Cashmere

The name originated in Kashmir, a mountainous region in
northwest India bordering Pakistan. The breed is also
known as Pashmina, Changthangi (Kashmir), Mongolian,
Alashan Down, Albas Down, Hexi Down, and Tibetan and
Xinjian (China). The fiber (luxurious fiber of kings) is a
secondary hair shed by goats during the spring and is very
fine in diameter. The breed usually is white with long hair.
The horns are twisted, and ears are either erect or horizon-
tal. More than 60% of the world’s cashmere is produced
in China with the remainder in Turkey, Iraq, Iran, Kashmir,
Australia, and New Zealand. Cashmere goats were
imported from Australia and New Zealand to the U.S. in
the 1800s. This breed is easy to raise and needs minimal
management. Because they are not agile, they are easy to
contain but need shelter due to the insulating nature of their
dual coat that is shed in summer. They are sheared once a
year, and an adult buck will shear about 1.1kg (2.51b) of
fleece, which contains guard hair and about 20% cashmere.
See Figure 2.18.

Kurdi

The Kurdi goat originated in Kurdistan, Iraq, and Iran. The
breed is a cashmere-producing breed. Their color usually
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is white, black, or brown. They also are known as
Karadi, Kurdish, Marghaz, Markhaz, Morghose, or
Morghoz (Iran). They have a straight or slightly concave
face with laterally directed ears with a forward and down-
ward inclination (Mason, 1981) and have twisted horns.
Males weigh about 50—-60kg (110-1301b).

Nigora

This is a composite breed developed by crossbreeding
Nigerian Dwarfs with Angora goats. Their size is medium
to medium small. The American Nigora Goat Breeder
Association was established in 2007 in the U.S. According
to the breed association, the size of the Nigora breed
should be 25% less than either parental breed. Ideally, the
breed should be 50% Nigerian Dwarf and 50% Angora
goat. The registered Nigoras produce three types of fibers.
The type A fiber, similar to mohair, is up to 15cm (61in.)
in length. The type C fiber is like cashmere, a fine fiber,
2.5-7.5cm (1-31in.) in length. The type B fiber is a blend
of Type A and C. Friendly, intelligent, playful, and gentle,
they are popular as pets.

White Himalayan

This is a fiber breed mainly used to produce cashmere, but
its meat also is valued. They are found in the northeastern
Himanchal Pradesh and northern part of Utter Pradesh,
India. They also are known as Kangra Valley, Chamba,
Gaddi, or Kashmiri. They are used as beasts of burden. The
color is usually white. They have long and twisted horns.

Zhongwei

Also known as Chungwei, Zhongwei goats are found in
the arid desert steppes counties in the Ningxia Hui
Autonomous Region and Gansu Province of China (Cheng,
1984). Besides producing cashmere, they are famous for
their pelts from kids slaughtered at 35 days of age. The
pelts are white with lustrous staples and attractive curls.
Both males and females have horns that twist upward. The
adult males weigh about 39kg (851b), and females average
24.5kg (551b). This breed is not very prolific.

CHARACTERISTICS OF FERAL GOATS

According to the Board of Agriculture (1993), goats known
to run wild for at least 100 years with no known introduc-
tion of outside genetics are called “feral goats.” Some 11
different feral goat breeds are listed in the Atlas of Goat
Breeds (Mason, 1996). These include Australian feral
goats; Barren Island feral goats (Andaman Islands, India);
British feral goats from the mountains of Wales, Scotland,
and North England, Desecho Island (off of Puerto Rico),
Galapagos (Islands of Ecuador), Guadalupe Island (Lower

California, Mexico), Juan Fernandez (Islands off of Chile),
Montecristo (Montecristo Island, Tuscany, Italy); New
Zealand feral goats (especially Arapawa, an island in
Marlborough Sounds, Auckland Forsyth and Great Barrier
Islands), San Clemente, and Santa Catalina (Islands off
California, U.S.). Feral goats allegedly cause environmen-
tal damage. Although considered a menace in Australia, in
more recent years feral goats have become sources of
revenue for certain regions in Australia from their oppor-
tunistic capture and sale (MLA, 2007). Most prominent
feral goat breeds are listed in following sections.

Australian Rangeland

The Australian feral or wild goats are called “Rangeland
Goats” (MLA, 2007). They are thought to be the result of
haphazard crossbreeding among Angora, Cashmere, Anglo-
Nubian, British Alpine, Saanen, and Toggenburg breeds
(Reithmuller, 1998). These are very hardy goats developed
through natural selection over many years and are well
adapted to harsh environments. They can survive under
harsh conditions, maintain high fertility, and produce suit-
able carcasses. Very popular in Australia, they are exported
around the world both as meat and live animals.

San Clemente and Santa Catalina Island

These goats are found on two of the eight islands that form
California’s channel islands along the Pacific coast from
Santa Barbara to San Diego (Dohner, 2001). They are
believed to be originated from Spanish goats were brought
about by explorers. San Clemente goats were nearly eradi-
cated by the U.S. Navy in an attempt to conserve the
endangered plants of the islands, but a few hundred goats
probably are still alive. These goats are small in size with
adult males weighing about 45kg (1001b) and adult
females weighing about 29kg (651b). Their coat color
commonly is red or light brown with black or dark brown
markups. The breed is listed as a critically endangered
heritage breed by the American Livestock Breeds
Conservancy.

CHARACTERISTICS OF COMPANION
(PET) BREEDS

Goats have become very popular as pets in the U.S.
They can be handled by children and are used therapeuti-
cally with children and adults with physical handicaps
and with those that need psychological rehabilitation
(Morand-Fehr et al., 2004). A variety of breeds are avail-
able as pets. Goats are gregarious animals and enjoy
socializing and being in the company of other goats. Dwarf
goats make ideal pets because they are small in size and
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have lower feed, housing, and management requirements.
Their different coat colors also add variety. They breed
year-round and are very prolific. Selected breeds of pet
goats are listed below.

Australian Miniature

The Australian miniature goat breed was developed in
1995. These miniature goats became a recognized breed in
2000 by the Australian Miniature Goat Club (Burk’s
Backyard fact sheet, 2009). The breed is mainly from
Angora, Cashmere, and Nubian breeds, combined with
Australian feral goats. The breed measures up to 53.3cm
(211in.) in height for adult females and 58.5cm (23 in.) for
adult males. They are intelligent, gentle, love human com-
panionship, and often form close bonds with their family
and other family pets. Their small size makes them easy
for members of the family to train and handle. Australian
miniature goats are predominantly kept as pets. Some
owners use the longhaired types for spinning while others
milk their goats.

Kinder

This is a composite breed developed by crossing Pygmy
goats with Nubian goats. This breed was created in 1988
in the U.S. and is recognized by the American Dairy Goat
Association as a dairy goat (OSU, 2004). More muscular
than the pygmies, they are popular as pets. This breed also
is considered a dual-purpose goat being used for both milk
and meat production. The adult does average 52kg (1151b).
Their milk production averages 680kg (1,5001b) in 305
days or less. Animals of this breed grow rapidly.

Nigerian Dwarf

The Nigerian Dwarf is a miniature goat of West African
origin. They make wonderful pets and great animal proj-
ects for young children in 4-H. They are very popular as
z0o or park pets also. They have a straight nose and erect
ears. Their coat is soft with short to medium hair. Dwarf
goats come in many colors but usually are black, or choco-
late and gold with random white markings and other color
combinations such as red, white, gold, and black.

The mature buck’s wither height is 48—50 cm (19-201n.)
with a maximum height of 59cm (23.6in.). The adult
female height at the withers is 43—48cm (17-191in.) with
a maximum height of 57cm (22.6in.). Dwarf goats are
gentle and loveable. Even breeding bucks are handled
easily. They breed year-round and are very prolific. They
are registerable in three registries: American Goat Society
(AGS), International Dairy Goat Registry (IDGR), and
Canadian Goat Society (CGS). Dwarf shows are growing

in popularity, and dwarfs are becoming more available.
Most dwarfs are sanctioned by AGS (OSU, 2004).

Pygmy

The Pygmy goat was derived from the Cameroon Dwarf
or the West African Dwarf goats of West African coun-
tries. The northern, southwestern, and eastern African
countries also have similar forms of Pygmy goats. This
breed is small with short legs, a large torso, and broad
head. Besides being used as pet animals, the breed also is
used for meat.

They are very popular as exotic animals. The hair is
straight and medium to long. Males have beards, but
beards are nonexistent, sparse, or trimmed in females. All
body colors are acceptable, the predominant color being a
grizzled (agouti) pattern produced by the intermingling of
light and dark hairs of any color (National Pygmy Goat
Association, 1932).

Pygora

The Pygora goat is a composite breed developed by cross-
ing Pygmy goats with Angora goats (Pygora Breeders’
Association, 2002). The breed has fleece that is distinct
from Angora and the smaller size from Pygmy. This breed
was developed in 1987 in Oregon, U.S. The Pygora goats
are medium-sized goats. The registered Pygora goat may
not be more than 75% registered Angora goat or more than
75% registered Pygmy goat (Jorgensen, 1993). Pygoras are
popular as pets because they are very friendly, cooperative,
and easy to handle. They are also good show, breeding,
and fiber-producing animals. Pygora goats will produce
cashmere-like fleece (Classified as Type C), a mohair-
like fleece (Type A), or a combination of the two fleeces
(Type B).

Adult bucks weigh 34kg—43kg (75-951b) and reach a
minimum height of 58cm (23 in.) at the withers. Females
(does) weigh 29kg—34 kg (65-751b) and reach a minimum
height of 45cm (18in.). The breed is both horned and
polled animals.

CHARACTERISTICS OF THE
MULTIPURPOSE BREEDS

The majority of goats in the world are multipurpose breeds.
Mason (1996) has listed more than 29 goat breeds that are
used as triple-purpose animals. Products from these goats
include meat, milk, fiber, and skin, and they also may be
used as pack animals. Most of these breeds are in their
original state throughout the world and have not been
intensively selected for any products such as meat, milk,
or fiber. The application of a multitrait animal model
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would be ideal to establish optimum breeding objectives
to achieve maximum efficiency of multipurpose goats
(Shrestha and Fahmy, 2007).

No separate breed categories for multipurpose breeds
are provided here to avoid duplications. In the strictest
sense, most of the breeds found in the developing countries
are used for multiple purposes.

SUMMARY

The highest diversity among goat breeds of the world is
found in the developing countries with goats being raised
under extensive systems. Most breeds have not been exten-
sively characterized or described. Consequently, it is dif-
ficult to appraise potential strengths and weaknesses of
these breeds. This makes it difficult to develop strategies
for breed improvement and management programs appro-
priate for the small farmers who own most of the goats in
the world. In addition, a clearer understanding of variabil-
ity among breeds should provide goat breeders with an
opportunity to design effective programs to develop com-
posite mating systems. Although most indigenous goats
are used primarily to produce both milk and meat, improved
breeds that excel in dairy, meat, and fiber production have
been identified and developed and potentially can be used
in crossbreeding programs to improve productivity of the
environmentally well-adapted indigenous goat breeds.

REFERENCES

Acharya, R.M. 1982. Sheep and goat breeds of India. FAO
Animal Production and Health Paper 30, Food and
Agriculture Organization of the United Nations, Rome,
Italy, pp. 190.

Alexandre, G., G. Aumont, N. Mandonnet, and M. Naves.
1999. The Creole goat of Guadeloupe (French West Indies):
an important genetic resource for the humid tropics. Anim.
Genet. Resour. Inform. 26:45-55.

Bhatnagar, D.S., O.S. Tomer, and R. Nagarcenkar. 1971. All
India coordinated research project on breeding and man-
agement of goats for milk. In: Annual Report, 1971,
National Dairy Research Institute, Karnal, New Delhi,
India; Indian Council of Agricultural Research 53-54.

Board of Agriculture. 1993. Managing Global Genetic
Resources: Livestock. National Research Council, National
Academy Press, Washington, DC.

Briggs, HM. and D.M. Briggs. 1980. Modern Breeds of
Livestock. 4th ed. The MacMillan Company, New York.
Burke’s Backyard Magazine. 2009. Fact Sheets. http://
www.burkesbackyard.com.au/factsheet/Others/

Australian-Miniature-Goat/1903.

Campbell, Q.P. 2003. The origin and description of southern

Africa’s indigenous goats. South African Society of Animal

Science, Popular Scientific Papers (4):18-22. http://www.
sasas.co.za/scientific/campbell.pdf.

Casey, N.H. and W.A. Van Niekerk. 1988. The Boer Goat I.
Origin, adaptability, performance testing, reproduction and
milk production. Small Ruminant Research 1:291-302.

Cheng, P. 1984. Livestock breeds of China. Animal Production
and Health Paper 46, FAO, Rome, Italy.

Council of Scientific and Industrial Research. 1970. The
Wealth of India. Raw Materials VI. Suppl. Livestock
(including poultry). Published Information Directorate,
CSIR, New Delhi, India.

Devendra, C. 1981. Meat production from goats in developing
countries. In: Intensive animal production in developing
countries, Thames Ditton, UK; British Society for Animal
Production 395-406. Occasional Publication, British
Society of Animal Production, 4.

Devendra, C. 2007. Goats: biology, production and develop-
ment in Asia. Academy of Sciences, Malaysia.

Devendra, C. and M. Burns. 1983. Goat production in the
Tropics. Commonwealth Agricultural Bureau International,
Wallingford, UK.

Dmitriez, N.G. and L.K. Ernst. 1989. Animal Genetic
Resources of the USSR. Animal Production and Health
Paper 65 Published by FAO, Rome, pp. 517.

Dohner, J.V. 2001. The Encyclopedia of Historic and
Endangered Livestock and Poultry Breeds. Yale University
Press, Exhibits Department, New Haven, CT.

Epstein, H. 1969. Domestic Animals of China. Commonwealth
Agricultural Bureau, Farnham Royal, Buckinghamshire,
UK, pp. 166.

Epstein, H. 1971. The origin of the domestic animals of
Africa. Revised in collaboration with I.L. Mason. Vol. 1.,
Vol. 1I., New York. New York, London, and Munich.

Epstein, H. 1977. Domestic animals of Nepal. Homes and
Meier Publishers, Inc., NY.

Food and Agriculture Organization (FAO). 2004. http://www.
fao.org/mewsroom/en/news/2004/39892/index.html.

Food and Agriculture Organization (FAO). 2007. Food and
agriculture organization statistical database. http://faostat.
fao.org/site/497/default.aspx.

Food and Agriculture Organization (FAO). 2009. http://dad.
fao.org/accessed. Retrieved October 2009.

Galal, S. 2005. Biodiversity in goats. Small Ruminant
Research 60:75-81.

Gall, C. 1981. Goat Production. Academic Press, London/
New York.

Gall, C. 1996. Goat breeds around the world. CTA, Margraf/
FAO, Weikersheim, Deutschland.

Gipson, T. 1996. Breeds and breeding plans. In: Meat Goat
Production Handbook. Sponsored by Rural Economic
Development Center, Raleigh, NC, and Mid-Carolina
Council of Governments, Fayetteville, NC.

Glowatzki-Mullis, M.L., J. Muntwyler, E. Baumle, and C.
Gaillard. 2008. Genetic diversity measures of Swiss goat



2/ Goat Breeds 37

breeds as decision-making support for conservation policy.
Small Ruminant Research 74:202-211.

Hasnain, H.U. 1985. Sheep and goats in Pakistan. FAO Animal
Production and Health Paper No. 56. Food and Agriculture
Organization of the United Nations, Rome, Italy.

Jiang, Y. 1982. Goat breeds and ecological characteristics in
China. J. Beijing Agric. Univ. 8: 9-12.

Jiang, Y. 1995. Chinese meat goat breeds and their crosses.
Animal Genet. Resources Information, 15:71-81.

Jorgensen, K. 1993. The goat for all seasons/reasons. Fiberfest
Magazine, Vol. 1, Issue 1, Fall 1993.

Lanari, M.R., H. Taddeo, E. Domingo, M. Perez Centeno, L.
Gallo. 2003. Phenotypic differentiation of exterior traits in
local Criollo goat population in Patagonia (Argentina)
Arch. Tires., Dummerstorf. 46(4): 347-356.

Mason, I.L. 1980. Sheep and goat production in the drought
polygon of northeast Brazil. World Animal Review. No.
34: 23-28.

Mason, I.L. 1981. Breeds. In: C. Gall (Editor) Goat produc-
tion, Chapter 3, Academic Press, London, England.

Mason, I.L. 1996. A World Dictionary of Livestock Breeds,
Types and Varieties. Fourth Edition. C.A.B International,
Wallingford, UK.

Mason, L.L. and J.P. Maule. 1960. The indigenous Livestock
of Eastern and Southern Africa. Commonwealth Agricul-
tural Bureaux, Farnham Royal, Bucks, England.

Meat and Livestock Australia (MLA). 2007. Goat Farming for
the Future. www.mla.com.au.

Moaeen-ud-Din, M., L.G. Yang, S.L. Chen, Z.R. Zhang, J.Z.
Xiao, Q.Y. Wen, and M. Dai. 2008. Reproductive perfor-
mance of Matou goat under sub-tropical monsoonal climate
of Central China. Tropical Animal Health Production
40:17-23.

Morand-Fehr, P, J.P. Boutonnet, C. Devendra, J.-P. Dubeuf,
G.FW. Haenlein, P. Holst, L. Mowlem, and J. Capote.
2004. Strategy for goat farming in the 21st century. Small
Ruminant Research 51:175-184.

National Pygmy Goat Association. 1932. 149th Ave
SE, Snohomish, WA, USA. http://www.npga-pygmy.
com.

Oklahoma State University (OSU). 2004. Breeds of Livestock.
http://www.ansi.okstate.edu/breeds/goats/.

Oliver, J.J., SSW.P. Cloete, S.J. Schoeman, and C.J. C. Muller.
2005. Performance testing and recording in meat and dairy
goats. Small Ruminant Research 60:89-93.

Pygora Breeders Association. 2002. Pygora goat fiber and its
uses. The Goat Magazine, Vol. 6 (5), June/July.

Reithmuller, J. 1998. In: “Goat meat for export,” Roma,
Queensland, Australia. Department of Primary Industries,
Australia, pp. 17-19.

Scherf, B.D. (ed.). 2000. World watch list of domestic animal
diversity, 3rd ed. Food and Agriculture Organization of the
United Nations, Rome, Italy, pp. 726.

Sengar, O.P.S. 1976. Sheep and goat production systems in
India. Paper presented Int. Workshop Role of Sheep and
Goats in Agric. Develop., Winrock Int. Livestock Res.
Training Ctr., Morrilton, AR.

Shelton, M. 1978. Reproduction and breeding of goats.
Journal Dairy Science 61:994-1010.

Shrestha, J.N.B. 2005. Conserving domestic animal diversity
among composite populations. Small Ruminant Research
56:3-20.

Shrestha, JN.B. and M.H. Fahmy. 2005. Breeding goats for
meat production: areview 1. Genetic resources, management
and breed evaluation. Small Ruminant Research
58:93-106.

Shrestha, JN.B. and M.H. Fahmy. 2007. Breeding goats for
meat production: a review. (3) Selection and breeding strat-
egies. Small Ruminant Research 67:113—125.

Solaiman, S.G. 2007. Simply Meat Goats. Tuskegee University
Publication No. 115-1006.

Solaiman, S.G., D. Bransby, C. Kerth, R. Noble, B. Blagburn,
and C. Shoemaker. 2006. A sustainable year-round forage
system for goat production in Southeastern USA. Final
Report, southern SARE Project # LS02—-141.

Taneja, G.C. 1982. Breeding goats for meat production.
Proceedings of the Third International Conference on Goat
Production and Diseases, pp. 27-30.

Ying, J. 1986. Some Chinese goat breeds. World Animal
Review (58):3441.






3
Conservation of Goat Genetic Resources
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KEY TERMS

Domestic animal—animal that has been bred in captivity for economic profit to the human community.

Feral animal—a domestic animal that has reverted to its wild state following its escape or its release into an environ-
ment favorable for propagation.

Breed—a subgroup of domestic livestock and poultry with definable and identifiable morphological characteristics
within a species.

Breeds at risk—according to the Food and Agriculture Organization (FAO) of the United Nations, those breeds with
<1,000 females, with <20 males, or with a total population of <1,200.

Globalization—the process of unifying people or a local phenomenon into a single society and function as a global
phenomena.

Conservation—analysis and protection of biological diversity in the world.

OBJECTIVES
By completing this chapter, the reader will acquire knowledge on:

e The most likely dates and places where goats and sheep were domesticated

e The evolution of the goat

o How the goat spread from its place of origin to different parts of the world

e How primitive goats developed to become highly specialized modern breeds

e The degree of diversity among goat breeds, populations, and landraces in the world

e The alarming trend in the loss of domestic animal diversity

e The need to characterize various domestic animals taking into consideration their population size

e The need to conserve those breeds, populations, and landraces that are considered endangered or at risk of
extinction

e The social and economic importance of goats in poverty alleviation

INTRODUCTION

Creative human activity, which began with domestication
of goats over 10,000 BC combined with natural causes, has
resulted in a colossal amount of inherent potential among
1,153 goat breeds worldwide (FAO, 2009) for economi-
cally important morphological characteristics and produc-
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tion performance. Many of the traditional breeds in the
industrialized nations and indigenous breed populations in
the developing countries are being replaced by commercial
breeding stocks derived from a narrow genetic base. These
commercial breeds have outstanding productivity and are
capable of meeting the demand for quality food and food
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products of a burgeoning population of humans with
increasing disposable income (Shrestha et al., 2008). One
outcome of the United Nations Conference on Environment
and Development in 1992 held in Rio de Janeiro was the
ratification of the Convention on Biodiversity. This pro-
moted national and international attention toward the
depletion of biological diversity, a trend that includes
goats. To combat the loss of goat genetic resources world-
wide, many countries have seized opportunities to initiate
in situ and ex situ conservation to preserve the inherent
potential of goats and reduce the endangerment or extinc-
tion of breeds, populations, and landraces.

Goat provides a sizeable proportion of the human diet
in many developing countries. Through owning animals
with multifunctionality, small farmers and the landless
have survived in the face of hunger, poverty, and the
current food crisis (Devendra, 2007). The genetic resources
of goats are not unique to each country but instead are
affiliated intimately with the economic status, social struc-
ture, religious rituals, and most importantly, public policy.
Therefore, preservation of animal genetic resources is nec-
essary to sustain current production levels and to address
future market demands for commodities, trade, fertilizer,
breeding stocks, employment, and recreation. No longer
are goats viewed as pests responsible for soil erosion.
Instead, goats are being viewed in new roles as potential
alleviators of worldwide poverty.

DOMESTICATION

Domestication is an ongoing process that includes both
artificial selection and skillful breeding practice in an envi-

ronment provided by farmers. Wild species undergo physi-
cal changes as they adapt to captivity and are selected for
traits of economic importance. Clutton-Brock (1999)
defined a domestic animal as “one that has been bred in
captivity for purposes of economic profit to a human com-
munity that maintains total control over its breeding, orga-
nization of territory and food supply.”” Domestic animals
that revert to their wild state following their escape or
release into an environment favorable for propagation are
known as “feral” animals.

As early as 8500 BC, prehistoric people at the end of
the Mesolithic period raised herds of goats and flocks of
sheep in the mountainous areas bordering Iran and Iraq
(Figure 3.1). This conclusion is based on archeological
excavations where goat and sheep bones were uncovered
adjacent to human settlements along with radiocarbon
dating. Archaeological sites in the Kermanshah Valley of
the Zagros Mountains at “Ganj Dareh,” Iran (8000 BC)
and the Euphrates river valley at “Nevali Cori,” Turkey
(9000 BC) are believed to be two separate but distinct sites
where domestication occurred (Vigne et al., 2005). Other
possible sites of domestication include the Indus Basin at
“Mehrgarh,” Pakistan (7000 BC), “Cayonii,” Turkey
(8500-8000 BC), “Tell Abu Hureyra,” Syria (8000—7400
BC), “Jericho,” Palestinian Occupied Territories (7500
BC), and “Ain Ghazal,” Jordan (7600-7500 BC). The
central Anatolia and the southern Levant also have been
proposed as additional sites of early domestication. New
research has confirmed that the “Ganj Dareh” site contains
the earliest directly dated evidence of livestock domestica-
tion (Zeder and Hesse, 2000).
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Figure 3.1 Region where early domestication of goats and sheep occurred.
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Figure 3.2 Alpine ibex (Capra ibex ibex) in the
Gran Paradiso National Park, Italy. Photo by
Marco Festa-Bianchet. For color detail, see
Appendix A.

Zoo-archaeological records predating the time of domes-
tication indicate that the ancestors of the present-day
domestic goats arose from three genetically distinct mater-
nal lineages rather than one single wild population. Wild
goats of the Bezoar or Pasang (Capra aegagrus aegagrus),
Makhol (C. aegagrus falconer), and Ibex (C. aegagrus
ibex) types are believed to be the ancestors of domestic
goats worldwide. Bezoar, Savannah, and Nubian goats,
each with its characteristic morphology and distinctive
horns, probably were domesticated from these three types
of wild goats. Currently descendents of these goats that
represent breeds, populations, and landraces are spread in
various regions of the world. See Figure 3.2.

Phylogenetic analysis of mitochondrial DNA (mtDNA)
from 19 ancient bone remains uncovered at the earliest
Neolithic sites in southwest Europe that date back to about
4900 to 5300 BC indicates that two highly divergent goat
lineages may have coexisted (Fernandez et al., 2006).
Genetic sequence analysis of the mitochondrial cyto-
chrome gene supports the concept that two distinct clades
of goats existed in the Caucasus with domestication in the
Fertile Crescent mentioned earlier. The first farm animals
domesticated probably were Bezoar goats (Capra hircus).
The presence of a sizeable amount of mtDNA diversity
from the remains of goats in Europe confirms that goats

migrated there, presumably to provide food and fiber
during the “Neolithic revolution.” Later, humans along
with goats traveled to distant lands and in due process
established homesteads.

EARLY MIGRATION ACROSS CONTINENTS

About 7500 BC nomadic and seminomadic pastoralists
from the Near East traveled along with their goats across
continents. From the West Asian center of civilization,
goats spread westward and eastward through the first
wave(s) of expansion of agriculture. This was followed by
an extensive movement of improved types of goats during
the late Neolithic period (with wool sheep) and the expan-
sion of the Roman Empire (with large cattle). With the rise
of the Roman Empire, goats with large body size were
developed in Europe. This was when hornless goats were
first reported. Later, with the demise of the Roman Empire
in the 3rd to 6th century, the body size of goats decreased
through the “Middle Ages” until the 14th century.
Concurrently, the movement of goats was widespread,
from north to south in East Africa, east to west in North
Africa, and finally spreading across the entire African
continent.

Goats with scimitar-shaped horns originated in Egypt
in the 5th century BC and migrated into the areas adjoining
Syria and Palestine. The Savannah type goats currently are
widespread across the African continent, providing meat,
milk, and skin to the pastoralists. In North Africa, the
Nubian-type goats raised by the sedentary agriculturists
originated in India or Iran, and subsequently migrated to
Syria and Egypt (Epstein, 1971). The Anglo-Nubian goats
are believed to be a cross between the prick-eared goats
indigenous to Britain and Nubian-type Zaraibi, Chitral,
and Jamunapari goats from Egypt and India.

The rise of the Aryan empire in the 2nd century BC
resulted in the movement of goats eastward through the
Khyber Pass into the Indian subcontinent. The nomadic
and seminomadic pastoralists from Iran and Afghanistan
traveled via the Silk Road to Turkistan, Mongolia, and
North China. At the same time, Tsinghai and Mongolian
goats became established in the Tibetan Plateau. Later,
goats moved eastward from western and central Asia to
South China, Hainan Island, and the eastern plain of
Taiwan. Goats indigenous to central and eastern China
may have originated as a cross between the Mongolian
goat and the meat goat of South China.

In the 6th century BC, trade between India and South-
Eastern Asia was thriving along the maritime route of
Burma, Thailand, Malaysia, and Indonesia. During this
period, goats migrated from the Indian subcontinent into
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those countries. Goats from South China possibly were
introduced into those countries as well as South Asia. The
Kambing Katjang or Pea goats in Malaysia and Indonesia
that are raised for meat have a morphology similar to that
of indigenous goats in the Philippines, Taiwan, and the
islands of southwest Japan. These goats also bear some
resemblance to the South China goat and the Black Bengal
goat. The Jamunapari and Anglo-Nubian breeds probably
share a common heritage to the indigenous goats of
Thailand, Malaysia, and Indonesia.

In the last few centuries, explorers and conquerors
brought goats during their attempts to find and colonize
new lands. Goats were not only easy to adapt and manage,
but also were portable, plentiful, and inexpensive. Goats
accompanied voyages from Spain and Portugal to the
Americas and from France and the UK. to North America.
Goats also accompanied voyages from the UK. to
Australia, New Zealand, and South Africa, and from Africa
to the Caribbean countries. The abundance of forage and
vegetation, as well as freedom from predators and com-
municable diseases in sparsely populated regions, resulted
in the expansion of goat numbers worldwide. This also
contributed to a large feral population from goats that
escaped or were released into the wilderness. The export
of large numbers of goats into the colonies continued for
many years resulting in their expansion worldwide. Goat
populations established in distant lands were exposed to
both natural selection and skillful breeding practices that
resulted in a tremendous increase in phenotypic variability.
Specific genetic combinations became established through
centuries of evolutionary processes worldwide. Genetic
diversity in goat populations has potential merit as an
important resource for the future.

DEVELOPMENT OF BREEDS

The FAO (2000) defines breed as “either a sub-specific
group of domestic livestock with definable and identifiable
external characteristics that enable it to be separated by
visual appraisal from other similarly defined groups within
the same species or a group for which geographical and/
or cultural separation from phenotypically similar groups
has led to acceptance of its separate identity.” The
Thoroughbred horse first was listed in the General Stud
Book in 1791; it included only horses that had won impor-
tant races. Shire horses, Longhorn cattle, and Leicester
sheep followed. The first herdbook in the western world
was the Coates’ Herd Book for Shorthorn Cattle, estab-
lished in 1822 in the UK. This led to the widespread
acceptance of a concept developed by Robert Bakewell of

Dishley, UK., that involved combining stocks with similar
morphology and production in accordance with the breed-
ers’ vision, recording of the pedigree, registration, and
maintenance of herdbooks established by breed societies
(Lush, 1945). Bakewell’s message was “like begets like”
and “breed the best to the best.” Concurrently, the estab-
lishment of rigid breed standards encouraged the selection
of goats with uniform morphological characteristics and
the requirement for detailed record keeping of pedigreed
animals that occasionally included performance measure-
ments. Pure breeds were widely sought and promoted as
seed stocks of choice in show rings, exhibitions, and auc-
tions. To ensure the purity of the breed, introduction of any
breeding animal that was not registered in the same herd-
book was officially prohibited regardless of its genetic
merit. The concept of breed was readily accepted and
became established in many countries resulting in the
development of numerous breeds worldwide.

In the 1920s, South African farmers from the Eastern
Cape crossed indigenous goats kept by the Hottentot and
Bantu tribes with imported Nubian and Indian goats to
produce the Boer breed (Skinner, 1972). In the following
years, selection for body size and conformation resulted
in goats that excelled in meat production efficiency. In
Europe, the Alpine (e.g., Saanen and Toggenburg) and
Anglo-Nubian breeds were developed as dairy goats. In
the U.S., the Spanish goat, named to be distinct from the
Angora and dairy breeds, is of Mexican origin and accounts
for most of the goat meat produced in the U.S. The highly
variable appearance of these goats may be attributed to
natural selection and the indiscriminate crossing with the
Nubian (syn., Anglo-Nubian) or Toggenburg breeds.

In India, goats were classified according to both their
primary product and their distribution into the following:
cashmere-like goats close to the Himalayan mountain
range; milk goats in the northern dry areas; black meat
goats on the Deccan plateau; and small meat goats adjoin-
ing the Bay of Bengal. Many indigenous populations were
further classified into some 20 goat breeds on the basis of
having morphological characteristics distinct from other
breed populations with complementary local names in the
vicinity. Pakistan classified goats on the basis of hair and
coat smoothness characteristics into 25 breeds. Goats
found in the tropical, subtropical, and high mountain cli-
mates were exposed to humid, very dry, dry, and humid
and cold environments. These goats were classified into
breeds according to primary products with 34 for meat, 12
for milk, 8 for prolificacy, and 3 each for pashmina and
skin production. According to the FAO (2009), 1,153
breeds of goats currently exist in the world.
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GENETIC RESOURCES: THEIR HABITAT
AND MANAGEMENT IN THE WORLD

Goats worldwide are subjected to diverse management
practices dependent on husbandry, breeding, productivity,
and disease status. Other factors include the interacting
influences of diet and environment within the habitat,
region, and country, and social and cultural attributes. The
present-day goat breeds have diverged considerably from
the original characteristics that remain in the wild goats.
This divergence is caused by the evolutionary forces of
mutation, migration, selection, and genetic drift under
varying environmental conditions. It is common to find
goats in small or large multiple species herds (cattle and
goats) under nomadism and seminomadism in agropastoral
production systems and arid rangelands. Goats usually are
kept within the perimeter of farms, or in the vicinity of
homesteads of the small holder farming systems. These
animals have multiple functions and also have been used
to control brush and prevent forest fires in North America.
Generally, the management practices of goats are tradi-
tional, socially tolerant, sustainable, and in harmony with
the natural vegetation and local environment. Goats con-
tribute to the efficient use of labor surplus, help meet
household needs for food in small holdings worldwide, and
help alleviate poverty among the rural poor. In India goats
are called the poor man’s cow.

In the developing countries of Asia, the poor in rural
areas raise a large number of small herds of goats. These
people use milk for home consumption and supplement
their income by selling goats or meat from surplus animals.
Goats survive on vegetation surrounding roads, irrigated
pastures and adjoining forest, agricultural by-products, and
vegetable toppings from kitchen waste. In Malaysia and
the Philippines, goats have been integrated with cropping
systems and fish farming, and this has increased production
of animal protein (Jalaludin et al., 1992; Libunao, 1990).
In contrast, in countries bordering the Himalayan mountain
range, the mountain people sustain their livelihood raising
goats together with sheep under a transhumance system
and nomadic pastoralists. Nomads with their goats and
sheep ascend to high mountainous pastures during the
spring and descend into the populated areas adjoining crop-
lands and irrigated pastures during the autumn. Farmers
raise goats in South China including the Hainan Island and
in the western plain of Taiwan in irrigated river basins.

In the Sahel region of Africa, nomadic tribes keep goats
to provide milk and meat, and move with them from region
to region in search of vegetation around oases, waterholes,
and irrigated lands. In the humid zone of West Africa and
the southeastern region of Nigeria, small numbers of goats

are kept in each household for milk and meat with minimal
managerial and labor input.

Countries along the northern coast of the Mediterranean
and in northern Europe concentrate on producing milk for
cheese production from large herds of goats. This contrasts
with the southern coast of the Mediterranean where meat
and meat products are the primary end products. Sedentary
goat keepers of Tunisia raise a few goats along with other
livestock adjacent to oases, receiving income from the sale
of meat while using milk for their own consumption. In
the eastern and southern regions of Algeria, large herds of
the Berber breed are kept for meat while the Arabe breed
is raised for producing both meat and milk.

Goats in the eastern U.S. consume diets rich in browse
and consume diets based on herbage. In Mexico, goats
graze on semiwoody brush rangeland but often are supple-
mented with concentrate feeds. In the north and west
central region of Argentina, large herds of Criollo (syn.,
Creole) and Anglo-Nubian goats are managed under exten-
sive husbandry (Angel-Neelem and Nellem, 1998). Creole
goats in Guadeloupe grazing on irrigated pastures are
highly productive under an accelerated kidding program.
The transition from goat keeping for sustenance to the
large-scale commercial enterprise common in cattle,
swine, sheep, and poultry illustrates the potential to
increase production efficiency from goats. To date, com-
mercialization has only materialized in the dairy goat
industry. However, goats have been used as laboratory
animals for research and teaching and for production of
biological proteins.

An enormous diversity of goat genetic resources exists.
Of the 546 world goat breed populations reported by FAO
in 2000, 77 (14%) were found in Africa, 167 (30%) in Asia
and the Pacific region, 192 (35%) in Europe, 28 (5%) in
Latin America, 77 (14%) in the Near East, and 5 (1%) in
North America. This represents a colossal amount of vari-
ability in morphological characteristics and potential pro-
ductivity thereby providing an opportunity to exploit the
biological potential of goats through the application of
quantitative genetic principles to improve production effi-
ciency. Goat breeds have been selected for meat, milk,
prolificacy, pashmina (cashmere), and skins in countries
with climatic conditions that range from tropical and sub-
tropical to high mountains in dry, humid, and cold environ-
ments as listed in Table 3.1. The wide diversity of these
breeds in morphological characteristics and production
performance should have immense merit for selection and
genetic improvement.

Despite its importance, information about the productiv-
ity of breeds of goats is difficult to retrieve. Nevertheless,



Table 3.1 Goat breeds with potential for genetic improvement.

Speciality Breed Country of origin Climate Environment

Meat
Banjiao China Subtropical Humid
Barbari Pakistan Tropical Dry
Black Bengal India Tropical Dry
Black Bengal Bangladesh Tropical Dry
Black Bengal Pakistan Tropical Dry
Boer South Africa Subtropical Dry
Bugri Pakistan Tropical Dry
Chengdu Ma China Subtropical Humid
Cutchi India Tropical Dry
Damani Pakistan Tropical Dry
Du An China Subtropical Humid
Fijian Fiji Tropical Humid
Fuquing China Subtropical Humid
Ganjam India Tropical Dry
Guizhou White China Subtropical Humid
Haimen China Subtropical Humid
Huai China Subtropical Humid
Kaghani Pakistan Tropical Dry
Kail Pakistan Tropical Dry
Katjang Indonesia Tropical Humid
Khasi India Mountain Humid
Kheri Nepal Subtropical Humid
Katukachchiya Sri Lanka Tropical Humid
Lehri Pakistan Tropical Dry
Leizhou China Subtropical Humid
Longlin China Subtropical Humid
Ma’tou China Subtropical Humid
Marwari India Tropical Dry
Osmanabadi India Tropical Dry
Patteri Pakistan Tropical Dry
Sangamaneri India Tropical Dry
Shanzi White China Subtropical Humid
Sirohi India Tropical Dry
Sudan Desert Sudan Tropical Very dry
Tapri Pakistan Tropical Dry
Terai Nepal Subtropical Humid

Milk
Barbari India Tropical Dry
Beetal India Tropical Dry
Black Bedouin Israel and Egypt Tropical Very dry
Damascus Syria and Lebanon Subtropical Dry
Dera Din Panah Pakistan Tropical Dry
Kamori Pakistan Tropical Dry
Jamunapari India Tropical Dry
Jhakrana India Tropical Dry
Malabar India Tropical Humid
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Speciality Breed Country of origin Climate Environment
Nubian Sudan Tropical Dry
Surti India Tropical Dry
Zaraiby Egypt Tropical Dry
Prolificacy
Barbari India Tropical Dry
Boer South Africa Subtropical Dry
Black Bengal India Tropical Dry
Criollo South America Tropical and subtropical Dry
Malabar India Tropical Humid
Ma’tou China Subtropical Humid
Sudan Desert Sudan Tropical Very dry
West African Dwarf West Africa Tropical Humid
Pashmina (Cashmere)
Kashmiri Central Asia High mountains Cold
Chyangra Nepal High mountains Cold
Singhal Nepal High mountains Cold
Skins
Black Bengal India Tropical Dry
Maradi (Red Sokoto) Niger and Nigeria Tropical Humid
Mubende Uganda Tropical Humid

Source: Shrestha and Fahmy (2005).

the diversity in production performance based on available
reports has been summarized by region of the world in
Table 3.2. This represents differences among breeds within
environment as well as production performance. Europe
has the heaviest breeds with the largest litter size and the
highest milk yield. Africa has the largest variation, possi-
bly attributable to diversity among regions and irregulari-
ties in recording (Galal, 2005).

Irrespective of its superior genetics and ability to adapt
to varying environments, no single breed can meet the
requirements of the discriminating consumers worldwide.
Indeed, the vast array of food and fiber products available
within and among nations testifies to the diversity of needs
both among producers and among their respective markets.
Goat milk and milk products are well liked in Europe and
the Middle East regions, whereas goat meat is considered
a delicacy in Asia and the Pacific region. Cashmere pro-
duction is popular in remote areas adjoining the high-
mountain and the Himalayan ranges. Furthermore, the
discriminating tastes and preferences of the consumer as
well as the changing cultural mosaic of the populations in
developed countries have created a demand for meat,
cheese, and cashmere from goats. In the future, climatic

change, emergence of exotic diseases, development of
export markets, and the changing economic status of a
country as well as individuals within the country are likely
to further alter product availability and preferences. Altered
desires and preferences of consumers can be expected to
have a profound influence on the choice of goat popula-
tions to be kept in specific environments in accordance
with fiscal constraints.

EROSION OF GENETIC RESOURCES

The colossal amount of genetic variability within and
among goat breeds provides the raw material necessary to
achieve genetic improvement and to meet current and
future market requirements. However, genetic variability
in goats has steadily decreased at an alarming rate due to
natural causes, man-made disasters, loss of habitat, neglect
and abandonment of the well-adapted indigenous landra-
ces, breeds, and populations. Also active utilization of few
improved breeds to propagate genes necessary for increased
production efficiency through skillful human activity has
been recurring. According to FAO (2000), nearly 800 farm
animal breed populations in the world already have become
extinct. Among those remaining, 30% could be considered



Table 3.2 Diversity in the production performance of goats by region of the world.

Region/performance Goats' Mean + S.D. Minimum Maximum
Africa
Body weight (kg)

Male 32 53 +£37 20 130
Female 32 39+22 20 94
Litter size (kid) 17 1.4£0.33 1 2.1
Milk yield (kg/lactation) 3 126 £ 116 50 500

Asia and Pacific
Body weight (kg)

Male 106 43 +17 16 130
Female 106 32+ 12 14 100
Litter size (kid) 79 1.4£0.37 1 2.9
Milk yield (kg/lactation) 63 136 £ 109 16 550

Europe
Body weight (kg)

Male 123 66+ 13 35 120
Female 124 49 £ 12 24 120
Litter size (kid) 28 1.6 £0.35 1 22

Milk yield (kg/lactation) 41 299 + 225 40 775

Latin America and Caribbean
Body weight (kg)

Male 10 40+ 14 15 70
Female 11 3013 13 50
Litter size (kid) 11 14+£03 1.1 2.0
Milk yield (kg/lactation) 2 63t4 60 65

Near East
Body weight (kg)

Male 48 44 + 14 17 75
Female 47 33+8 15 50
Litter size (kid) 27 1.6 £0.43 1.1 2.5

Milk yield (kg/lactation) 32 150 £ 97 35 460

North America
Body weight (kg)

Male 5 41 £21 22 67
Female 4 35+26 13 60
Litter size (kid) 4 1.0 1 1

"Number of goat breeds with records.
Source: Galal (2005).
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Table 3.3 Risk status in actual number (%) of goat breeds by region of the world.

Region Unknown Not at risk Extinct At risk Total
Africa 38 (43) 50 (56) 0 1(1) 89
Asia and Pacific 29 (20) 50 (34) 1(1) 67 (46) 147
Europe 25 (12) 86 (43) 14 (7) 76 (38) 201
Latin America

and Caribbean 19 (56) 15 (44) 0 0 34
Near East 47 (49) 40 (42) 1 (1) 7(7) 95
North America 8 (38) 3 (14) 1(5) 9 (43) 21
Total 166 (28) 282 (41) 17 (3) 160 (27) 587

Source: Galal (2005).

endangered. The number of livestock species in the world
deemed at risk of extinction has been estimated at 27% in
goats, 22% in sheep, 13% in buffaloes, 29% in cattle, 40%
in pigs, 42% in horses, 23% in asses, and 8% in camels
(Galal, 2005).

Most traditional breed populations and landraces that
have remained in their habitats for centuries, currently are
experiencing urban encroachment. The environmental
impact from the destruction of habitats compromises the
survival of many breed populations. This situation is
more critical in the nomadic pastoralist systems due to
predators, overgrazing, loss of grazing rights in the moun-
tain and forest pastures, and abandonment of the traditional
profession. The majority of the endangered goat breeds,
worldwide, rely on a very small number of male and
female parents for their propagation; this minimizes the
effective population size. There is a general agreement
among geneticists that small populations are subject to
inbreeding depression and genetic drift that result in the
recurring loss of genetic variation and erosion of genetic
diversity.

The FAO (1998, 2000) defines “breeds at risk” (critical
and endangered) as those with fewer than 1,000 females,
with fewer than 20 males, or with a total population size
approaching 1,200. The risk increases as the proportion of
females declines below 80%. According to this definition
goats rank next to buffaloes in percentage of breeds not at
risk worldwide (41% versus 64%). At the same time, 3%
of the goat breeds have become extinct compared to 12%
for sheep breeds and 17% for cattle breeds. Among geo-
graphical regions, the highest percentage of extinct goat
breeds was in Europe (7%) followed by North America
(5%), with the rate of extinction ranging from zero to one
in other regions. Yet, goats have the largest percentage of
breeds (28%) in the world whose populations are not

reported or are unknown compared to other ruminant live-
stock. This is understandable because goats are distributed
in vast areas of the world, and collection of census data is
difficult. The risk status for goat breeds by region of the
world is presented in Table 3.3. The low rate of extinction
can be attributed to goats not being popular in the indus-
trialized countries, thus limiting their exposure to intensi-
fication when compared to other livestock and poultry
species.

GLOBALIZATION

Globalization is defined as the process of unifying people
or a local phenomenon into a single society and functions
as a global phenomenon involving a combination of eco-
nomical, technological, sociocultural, and political aspects.
Globalization involves integration of national economies
through international trade, foreign investment, capital
flow, migration, and spread of technology. One effect of
globalization in agriculture has been the transformation of
family operated farms into agribusinesses. Larger farms
seek to raise livestock and poultry breeding stocks of supe-
rior genetic merit and utilize mechanization and farm
buildings or extensive pastures with relatively few employ-
ees. This technology has achieved considerable success in
increasing food production worldwide to meet the demand
of the growing human population.

In the last two decades, national and international atten-
tion has been drawn toward the depletion of biodiversity,
that includes domestic animals. The erosion of genetic
resources that has been occurring at an alarming rate could
lead to a critical level in the near future so that the ability
of the world communities to develop livestock and poultry
to meet current demands and future market requirements
for commodities, trade, breeding stocks, employment, and
recreation would be impaired.
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Many traditional communities worldwide rely on goats
and other farm animals for their livelihood, while export-
ing low value products. This is because animal agriculture
ensures food sovereignty, alleviates poverty, and creates
wealth in harmony with cultural patrimony. Furthermore,
owning goats and other livestock and poultry often has
been an indication of wealth and prosperity. The use of
animals for religious rituals, insurance against crop fail-
ures, family employment, dowry, barter, and payment in
kind during conflicts has been widespread and supports
sustainable rural development. Small farmers and the land-
less have, through the ownership of goats and their multi-
functionality, survived for centuries in the face of hunger
and poverty.

Many of the developing countries, while attempting
to increase food production, have followed the path of
the developed countries, making substantial strides in
increasing production efficiency. However, this rapid pace
of development has been achieved at the cost of losing
indigenous genetic resources that are not capable of match-
ing the higher productivity of the developed breeds based
on present criteria for productivity. Nevertheless, the
selection criteria could change in the future as it has in
the past. The proportion of goats in developing countries
compared to the total world has increased from 96% in
1980 to 98% in 2006; developing countries account for
77% of all of the goat breeds. In the developing countries,
the loss of goat breed populations may be greater than
typically reported numbers because of the absence of
policy and legal instruments to assist in the identification
and documentation of all of their domestic animal genetic
resources.

In the years following the Second World War, the
number of affluent families in the industrialized nations
increased rapidly. This created a requirement for a wider
range of commodities, facilitating the transformation of
wartime technology and economy of scale to help improve
production efficiency in agriculture. Research with corn
provided scientists with clear evidence of the potential for
improvement of productivity from the genetic response to
selection and hybrid vigor. This prompted the develop-
ment and application of quantitative genetic principles for
the commercial exploitation of domestic livestock and
poultry. Livestock and poultry populations were developed
with exceptional productivity and economically important
morphological characteristics and production performance.
Breeders used a narrow genetic base within a small number
of breeds and outstanding animals within each breed to
achieve rapid genetic response resulting in populations
with exceptional productivity.

Breed populations with superior genetics for specific
environments were widely accepted by the commercial
breeders. At the same time, the quality and quantity of
animal products produced gained consumer acceptance.
The multinational corporations seized the opportunity to
create wealth from increased production -efficiency.
Concurrently, all aspects of production were integrated to
provide producers with the necessary financing, breeding
stocks, animal feed, disease control, insurance, promotion,
processing, packaging, marketing, and research findings.
The concept of integration was promoted throughout
the developed countries and later worldwide, leading to
the globalization of animal agriculture. Consequently,
advances in quantitative genetics and reproductive tech-
nology helped produce more offspring from fewer animals
with superior genetic merit that were readily multiplied
and capable of supplying the worldwide requirement of
breeding stock (Shrestha and Fahmy, 2007a,b). Nearly all
genetic resources developed through this process were
high-input/high-output breeds and/or crosses.

CONSERVATION OF BREEDS

Conservation is defined as the analysis and protection of
the earth’s biological diversity. There is unequivocal
agreement among researchers that the colossal amount
of genetic variability within domestic animal genetic
resources is extremely important to achieve genetic
response to selection for current and future market require-
ments. Many breed populations in the world share a large
proportion of genetic information, and it is practically
impossible to conserve all the breeds irrespective of their
genetic merit or uniqueness. To establish the uniqueness
of goat populations, a multitude of events needs to be
assessed. These can include complementary historical evi-
dence, cultural heritage, religious rituals, geographic dis-
tribution of the habitat, and ultimately, the molecular
genetic characteristics of the population. Furthermore,
political scrutiny, morphological characteristics, produc-
tion performance, economic importance, and scientific
knowledge need to be addressed.

Historical evidence could range from archaeological
findings of animal remains and rock paintings. At the same
time, ancestral knowledge and folklore can be important
in the absence of written records. Throughout history,
there has been extensive migration of pastoralists for better
grazing lands, of tribes for economic reasons and food
security, settlement following the discovery of new lands,
the influence arising from the importation of highly pro-
ductive exotic animals, and most importantly, natural
selection. The Mongols, Romans, Arabs, and Europeans
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and their subsequent colonization in the world have had
significant impacts on the choice, distribution, and method
of raising goats and its role in farming. Breed information
derived from the goat genome may help establish relation-
ships among goat breed populations worldwide, as well
as establish genomic inbreeding. Scientific studies of the
genome could contribute to genetic conservation. Genetic
principles investigated include polymorphism, gene fre-
quencies, genetic distances, and degree of heterozygosity
estimated from blood groups and genetic markers includ-
ing isozymes, microsatellites and single nucleotide poly-
morphism (SNP) in the DNA, and sequence variation in
the mtDNA (Shrestha et al., 2008).

The majority of endangered goat breed populations
worldwide rely on few male and female parents; this
results in small effective population sizes that contribute
to loss of genetic variation. The best way to reverse this
situation is to increase the effective number of parents,
particularly by using unrelated male parents. In closed
endangered populations, theoretically it is possible to min-
imize the influence of inbreeding and genetic drift by
dividing populations into several complementary breeding
groups of one male and one female parent. In the following
year, male offspring from the first group may be bred to
female offspring from the subsequent group. This would
continue in the following years until the male descendent
of the first group would be bred to the female descendent
of the last group according to a pedigreed breeding struc-
ture. This approach may not be practical in most popula-
tions of goats because in practice herds maintain about
1 buck for every 20 to 50 does (Shrestha et al., 2008).
Nevertheless, breeders with endangered goat populations
should attempt to increase the number of bucks that are
used as parents of the following generation, or risk loss of
genetic variation.

An increase in inbreeding at the rate of 0.1% per genera-
tion may be tolerated as long as the loss of genetic varia-
tion in commercial herds is prevented (Hill, 1982). This
same rate of inbreeding may be considered as the tolerable
level in the conservation of endangered breed populations.
Furthermore, populations with an effective population
size of more than 100 should be able to sustain a genetic
response to selection for economically important traits.
In the absence of records, a random breeding structure
where each male parent has an equal chance of mating
with a female parent may be appropriate. The rate of
inbreeding can be reduced by 50% with pedigreed breed-
ing compared to random breeding in a small population.
Concurrently, in theory, equalizing the number of male
and female parents could decrease the variance of progeny

numbers per parent, thus increasing the effective popula-
tion size.

The reestablishment of animal breeds, populations, or
landraces in one generation is possible with the cryoconser-
vation of spermatozoa and embryos for potential transfer to
an appropriate donor animal. There are reports of closely
related species having acted as surrogate dams to reproduce
implants from zygotes or clones of endangered domestic
animals that are at the verge of extinction. An alternate
approach is to backcross the endangered population to a
closely related breed for about seven generations resulting
in animals with 99% of the original breed. Among others,
Alderson (2003) has proposed qualitative criteria as a means
for prioritizing breeds of special genetic importance.

Conservation strategies should identify important
sources of interruption responsible for the endangerment
of the breed population. These may include habitat loss,
breed replacement, natural calamity, and loss of genes
within individuals. After the sources of interruption have
been identified, appropriate policies and action plans to
sustain domestic goat diversity need to be developed and
implemented while resolving the unique status of the breed
population. Conservation breeding strategies for domestic
goats under threat of extinction or endangerment can
benefit from the following: historical evidence that indi-
cates the unique status of goat populations; existing scien-
tific knowledge of application of quantitative genetic
principles; advances in husbandry and disease control
measures; and cryoconservation (Shrestha et al., 2008).
Conservation of an endangered breed or population can
best be realized by ‘“conservation through utilization,”
(that is, finding ways to effectively use the breed in the
prevailing or a modified production systems).

There are 80 composite breed populations of goats that
have been developed in 37 countries (Table 3.4). This list
is neither comprehensive nor does it necessarily imply that
these breeds/populations remain functionally present
today. A number of goat breeds with potential for improv-
ing efficiency in the production of meat, milk, fiber, and
skin under varying agroecological zones (Devendra, 1991)
could be used for developing composite breed populations.
There is an advantage in saving breeds considered less
productive by current standards, especially those that are
at risk of extinction that may become of value in the future
with changes in production system, environment, and con-
sumer preference for animal and animal products (Shrestha,
2005).

Development of composite breed populations from a
combination of an endangered breed with complementary
breeds of superior genetic merit for morphological



Table 3.4 Noncomprehensive list of composite breed populations of goats that have been developed
in the world, number of foundation breeds, and the year of origin or year recognized by country of

origin.
No. of No. of
Composite breed/ foundation Composite breed/ foundation
Country population breeds' Country population breeds’
Australia Kenya
Cashgora 2 Kenya Dual-Purpose 4
Brazil Kyrgyzstan
Branca sertaneja 2 Kirgiz 2
Parda sertaneja 2 Mongolia
SRD 2 Gobi Wool goat 2
Bulgaria Unjuul 2 (1982)
Bulgarian White Dairy 2 Uuliin Bor 2 (1991)
China Morocco
Guanzhong Dairy 2 (1940) Fnideq 2
Hailun 3 Mozambique
Hongtong 2 Pafuri 2 (1928)
Laoshan Dairy 2 (1919) Netherlands
Nanjiang Yellow 2 (1960) Dutch Pied 2
Cyprus Dutch Toggenburg 2
Peratiki 2 Dutch White 2
Denmark Nigeria
Danish Landrace 3 Savanna Brown 21
Fiji Norway
Fiji 3 Norwegian 5
France New Zealand
French Alpine 2 (1930)* Kiko 2
Germany Pakistan
German Improved Fawn 2 (1928)* Beiari 2
German Improved White 2 (1928)* Buchi 2
Hungary Jattal 2
Hungarian Improved 2t Pak Angora 2
India Shurri 2
Indian Mohair 3 (1973) Sind Desi 2
Malabari 2 Romania
Ramdhan 2 Banat White 3
Indonesia Russia
Peranakan Etawah 2 Altai Mountain 2 (1982)
Israel Angora-Don 2
Israeli Saanen 2 (1932) Dagestan White 2
Yaez 2t Don-Kirgiz cross 2
Italy Russian White 2 (1905)
Aquila 4 South Africa
Benevento 4 Boer 2 (1959)
Campobasso 4 Spain
Ionica 2 (1981)* Barrena 3
Potenza 3 Murcia-Granada 2 (1980)°
Kazakhstan Murcian 2 (1933)F
Soviet Mohair 2 (1962)
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Table 3.4 Continued

No. of No. of
Composite breed/ foundation Composite breed/ foundation
Country population breeds’ Country population breeds’
Tajikistan United
Soviet Mohair 2 (1962) Kingdom
Tanzania British Alpine 2 (1925)*
Blended goat 3 British Cashmere 5
Togo British Saanen 2
Vogan 2 British Toggenburg 2
Turkey English Guernsey 2f
Angora 2 (1900)* Golden Guernsey 27 (1970)
Bornova 3 U.S.
Cukurova 2 Kinder 2 (1988)*
Kilis 2 Pygora 2 (1987)*
Taurus 2 (1973) Uzbekistan
Turkmen Soviet Mohair 2 (1962)
Soviet Mohair 2 (1962) Uzbek 2
United Uzbek Black 2 (1961)
Kingdom
Anglo-Nubian 4 (1910)
British 3 (1896)*

*Year of origin or year recognized.

"Year breed’s society, association, or stud book was established.

Sources: Mason (1996); Shrestha (2005).

characteristics and production performance could be ben-
eficial in conservation through utilization (Shrestha, 2005).
Conservation may be in situ (that is, in the location where
the breed population naturally exists) or ex situ, where the
animals are translocated to different areas as in the case of
ecofarms, zoos, reserves, and historical sites. The ex situ
conservation of germplasm (frozen gametes, embryos, or
somatic tissues) has achieved considerable success in
goats. The subsequent propagation of the breed population
should occur without disrupting the cultural integrity, reli-
gious rituals, traditions, political affairs, and food security
among nations.

The conservation of domestic livestock and poultry that
first began in the UK. with the “Rare Breeds Survival
Trust” has spread to a number of countries in the world.
The FAO instigated a global initiative for the conservation
of domestic animals and published a World Watch list of
domestic animal diversity (FAO, 2000). Furthermore, the
Nordic Gene Bank of Farm Animals is one of the most
advanced conservation institutions. Following the ratifica-
tion of the Convention on Biodiversity, many countries in

the world have realized the importance of conserving
domestic animal diversity and started identifying and char-
acterizing indigenous and established domestic animal
populations, as well as preserving their genetic resources.
Active participation in their preservation is being achieved
in cooperation with conservationists, biologists, geneti-
cists, archaeologists, and breeders as well as nongovern-
mental organizations.

SUMMARY

Goat is among the earliest livestock that was domesticated
around 9000 to 10,000 BC at the border between Iran and
Iraq. The zoo-archaeological records that predate the time
of domestication indicate that the ancestors of the present-
day domestic goats started from three genetically distinct
maternal lineages rather than a single wild population.
Wild goats of the Bezoar or Pasang (Capra aegagrus
aegagrus), Makhol (C. aegagrus falconer), and Ibex (C.
aegagrus ibex) types are believed to be the ancestors of
domestic goats worldwide. Pastoralists moved with their
goats in different directions spreading goats to different
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continents. More recently colonization and the discovery
of new continents carried the goat to further lands. Today,
1,153 breeds of goats exist, but this wealth of diversity is
exposed to erosion due to intensification of the production
system and excessive dependence on a few high-input/
high-output breeds. Diversity needs to be maintained to
develop breeds with potential merit for current use and for
future unknown situations. To sustain the diversity among
goat breeds, we must characterize the breeds, enumerate
their populations, conserve populations at risk of extinc-
tion, especially those breeds that possess unique character-
istics. It has been long said that “the goat is the poor man’s
cow.” In more current terminology, the goat has been
recognized as an important tool for poverty alleviation
particularly among the rural poor and the landless.
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Breeding and Genetics

JN.B. Shrestha, PhD and G.H. Crow, PhD

KEY TERMS

Mendelian genetics—the study of underlying principles governing inheritance of morphological characters according
to the laws of Segregation and Independent Assortment.

Population genetics—the area of genetics that deals with genetic composition of biological populations and patterns
of genetic changes as a result of evolution and natural selection.

Quantitative genetics—the study of genetic principles governing inheritance of continuous measures of performance
determined by many genes and an environmental component.

Breeding—application of quantitative genetic principles and skillful practice in selection and mating systems to
improve the efficiency of animal production.

Selection—disproportionate contribution of the parents to their offspring as a result of differences in fitness.

Crossbreeding—crossing of two or more divergent breeds to produce offspring.

OBJECTIVES
By completing this chapter, the reader will acquire knowledge on:

o The underlying principles governing inheritance of morphological characteristics and production performance from
parents to their offspring

o How forces of evolution and natural selection cause gene frequency changes in biological populations

o That quantitative traits in an individual follow an extension of the basic Mendelian principles of inheritance

o The role of genetics and environment in determining the phenotype of the individual

e Many specialized goat breeds that remain in the world have potential genetic merit to respond to current and future
market requirements

o The inherent potential for performance transmitted from parents to their offspring is additive for many traits of
economic importance

o The role of nonadditive genetic variation associated with the crossing of complementary breeds

o That real improvement of production efficiency can be achieved with the application of quantitative genetic prin-
ciples to exploit biological potential

o The socioeconomic values, fiscal constraints, religious rituals, responsiveness to indigenous knowledge and tradi-
tional skills in improving production efficiency of goats
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INTRODUCTION

Long before any knowledge of the underlying principles
governing inheritance was established, domestic animals
were chosen according to the perception of the breeder. In
1865 and 1866 (rediscovered in 1900), Gregor Mendel,
also known as the father of genetics from Brno (now in the
Czech Republic), published the principles of segregation
and independent assortment governing transmission of
morphological characters from parents to their offspring.
This early work established the theoretical basis of modern
genetics. Although these studies were conducted in plants,
the nature of inheritance was in the same way applicable
to all animal species.

Mendel studied characteristics of peas in which there
were only two alleles for each trait in a population, and
one allele was dominant to a recessive allele. The inheri-
tance of wattles in goats is an example of such a charac-
teristic (Lush, 1926). Wattles are loose appendages of skin
on the neck of some goats. The alleles for the presence and
absence of wattles can be denoted as W and w, respec-
tively, with  dominant to w. The three possible genotypes
are the homozygous dominant WW, the heterozygote Ww,
and the homozygous recessive ww. Both WIW and Ww
possess wattles and ww individuals do not. In a dihybrid
mating Ww X Ww, the expected outcome is 1 WW: 2 Ww:
1 ww in terms of genotypes and 3 Wattle: 1 Abscence of
wattle in terms of phenotype.

The dominance-recessive model does not fit all situa-
tions. There are some instances where the heterozygote is
distinguishable from the two homozygotes. When the het-
erozygote is intermediate in appearance to either homozy-
gote, the gene action is additive. If the heterozygote is
more similar to one of the homozygotes, gene action is
termed incomplete dominance.

In a population of animals, there may be more than two
alleles for a characteristic. Any one animal may possess
only two, but in the population as a whole, many alleles
may exist. The Agouti gene is one of several genes affect-
ing coat color in goats. According to Adalsteinsson et al.
(1994), there may be as many as 11 alleles at this locus,
when considering many breeds. Also these alleles produce
effects as varied as a white coat, to grey and red.

In the years following Mendel’s work, the nature of
gene action was discovered to include additive and domi-
nance effects as well as concepts of epistasis, pleiotrophy,
and linkage. Population genetics soon followed, and con-
cepts such as Hardy Weinberg equilibrium and inbreeding
were developed. The important role of mutation, migra-
tion, selection and genetic drift as forces of evolution and
natural selection became apparent. The present day goat

can be attributed to the effects of many of these forces
along with skillful breeding in the premises of the breeder.

Improvement of productivity from genetic response to
selection and hybrid vigor was consistent leading to the
development and application of quantitative genetic
principles for the commercial exploitation of domestic
livestock and poultry. Breeding methodologies such as
selection, crossbreeding, and formation of composite
populations achieved considerable success in exploiting
the biological potential of domestic animals. The outcome
has been the development of livestock and poultry with
increased production efficiency that provide a reasonable
economic return over investment. At the same time, the
quality of animal products produced has been widely
accepted by the consumer.

POPULATION GENETICS

Population genetics is important in animal production
since herds that represent the production units are in fact
populations. Genetic improvement of a herd of goats thus
involves management of the genes in a population. In the
1920s and 1930s, the principles of Mendelian genetics
with Darwinian natural selection were successfully inte-
grated by R.A. Fisher, J.B.S. Haldane, and Sewall Wright
leading to the development of population genetics.
Population genetics came to occupy an important role in
evolutionary theory as well as in the practical improve-
ment of farm animal populations.

Genotype and Gene (Allele) Frequency
In population genetics, the genetic composition of a popu-
lation is described in terms of the frequency of the indi-
vidual’s genotype, for example, BB, Bb, and bb. Gene
frequencies are calculated from these genotypic frequen-
cies by considering that the homozygotes possess two
copies of an allele and heterozygotes possess only one copy
of a given allele. The frequencies of B and b alleles in the
population are the proportion of all B or b alleles counted
across both the homozygous and heterozygous individuals
and together add to 1.0. When allele frequencies are known
for a population, the frequencies of offspring of each geno-
type can be determined from the frequencies of mating of
their parents. Let the frequency of the B allele be equal to
q and those of the b allele be equal to (1 — ¢). In a popula-
tion where these alleles have the same frequencies in bucks
and does, the mating will result in the following frequen-
cies of genotypes (Table 4.1).

The sum of the frequencies of the three genotypes is
equal to ¢* {BB} +¢(1 - q) {Bb} +q(1—¢q) {Bb} + (1 -q)’
{bb} = 1. If ¢ = 0.6 as in the numerical example shown
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Table 4.1 Frequency of alleles from bucks and does and
genotypic frequency of their offspring.

Alleles from bucks
B (q) b(1-¢q)

Alleles from B (q) BB (¢ Bb {q(1 — q)}
does b(1-q) Bb{q(l-¢q)} Bb{(1-q)%}

Note: ¢ and (1 — g) are the frequencies of B and b
alleles, and BB, Bb and bb are genotypes.

Allele

above, the genotype frequencies in offspring are expected
to be FBB = qZ = 036, FBb = zq(l - q) = (0.48 and
Fu=(1-¢q)*=0.16.

Hardy-Weinberg Equilibrium

A large random mating population of goats in the absence
of mutation, migration, selection, or drift will have gene
and genotype frequencies that remain unchanged from
generation to generation. This state is referred to as Hardy-
Weinberg equilibrium.

An application of the relationship that exists between
allele frequencies and genotype frequencies is as follows:
consider black coat color to be recessive to white coat
color in goats. A large herd of white goats gives birth
to one black kid out of every 100 kids. The genotypic
frequency of the black color is expected to represent

1 .. .
(1-g)° =m=0.01. It is important to note that this is

true in the absence of mutation, migration, selection or
drift acting to change gene frequencies. The allelic fre-
quency can thus be calculated as the square root of the
frequency of the recessive genotype as

(1-g)=v1-g)" =~0.01=0.10

It is then possible to calculate the frequency of the
allele for white color of the kid ¢ = 1.0 — 0.1 = 0.9.
Similarly, frequency of the white color (BB) will be
g*=0.9%x0.9=0.81 or 81%, heterozygote (Bb) will be 2¢g
(1-¢9)=2x%x0.1%x0.9=0.18 or 18%, and those of the
black color (bb) will be (1 — g)*=0.1x 0.1 =0.01 or 1%.

Forces That Change Gene Frequencies

MUTATION

There are a large number of detrimental and lethal condi-
tions controlled by a single recessive gene with a mutation.
In some cases when the goat suffers from an inherent
disorder, the animal is able to survive and reproduce but

the condition is detrimental (for example, polled bucks
with hypoplasia of the testes). True lethal conditions result
in death before or shortly after birth, delayed lethal condi-
tion is expressed later in the life, and partial lethal condi-
tion becomes fatal under certain conditions. Hutt (1964)
has described a number of lethal and semilethal conditions
in chickens.

Muscular hypertrophy in cattle, also known as double
muscling, is an example of a gene that can have detrimen-
tal effects as well as favorable effects. Calves homozygous
for the gene have an increased incidence of difficult calving
and thus increased calf mortality at birth but possess up to
20% more muscle mass than normal animals that are
homozygous. The molecular basis for a lethal condition
arising from an inherited disorder in more than 135 traits
of animal species other than the human and the mouse can
be found in a database of genes available online describing
Mendelian Inheritance in animals (Nicholas, 1987).

Mutation rates are generally very small and cause little
change in the population unless its effects are accumulated
over many generations. Mutation in combination with
other forces acting on gene frequencies, however, can be
a very important force. Selection, for example, can rapidly
increase the frequency of a rare mutant allele.

In breeding populations where bucks are to be widely
used to produce large numbers of kids across many herds
it is important to establish if the animal is a carrier of
alleles for lethal or deleterious conditions. This can be
achieved by test mating to mates known to carry a reces-
sive allele for a condition, or to close relatives such as
daughters. DNA tests are available for a few conditions.
When an abnormal condition conforming to a well-known
syndrome appears, the condition may be genetic in origin.

When there is a genotype X environment interaction, the
condition would occur in specific environments. The det-
rimental condition may be environmental in origin. The
condition may be a result of lack of amino acid, vitamin,
or mineral and in some cases, from the consumption of
toxic plants. Detrimental conditions introduced by envi-
ronment do not recur when the environment is changed.

MIGRATION

In a large population, in each generation the proportion of
migrants and natives are m and (1 — m), respectively. Let
the frequency of the allele in the natives and migrants be
qo and g, respectively, and after one generation those of
the mixed (migrants and natives) population be ¢,. The
frequency in the mixed population written as the propor-
tion of migrants and their allelic frequency together with
the proportion of natives and their allele frequency can be
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described as: ¢, = mgq,, + (1 — m)q,. Consider a population
of 100 goats consisting of 10 migrant and 90 native goats.
Let the frequency of alleles in the migrant (g,,) and native
(0) populations be 0.5 and 0.01, respectively. The allelic
frequency of the population in one generation (g,) follow-
ing the introduction of migrant goats will be:

10
qlzman+(1—m)LI0=—><

0.5+ 2 x0.01=0.059.
100 100

The expression for the frequency of allele in the mixed
population after one generation can be simplified as:

g1 =mq,, +(1—m)qy=mq,, + g, —mq,
= mg,,— mqo + qo=m(qn— qo) + qo-

The change in allelic frequency from one generation to
another (Ag) is the difference in the frequency of the alleles
before (g,) and after migration (q,). Aq = ¢\ — qo = m(q,, —
qo0) + qo — qo = m(q, — qo) = 0.10 x (0.5 — 0.01) = 0.049.

The rate of change in allelic frequency depends on the
proportion of migrants and the difference in allelic fre-
quencies of migrant and native populations. Therefore, the
change in gene frequency of the population as a result of
migration is 0.049.

SELECTION

When goats in a population contribute unequally to the next
generation, selection occurs. The reason for this unequal
contribution is that goats differ in their reproductive fitness,
and some leave no offspring while others leave many.
Consider fitness to be influenced by a single locus repre-
sented by two alleles, B and b, with allele frequencies of ¢,
and (1 — go) in generation 0. Table 4.2 describes a situation
where selection is against the bb genotype, with a propor-
tion, s, of the b individuals unable to reproduce.

The term (1 — s) is equal to the proportion of the bb
genotype parents which reproduced in each generation,
also known as their fitness. The proportion of the total
population in generation 0, which survives to reproductive
age is = 1 — s(1 — go)*. The genetic contribution of the
offspring shows a loss of s(I — ¢)* as a result of
selection.

The frequency of alleles in survivors of generation 0 is
the same as the allele frequencies in their offspring at birth
in generation 1. Individuals selected to become parents for
the next generation result in offspring that have a new gene
frequency. Let the new allelic frequency of » following
one generation of selection be (1 — ¢;). This is equal to the
genetic contribution from all the recessive individuals
(bb) and one half of the heterozygotes (Bb) as follows:
(—g)= (1—s>(1—q0)2+q02(1—q0)
1-s(1-qo)
frequency following one generation of selection is the dif-
ference between the previous and the new allelic freq
uencies as follows:

. The change in allelic

Al-q)=(0-q)—(1~-q0).

Substituting (1 — ¢;) from the earlier equation, A (1 — ¢)

_1=90-g0) tal=g0) g sa(=q0)
l—s(l—qo)2 1—5(1_%)2

The change in allelic frequency is dependent on the
initial gene frequency (1 — ¢q,) and the intensity of
selection(s).

Fitness of genotypes may be described in terms of
complete, partial, no, and overdominance. With incom-
plete or partial dominance a heterozygous individual has
a phenotype intermediate to the two homozygous. The

Table 4.2 Genotype of goats and their frequencies, relative fitness, genetic contribution, and

genotype frequency in survivors.

Genotype of goats BB Bb bb

Genotypic frequency 90 2q0(1 = q0) (1 - g0y

Relative fitness 1 1 (I—s)

Genetic contribution qs 2q0(1 = q0) (1 =951 - g0

Frequency in survivors qt 2q(1—qq) 1-s)(1-gq)
1-s5(1-g,)" 1-s(1-g,)" 1-s(1-g,)"

Note: ¢ and (1 — g) are the frequencies of B and b alleles; (1 — ) is the proportion of the bb genotype parents

which reproduced in each generation.
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change in gene frequency as a result of selection Therefore:

under different levels of dominance is described in

Table 4.3.

Example: In a random breeding population of Angus
cattle suppose all red calves are destroyed. If 100 red
calves are born each generation out of a total of 10,000

N =(—s)1—aP+ 40D
All-g)=(1-9)1 61)+1_S(1_q)2 0.09

It is important to note that with selection against homo-
zygous recessive genotypes (bb), the allelic frequency of

births, the distribution of the three genotypes are shown in b changed by 0.01, from 0.1 to 0.09. This indicates the

Table 4.4.

g=09and (1-¢)=0.1, ands =1

difficulty associated with selection against recessive geno-
types, such as lethal genes, color, and markings.

Table 4.3 Genotypes and their frequency, and genetic contribution with various levels of dominance

for fitness.
Genotype BB Bb bb A(l-gq)
Genotypic frequency q 2q(1 - q) (1-g¢)7° —sq(1-gq)’
Complete dominance 1 1 (1-5) I-s(1- q)2
(selection against bb

genotypes)
No dominance 1 1 - ()5 (1-5) 1
(selection against b allele) —Esq(l —9)

1-s(l-q)

Complete dominance (1-y) (1-y5) 1 sq(1 — g)*
(selection against B allele)
Overdominance (1-s) 1 (1 =15,y qg(l=g){sig—s,(1—q)}

(selection against BB
and bb genotypes)

l—s{l—(l—q)z}

Note: ¢ and (1 — g) are the frequencies of B and b alleles, (1 —s), 1 — (%2)s, (1 —s;) and (1 — s,) are the proportion
of parents of the specific genotype which reproduce in each generation.

Table 4.4 Genotypes and their initial frequency and number, genotypic frequency, fitness, and

genetic contribution.

Genotype BB Bb bb Total

Initial frequency q 29(1 -¢q) (1-¢9)

Initial number 8,100 1,800 100 10,000

Genotypic frequency 0.81 0.18 0.01 1.0

Fitness 1 1 0!

Genetic contribution 7 2¢(1 - q) (1 -1 -q)? —sq(1-¢q)’
1-s(1-¢g)°

Note: g and (1 — ¢) are the frequencies of B and b alleles, (1 — s) is the proportion of the specific bb genotype

parents which reproduce in each generation.

'Since (s = 1).
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Selection with dominance will change allelic frequency
by acting against the recessive allele (1 — ¢). This will
decrease the frequency of the recessive allele (1 — ¢) and
the genotype (1 — ¢)* and increase the frequency of the
dominant allele ¢ and genotype ¢*. The change will be
gradual and steady with the greatest change occurring at
intermediate frequencies (Table 4.3).

GENETIC DRIFT

Dispersive forces of evolutionary significance influence
gene frequencies during the assortment of chromosomes at
meiosis, and in other processes involved in the transmis-
sion of genes from one generation to the next. The theoreti-
cal basis of genetic drift is the sampling of families from
populations, individual animals from families, and genes
within those individuals that cause the gene frequencies to
vary in either direction from their initial values in each
generation. The effect of genetic drift is most pronounced
in small populations.

In closed populations with a limited number of parents,
the sampling variance increases homozygosity above that
in the initial population. This effect is a result of the effec-
tive number of parents (N,), which is a function of the
number of breeding bucks »N,, and does N, in the popula-
tion. When mating is random, each parent has an “equal
chance” of contributing to the next generation. It has been
shown, however, that the number of kids per parent follows
a Poisson distribution in many cases. The effective number

4N,N,
N,+N,

of parents (N,) will be which can be rewritten

A,
N, 4N, 4N,
breeding population the change in inbreeding level (AF)
per generation depends upon the effective population size

which can be rewritten as L + L

. 8N, 8N,

This change in inbreeding level, AF, is a measure of the
increase in homozygosity in the population.

Example: In a population of goats consisting of 10 bucks

and 100 does that produces kids, the effective population
4N,N, 4x10x100

size (N,) will be =
N, +N; 10+100

as (Wright, 1931). In a random

and is equal to

=36.4. Also

11
2N, 2x364

=0.0138 per generation, indicating

that 1.38% more will become homozygous for a given
locus in this generation.

When ¢ is the gene frequency of the favorable allele
and N, is the effective number of parents, the change in

91=9) pe

change in mean performance from one generation to the

next has variance due to genetic drift (63) which can be
=2

. 15 .
estimated as —£, where G

gene frequency has a variance equal to

is additive genetic variance.
e

This can be rewritten as 6, = 2AFG.

Extension of the Hardy-Weinberg Equilibrium

The Hardy-Weinberg equilibrium also applies to situations
where there are more than two alleles in a locus, more than
a single locus, and sex-linked loci in the absence of muta-
tion, migration, selection and genetic drift. Under equilib-
rium conditions with a large random mating population,
the genotype and gene frequencies will remain unchanged
from generation to generation. These extensions are
beyond the scope of the present chapter, but reference to
them can be found in a text such as Falconer and MacKay
(1996).

SEX-LINKED LocI

There are two sex chromosomes in mammals denoted by
X and Y. The sex chromosome makeup of females is XX
referred to as the homogametic sex, and of males is XY the
heterogametic sex. Of genes found on the sex chromo-
somes, most are associated with the X chromosome, very
few with the ¥ chromosome. In referring to sex-linked loci
it is usually loci on the X chromosome that are being con-
sidered, and that is the case here. Note that females have
two X chromosomes, and the behavior of a sex-linked
character in females will be the same as for characters
affected by genes on autosomes (that is, the genotype will
be composed of two alleles). Gene action such as domi-
nance or additivity can contribute to the phenotype. With
males, on the other hand, they possess only one X chromo-
some, so the phenotype will be the result of only one allele,
and gene action such as dominance will play no role. This
difference between males and females thus affects the
behavior of gene and genotype frequencies. Suppose a
sex-linked character has two alleles in a population, B and
b, with frequencies p and ¢, respectively. At Hardy-
Weinberg equilibrium, females will have genotypes, X°X?
(P, X°X* (2pq) and X°X” (¢*). Males in the population will
be X®Y (p) and X°Y (q).

Transmission of genes from male and female parents
to male and female offspring is also different. Females
receive one X chromosome from each parent, while males
receive their X chromosome only from their female parent.
Gene frequencies may differ between males and females
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in a population not in equilibrium. It is because of this
unequal mode of transmission of sex-linked genes to male
and female offspring that if the equilibrium is disturbed,
the time required to reach equilibrium will usually be more
than one generation.

QUANTITATIVE GENETICS

Quantitative traits observed in the phenotype of the animal
are affected by many factors; some are genetic in origin
while others are environmental in nature. Many such traits
are measurable on some numeric scale (for example,
weights, milk yield, or body dimensions). Some quantita-
tive traits may have binary outcomes, such as survival or
death, but the outcome for an individual animal is due to
an underlying scale of risk, which has genetic and envi-
ronmental effects. An individual past a certain threshold
on the scale of risk dies. The genetic effect on a quantita-
tive trait is, in most practical situations, a result of many
genes. The number and effects of genes are often unknown,
although in recent times, more and more genes and their
effects on phenotype are being discovered. The purpose of
this section is to illustrate how genotype translates into
phenotype for a quantitative trait, using a simple one-locus
model for most of the development. Concepts such as
breeding value, important for quantitative traits, will be
developed here.

Phenotypic Value, Genotypic Value, and
Population Mean

In the present development, phenotypes are observed for
individuals of different genotypes, and environmental
effects are considered to be not important. In a population
represented by three genotypes, bb, Bb, and BB, with mea-
sures of average phenotypic performance as Py, Pgp, and
Pgs, respectively, the midpoint of the two homozygotes,
m = (Py, + Pyg)/2. Defining u as follows: u = P,, — m. Now
let the genotypic value of genotypes, bb, Bb, and BB be
Py, —m = —u, Pg, — m = au and Pz = u, respectively. Note
that with this formulation, the genotypic value increases
by u for every addition of a B allele to the genotype
(depending on degree of dominance), and the heterozygote
is allowed to show varying degrees of dominance. With
the level of dominance a = 0, for example, the heterozy-
gote is exactly intermediate in value to the two homozy-
gotes, denoting gene action known as codominance. When
a =1, the heterozygote Bb is equal to the homozygote BB,
denoting complete dominance.

Consider the dwarf gene in goats which is recessive (b)
to normal size (B) and responsible for a decrease in body
size (Table 4.5).

Table 4.5 Genotypes and their frequency,
phenotype, genotypic value, and sum.

Genotype of goats BB Bb bb
Genotypic frequency  ¢* 2q (1 -¢q) (1-g¢)
Phenotype Pys Py Py,
Genotypic value u au —u

Sum ug  2aug(l —¢q) —u(l - q)*

Note: ¢ and (1 — g) are the frequencies of B and b
alleles, u is the genotypic value for the b allele, and a is
the level of dominance.

Table 4.6 Average effect of a gene.

Genotype of parents BB Bb bb

Genotypic frequency e 2g(1—-¢q) (1-g)

Effect of adding b to BBxb Bbxb bb x b
the genotype of 2 J d
offspring Bb Bb, bb none

Note: ¢ and (1 — g) are the frequencies of B and b
alleles.

The population mean is the sum of the product of the
frequency and the genotypic value for all classes of geno-
types = ug® + 2aug(1l — q) — u(1 — g)*. Note that the mid-
point of homozygotes should be added to this result to give
the actual mean. The population mean is calculated as a
weighted average of genotypic values.

Breeding Value and Selection

Parents transmit genes to their offspring. Therefore, it is
desirable to obtain a measure of the effects of these genes
on their offspring. This is known as the “transmitting
ability” of the individual and is equal to one-half of a
goat’s breeding value. The average effect of a gene will
help explain this concept (Table 4.6).

Shown in Table 4.6 is the effect of adding the b allele
to a population of BB, Bb, and bb individuals. The average
value of the b allele can be derived from the product of
genotypic frequencies and their value.

The average effect of an allele can be defined in a
random breeding population where individuals receive an
allele from one parent while the allele received from the
other parent will be at random (Table 4.7). The average
effect is expressed as a deviation from the population
mean. It is important to note that the average effect of a
gene substitution is greater when the frequency of the
unfavorable gene increases.
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Table 4.7 Genetic contribution of parents to their offspring, average effect of genotypes and breeding

value.

Genotypes produced in the

Gametes produced by parents

offspring B allele b allele

Genotype Value Frequency Sum Frequency Sum

BB u q uq

Bb au 1-9) au(l — q) q auq

Bb —u (I-9 —u(l - ¢q)

Sum ugq + au(l — q) auqg — u(l — q)
Average effect o =u(l —g){l +a(l —2¢q)} o =—-uq{l +a(l —2q)}

Genotype BB Bb bb
Average effect of alleles 204 o+ o, 20,
Breeding value 2(1 —g)o (1-29)« —2qo

Note: ¢ and (1 — g) are the frequencies of B and b alleles, ¢, and o, are average effect resulting from the
substitution of B and b alleles, and « is the average effect of the substitution = o; — .

Breeding value is derived from the mean value of an
animal’s offspring, and is calculated as twice the average
deviation of the offspring mean from the population mean.
The deviation is multiplied by two because the individual
only transmits one-half of its genes to the offspring. The
remaining one-half is from a random sample of genes in
the population. The actual value is the sum of the breeding
value and population mean.

Breeding value defined in terms of average effects of
genes is equal to the sum of the average effects of all genes
that it carries as shown in Table 4.7.

Inbreeding and Relationships

Inbreeding is used to denote the mating of parents that are
more closely related to each other than the average of the
population. Related parents are more likely to transmit
the same genes to their offspring than unrelated parents.
Inbreeding has an influence on the genotype frequency
of the offspring such that there will be an increase in
homozygosity and reduction in heterozygosity. The term,
“inbreeding,” is used in another way in the “inbreeding
coefficient,” which is used to describe the level of homo-
zygosity resulting from the mating of related animals.
The degree of relationship between individuals can
be measured by the coefficient of relationship (Ryy).
Relationship is expressed in terms of the probability that
two individuals have the same alleles by descent because
of common ancestry (Figure 4.1). Full sibs are related by

50% because both the parents are common. On average
50% of the genes are common whereas the remaining 50%
differ.

When offspring X and Y receive 50% of their genes
from the buck, the probability that both offspring receive
the same gene from the buck is 0.5 x 0.5 = 0.25. If off-
spring X and Y receive 50% of their genes from the
doe, then the probability that both offspring receive the
same gene from the doe is equal to 0.5 x 0.5 = 0.25. In
full siblings, offspring X and Y have the same buck and
doe as parents. Therefore, the probability of receiving
the same genes from both the buck and doe parents is
the sum of the two frequencies which is 0.5 = (0.25 + 0.25)
or 50%. In half siblings, offspring X and Y have
one common parent. Therefore, the probability of receiv-
ing the same genes will be 0.25 or 25%. The relationship
between the parent and offspring is 0.5 or 50%. Therefore,
the probability of receiving the same genes will be 0.25 or
25%.

Inbreeding is a measure of increase in homozygosity in
individuals based on the relationship between the sire and
dam. It is denoted as F',, which is known as Wright’s coef-
ficient of inbreeding and is one-half of the relationship
between parents. Inbreeding of an individual can be esti-
mated from the following equation:

F.= 2[6) (+F, )}
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Figure 4.1 Coefficient of inbreeding for full-sib,
half-sib and parent-offspring pedigree.

Where n = number of generations from the sire to the
common ancestor, n” = number of generations from the
dam to the common ancestor, X = summation of the various
paths (there may be more than one common ancestor, and
thus more than one path connecting the sire or dam to the
common ancestor), 1/2 = probability of receiving one
allele or the other at each segregation, and F, = inbreeding
of the common ancestor.

As noted earlier, it is possible to compute the inbreeding
rate (AF) per generation in a closed population from the
effective number of breeding males N,, and females N; in
1 N 1 AF = 1 ’
N, 8N, 8N,

is negligible and can be

the population, as follows: AF =

when N; > 12 because

;
ignored. It is possible to estimate the increase in inbreeding

per generation from the effective number of sires used as
parents. The estimate of increase in inbreeding per genera-

tion will be 0.1250 for 1 sire, 0.0625 for 2 sires, 0.0250
for 5 sires, and 0.0125 for 10 sires.

The detrimental influence of inbreeding has been dem-
onstrated in a number of studies. The consequence is a
reduction in the overall vigor of the offspring, with a
greater influence on traits associated with fitness, such as
conception, fertility, and survival.

Phenotypic, Genetic, and Environmental Variation

In a population, the variance is a measure of the average
squared deviations from the mean for any measurable mor-
phological characteristic and production performance. In
goat breeding there is interest in the components of vari-
ance starting with the phenotypic variance (6%) which
constitutes the sum of the genetic (6%;), environmental
(0%), and genotype X environment interaction (6%g.g) vari-
ance components. The genetic variance (6%) can be further
subdivided into additive genetic (6%,), dominance (6%p),
and epistatic (%) variance components. This has been
described in the following:

0°p=06+0"s+0 6.z
o’;=0°,+0°p+07%

In selection programs, the genetic effect of interest is
based on additive genetic variance (0%,) arising from the
average effects of genes, which determines the transmit-
ting ability from the parents to offspring. The nonadditive
genetic variance comprises dominance variance (0?p)
associated with effects due to the combination of alleles at
a locus, and epistatic variance (0% associated with com-
binations of alleles at more than one locus. Allele combi-
nations that produce dominance and epistatic effects on
traits are lost at meiosis, when only one allele of each pair
for each gene forms a gamete. Thus offspring do not have
the same allele combinations as their parents. It is possible,
however, for breeding programs to take advantage of the
nonadditive genetic effects through the use of specialized
mating systems.

There is clear evidence to suggest environment is a
significant source of variation in many morphological
characteristics and production performance. The environ-
mental variation is associated with nongenetic sources of
variation arising from differences among years, age of doe,
season, sexes, types of birth and rearing, management,
diets, housing, and pens. The influence of year and season
is random in nature; therefore, it is difficult to predict their
performance. Sex is of course a genetic effect, but it can
be considered as a hormonal and developmental environ-
ment in which a trait is expressed. For example male kids
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grow more rapidly than female kids and attain a heavier
body weight at maturity. Type of birth and rearing can be
important; for example, single-born kids grow more
rapidly than those born as twins, which in turn grow more
rapidly than triplets. Part of this effect is due to care and
milking ability of the dam divided amongst the one or
several offspring with the limiting factor being the milk
production ability of the dam. The impact on performance
of goats from management, diet, housing and pen are
important. Therefore, every attempt should be made to
minimize their influence. To obtain a clear estimate of the
genetic component, it is important to ensure the environ-
mental effects on production performance are similar for
a group of animals.

Heritabilities, Repeatabilities, and Correlations

The heritability for any measurable morphological charac-
teristic and production performance indicates the ability of
both the parents to transmit superior productivity to their
offspring. Heritability in the broad sense (H?) is the ratio
of the genetic (0%;) to total phenotypic variance (o),
2
which is given by H?*= 0-—(2;.
P
useful measure in selection programs because not all
genetic effects are transmitted from parents to their off-
spring as mentioned previously.
Heritability (4*) in the narrow sense is the ratio of

the additive genetic variance (0?,) to total phenotypic
. o o -
variance (0%»), which is given by 4?=—2. Heritability can
Op
be calculated in a number of ways. One method uses phe-

notypic measures for the same trait in parents and their
offspring. The slope of the line relating the performance
of offspring to that of their parents or midparent average
gives a measure of heritability in the narrow sense.
Heritability estimates have also been derived from regres-
sion using other types of relatives (daughter-dam, son-sire,
and offspring-parents), and from intra-class correlation
(using full siblings or half siblings). The choice of the
procedure depends, in part, on the nature of the trait (for
example, daughter-dam regression for milk production
because milk is only expressed in the female sex). Modern
techniques and computer programs based on mixed models
(Boldman et al., 1995) are now the methods of choice and
make use of information from all types of relatives in a
population to give estimates of heritability for a trait.
Estimates of heritability for reproductive traits, body
weight and daily gain in goats are presented in Table 4.8.

The genetic variance is not a

Some traits can be repeatedly expressed over an ani-
mal’s lifetime. In making culling decisions, it is useful to
know whether an animal’s performance measure is likely
to be repeated. This is a slightly different type of decision
than the selection of parents in a breeding program, but it
is important in the management and operation of breeding
and commercial herds.

Repeatability (R) is a measure of the similarity of per-
formance measurements on the same trait over the life of
an individual. For example, with milk production, a doe
will perform in a similar way from one lactation to the
next, not only because the same genes with all of the same
genetic effects are expressed, but also because there will
be some environmental effects such as presence of mastitis
that are permanent in nature that affect all lactations.
However, lactations from the same doe will differ due to
temporary environmental effects. A simple way to estimate
the repeatability of milk production in goats would be to
calculate the correlation between first and second lactation
milk yield measurements for a sample of does. Though
there are better ways to determine repeatability, this dem-
onstrates what it represents. In terms of the variance com-
ponents discussed previously, repeatability is defined as
the ratio of genetic (0%;) and permanent environment
(0%pg) variance for a trait to total phenotypic (0%p) variance
Ot + 0k

op

as follows: R= . Examples of traits that are

expressed repeatedly in a goat’s life include number of
kids born, milk production, and weight of mohair. Estimates
of repeatability for multiple births and daily gain in goats
are presented in Table 4.8.

The phenotypic correlation (7p) is an estimate of asso-
ciation between two traits measured on an individual,

c ) )
denoted by 7= % Where, oyy is an estimate of the
o0

XYYy
phenotypic covariance between traits X and Y, and o%
and of are estimates of their respective phenotypic
variances.

The phenotypic correlation is due to genetic effects that
are in common for the two traits, as well as environmental
effects that affect both traits. There are thus genetic (rg)
and environmental (7g) correlations between the two traits
that play a role in the observed phenotypic correlation. As
mentioned, the genetic correlation between two traits is, in
part, due to genes that have effects on both traits. This
phenomenon is known as pleiotropy. If two traits are
affected by many of the same genes then the genetic cor-
relation will be high (+1 or —1). If different genes affect
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Table 4.8 Estimates of heritabilities and repeatabilities for
reproductive traits, body weight and daily gain, and direct and
maternal heritability and their correlation.

Trait/Breed Heritability Repeatability
Age at first kidding

Alpine x Beetal, Beetal 0.56-0.48
Litter size

Beetal, Black Bengal 0.15-0.09

Alpine X African common 0.02
Multiple births

Egyptian Baladi 0.25 0.29

Beetal 0.15 0.22

Black Bengal 0.09-0.17 0.15
Birth weight

Black Bengal 0.07-0.40

Boer 0.18-0.36

Jamunapari 0.46-0.55
Body weight at 12 months

Black Bengal 0.32

Jamunapari 0.13-0.31

Boer 0.31
Daily gain (birth to 150 days)

West African Dwarf 0.38-0.63 0.21-0.38

Heritability Correlation

Breed/Trait Direct Maternal Direct X Maternal
Birth weight

Boer 0.16-0.33 0.14-0.36 -0.31

Turkish Angora 0.02 0.10 0.18
Weaning weight

Boer 0.18-0.27 0.05-0.60 -0.15

Turkish Angora 0.03 0.10 0.91
Yearling fleece weight

Turkish Angora 0.06 0.04 -0.91
Litter size

Turkish Angora 0.06 0.04 -0.07

Source: Shrestha and Fahmy (2007).

the two traits, then the genetic correlation will be low (near
zero). Another reason for genetic correlations to occur is
when genes affecting two traits are linked. When this is
the case, the genetic correlation will decay over genera-
tions as a result of recombination, which breaks up the
specific allele combinations responsible for the correlation.
Genetic correlations can be estimated from a procedure
similar to that for heritability, but now two traits are mea-

sured on parents and offspring (or other sets of relatives).
For definition and practical purposes, the genetic correla-
tion is usually calculated using additive genetic effects,
O ayy
Voi, 0%
of the additive genetic covariance between traits X and 7V,
and 07, and 07, are estimates of their respective additive
genetic variances of the traits.

denoted by r,= . Where, 0,,, is an estimate
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An example applying knowledge of genetic correlations
is in selection for early growth in goats. Body weights at
different ages (for example, birth, weaning, and maturity)
tend to have genetic correlations that are positive and
medium in size. This means that a selection program to
increase early growth will tend to result in a breeding
population with a larger mature size in future generations.
Another example is that growth rate of young goats has a
negative genetic correlation with feed conversion (mea-
sured as feed intake per unit gain). This means that
goats selected for rapid growth require less feed per unit
gain.

A number of traits expressed early in the goat’s life are
affected both by the goat’s own genetic capability, as well
as effects from the maternal parent in the form of milking
ability or nurturing ability. These two effects are referred
to as direct and maternal effects. Each of these is heritable,
and there is also a genetic correlation between the direct
and maternal effects. These are shown in Table 4.8 for
body weights at birth and weaning, yearling fleece weight,
and litter size. A negative correlation between direct and
maternal effects of —0.15 for weaning weight in the Boer
breed indicates goats that have a genetic capability for
rapid early growth tend to become does that lack the inher-
ent potential of providing a complementary environment
for early growth to their offspring. This means that it
would be somewhat difficult to find goats that are good for
both abilities. It is a fairly weak correlation, however, so
it is not of great concern.

The environmental correlation between two traits can be
estimated from a procedure similar to that mentioned
above for genetic correlations and is defined as

Oy

o= by
‘ \OE,OF,
covariance between traits X and Y, and o7, and o7, are
estimates of their respective environmental variances.

Estimates of genetic and environmental correlations are
necessary to develop selection indexes based on multiple
traits that are useful in practical goat breeding. This is
because the breeder is interested in improving many traits
(for example, fertility, lean muscle growth, milk yield,
milk composition, and hardiness) all useful in increasing
productivity.

. Where, 0y, is an estimate of environmental

GOAT BREEDING

Goats were chosen according to the perception of the
breeder for centuries until the early 18th century when the
Coates’ Herd Book for Shorthorn Cattle and herd societies
were established in England. The concept developed by

Robert Bakewell of combining stocks with similar mor-
phological characteristics resulted in the registration of
animal pedigree and the maintenance of herdbooks that
restricted introductions, contributing to the development
of a large number of pure breeds (Lush, 1945). This was
followed by the development of the Alpine, Angora,
Saanen, and Toggenburg breeds. Goat populations
expanded rapidly across many parts of the world as a result
of favorable climatic conditions, abundance of vegetative
growth, religious rituals, ease in transportation, and
absence of communicable diseases.

Major advances achieved in the field of animal breeding
following the application of quantitative genetic principles
have contributed to the improvement of livestock and
poultry. These include breed evaluation, crossbreeding,
and new breed formation as well as simultaneous estima-
tion of breeding values of the sires, dams, and their off-
spring, identification of superior individuals with potential
merit for genetic improvement to be used as parents to
produce the following generation, and Marker-Assisted
selection. Quantitative genetic methodologies have short-
ened the time required for rapid improvement of economi-
cally important traits, all known to influence the income
and profitability from raising goats. Any program for
genetic improvement of goats must provide a comprehen-
sive and technically sound assessment with sufficient
flexibility to meet the needs of a diversity of environmental
and managerial situations. At the same time, every effort
should be made to maintain a uniform test environment
and minimize the influence of the environment.

Selection

Selection is the process of choosing individuals in a popu-
lation to be used as parents to produce the next generation
of offspring. This process creates differential rates of
reproduction because selected individuals produce off-
spring and culled animals do not. The breeder is interested
in improving a number of morphological characteristics
and production performance, but limited resources usually
result in the choice of a few important measurements for
improvement.

The selection differential for a measurable characteristic
or performance is the superiority of goats selected as
parents compared to the average of all candidates available
in that generation. This can be computed as the difference
between the average of selected goats (Xs) and the overall
population average (X), given by § = X5 — X.

Selection is a continuous process having relevance in
giving all goats in a population an opportunity to express
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their genetic potential. In practice, selection differentials
are calculated separately for the buck and doe, and then
averaged. This is because fewer bucks are selected com-
pared to does resulting in greater selection pressure from
the bucks. A simple average of the selection differentials
of buck and doe is used because the male and female
groups each contribute equally to their offspring.

When selection is applied to a population, genetic prog-
ress occurs in the form of change in performance of indi-
vidual goats from one generation to the next. This change
(AG) depends upon the selection differentials of the
selected does (X ) and bucks (X)), as well as the herita-
bility of the trait. For simple selection on phenotypic per-
formance of goats, genetic progress per generation for each

X+ X
trait is predicted as AG = A’ [—5F > M )

Selection can occur among individuals, family (full or
half siblings), or a combination of both. In a closed popula-
tion of goats, selection of individual goats based on their
phenotypic measurements is often referred to as mass
selection. In general, traits with medium to high heritabili-
ties, such as carcass measures and growth rate, are best
selected on the basis of performance of the individual goat.
Family selection becomes important when selecting for
traits that are low or moderate in heritability such as repro-
ductive traits. In this case, families are selected based on
the mean performance of a half- or full-sibling group. With
pedigree selection an individual goat is selected based
upon the presence of important ancestors or high-perform-
ing goats in its pedigree. This procedure is still used in
breeding champion horses and dogs to improve perfor-
mance. However, care must be taken not to place too much
emphasis on the presence of an ancestor with outstanding
performance in a pedigree when it is more distant than a
parent. A grandparent, for example, has only 25% of its
genes in common with its grand-progeny. Progeny testing
is common in many species and is valuable for sex-limited
traits such as milk production. However, this procedure
can be expensive because of the need to retain animals
until the superior individual is identified, thus extending
the generation interval.

The choice of the method is dependent on the expected
annual genetic response to selection and the associated
costs. It must be noted that long-term genetic progress is
dependent on the influence of several factors. These
include reproductive rate, number of traits under selection,
heritability, genetic correlation, inbreeding and effective
population size, consistency of selection goals, uniform
test environment, generation interval, and genotype-
environment interaction.

Multiple Trait Selection

Economically important traits can be selected singly or
in combination. There are several ways of doing this.
With Tandem selection, one trait is selected for one or
more generations until the desired improvement has been
achieved, and then a second trait is selected until required
improvement has been achieved with it. This process can
be continued until all of the traits of interest are improved.
Tandem selection is useful for three or fewer traits that are
not correlated, otherwise the efficacy of selection will be
reduced.

Another method of selection for multiple traits makes
use of Independent Culling levels for each trait of interest.
Threshold levels would be established for each trait, and
goats exceeding the threshold in the desired direction for
all traits would be selected for use as parents. The advan-
tage of this procedure is that selection can occur at various
stages, for example, during birth, weaning, and market
weight reducing, the number of goats that have to be
retained, before the final stage of selection with the last
trait measured. This procedure is most effective when the
number of traits does not exceed three and the intensity of
selection is high. Both the Tandem and Independent
Culling level of selecting parents have an operational
advantage in that they can be implemented without
knowing genetic parameters for the traits or their exact
economic worth. It would be desirable, however, that the
choice of traits and the selection emphasis placed upon
them be based on knowledge of their economic worth and
expectation of genetic progress (heritability).

The most efficient procedure in selecting for multiple
traits is the Selection Index. This is a function of pheno-
typic measures chosen according to the breeding objective
together with weights derived from genetic parameter esti-
mates and their economic values. The Selection Index is
given by XXh;, where X; represents phenotypic traits (i)
such as fecundity, lean meat yield, milk production, etc.,
and b, are coefficients derived from additive genetic vari-
ance and covariance of the measurement along with their
economic worth (for methodology see Cameron, 1997).

In the past, the high cost of computer processing and
slow turnaround time were disadvantages with index selec-
tion. Easy access to high-speed computers, however, has
made the Selection Index an important tool for prediction
of the breeding worth of multiple traits. One problem with
index selection is with situations where information is col-
lected on animals over a period of time. Here, it is impor-
tant to retain all of the animals until the evaluation is
complete. This may contribute to financial loss from the
need to keep less productive animals until culling is
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complete. Nevertheless, the ability to identify animals with
high genetic merit is greater with the Selection Index as
long as genetic parameter estimates of performance traits
included in the selection criterion and their economic
values are accurate.

Best Linear Unbiased Prediction (BLUP) or Selection is
a mixed model methodology for predicting the breeding
value of individuals that are candidates for selection. A
mixed model has fixed and random effects (see Boldman
et al., 1995) that account for the environmental and genetic
effects that are parts of each phenotypic expression of a
trait by an animal. In this procedure, a system of equations
based on fixed (often environmental effects such as herd,
year, and age of the animal) and random effects (including
animal breeding values, permanent environment effects),
affecting one or more traits is used. This procedure requires
genetic parameter estimates and makes use of the relation-
ship among individuals to give the best possible estimates
of the animal’s breeding values, given the information that
is available.

In the U.S., G. Wiggins has contributed toward the
development of national programs for evaluation of dairy
goats. National goat evaluation programs have used animal
models to predict the breeding values of bucks, does, and
their offspring for milk yield and composition, as well as
linear body measurements. Estimated transmitting ability
(ETA) or predicted transmitting ability (PTA) of each
parent is an estimate of the genetic merit that is transmitted
to their offspring, which is equal to one-half the breeding
value. Genetic comparisons are made among individuals
in a contemporary group, which may include goats of the
same age group or lactation, within year, herd, and breed.
Furthermore genetic comparisons are made among indi-
viduals not in a contemporary group relative to a rolling
genetic base. Animals of a given breed with superior
genetic merit can be found in different herds and years,
because of widespread use of artificial insemination espe-
cially in dairy goats. Similarly, most probable producing
ability (MPPA) provides an estimate of the milk produc-
tion potential in subsequent lactations. Often body confor-
mation measurements have been included in the evaluation
of dairy goats resulting in a production type index (PTI).

Quantitative Trait Loci and

Marker-Assisted Selection

In the 1990s, considerable strides were achieved in
mapping the goat genome based on highly polymorphic
microsatellite markers and mitochondrial DNA. Further-
more, single nucleotide polymorphisms (SNP) and
DNA chips have been developed to rapidly screen the

genome. Quantitative trait loci (QTL) are regions in the
genome closely linked to the genes associated with a quan-
titative trait. Breeding strategies based on QTLs require
phenotype, genotype and pedigree records from a large
number of individuals that vary in performance. In prac-
tice, a QTL refers to a region on a chromosome with an
effect large enough to be detected and mapped in the
genome. This may be considered as an early step in iden-
tifying and sequencing the actual gene that could be geno-
typed for selection purposes. Marker-Assisted selection
exploits major genes by genotyping animals for genetic
markers linked to QTLs.

There are several types of markers. An indirect marker
is closely linked to the gene that has the effect of interest.
A direct marker is the gene itself, or the portion of the gene
that contains the mutation producing the effect of interest.
The value of Marker-Assisted selection depends on the
nature of traits associated with increased production effi-
ciency as follows: when marker information is available to
combine with phenotypic measurements to give an esti-
mate of breeding value for an animal, the marker informa-
tion can improve the accuracy with which the breeding
value of an animal is estimated. The value of the marker
information depends upon the heritability of the trait. With
lowly heritable traits, the marker information improves the
accuracy of the estimated breeding value, whereas with
highly heritable traits the marker information is less valu-
able. The use of markers can also be important with sex-
limited traits, for example where dairy bulls are selected
initially on the basis of the value of their parents. A more
accurate selection of these young bulls could be made
using marker information on the males themselves.
Another situation where marker information may prove
valuable is if the trait can only be measured after the
slaughter of the animal. In this case, marker information
could be used instead to estimate the genetic merit of
potential breeding animals for carcass traits.

Crossbreeding

Crossbreeding is a common practice used in the commer-
cial production of meat from many species of farm live-
stock. This may be due to the fact that efficient commercial
meat production requires the superior performance in
reproductive traits of adult animals as well as superior
performance of young animals reared to market age.
Getting superior performance in these different abilities
generally requires the use of more than one breed, as well
as use of a genetic phenomenon called hybrid vigor or
heterosis. On the other hand, with dairying in cattle and
other species, crossbreeding is much less common. Often
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Two-breed cross Two-breed cross

Parents A B C D
Offspring AxB CxD

Back cross Three-breed cross
Parents A AxB A CxD
Offspring A(AxB) A(CxD)

Four-breed cross Four-breed cross

Parents AxB CxD CxD AxB
Offspring (AxB)x(CxD) (CxD)X(AxB)

Given A, B, C and D are parental breeds.

Figure 4.2 Crossbred offspring derived from
two, three, and four breeds.

there is only one breed that is superior to all others in lacta-
tion performance, and crossbreeding may not improve
efficiency of lactation production. Examples of various
crossbreeding systems are shown in Figure 4.2.

There are several approaches to crossbreeding with
considerable merit for improving productivity in goats.
Crossbreeding with more than two breeds depends on the
number of parental breeds or populations available for
crossing, and among parents the order of mating pure
breeds and their crosses. Initially single cross offspring to
be used as parents are produced from the mating of two
purebreds. This is followed by crossing selected male or
female crossbred parents with a purebred or crossbred of
the opposite sex. There is clear evidence to suggest the
genetic basis of average superiority of three-breed cross or
multiple-breed cross over their constituent single crosses
is due to the complementary breed effects in the crossbred
animal, maternal effects due to the breed combination of
the female parent, all supplemented with heterosis for indi-
vidual performance as well as maternal ability.

In goats, crossbreeding strategies for meat production
may involve crossing bucks of meat-type sire breeds with
does of the fecund-type breeds to produce kids with
increased growth rate and carcass quality, while benefiting
from the reproductive rate and the maternal influence of
the doe. In general, locally adapted does of a fecund-type
dam breed exhibiting a high frequency of multiple births

are mated with bucks of a meat-type sire breed to produce
two-breed cross offspring. Operationally, it is possible to
allocate one-third of does in the parental breed to produce
purebred offspring for herd replacement. Crossbred kids
for market may be produced by mating the remaining two-
thirds of the does to pure- or crossbred bucks that differ in
breed composition.

In practice, does from an established breed in the region
or indigenous population may be maintained on the farm.
Requirements for bucks may be met either by purchasing
bucks with growth potential from a reputable breeder, or
using semen from meat-type breeds. An alternate breeding
strategy involves breeding a proportion of indigenous
goats to produce purebred offspring for herd replacements.
The remaining indigenous goats may be crossed with
bucks of an improved dairy breed (Saanen, Toggenburg,
Nubian, Damascus or Jamunapari) to produce crossbred
does for milk production. Finally, the mating of crossbred
does to bucks of an improved meat breed (Boer) could
benefit from potential genetic merit in the specific three-
breed cross offspring.

Backcross offspring can be produced by mating the
single cross does to bucks of the sire breed. In practice,
purebred offspring for herd replacement can be produced
from one-third of the female parents. Two-breed cross
offspring are produced by mating the remaining two-third
of the female parent with bucks of the alternate breed
purchased from an outstanding breeder. Selected crossbred
offspring become does that are subsequently mated to
bucks of the sire breed to produce the backcross offspring.
In this procedure, benefit due to heterosis can occur from
maternal performance of the crossbred female parent and
their backcross offspring. Yet, the full complement of het-
erosis and genetic superiority associated with the parental
breeds will not be realized. In many developing countries,
the need to purchase bucks of one breed to sire both the
single cross and backcross offspring has made this method
popular. The choice of breeds for crossbreeding and the
adaptability of their offspring to the environment where
the offspring will be raised are pertinent to avoid any
detrimental influence.

Crossbreeding studies in a number of countries corrobo-
rate performance of offspring derived from single- and
backcross mating surpassed those of their contemporary
purebred offspring. In India, matings based on Alpine and
Saanen bucks with Beetal and Malabari does, Saanen
bucks with Saanen x Malabari does, as well as Angora
bucks with Sangamaneri and Angora X Sangamaneri does
were utilized to compare single- and backcross does with
their contemporary purebreds. Both types of crossbreds
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Table 4.9 Means for body weight at birth (kg) and at various ages, age at first kidding, kidding
interval, service period, litter size, live weight at slaughter, hot carcass weight and dressing

percentage for goat breeds and their crosses’.

Breed Body weight at
Sire Dam Birth 3mo 6mo 9mo 12mo
Beetal Beetal 2.9 (0) 7.7 (0) 12.2 (0) 21.8 (0)
Alpine Beetal 3.2 (10) 10.3 (34) 13.8 (13) 40.1 (84)
Saanen Beetal 3.4 (17) 10.4 (35) 14.3 (17) 26.9 (23)
Malabari Malabari 1.7 (0) 5.7 (0) 9.3 (0) 11.1 (0) 15.2 (0)
Alpine Malabari 1.9 (12) 6.3 (11) 8.9 (-4) 12.2 (10) 17.6 (16)
Saanen Malabari 2.3 (35) 6.1 (7) 10.2 (10) 13.3 (20) 17.8 (17)
Saanen Saanen X Malabari 2.7 (17) 59 (-3) 9.7 (-5)
Sangamaneri Sangamaneri 1.9 (0) 7.3 (0) 10.6 (0) 13.5 (0) 17.3 (0)
Angora Sangamaneri 2.1(11) 7.3 (0) 10.6 (0) 13.0 (-4) 16.0 (-8)
Angora Angora X Sangamaneri 2.2 (5) 8.2 (12) 11.2 (6) 13.4 (4) 15.4 (-11)
Breed Litter size (%
ree Age at first Kidding Service itter size (%)
Sire Dam kidding (day) interval (day) period (day) Single Twin Triplet
Beetal Beetal 534 (0) 313 (0) 173 (0) 41 51 9
Alpine Beetal 495 (-7) 323 (3) 201 (16) 59 36 5
Saanen Beetal 546 (2) 300 (—4) 67 29 5
Malabari Malabari 700 (0) 295 (0) 141 (0) 55 41 4
Alpine Malabari 685 (-2) 329 (-12) 184 (31) 65 35
Saanen Malabari 585 (-16) 407 (38) 260 (84) 31 63 6
Breed . . .
Age at slaughter Live weight at Hot carcass Dressing
Sire Dam (mo) slaughter (kg) weight (kg) percentage
Beetal Beetal 9 15.2 (0) 7.7 (0) 50 (0)
Alpine Beetal 9 18.3 (20) 9.5 (23) 52 (4)
Saanen Beetal 9 18.8 (24) 9.4 (22) 50 (0)
Alpine Beetal 5 14.1 (-7) 5.3 (-31) 38 (-24)
Sangamaneri Sangamaneri 9 11.5 (0) 5.1 (0) 44 (0)
Angora Sangamaneri 9 12.9 (12) 4.4 (-14) 38 (—14)

Sources: Acharya et al., 1982; Acharya, 1988; Shrestha and Fahmy, 2007.

'Percent deviation from dam breed in parenthesis.

were superior to the purebreds in body weight of kids from
birth to 12 months of age; reproductive performance of
does manifested in age at first kidding, kidding interval,
service period, and proportion of single, twin, and triplet;
and hot carcass weight and dressing percentage of kids
(Table 4.9).

The influence of heterosis on performance may vary
according to the breeds involved in crossing together with

the environment where the offspring is raised. The mating
of bucks of the Beetal breed with does of the Sirohi breed
and Beetal x Sirohi cross failed to demonstrate heterosis
(Table 4.10) in the single- and backcross combinations
compared to contemporary purebreds derived from their
female parental breed for the body weights of kids from
birth to 12 months of age, kid mortality, feed efficiency
and dressing percentage (Taneja, 1982). Lack of heterosis



Table 4.10 Means for body weight (kg) of single-born kids at birth and at various ages by breed and

their crosses’.

Breed Body weight at

Sire Dam Birth 6mo 9mo 12mo
Year: 1978-79

Sirohi Sirohi 2.8 (0) 13.6 (0) 17.1 (0) 21.3 (0)
Beetal Sirohi 3.1 (1D 14.3 (5) 17.1 (0) 22.3(5)
Year: 1980

Sirohi Sirohi 2.9 (0) 12.5 (0) 17.0 (0)

Beetal Sirohi 3.1 (7) 13.3 (6) 17.6 (4)

Beetal Beetal x Sirohi 2.9 (-6) 12.4 (-7) 16.2 (-8)

Breed Body weight at

Sire Dam Birth 1mo 2mo 4mo
Black Bengal Black Bengal 1.2 (0) 2.1 (0) 3.8 (0) 4.4 (0)
Jamunapari Black Bengal 1.4 (17) 2.5(19) 4.4 (10) 5.5 (25)
Breed Body weight at

Sire Dam Birth 6mo 12mo
Black Bengal Black Bengal 1.8 (0) 11.4 (0) 16.5 (0)
Beetal Beetal 2.5 (0) 12.9 (0) 19.0 (0)
Beetal Black Bengal 1.9 (6) 12.4 (9) 18.7 (13)
Black Bengal Beetal 2.3 (-98) 12.7 (=2) 18.2 (—4)
Breed Reproductive traits (days)

Sire Dam Age at conception Age at kidding Service period Kidding interval
Black Bengal Black Bengal 307 (0) 451 (0) 151 (0) 294 (0)

Beetal Black Bengal 395 (29) 543 (20) 167 (11) 314 (7)

Breed Body weight at

Sire Dam Birth 4mo 9mo
Year: 198285

East African East African 2.0 (0) 8.8 (0) 11.9 (0)
Toggenburg East African 2.2 (0) 9.7 (10) 14.2 (19)
Anglo-Nubian East African 2.2 (10) 9.5(8) 13.0 (9)
Galla Galla 2.6 (0) 9.1 (0) 13.1 (0)
Toggenburg Galla 2.6 (0) 10.2 (12) 13.9 (6)
Anglo-Nubian Galla 2.8 (8) 10.4 (14) 15.1 (15)

71
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Table 4.10 Continued

Breed Body weight at .
Mortality to

Sire Dam Birth 56 days Market 56 days
Barki Barki 2.1 (0) 6.2 (0) 12.6(0) 24(0)
Zaraibi Zaraibi 2.1(0) 6.3 (0) 10.9(0) 31(0)
Damascus Damascus 3.1 (0) 9.1 (0) 17.5(0) 35(0)
Zaraibi Barki 2.6 (24) 7.1 (15) 13.2 (5) 25 (4)
Damascus Barki 2.6 (24) 7.8 (26) 15.6 (24) 33 (38)
Barki Zaraibi x Barki 2.2 (-15) 7.5 (6) 14.7 (11) 34 (36)
Barki Damascus x Barki 2.3 (-12) 7.5 (-4) 14.8 (-5) 21 (-36)
Breed

ree Litter weight Milk intake Total 16-wk
Sire Dam at weaning per 1kg gain milk yield
Barki Barki 7.85 (0) 9.17 (0) 80.0 (0)
Zaraibi Zaraibi 9.21 (0) 7.43 (0) 116.5 (0)
Damascus Damascus 11.92 (0) 6.78 (0) 146.0 (0)
Zaraibi Barki 10.15 (29) 7.70 (-16) 117.7 (47)
Damascus Barki 10.41 (33) 7.70 (-16) 136.8 (71)
Barki Zaraibi x Barki 7.94 (-22) 8.73 (13) 93.0 (-21)
Barki Damascus x Barki 10.35 (1) 8.20 (6) 123.0 (5)

Taneja, 1982; Singh et al., 2002; Singh et al., 2000; Ruvuna et al., 1988; Abdelsalam et al., 1994; Abdelsalam

et al., 2000; Shrestha and Fahmy, 2007.
'Percent deviation from dam breed in parenthesis.

may be a consequence of marginal differences in the
mature weight of the parental breeds. In contrast kids
derived from bucks of the heavier Jamunapari breeds
and does of the dwarf Black Bengal breed were signifi-
cantly heavier than the contemporary purebred kids of
their female parent. Singh et al. (2002) reported that kids
derived from the larger Beetal breed exceeded the dwarf
Black Bengal and their reciprocal crosses in body weights
from birth to 12 months of age demonstrating 3—4% het-
erosis at 6- and 12-month body weights. However, they
found no difference between does of the Black Bengal
breeds and Beetal x Black Bengal crosses in age at first
conception, while the latter showed a significant increase
in age at first kidding, service period, and kidding
interval.

In Kenya, Ruvuna et al. (1988) carried out a crossbreed-
ing study of several breeds and reported that the body
weight of kids from birth to 9 months of age were lowest
for East African, heaviest for Anglo-Nubian X Galla, and
intermediate for Galla, Toggenburg Xx East African,

Toggenburg x Galla, and Anglo-Nubian X East African
(Table 4.10). Kids derived from Toggenburg and Anglo-
Nubian buck and East African does exceed contemporary
kids derived from their female parental breed by 9-19%
for body weight from birth to 9 months of age. In another
study, Ruvuna et al. (1992) concluded Toggenburg and
Anglo-Nubian—sired kids had similar growth rate, slaugh-
ter weight and carcass composition. Galla dams produced
kids that were heavier and leaner than those from contem-
porary East African dams.

In Egypt, Abdelsalam et al. (1994) evaluated crosses
among bucks of the Zaraibi and Damascus breeds with
does of the Barki breed, and bucks of the Barki breed with
does of Zaraibi x Barki, and Damascus x Barki crosses
resulting in single- and backcrosses and contemporaries
derived from their purebred parents (Table 4.10). In the
Zaraibi x Barki cross heterosis of 12-24% was observed
for body weights from birth to market and 9% for mortality
to 90 days. Corresponding estimates of heterosis for the
Damascus x Barki cross varied from 0-4% for body
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weights and 12% for mortality. Furthermore, Abdelsalem
etal. (2000) reported Barki-sired does of Damascus x Barki
cross compared to those of Zaraibi x Barki cross produced
more milk for a longer lactation, had heavier litters, and a
more efficient milk conversion ratio. Relative to contem-
porary Barki does, crossbreds produced more milk and
heavier litter weights.

There has been extensive research (Flamant and Morand-
Fehr, 1982) directed toward genetic improvement of goat
breeds from continental Europe. Studies suggest increas-
ing milk yield in the female parent results in increased
growth rate of their crossbred offspring. In Mexico,
Sanchez et al. (1994) used a stall-fed system to evaluate
the grading-up of local goats derived from high (=7/8) and
low (<7/8) proportions of the Alpine, Granadina, Nubian,
Saanen, and Toggenburg dairy breeds from continental
Europe. The authors concluded that crossbred kids from
high and low proportions of the Alpine, Saanen, and
Toggenburg breeds were similar to the Nubian breed but
heavier than the Granadina breed. Concurrently, Montaldo
et al. (1995) reported crossbred kids from high and low
proportions of the Alpine, Saanen, and Toggenburg breeds
were more productive compared to their contemporary
local goats in milk production, lactation length and effi-
ciency, litter size, and weight.

The mating of crossbred bucks to purebred or crossbred
does can capitalize on paternal heterosis and contribute
toward libido and sperm production with possible influ-
ence on fertilization and embryonic survival (Notter,
1987). Lopez-Perez et al. (1998) showed crossbred off-
spring from Boer X Spanish bucks and Spanish does
exceeded the Spanish breed in body weights at birth and 90
days by 11 and 16%, respectively. There is also the poten-
tial for lower performance due to rearrangement or segre-
gation of genetic combinations between the chromosomes
of the crossbred parent as well as the inability to benefit in
performance from maternal heterosis and favorable genes
in the crossbred doe. Nevertheless, crossbred bucks may
be suitable in environments that may be stressful, due to
unfavorable climate, grazing condition and disease.

The mating of bucks from crosses between two meat-
type breeds with does from crosses between two fecund-
type breeds results in a four-breed cross offspring. The
resulting cross can capitalize on the full potential of mater-
nal, paternal, and individual heterosis. The drawback is the
need to use four breeds. However, in large scale commer-
cial production of goats there is the possibility of maintain-
ing one or two parental breeds or their crosses within the
farm to produce does for use as female parents (Figure
4.2). At the same time, crossbred bucks derived from alter-

Two-breed rotation Three-breed cross rotation

Parents A\ B A\ /B
Offspring AxB AxB

Parents AxB ’/AxB
Offspring Ax(AxB) Cx(AxB)
Parents B Ax(AxB) nyB
Offspring Bx{Ax(AxB)} Ax{Cx(AxB)}
Parents Bx{Ax(AxB)} B Ax{Cx(AxB)}
Offspring AX[Bx{Ax(AxB)}] Bx[AX{Cx(AxB)}]

Given A, B and C are parental breeds.

Figure 4.3 Rotational crosses based on two and
three parental breeds.

nate breeds not used to produce the crossbred doe may be
purchased as required for use as male parents.

The crossbreeding of two or more breeds in rotation
involves mating does from a specific breed with bucks of
an alternate breed (Figure 4.3). In this procedure, bucks
may be purchased from reputed breeders. Crossbred off-
spring from the previous mating are bred to bucks of an
alternate breed not used previously to sire the female
parent in succession. The drawback arises from large dif-
ferences in performance of offspring from the different sire
breeds. This can contribute to a lack of uniformity in the
marketing of animal products to the consumer. In theory,
the performance of two- or three-breed rotational cross is
reduced due to lower heterozygosity, by one-third or one-
seventh the average difference in performance between
single crosses and parental breeds, respectively. There is
no special benefit from breed differences in maternal
versus individual performance. Also further loss in perfor-
mance can occur in the offspring from interbreed recom-
bination in the gametes as a result of contribution of genes
from the dam and maternal granddam.

In the UK., regional segmentation of sheep production
involves raising the Hill breeds in the mountains, and
the Down breeds in the lowland followed by their cross-
breeding to produce market lambs. Despite the practical



74 Goat Science and Production

constraints of having to use more than two breeds for
crossbreeding, substantial gain can be achieved from
average breed superiority and heterosis among comple-
mentary breeds. In goats, there is no practical evidence of
any serious attempt to exploit potential genetic merit
among multiple breeds. The crossing of does of the indig-
enous breeds with bucks of the more productive dairy
breeds to produce highly efficient crossbred does in more
remote (or tribal) areas for use in terminal crosses under
more intensive production close to urban markets demon-
strates considerable opportunity.

New Breed Development

Breeders expect the desirable qualities of two or more
breeds to be combined into a composite population to
approach the level of production from crossbreeding. In
addition to the operational advantage of having to maintain
a single breeding population, there is no need to purchase
new animals, minimizing the risk of introducing diseases.
Although many composite populations were developed for
specific objectives, methodologies today differ from those
used in the past principally in their intensity and deliberate
application of greater knowledge of quantitative genetics.
In theory, the genetic potential for performance in a newly
formed composite population when compared to specific
or rotational crosses involving the same number of breeds
is lower due to the reduced level of heterozygosity.
Heterosis in a composite breed based on two breeds is
two-thirds of that in single crosses, while in composites
made of three or more breeds heterosis can be three-fourths
or more of that in single crosses. One problem with the use
of a single composite population is that it is not capable of
exploiting breed differences in maternal versus individual
performance. Concept of the composite populations,
however, has become an integral part of breeding strate-
gies exploited by breeding companies for commercial pro-
duction of livestock and poultry.

Grading-up of indigenous breeds has occurred with the
Saanen breed in Korea; the Saanen and Toggenburg breeds
in the Russian Federation, Germany, and the Czech
Republic; the Angora breed in India; and feral goats in
Australia and New Zealand resulting in adequate produc-
tivity leading to the development of 80 composite breed
populations in 37 countries (Shrestha and Fahmy, 2007).
In developing countries, the replacement of indigenous
breeds through unplanned or accidental introduction has
contributed to the development of composite populations.
In Algeria, the introduction of the Murcia and Maltese
breeds of goats for crossbreeding with the indigenous
Berber, Makatia, and Arabia was followed by further intro-

duction of the imported Alpine, Toggenburg, and Saanen
breeds. The interbreeding of a number of goat breeds in
isolated regions has resulted in the development of small
meat breeds in Sri Lanka, India, Papua New Guinea, and
Fiji; various Criollo (syn. Creole) breeds of Latin America
and the West Indies; Spanish goats of southwest U.S.; and
Sem Raga Definida goats of Brazil.

Composite populations with considerable genetic merit
are the Anglo-Nubian, Boer, French Alpine, XKilis,
LaMancha, and Peranakan Etawah breeds. The Boer breed
having excelled in meat production efficiency has been
exported to a number of countries including Australia,
Canada, China, France, Germany, Israel, New Zealand, Sri
Lanka, and the U.S. to meet the growing demand for goat
meat (Skinner, 1972; Malan, 2000).

Breeding Strategies

In a closed nucleus population, with all genetic evaluations
occurring in the nucleus herd, offspring with the highest
genetic merit in the nucleus are selected as parents to
continue improving the nucleus herd. Nucleus herds could
accelerate genetic response from the use of artificial
insemination, and multiple ovulation and embryo transfer
(MOET). Selected bucks and does of superior genetic
merit in the nucleus herd are placed in multiplier herds
to increase the number of goats with potential genetic
merit for transfer to commercial herds. The commercial
herds are exclusive in producing kids to provide animal
products for the customer. In this procedure, it may take a
generation or two to transfer the genetic improvement
from the nucleus to the multiplier and finally the commer-
cial herds.

In an open nucleus population, where evaluations occur
in the nucleus and multiplier herds, offspring with superior
genetic merit in the multiplier herds are used as parents in
the nucleus herd. Unlike the above procedure with a closed
nucleus where transfer of genetic merit occurs in one direc-
tion from nucleus to multiplier, exceptional offspring in
the multiplier herd contribute genetic merit to the nucleus
herd and can improve the rate of genetic change in the
nucleus. These breeding strategies have been modified in
various countries according to segmentation of the com-
mercial goat industry.

CHALLENGES

There are numerous (about 1,153) breeds of goats in all
continents demonstrating the availability of a colossal
amount of genetic resources for increasing production effi-
ciency. The evaluation of breeds presents an opportunity
to characterize their qualities and shortcomings. There is
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always the possibility that the inherent potential for spe-
cific morphological characteristics and production perfor-
mance necessary for the improvement of established goat
breeds may be lacking in a country or region.

Developing countries share more than 90% of the
world’s goat population. Breeders of nomadic and semi-
nomadic origin on average receive a substantial portion of
their income from fiber and meat while milk is used for
home consumption. These producers are unaware of sci-
entific accomplishments in the field of genetics, nutrition,
and husbandry that have helped other livestock and poultry
species become more productive.

In breed evaluation studies, imported breeds may under-
perform because of poor test environments relative to their
nutritional requirements resulting in inconsistent conclu-
sions. This may be due to the situation where goats are
often reared on marginal lands not suitable for full expres-
sion of the genetic potential of the crossbred offspring.
Developing breeding strategies for goats that are raised
under sedentary, nomadic and seminomadic management
present a real challenge. This is only possible by adding
sufficient value to their products, as well as recognizing
their significant role in maintaining cultural heritage and
sustaining biodiversity while helping alleviate poverty.

SUMMARY

Evaluation of breeds for specific objectives can identify
breeds with potential genetic merit for morphological char-
acteristics and production performance in the selection
criteria. Benefit from the use of synchronization of estrus,
super ovulation, artificial insemination, batch breeding and
timing of kidding according to requirements for the mar-
keting of goats and their products are apparent. Novel
reproductive technologies using superovulation, embryo
transfer, and cloning have potential merit for genetic
improvement. These reproductive technologies combined
with year-round kidding of complementary goat breeds
demonstrate considerable merit in increasing the number
of kids marketed per doe annually. Furthermore, there is
opportunity for large-scale commercial production of meat
and milk from goats close to markets in large urban
populations.

Prospects for commercial goat production can be
enhanced by complementing breeds that have demon-
strated considerable genetic merit for the performance
traits of economic importance with those established from
the indigenous breeds. Fiscal constraints and requirements
for quarantine have in the past permitted only the importa-
tion of a small number of animals, mostly males. Currently,
the ease with which semen and embryos can be transported

provides an opportunity to sample a large number of unre-
lated animals and establish foundation herds with as broad
a genetic base as possible.

More recently, the promise of molecular methodologies
has been enhanced due to considerable advances in micro-
satellite marker identification and the development of very
comprehensive gene maps. There is potential merit in the
application of Marker-Assisted selection to genetic evalu-
ation when large numbers of markers are identified improv-
ing the accuracy of estimation of breeding values. In
practice these already exist for bulls with superior genetic
merit.
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Animal Evaluation
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KEY TERMS

Dairy type—goat breeds selected for the combination of traits that make them suitable for milk production.
Fiber type—goat breeds selected for the combination of traits that make them suitable for fiber production.
Meat type—goat breeds selected for the combination of traits that make them suitable for meat production.

Steep shoulders—refers to the slope of the scapula or shoulder blade.

Steep pasterns—refers to the slope of the pastern.

Base-narrow—animals that lack natural muscling or thickness, boldness, or spring of rib.
Knock-kneed—a defect in which an animal has knees close together.

Cluster teats—a grouping of three or more teats in which all, some, or none may be functional.
Fishtail teats—a teat with two functional milk channels with slight separation between the channels.
Senior does—show ring term for does in milk production or more than 24 months of age.

Junior does—show ring term for does not in milk production.

OBJECTIVES

By completing this chapter, the reader will acquire knowledge on:

o The differences in the three types of goats
e The external anatomical terminology of goats

o The relation between structural correctness and functionality of the animal

e Determining age, based on dental examination
e Body Condition Scores (BCS)
e About goat shows

INTRODUCTION

Goat owners and producers need a “working knowledge”
of external caprine anatomical terms for selection of phe-
notypically superior animals.

The conformation of an animal is the correctness of struc-
ture, musculature, and body proportions in relation to each
other, as evaluated visually. Different breeds of goats have
differing roles in the goat industry. All animals, whether
selected for meat, milk, or fiber need to be structurally
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sound. Evaluation of animals is important for two primary
reasons, namely the need for animals to be critiqued on their
merits as replacement animals for the herd and for the criti-
cal show-ring evaluation by a professional judge.

FACTORS AFFECTING
ANIMAL EVALUATION
Many factors may be involved in evaluating an animal for
replacement herd, sales and dispersal, or superiority in
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show-ring judging. A few main factors will be briefly
discussed in the following sections. However, more
detailed information can be found on different goat breed-
ers’ association or university extension websites.

Size

The size is relative and, in large part, is based on the
environment in which the animals are managed and breed.
The environmental factors such as rainfall, forage avail-
ability, temperature, and the level and skill of management
dictate the production scheme in which animals are main-
tained. Skeletal frame size or weight, and bone and muscle
development are indicators of size. There is a significant
variation among breeds in regards to size. Frame is com-
monly referred to as the height of the animal at the hips.
Larger-framed animals may not always be better animals.
Smaller animals tend to be more efficient. Larger animals
tend to be leaner and have a faster growth rate. In all cases,
the frame size of the animal is determined by the environ-
ment or production goals. Larger animals tend to be pre-
ferred in show-ring judging.

Volume or Body Capacity

Much emphasis should be placed on the internal dimen-
sion, volume, or capacity of an animal. Volume is impor-
tant as it indicates an expanded internal capability for lungs
(breeding capacity), rumen (feeding capacity), and utero
function (reproductive capacity—easy birthing). Volume
is three-dimensional (for example, length, depth, and
width). Animals with expanded spring or arch of ribs
(broad-chested), long-sided (from shoulder to hip), and
deep-bodied or deep-flanked are preferred.

Sex Character

MALE

Bucks should appear rugged, stout, and masculine.
Ruggedness is associated with stoutness of bone, identified
by a larger circumference of cannon bone and size of
the foot. Width between the eyes and prominence of
jawbone are other indicators of masculinity. Masculinity
is extremely important in evaluation of bucks in show-ring
judging. Bucks must have two large testicles that are well
shaped, equally sized, firm to the touch, and hang evenly
in a single scrotum. Bucks with only one testicle have a
condition known as cryptorchidism—a condition in which
the testes fail to descend into the scrotum. Bucks with one
testicle or testicles that hang unevenly, vary in size, are
hard to the touch, or are soft and spongy may be lacking
in fertility or may be subfertile, if fertile at all. An indicator

of fertility is the scrotal circumference (SC), measured
midway of the scrotum with both testicles descended. This
measurement (larger is more desirable) is an indicator of
the buck’s ability to produce semen and is also an indicator
of early puberty in both male and female progeny. The
Small Ruminant Pocket Guide (2006) recommends SC to
be a minimum of 30cm at 8§ months of age, while the
Kentucky Governor’s Office of Agricultural Policy recom-
mends SC of 25cm or more at the same age.

FEMALE

Does should be feminine and more refined in their features.
Femininity is typically associated with a longer head and
neck coupled with a more refined head and muzzle. The
udder should be soft, smooth, well shaped, and balanced.
The female external genitalia should be well developed
and properly structured. An infantile vulva often indicates
a lowered rate of fertility. Femininity, especially in dairy-
type does, is extremely important in evaluation of does in
show-ring judging.

Breed Character

For those breeders with a purebred or seed-stock breeding
program, special emphasis should be placed on enhancing
the breed characteristics that make the chosen breed
unique. Specific breeding plans and goals must be consid-
ered. Being familiar with the characteristics that make each
breed unique should be researched and followed. Structural
correctness and ability to adapt to the environment should
not be overlooked. The ability to grow, for meat breeds,
and the ability to produce milk, for dairy breeds, must also
be evaluated. Judges in the show ring place tremendous
emphasis on breed character, because the show ring is the
best opportunity for breeders to showcase their breeding
program. Breed character is also important for maintaining
the characteristics that make each breed unique and dis-
tinct from other breeds.

MEAT-TYPE GOATS

When the primary purpose of goat ownership is to provide
meat, the amount of muscling becomes important (Figure
5.1). Muscling should be apparent throughout the body of
the animal. The two primary indicators of muscling are the
back of the animal and the stifle and thigh regions. Animals
with an abundance of natural muscling are heavy muscled
or “thick topped.” This is evidenced by the bulging of
muscle along the topline of the animal, over the rack,
through the loin, and out the rump to the tail head. The loin
eye muscle, or longissimus dorsi, yields one of the most
tender, highest priced, and most valuable cuts of the goat
carcass. Another indicator of muscling is the bulge of the
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Figure 5.1 Meat-type goat.

stifle muscle, viewed as the animal walks. The wider the
animal stands and walks, usually the heavier muscled
the animal is. The thickest part of a meat animal should be
the width from stifle to stifle. The shoulders should be mus-
cular but not coarse or out of proportion with the rest of the
body and other muscle indicators. Another indicator of
heavy muscling is the circumference of the cannon bone
and size of the foot or hoof. Traditionally, the bigger the
foot, the bigger the bone, and the more muscle mass. For
more information on meat goats, please refer to Chapter 13.

DAIRY-TYPE GOATS

If milk production is the primary goal of the breeding
program, animals are selected for dairy characteristics
(Figure 5.2). Dairy characters are denoted by angularity of
body shape, general trimness or refinement, and lack of
meatiness. Dairy breeds are characterized by long, refined
necks, sharpness over the withers, a deep heart girth, and

a mammary system that is indicative of problem-free
milking. Other important characteristics include a wide
chest floor, width between the pins, and structural correct-
ness of feet and legs. Dairy breed type refers to the char-
acteristics of a particular breed as it relates to color, head
and ear size and shape, and frame size.

In dairy goat evaluation, the mammary system of the
doe in production must be evaluated. The udder must be
strongly attached with a strong and smooth fore and rear
udder attachment and a strong medial suspensory liga-
ment. The udder should be balanced and symmetrical in
shape, and soft and pliable to the touch. A pendulous, ill-
shaped, unbalanced, hard, and leathery udder is objection-
able. A prominent milk vein, located in front of the udder
is desirable. Major emphasis in the show-ring judging
(approximately 35%) is placed on the mammary system of
does in production (senior does; Table 5.1). For more
information on dairy goats, please refer to Chapter 14.
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Figure 5.2 Dairy-type goat.

Table 5.1 Suggested scorecard for evaluating different types of goats for various traits.

Goat Type Trait Dairy, Senior Doe Dairy, Junior Doe Dairy, Buck Angora Market Meat Goat
General Appearance 35 55 55 40 75

Dairy Character 20 30 30

Body Capacity 10 15 15 25

Mammary System 35

Fleece 60

TOTAL 100 100 100 100 100

FIBER-TYPE GOATS

Angora goats produce mohair (Figure 5.3). Selection of
goats for mohair production should be based on three fiber
production traits: length of fiber, diameter of fiber, and
uniformity (length and diameter) of fleece. The show-ring
scorecard suggests that 60% of the emphasis in evaluation

of fiber goats be placed on the fiber or fleece character
(Table 5.1). Structural correctness, as discussed earlier in
this chapter, is important to longevity of production for
fiber goats. See Chapter 15 for a complete review and
discussion of fiber-type goats.
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DETERMINATION OF AGE

Other methods of evaluation include the ability to estimate
the approximate age of the goat by observing the teeth
development. Goats should have a specific weight at a
certain age. Age and size proportions are important in
evaluating an animal. Although diet and health can influ-
ence the growth of teeth in goats, the age of a goat can be
estimated based on their eight lower incisors. At birth, kids
are born with four pairs or eight temporary incisor teeth.
At approximately 1 year of age, the loss of the first two
“baby teeth” occurs. Annually, two baby teeth are replaced
with permanent teeth, until all baby teeth are replaced, at
approximately 4 years of age. The amount of wear, after
4 years of age, is helpful in determining age. Some goats
may be missing one or more teeth and are referred to as
broken mouthed. Some older goats are called “gummers”
when the teeth are worn down to the gum of the jaw. See

Figure 5.4 for examples of what teeth in a kid, a yearling,
a 2-year-old, a 3-year-old, and a full mouth of teeth for a
4-year-old goat should look like.

STRUCTURAL CORRECTNESS

Structure is the foundation of the animal, and correctness
of structure is important to build upon for better animal
productivity. The basis for “Form to Function” in any
specie of livestock is related to the angles of bone structure
and the ability to move or travel with ease. The animal’s
ability to convert feed and forage to a usable protein
product (meat, milk, or fiber) can be compromised by
structural problems and difficulties. If an animal is unsound
and not capable of performing or functioning at an optimum
level because of structural problems, then emphasis on
selection for any measurable trait is for naught. Production
(meat, milk, or fiber) is directly influenced by structural



82 Goat Science and Production

Kid Yearling

2-year-old

3-year-old 4-year-old

Figure 5.4 Determination of age based on dental
growth.

soundness or lack thereof. For this reason, selection for
sound and functional breeding animals is very important
to goat producers and especially to seed-stock or purebred
breeders. On the judge’s show-ring scorecard, structural
correctness is the major component used to assess general
appearance.

Side-View Evaluation

The best way, visually, to evaluate structural correctness
of an animal is from the side view. The length and depth
of the body and the volume (to a lesser degree) of the
animal, as well as both front and rear leg structures can be
evaluated at the same time from the side view. For longev-
ity of service, it is imperative that bucks be especially
sound in rear leg and hip structure. Movement or ability
to travel can be evaluated by observing the length of stride
or step; placement of the rear foot in relation to the front
foot; and the fluidity of motion.

REAR LEGS

The side view of rear leg evaluation is presented in Figure
5.5. A goat that has the “ideal” angulations at its rear legs
will be approximately straight down from the pins to the
hock and the dewclaw. The sickle-hocked condition is
when an animal has too much angulation to the set or angle
of the hocks. This trait is often associated with “weak rear

Ideal Sickle-hocked

Weak rear pasterns Post-legged

Figure 5.5 Side-view rear leg evaluation.

pasterns.” Animals that are “post-legged” have little or no
angulations to the curvature of the hind legs. Post-legged
animals are prone to suffer stifle-joint problems and disor-
ders. Usually this trait is associated with steep or straight
pasterns. Animals that are “post-legged” are prone to
become unsound much more quickly than animals that are
“sickle-hocked.”

FRONT LEGS

The side view of front leg evaluation is presented in Figure
5.6. A goat that has the “ideal” angulations at its front legs
will be approximately straight down from the shoulder to
the knee and the dewclaw. Common front leg structural
problems include the condition of “buck-kneed” or “over
at the knees,” a condition when the knees are pitched
forward. This is a serious defect and is associated with
steep shoulders and steep pasterns and, quite frequently,
the post-legged condition, which limits the ability to travel
and graze efficiently. Steep shoulders refer to the slope of
the scapula or shoulder blade. Too steep of an angle places
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Ideal
Figure 5.6 Side-view front leg
evaluation.
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Figure 5.7 Rear-view leg
evaluation.

Cow-hocked Bowlegged

stress on the skeleton because the shock-absorbing ability
of the forelimbs is reduced. Steep pasterns refer to the
slope of the pastern. Too steep of an angle places stress
on the skeleton because the shock-absorbing ability of
the foot is reduced. Both of these conditions can reduce
the animal’s ability to travel. “Calf-kneed” or “back at the
knees” is a less serious defect.

Rear-View Evaluation

In viewing an animal from the rear (Figure 5.7), the “ideal”
legs should come out of the center of the hindquarters and

go straight down to the ground. The most common struc-
tural problem viewed from the rear is the condition known
as “cow-hocked,” also known as narrow or close at the
hocks. Larger or longer outside toes magnify this condi-
tion. “Cow-hocked” is fairly common and seldom is a
hindrance to the form and functionality of an animal.
“Bowlegged,” or wide at the hocks, occurs less frequently
and is magnified by larger or longer inside toes. This con-
dition is more serious and is frequently associated with
animals that are base-narrow and/or have swollen or puffy
hocks. Base-narrow refers to animals that lack natural
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Ideal Splay-footed

Pigeon-toed

Figure 5.8 Front-view leg
evaluation.

muscling or thickness, boldness or spring of rib, and walk
with no apparent width between the legs when viewed
from either the front or the rear.

Front-View Evaluation

In viewing the animal from the front (Figure 5.8), the
correct (ideal) knee structure is straight up and down and
in-line with the forearm, the knee, the cannon, the pastern,
and the foot. “Splay-footed” is a common defect and is
associated with legs being knock-kneed—a defect in which
an animal possesses knees close together and the
lower forelimb and foot are wider than the knees, or
turned-out—a general term describing any combination of
knock-kneed and splay-footed. “Pigeon-toed” animals are
not common, but this trait is a serious defect because it is
often associated with other defects such as being wing-
shouldered—extreme width of the shoulders, often causing
the front legs to be bowed, base-narrow, or bowlegged.

OTHER EVALUATION PARAMETERS

In goats, other anatomical parts should be considered for
soundness or defects. Eyes, ears, mouth, teats, and hooves
are important. Animals that are blind or cannot hear should
not be used in any production scheme and should be culled.

Foot structure and hoof size should be in proportion to
the bone structure of the animal. Cracked or split hooves
can be a concern for longevity. Animals with colored
hooves tend to be preferred over animals with lighter-
colored hooves.

Mouth

Certain defects of the jaw should be observed. Different
conditions in jaw alignments are presented in Figure 5.9.
A mouth that is “ideal” in correct alignment has incisor
teeth that are flush with the pad of the upper jaw, providing
a true and even bite. The trait known as “parrot mouth”
is the condition of an undershot jaw (bottom jaw) or over-
bite (upper jaw). “Monkey mouth” is the condition of
an overshot jaw (bottom jaw) or underbite (upper jaw).
Both of these conditions lack coordination between the
teeth and the dental pad, thus can hinder prehension or
mastication.

Teats

Teat structure is of critical importance. Does should have
no more than two functional teats for each side of the udder
for meat-type goats and no more than one functional teat
for each side for dairy-type goats. It is important that the
structure of the udder is such that the offspring can nurse
unassisted or the milking machine fits properly. Animals
with pendulous udders, bulbous or over-sized teats should
be culled. Different teat structures are presented in Figure
5.10. One functional teat (with its milk channel) and one
nonfunctional teat, or two functional teats are acceptable
for meat goat type. Split teats (teats with two distinctly
separate milk channels) are not preferred. Cluster teats, a
grouping of three or more teats in which all, some, or none
may be functional, and fishtail teat, a teat with two func-
tional milk channels with slight separation between the
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Ideal

Parrot mouth

Monkey mouth

Figure 5.9 Different conditions in jaw alignment
(mouth).

channels, should be discriminated against. Retaining off-
spring for production purposes of bucks or does with teat
or udder defects may not be in the best interest of the
breeding program. Evaluation of the teat structure of the
buck’s offspring (and his dam) cannot be overlooked
because the buck will have a significant genetic influence
on the does retained for replacement purposes.

BODY CONDITION SCORE

Body Condition Score (BCS) is another tool used in the
evaluation and management of goat herds. It is based on

live animal visual determination of body fat deposition.
Scores range from 1 to 5, with a score of 1 being very
lean, thin, emaciated, or fat deficient, and a score of
5 being extremely fat or obese. The full range of BCS
is presented in Figure 5.11. The ideal BCS is between 2
to 3, with an average of 2.5. Richardson (2004) found
that does with a BCS of less than 1.5 were nine times
more likely to abort compared to other does. They con-
cluded that to maintain pregnancies, BCS at mating time
should be above 2. A high-energy diet producing a higher
BCS at mating time will help overcome a lowered concep-
tion rate.

THE SHOW-RING JUDGING AND
GOAT SHOWS

In the United States, for more than 150 years, the show
ring has been a “major influencer” of breeding programs
in all species of livestock. The opportunity to showcase
the best animals that an exhibitor owns or produces,
and having the animals evaluated by a competent and
unbiased professional judge compared with contempo-
raries in the show ring, is an important part of the livestock
show scene of animal agriculture in the U.S. and around
the world.

A goat show is an event usually associated with a fair
or livestock exposition where goat breeders and exhibitors
display their animals for evaluation and comparison by a
professional judge. Goat shows can have three distinct and
different components—breeding animals, market animals,
and showmanship where the exhibitor is judged.

The majority of shows are for breeding animals. Judges
use specific scorecards to evaluate animals (Table 5.1).
Scorecards are numerical guides used by professional
judges to evaluate animals in the show ring. They are
especially important for evaluation of dairy- and fiber-type
goats. These shows are for does and bucks, and the animals
are evaluated on their merits as replacement animals for
the goat herd to be placed into production as meat, milk,
or fiber animals.

Some goat shows are for market animals for sales and
dispersals at which the animals are evaluated on their merit
as being ready for harvest and consumption. Traditionally
wethers (nonintact males) make up the majority of animals
in these shows, although other animals often are allowed
to compete.

The remaining component, showmanship, is a sport and
is traditionally limited to youthful exhibitors (usually
members of 4-H, Future Farmers of America [FFA],
or junior members of national breed registries). In this



86 Goat Science and Production

Functional teats

1 functional teat
1 milk channel

2 functional teats
2 milk channels

1 functional teat
1 milk channel
1 nonfunctional teat

Split teats

Split teats

Cluster teats

Cluster teats

Fishtail teats

Fishtail teats

Figure 5.10 Different teat structures.

Split teats Split teats

Split teats

Cluster teats

Cluster teats

Fishtail teats
1 nonfunctional teat

competition, the exhibitors are evaluated on the ability to
showcase their animals’ strongest traits, without drawing
attention to or showcasing themselves in the show ring.
Other criteria considered for evaluation of the youthful
exhibitors are the abilities to handle, manage, and control
the animal while being exhibited, as well as mannerisms
and courtesies displayed in the show ring to the judge and
other exhibitors. Often, the judge will ask questions of the
exhibitor to ascertain the working knowledge and degree
of involvement the youthful exhibitor has in their “project”
animal. In showmanship, the conformation of the animals
is not evaluated, only the exhibitors and their ability and
knowledge. The animal’s behavior (in the show ring and
under the control of the exhibitor) does however play an

important role in the partnership of animal and the exhibi-
tor that is evaluated in showmanship.

SUMMARY

This chapter summarizes the three types of goats and the
importance of knowing and understanding correct and
appropriate terminology of the external parts of goats. It is
important to know and understand phenotype or visual
selection criteria to identify superior animals. Topics
covered are size, volume (body capacity), sex characteris-
tics, and phenotype characteristics of meat, dairy, and fiber
types of goats. Points about mouth, teats, and body condi-
tion scoring are also covered. In addition, the show-ring
aspect of goat production is briefly discussed.
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Body Condition Score 1. Emaciated.
The spinous process is sharp and prominent,
devoid of fat. The loin eye muscle has no fat cover.

Spine smooth rounded
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process
smooth, rounded
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Body Condition Score 2. Thin. The spinous process is
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Body Condition Score 4. Fat. The spinous process is
very smooth and well-rounded. The loin eye muscle
has a thick fat cover.
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Body Condition Score 5. Obese. The spinous process
cannot be detected, covered with extreme fat. The loin eye
muscle is also covered with extreme fat.

Figure 5.11 Body condition scores from 1 to 5 for goats.
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Functional Anatomy of the Goat

G.M. Constantinescu, DVM, PhD, mult. Dr.h.c. and I.A. Constantinescu, DVM, MS

KEY TERMS

Median plane—divides the body in two symmetrical halves.

Sagittal (paramedian) planes—parallel to the median plane.

Transverse planes—at right angles to the longitudinal axis of the body, limbs, or any other organ or part.

Dorsal planes—parallel to the back and corresponding surfaces of head, neck, tail, dorsal aspect of the carpus, meta-
carpus, and forelimbs’ digits, tarsus, metatarsus, and hind limbs’ digits.

Ventral planes—opposite to dorsal planes.

Medial—toward the median plane.

Lateral—opposite to the medial, away from the median plane.

Cranial—toward the head, for the limbs proximal to carpus and tarsus.

Caudal—toward the tail, for the limbs proximal to carpus and tarsus.

Rostral—toward the nose, applied to the head only.

Palmar—the caudal aspect of carpus, metacarpus, and digits.

Plantar—the caudal aspect of tarsus, metatarsus, and digits.

Proximal—near the origin in the limbs, tail, and for the penis, the attached end.

Distal—away from the origin in the limbs, tail, and for the penis, the free end.

Axis—the central line of the body or any anatomical structure.

Axial—toward the axis; in referring to the digits, the axis of the limb passes between the third and fourth digits,
therefore, the axial aspect of each digit faces the axis.

Abaxial—away from the axis; in referring to the digits, the abaxial aspect of each digit faces away from the axis.

OBJECTIVES
By completing this chapter, the reader will acquire knowledge on:

o That there is an international terminology for all anatomical structures called Nomina Anatomica Veterinaria

o The differences between the several types of bones of the skeleton, and the role of different groups of muscles

e The parts of the horn and of the hoof

o The differences between the four compartments of the heart and between arteries and veins

o The role of the respiratory passages and the respiratory organs

o The anatomy and functionality of the prediaphragmatic and the postdiaphragmatic digestive systems

o The reproductive system in association with the urinary system, reproductive organs including essential organs,
excretory passages, tubular genital organs, external genital organs, and annex glands

o The structure and function of the placenta and mammary glands

o The difference between the central, peripheral, and autonomic nervous systems

o The location and role of the endocrine glands

o The difference between the sense organs

o The role of the immune system

&9
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INTRODUCTION

Etymologically, “anatomy” comes from the Greek
“anatome,” dissection (ana, apart + fome, a cutting).
Anatomy is that branch of the biological sciences that
deals with the body parts. The “functional anatomy” is the
anatomy studied in its relation to function. It is our percep-
tion that functional anatomy is the most appropriate term for
this book. Anatomy can be studied from several perspec-
tives, therefore, it is named accordingly, such as descriptive,
topographic, regional, functional, systematic, etc.
Functional anatomy includes the following systems:
skeletal, articular, muscular, cardiovascular, respiratory,
digestive, urinary, reproductive, nervous, and immune

systems. In addition, the horn and the digital organ, the
mammary gland, the endocrine glands, and the sense
organs are covered. Before the skeletal system, only illus-
trations depicting the anatomical regions of the goat are
shown.

Considering that anatomy is the basic knowledge in
morphological studies, the decision was made to restrict
the content of this chapter to the gross anatomical struc-
tures. Those interested in histological and ultrastructural
aspects of different tissues are invited to consult adequate
books (for example, Eurell and Frappier, 2008).

The anatomical regions of the goat are illustrated in
Figures 6.1 to 6.6.

Figure 6.1 Anatomical regions, lateral aspect of the body.




tracheal r.

sternocephalic .

median pectoral presternal r.
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Figure 6.2 Anatomical regions, cranial aspect of
the body. interdigital space

hypochondrial r.
cranial abdominal r.

xiphoid .

umbilical r.
middle abdominal r.

udderr.

caudal abdominal r.

Figure 6.3 Anatomical regions, ventral
aspect of the body, female goat.
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caudal r.
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Figure 6.4 Anatomical regions, caudal aspect of
the body, male goat.
anal r. caudal r.
perineal r. tuber ischiadicum r.
urogenital r.

supramammary r.

Figure 6.5 Anatomical regions, caudal aspect
of the body, female goat.
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Figure 6.6 Anatomical region of the head (lateral side).

THE SKELETAL SYSTEM (THE BONES)

The bones are rigid yet elastic structures that articulate
with other bones or cartilages to form the skeleton.
They are covered by a connective tissue coat called the
periosteum. At the periphery all bones are compact. There
is a lamellar spongy tissue inside the bones. There are
three major types of bones: long, short, and irregular. The
long bones (the majority of the bones of the limbs) have
a body and one or two articular extremities, and are cen-
tered by a medullary canal. The short bones (the carpal and
the tarsal bones) do not have a medullary canal. The irregu-
lar bones (the vertebrae) do not fit in any geometrical
shape.

The skeletal system of the goat, as of all of the domestic
mammals, consists of the axial skeleton and the appendicu-
lar skeleton.

The Axial Skeleton (the Skull, the Vertebral Column,
the Sternum, and the Ribs)

THE SKULL

As a mammalian type, the skull of the goat consists of
several bones fused with each other, except the mandibles
(usually called “mandible”), the only bones with mobility
against the rest of the skull. All bones of the skull are sym-
metrical, except the vomer, ethmoid, sphenoid, and occipi-
tal bones. In addition, there is a hyoid apparatus, consisting
of small bones and located between the tongue, the
pharynx, and the larynx. The skull of the goat is different
from that of the large ruminants and even the sheep. As a
common characteristic of a ruminant skull, the goat lacks
the superior incisive teeth. The skull of the goat (except
the mandible; see Figure 6.25) is illustrated in Figures 6.7
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Figure 6.7 Skull, lateral view (without mandible). (L) = landmark for physical examination and/or

clinical approach.

to 6.9. The structures marked with an “L” are landmarks
for clinical purposes.

The functional anatomy of the skull is much more
complex than that of the other bones, because it protects
the brain and two of the endocrine glands, the initial
segment of the respiratory system, and the initial segment
of the digestive system. Also, some of the prominences
and foramina are landmarks for clinical purposes.

THE VERTEBRAL COLUMN

The vertebral column has a multiple role in the normal
functioning of the body: it protects the spinal cord (within
the vertebral canal), contributes to the roofs of the thoracic
and abdominal cavities, and provides attachments for liga-
ments and muscles. Also as part of the functional anatomy,
the vertebral column provides landmarks for epidural and
paravertebral anesthesia. Each vertebra consists of a body
and the arch, both enclosing the vertebral canal. There is
an intervertebral disc between the bodies of the vertebrae,

with a fibrous ring surrounding a gelatinous center. The
functional role of the intervertebral discs is to allow a
certain degree of mobility of the vertebral column as a
whole. There are five regions of the vertebral column:
cervical, thoracic, lumbar, sacral, and caudal. The cervical
vertebrae in all domestic mammals are much longer than
in humans, but the total number is the same for all
mammals. The thoracic vertebrae form part of the roof of
the thoracic cavity. The lumbar vertebrae form the roof of
the abdominal cavity, whereas the sacrum is the roof
of the pelvic cavity. Using symbols, the following are the
numbers of vertebrae for each region: C7, T13, L6, S5,
Cd11-14. Their profiles are illustrated in Figure 6.10 and
Figure 6.11.

THE STERNUM

The sternum is a unique structure, consisting of seven
sternebrae as shown in Figure 6.10, and is the bony floor
of the thoracic cavity.



Figure 6.8 Skull, frontal view. (L) = landmark for
physical examination and/or clinical approach.
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Figure 6.9 Skull, ventral aspect
(without the mandible).
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Figure 6.10 Bones
of the axial
skeleton:

A. Cervical
vertebrae, lateral
view; B. Thoracic
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view; C. Sternum;
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THE RIBS

The ribs are paired structures, and the numbers of them
correspond to the numbers of thoracic vertebrae (x2). Each
rib has a bony part and a cartilage at the distal end. The
bony part articulates proximally with two adjacent thoracic
vertebrae and the intervertebral discs, and the cartilage
articulates with the sternum. Depending upon the direct
or indirect attachment to the sternum, the ribs are divided
into two categories: sternal and asternal. The sternal ribs
are eight pairs, whereas the asternal ribs are only five
pairs. The cartilages of the latter form together a cartilagi-
nous arch called costal arch. One rib is illustrated in Figure
6.10.

The functional anatomy of the thoracic vertebrae,
sternum, and ribs is important for the normal activity of
the respiratory and cardiovascular systems. They build up
the thoracic cavity for the protection of the lungs and the
heart with the major vessels and nerves, lymph nodes, and
the thoracic thymus, and facilitate the act of respiration.

The Appendicular Skeleton

THE THORACIC LIMB

The thoracic (fore) limb consists in a proximo-distal
direction of the scapula (the bone of the shoulder), the
humerus (the bone of the arm, or brachium), the radius and
ulna (the bones of the forearm, or antebrachium), the
carpal bones (the bones of the knee), the metacarpal bones
(the bones of the metacarpus), and the phalanges with the
sesamoid bones (the bones of the digits). They are illus-
trated in Figure 6.12. Similar to the skull, the structures
marked with an “L” are landmarks for clinical purposes.

THE PELVIC LIMB
The pelvic (rear) limb consists in a proximo-distal direc-
tion of the coxal (the bone of the rump), the femur and
patella (the bones of the thigh), the tibia (the bone of the
crus, or leg), the tarsal (the bones of the hock), the meta-
tarsal (the bones of the metatarsus), and the phalanges with
the sesamoid bones (the bones of the digits). A specific
note for the coxal bone: it is formed by the fusion of three
bones—the ilium, the pubis, and the ischium. By the pubis
and ischium, the symmetrical bones are articulated with
each other. The bones of the pelvic limb are illustrated in
Figure 6.13. Similar to the skull and the thoracic limb, the
structures marked with an “L” are landmarks for clinical
purposes.

The functional anatomy of the appendicular skeleton
refers to the following roles: they connect with the body;

support the body weight; are related to each other by joints;
are the levers that mobilize the body and produce displace-
ment by the contraction of muscles; and some of the
prominences are landmarks for clinical purposes. The
prominences and depressions of the surface of the bones
were modeled during thousands of years of evolution by
pulling the ligaments and contraction of the muscles, to
respond to a species-specific life.

THE ARTICULAR SYSTEM (THE JOINTS)

There are three types of joints: mobile, semimobile, and
immobile. The mobile joints (the joints of the limbs) allow
the entire spectrum of movements, while the semimobile
joints (the intervertebral joints) allow very reduced move-
ments. The immobile joints immobilize the bones of the
skull, for example, in the adult life after the brain devel-
opes fully.

The joints of the vertebral column provide for the bodies
and arches of the vertebrae. Intervertebral discs are inter-
posed between two adjacent vertebral bodies. The joints of
the ribs include ligaments between the heads of the ribs
and the bodies of vertebrae and the intervertebral discs
(dorsally), and the cartilages and the sternum (ventrally).
The joints of the sternum provide for the sternebrae.

The joints of the limbs consist of joint capsules and liga-
ments. The joint capsules are fibrous externally, and syno-
vial internally. The fibrous joint capsule is the continuation
of the periosteum from one bone to another. The synovial
membrane, a thin and delicate structure, contains synovial
fluid, which allows a smooth gliding of the bones against
each other.

Most of the joints of the skull are sutures, with the
exception of the temporomandibular joint (symmetrical),
which is mobile. From the functional point of view, it
allows the movements of the mandible against the rest
of the skull, during the prehension of food and the
mastication process. The movements of the mandible
open or close the mouth, and move laterally during the
mastication (the latter is a species-specific feature for
all ruminants).

THE MUSCULAR SYSTEM (THE
SKELETAL MUSCLES)

There are three types of muscles in the body: skeletal,
visceral, and cardiac. Functionally, the skeletal muscles
produce the movement of bones, and contribute to the
standing position and to the displacement of the body.
They are called striated muscles because of a specific inti-
mate structure. The visceral muscles mobilize the viscera
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Figure 6.12 The skeleton of the thoracic limb, lateral aspect. (L) = landmark for physical examination

and/or clinical approach.

(internal organs) to move the ingesta from the stomach
to the rectum, and are structurally smooth. The cardiac
muscle is responsible for the contraction of the heart, and
it is a combination of the two precedent muscles.

The tendons are important adnexa of the skeletal
muscles. They facilitate the insertion (attachment) of most
of the muscles on bones. A widened tendon in the form of
an expanded sheet is called an aponeurosis. The superficial
muscles are covered by a connective tissue layer called

fascia, which does not allow the muscles to exceed a
certain volume during the contraction. The superficial
fasciae, as well as the deep fasciae send septa separating
the muscles from each other. Each muscle has at least one
origin and one insertion. The origin is attached to the bone,
which doesn’t move, whereas with the insertion, the
muscle pulls the bone and provides movement.

The following sections discuss the skeletal muscles of
the goat selected by regions.



Figure 6.13 The skeleton of the pelvic limb, lateral aspect. (L) = landmark for physical examination
and/or clinical approach.
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Figure 6.14 Superficial muscles of the neck.

The Muscles of the Neck, Trunk, and Abdomen

THE MUSCLES OF THE NECK

The muscles of the neck are located dorsal and ventral to
the vertebral cervical column. They originate and insert on
the cervical vertebrae, the skull, the sternum, the ribs, the
thoracic limb, and the thoracic vertebrae. They contract
either on one side of the body, or symmetrically, to produce
all kinds of movements. The ventral muscles of the neck
protect the esophagus, the trachea, and major vessels and
nerves. The superficial cervical muscles are illustrated in
Figure 6.14.

From the functional standpoint, the muscles of the neck
are holding the weight of the head, and making dorsal,
lateral, and ventral movements of varying degrees of the
neck and head.

THE MUSCLES OF THE TRUNK

The muscles of the trunk are divided in two categories:
epaxial and hypaxial. The epaxial muscles attach to the
dorsal aspect of the thoracic and lumbar vertebrae and are
responsible for (their primary function is) the extension of
the vertebral column. The hypaxial muscles attach to the
ventral aspect of the same vertebrae and do the flexion of
the vertebral column (which is their primary function). At
the same time, all muscles of the trunk can perform lateral
movements and limited rotations of the vertebrae in their
long axis. The muscles of the trunk also include the pec-
toral (chest) muscles.

THE ABDOMINAL MUSCLES
The abdominal muscles are divided in two categories:
dorsal and ventral. The dorsal abdominal muscles cover
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the ventral aspect of the lumbar vertebrae inside of the
abdominal cavity, whereas the ventral muscles contribute
to the ventral and lateral walls of the abdomen. The func-
tion of the dorsal abdominal muscle is to flex the thoraco-
lumbar vertebrae, whereas the function of the ventral
abdominal muscles is to support the weight of the abdomi-
nal viscera (internal organs within the abdominal cavity)
and to act in respiration, defecation, micturition (the act of
urination), and parturition (birth). There are four ventral
abdominal muscles: the external and internal abdominal
obliques, the transversus abdominis, and the rectus abdom-
inis muscles. The aponeurosis of the external abdominal
oblique is also involved in the passage of the spermatic
cord from the abdominal cavity to the scrotum (see the
Reproductive System), in the descent of testicles, and in
the suspensory apparatus of the udder (see the Mammary
Gland). Due to the considerable weight of the abdominal
viscera, an additional structure helps in supporting them.
This is the tunica flava abdominis, or the yellow tunic,
because it has abundant elastic fibers in its texture fibers
that give a yellow appearance. The tunica flava is attached
firmly to the ribs and surrounds the ventral abdominal
muscles. It contributes also to the suspensory apparatus of
the mammary gland (see the Mammary Gland). This
elastic structure is necessary to suspend the abdominal
organs in a passive way and to prevent the abdominal
muscles from being under constant load (and fatigue).

THE MUSCLES OF THE THORACIC LIMB
There are specific muscle actions that should be introduced
before covering the muscles. The flexion is that action
which reduces the angle between two bones in their long
axis. The extension is opposite to the flexion (increases the
angle). The adduction is the movement toward the median
plane. The abduction is opposite to adduction (movement
away from the median plane).

The muscles of the shoulder, the muscles of the arm, the
muscles of the forearm, and the muscles of the metacarpal
region are grouped by position and function, as follows:

e There are lateral and medial muscles of the shoulder. As
function, the lateral muscles are extensors and abductors
of the arm. The medial muscles are adductors and flexors
of the arm.

e There are cranial and caudal muscles of the arm.
As function, the cranial muscles are flexors of the
forearm, whereas the caudal muscles are extensors of
the forearm.

o The muscles of the forearm are disposed on the cranial
and on the caudal aspects of the radius and ulna, and
both groups have two different functions.

o There are cranial antebrachial muscles that extend the
carpus and muscles that extend the digits. As for the
caudal antebrachial muscles, those attached to the carpal
bones flex the carpus, whereas the muscles attached to
the phalanges flex the digits.

o There is only one muscle in the metacarpal region,
which is mostly tendinous. Its name is the interosseous
muscle. It plays the role of suspensory apparatus for the
digits.

e The muscles of the thoracic limb from the lateral and
from the medial perspectives are illustrated in Figure
6.15 and Figure 6.16.

THE MUSCLES OF THE PELVIC LIMB

Two terms, propulsion and rearing, should be explained
here. Propulsion is the action of driving or propelling the
body forward, whereas rearing is the action of pulling
the body off the ground with the pelvic limbs still on the
ground.

The muscles of the pelvic limb consist of the muscles
of the rump, the muscles of the thigh, the muscles of the
crus, and one muscle of the metatarsal region.

The muscles of the rump function as abductors and
extensors of the thigh. One of them is also a propulsor, and
helps in the action of rearing.

There are three groups of muscles of the thigh: cranial,
caudo-lateral, and medial muscles. As function, the cranial
muscles are extensors of the crus by means of the patella.
As function, the caudolateral muscles are the most power-
ful muscles of the body, and they perform flexion and
extension of the crus, are propulsors, and act in rearing.
The rearing is a very important act for the goats, as brows-
ers, who in search for food reach considerable heights in
trees (bipedal stand) to access leaves. As to function, the
medial muscles of the thigh are all adductors. At the
ventral aspect of the coxal bones, a paired muscle origi-
nates from the so-called symphiseal tendon, involved in
the suspensory apparatus of the udder (see the Mammary
Gland).

Similar to the antebrachial muscles, the muscles of the
crus can be grouped into cranial and caudal muscles. Some
cranial muscles are flexors of the tarsus, and some
are extensors of the digits. There are two subgroups of
caudal muscles: superficial and deep. The superficial
muscles are either extensors of the tarsus, or flexors of the
digits (only one muscle). One deep muscle is a flexor of
the crus, while the others are flexors of the digits. The
muscles of the pelvic limb are illustrated in Figure 6.17
and Figure 6.18. There is an interosseous muscle in the
pelvic limb, too.
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Figure 6.15 and 6.16 (6.15) The muscles of the thoracic limb, lateral aspect. (6.16) The muscles of the

thoracic limb, medial aspect.

THE MUSCLES OF THE HEAD

There are several groups of muscles in the head: muscles
of facial expression, muscles of the ears, muscles of
mastication, muscles of hyoid apparatus, and lingual, pha-
ryngeal, and laryngeal muscles (the visceral muscles of the
head).

The function of these muscles is different from one group
to the others. The muscles of facial expression speak for
themselves. They are attached to the surface of the skull,
around the entrance of the mouth, and around the eyes. The
muscles of the ears move them in all directions. The muscles
of mastication move the mandible against the rest of the
skull. The muscles of the hyoid apparatus help in degluti-
tion. The lingual muscles move the tongue in all directions
and are involved in the mastication, insalivation, and forma-
tion of the alimentary bolus. The muscles of the pharynx
help the alimentary bolus to pass from the oral cavity into

the esophagus, via the pharynx. The muscles of the larynx
accommodate the volume of air in inspiration and expira-
tion, and also contribute to the emission of sounds. The
superficial muscles of the head are illustrated in Figure 6.19.

THE HORN AND THE DIGITAL ORGANS

The Horn

Generally speaking, both male and female goats bear
horns. Goats may be horned or polled. Homozygous polled
goats have a high incidence of infertility. The base, the
body, and the apex are the parts of the horn, and they are
supported by a symmetrical bony cornual process of the
frontal bone. There is an epithelium of the horn externally,
which is homologous to the epidermis of the skin. The horn
is composed of fine, closely packed epidermal tubules,
which appear on the surface as longitudinal striations. The
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Figure 6.17 and 6.18 (6.17) The muscles of the pelvic limb, lateral aspect. (6.18) The muscles of the

pelvic limb, medial aspect.

base of the horn is surrounded by a zone of transitional
epidermis called epiceras (epikeras), with the same relation
to the horn as the periople to the hoof, and with the same
functionality. The dermis of the horn is the continuation
of the dermis of the skin. It is interposed between the
epidermis of the horn and the osseous corneal process, and
is very vascular. The dermis consists of dermal papillae
that penetrate into conical epidermal depressions. The epi-
dermal tubules are produced by the dermal papillae. The
rostral part of the horn is in relationship to the frontal sinus,
whereas sometimes the caudal part of the horn may be in
contact with the frontal plate or calvaria (the roof of the
brain cavity). Therefore, one must proceed carefully during
the dehorning of a goat.

The cornual artery provides blood supply to the horn.
The branches of it are accompanied by the cornual nerve
and by the infratrochlear nerve, both branches of the oph-
thalmic nerve (of the trigeminal nerve). Therefore, both
nerves should be blocked before dehorning a goat. The
goats also have horn glands (see the Touch Organ—
Common Integument with the Sense Organs).

The Digital Organ

The digital organ includes the main hooves (claws),
two for each limb, which are the continuation of the epi-
dermal skin. They cover and protect live structures such
as bones, joints, tendons, vessels, nerves, the digital
cushion, and the dermis. For each limb, there are two
additional accessory hooves, located on the palmar/plantar
aspect of the fetlock joint. The fetlock joints are illustrated
in Figure 6.1. The accessory hooves are called dewclaws
and are not provided with all anatomical structures as the
main/functional hooves are.

The third phalanx, the distal half of the second phalanx,
and the distal sesamoid bone are the bones included in
each hoof. Several ligaments join the phalanges and the
distal sesamoid bone with each other. Axial and abaxial
tendons of the digital extensor muscles on the dorsal aspect
and the tendon of the deep digital flexor muscle on the
palmar/plantar aspect are the only tendons included in the
hoof.

The digital cushion is a pad of fibroelastic tissue in
intimate contact with the deep digital flexor tendon, and
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Figure 6.19 Superficial structures of the head.

its function is to absorb shocks when the hoof touches on
uneven ground.

There are two groups of dermal structures correspond-
ing to the wall of the hoof and to the sole, and they are
collectively called “corium” (pl. coria). The corium does
not attach to the bones. It lies on a connective tissue pad
interposed between the dermis (the corium) and the bone
(the third phalanx). The structures corresponding to the
wall of the hoof are in a proximodistal order—the perioplic
corium, the coronary corium, and the laminar (lamellar)
corium—on both axial and abaxial aspects. The dermal
corium of the sole is called solear corium. With the excep-
tion of the lamellar corium, the other coria are provided
with papillae (Figure 6.20 e, f, g).

The hoof itself (sometimes referred to as the hoof
capsule) is a horny structure, consisting of the wall, the
sole, and the bulb of the hoof.

With the foot on the ground, the wall shows both axial
and abaxial aspects. The abaxial aspect can be arbitrarily

divided into three zones: the toe (in the dorsal position),
the quarter in the middle, and the heel (in the palmar/
plantar position). In the goat, the sole is reduced in size,
and it does not touch flat ground while the goat is standing;
therefore, the weight of the body is bearing by the wall and
the bulb of the hoof. If the ground is not flat upon contact
with the sole, the digital cushion absorbs part of
the shock. There is a narrow zone of periople (a thin and
shiny protective layer of transitional epidermis) outside,
and in a proximal position of the wall. Distal to the periople
is the hard wall of the hoof. Toward the palmar/plantar
aspect of the hoof, the periople covers the bulb of the hoof.

The sole is pointed dorsally and touches the irregular
bulb of the hoof palmarly/plantarly. There is a “white
zone” between the sole and the wall of the hoof. The bulb
of the hoof is an irregular horny structure that continues
with the bulb of the heel (Figure 6.20 a, b, ¢, d). The bulbar
horn (epidermal) covers and protects the bulbar corium
(dermal). In the goat, the bulbar horn is soft.
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Figure 6.20 The hoof and the dermal coria: A. Median section; B. Inner aspect of the hoof; C. The
hoof wall; D. The solear aspect of the hoof; E. Dermal corium, abaxial aspect; F. Dermal corium, axial

aspect; G. Dermal corium, solear aspect.

The inner surface of the hoof wall corresponds to the
structures of the parietal corium, which are protected by
the wall. In a proximodistal direction, they are the perioplic
groove, the coronary groove, and the horny lamellae
(laminae). The latter are extremely numerous (between
550 and 700). The horny lamellae are white in color
regardless of hoof wall color, and are parallel with each
other. They end in small papillaec and will show up on the
solear aspect of the hoof between the sole and the wall of

the hoof as the “white zone” (see Figure 6.20). The digital
arteries and veins and the digital nerves supply heavily the
live tissues of the hooves.

THE CARDIOVASCULAR SYSTEM

The cardiovascular system consists of the heart, the blood
vessels (arteries, veins, and capillaries), and the lymphatic
system (lymph nodes and lymph vessels). The spleen is
associated with the cardiovascular system, but it will be
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Figure 6.21 External configuration of the heart: A. Left (auricular) side; B. Right (atrial) side.

described with the digestive system, because of its topo-
graphic relations to the stomach.

The Heart

As an aspiro-repellent pump receiving and pumping blood
into the body, the heart is a muscular organ protected
within the thoracic cavity. It is intimately surrounded by a
double layer pericardium, and is located between the two
lungs. From the outside, one can estimate the position of
the heart between the ribs III and VI.

EXTERNAL CONFIGURATION

The heart has a base oriented dorsally and a tip oriented
ventrally. The base consists of two atria (sing. atrium),
right and left, on top of two ventricles, right and left. The
base is associated with the great vessels of the heart and is
much smaller than the ventricles. The atria are separated
from the ventricles by a horizontal groove called the coro-
nary groove, which protects the coronary arteries and the
great cardiac vein.

The atria end in the auriculae (sing. auricula), on both
sides of the origin of the pulmonary trunk. The atria are
visible on the right side of the heart, whereas the auriculae
are on the left side of the heart. The two ventricles are
separated from each other by two vertical grooves that
protect arteries and veins nourishing the heart. The two
aspects of the heart and the major vessels are illustrated in
Figure 6.21.

INTERNAL CONFIGURATION

The right atrium communicates with the right ventricle,
whereas the left atrium communicates with the left ven-
tricle. The communications are provided with atrio-
ventricular (AV) valves, complex structures allowing the
blood to pass from the atria to the ventricles, but not back
to the atria. They consist of three (for the right AV valve)
and two (for the left AV valve) leaflets anchored to strong
papillary muscles by tendinous cords. The pulmonary arte-
rial trunk originates from the right ventricle, while the
aorta originates from the left ventricle. Both are provided
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with three-valvule valves. The venae cavae (cranial and
caudal) open into the right atrium, whereas the pulmonary
veins open into the left atrium. Uneven muscle fibers with
distinct design can be identified inside of the atria and the
ventricles. All prominences inside of the heart are covered
by a delicate membrane called the endocardium. The latter
will continue inside of the vessels starting from, and
ending at, the heart, as endarteries and endoveins, respec-
tively. Around the origin of the aorta, two cardiac bones
can be detected.

The Arteries and the Veins

The blood is a red-colored circulating fluid in the arterial
and venous trees, whose physical, chemical, and biological
characteristics can be found in corresponding books.

The heart’s function is complex and can be demon-
strated by the systemic circulation and the functional cir-
culation. The systemic circulation starts in the left ventricle,
which pumps the oxygenated blood into the whole body
through the aorta, arteries, arterioles, and capillaries up to
the finest structures. From the tissues, through capillaries,
venules, and veins, the blood with carbon dioxide empties
into the right atrium through the cranial and caudal venae
cavae. From here, the blood is pumped into the right ven-
tricle. The functional circulation starts from the right ven-
tricle, which pumps the venous blood into the lungs, via
the pulmonary trunk, pulmonary arteries, and arterioles. At
the level of pulmonary alveoli, the blood yields the carbon
dioxide and accumulates the oxygen through the phenom-
enon of hematosis. From the lungs, the oxygenated blood
passes via pulmonary venules and veins into the left
atrium, and from there it is pumped into the left ventricle,
and the cycle continues. The contraction of the ventricles
and the atria is called “systole” and the relaxation “dias-
tole.” The complete cycle of cardiac contraction and relax-
ation is called the “cardiac cycle.” During the diastole, the
corresponding chamber (atrium or ventricle) is filled with
blood, while during the systole, the chambers contract and
expel blood.

The venous blood from the gastrointestinal tract and the
pancreas is collected in the portal vein. This vein starts
from capillaries, and ends by capillaries, in the liver. The
blood from the portal vein is processed in the liver in
species-specific nutrients. From the liver, the blood travels
by way of the caudal vena cava to empty into the right
atrium.

The walls of the arteries up to arterioles and the veins
(except the venules) consist of an outer layer, a middle
layer, and an internal layer. The outer is fibrous, the middle
is muscular and elastic, and the internal is the continuation

of the endocardium. The veins of the limbs and ventral
abdomen are provided with valvules, which orient the
blood flow in one direction only, toward the cranial and
the caudal venae cavae.

The Lymphatic System

The lymphatic system consists of lymph nodes and lymph
vessels. The lymph nodes receive the lymph via afferent
lymphatic vessels, and lymph runs away from the lymph
nodes via efferent lymphatic vessels. The lymph is that
fluid, clear and transparent, which is collected from the
body tissues, and flows in the lymphatic vessels passing
through lymph nodes.

The lymph nodes are located under the skin, deep
between muscles, in the head and in the natural cavities
of the body (the thoracic and abdomino-pelvic cavities).
The lymph nodes in the natural cavities receive lymph
from the internal organs. The lymph reaches finally the
venous system through the cranial vena cava.

There are lymphatic structures (tissues) scattered
throughout the body, such as the tonsils, whose function is
to guard against the passage of infection deep into the respi-
ratory, digestive, and/or reproductive systems. They are
found in the pharynx, larynx, intestine, prepuce, vagina, etc.

Some organs do not have lymph vessels, such as the
bone marrow, the articular cartilages, the alveoli of the
lungs, the renal cortex and medulla, the placenta, the
splenic pulp, the epidermis, the central nervous system,
and the meninges.

The lymph nodes and the other lymphatic structures are
involved in the immune system (see the Immune System).

THE RESPIRATORY SYSTEM

The respiratory system has an essential role in the body,
bringing in outside air with oxygen necessary for all physi-
ological processes, and exhaling air with carbon dioxide
as the result of these processes. The respiratory system is
responsible for the gas exchanges between the blood and
the surrounding air. It consists of two categories of ana-
tomical structures: the air (respiratory) passages and the
essential organs.

The Air (Respiratory) Passages

THE NASAL CAVITY

The nasal cavity consists of the nostrils, the nasal cavity
proper, and the choanae. The nostrils are the rostral open-
ings of the nasal cavity, and are sculpted in an area called
the nasal plane. They lead to the entrance of the nasal
cavity called the nasal vestibule. The roof, lateral walls,
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Figure 6.22 Median aspect of the head, right half.

and floor of the nasal cavity proper are outlined by the
bones of the skull. The floor is the hard palate, which sepa-
rates the nasal cavity from the oral cavity. The vomer bone,
which lies on the hard palate, supports the nasal septum, a
cartilaginous blade separating the nasal cavity into two
symmetrical halves. Inside of the nasal cavity, three pairs
of fine bony scrolls called nasal conchae are separated by
spaces called meatuses (Figure 6.22).

The nasal cavity including the conchae is intimately
lined by a mucosal coat, which has respiratory character-
istics in the rostral two-thirds of the cavity and olfactory
characteristics in the caudal third of the cavity. The
latter is responsible for transmitting smell impulses to
the brain.

There are several cavities within bones of the skull
called paranasal sinuses that are associated with the nasal
cavity. They are lined by respiratory mucosa and com-
municate among them and with the nasal cavity. Their
names correspond to the bones that protect them, such as

frontal, lacrimal, maxillary, palatine, and conchal sinuses.
A symmetrical extension of the frontal sinus penetrates
within the base of the horn and is known as the cornual
diverticulum (pl. diverticula). The function of the parana-
sal sinuses is not yet fully understood, but the frontal
sinuses with the cornual diverticula protect the brain from
the heavy blows during the fight of male goats.

THE PHARYNX

The next segment of the air passages is the pharynx. This
is a very important organ, with three compartments: the
nasopharynx related to the respiratory system, the orophar-
ynx belonging to the digestive system, and the laryngo-
pharynx, where the respiratory pathway and the digestive
pathway cross with each other.

The nasopharynx has a roof (the sphenoid bone of the
skull), a floor (the soft palate), and lateral walls (see Figure
6.22). On the lateral walls, the symmetrical openings of
the auditory tubes can be seen. The soft palate is the
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musculo-mucosal continuation of the hard palate and has
a definite role in deglutition (see the oropharynx in the
next section). The laryngopharynx is the smallest part of
the pharynx, located dorsal to the larynx.

THE LARYNX

The larynx is an air passage, a musculo-cartilaginous organ
between the pharynx and the trachea, and is also involved
in phonation. It consists of paired and unpaired cartilages,
joints, muscles, and a mucosal membrane. The muscles
move the cartilages between each other and the entire
organ rostrally and/or caudally. Some of the muscles regu-
late the amount of air entering the larynx, and others
produce sounds. The sound/voice is produced in the middle
of the larynx, by the vibration of the vocal cords.

THE TRACHEA

Consisting of incomplete cartilages, the trachea looks like
a pipe, allowing the air to flow toward the lungs and from
the lungs, and yet is collapsible. The cartilages are con-
nected by annular ligaments. On the dorsal aspect, where
the two ends of the cartilages face each other, the tracheal
muscle is shown on the inner surface of the trachea. The
trachea travels throughout the neck, ventral to the cervical
vertebrae and the esophagus, and enters the thoracic cavity.
Still with the esophagus on top of it, the trachea bifurcates
into the primary bronchi, dorsal to the heart. The primary
bronchi enter the lungs. Before the bifurcation, the trachea
sends an accessory bronchus to the right lung.

The Essential Respiratory Organs (the Lungs)

The lungs are located within the thoracic cavity. The latter
is a space outlined dorsally by the thoracic vertebrae, ven-
trally by the sternum, and laterally by the ribs and the
intercostal muscles. The thoracic vertebrae are lined in the
first half by a muscle, whereas the sternum is covered by
a ligament and a muscle. The entrance into the thoracic
cavity (the thoracic aperture) is outlined by the first pair
of ribs, the first thoracic vertebra, and the first sternebra.
The caudal wall of the thoracic cavity is the diaphragm, a
vital organ, which functions as the primary muscle of
inspiration. The diaphragm consists of peripheral muscles,
which send toward the center intermingled aponeuroses
collectively called the central tendon (the former phrenic
center). The diaphragm is pierced by three holes for allow-
ing important organs to pass from the thoracic cavity into
the abdominal cavity and vice versa. In a dorso-ventral
order, they are the following: the aortic hiatus (a large
foramen [opening]), the esophageal hiatus, and the foramen
of the caudal vena cava.

The thoracic cavity is divided into two halves by a con-
nective tissue partition called mediastinum. The thoracic
cavity is lined by a connective tissue called endothoracic
fascia and a serous membrane called pleura. The pleura
associated with the walls of the thoracic cavity, on both
sides of the mediastinum and covering the pericardium, is
called parietal pleura. The pleura covering the lungs is
called visceral or pulmonary pleura. The two categories of
pleurae are in continuation with each other at the level
where the two primary bronchi branch from the trachea
and are heading toward the lungs.

Each lung has an apex (toward the thoracic aperture), a
base (lying against the diaphragm), a costal surface and a
mediastinal surface, and borders. Both lungs are divided
into lobes separated by fissures. On the mediastinal aspect
of each lung, there is an indentation called the hilus, where
the primary bronchi and pulmonary vessels connect with
the lungs. The primary bronchi and the pulmonary vessels
form the roots of the lungs. The following are the pulmo-
nary lobes: cranial and caudal right and left lobes (the right
cranial lobe is divided into a cranial and a caudal parts);
the right lung is provided by a middle lobe; and on the
ventral aspect of the caudal lobe, an accessory lobe can be
identified on the right lung. The accessory lobe is separated
from the right caudal lobe by the passage of the caudal
vena cava. On the surface of the cranial lobes and the
middle lobe, a polyhedral design may be seen, due to the
abundance of connective tissue separating the pulmonary
lobules (Figure 6.23 and Figure 6.24).

The internal configuration of the lungs shows a segmen-
tation of the primary bronchi (lobar and segmental bronchi,
bronchioles, and respiratory bronchioles), ending into the
alveolar sacs. The alveolar mucosa supports a vascular rete
(network). Here the gas exchange takes place between the
venous blood leaving the carbon dioxide replaced by the
oxygen and becoming arterial blood, a process called
hematosis. The functional anatomy of the lungs is self
explanatory.

THE DIGESTIVE SYSTEM

In all species, the digestive system provides nutrients from
food and eliminates the wastes. However, in all ruminants
including the goat, the digestive system is adapted to allow
a quick storage of forage, which is digested slowly in safe
locations, to avoid predators in the wild. Therefore, the
digestive organs are different from those of the horse, pig,
and carnivores; and their function will be detailed in
Chapter 8, Digestive Physiology and Nutrient Metabolism.
The digestive system consists of a succession of structures
starting from the oral cavity and ending at the anus. To
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case the understanding of the functional anatomy of the
digestive system, it may be divided in two major groups
of structures: the prediaphragmatic and the postdiaphrag-
matic digestive systems. FunctioFnally, the former is
adapted to prehension, mastication, insalivation, and deglu-
tition of the alimentary bolus, whereas the latter is respon-
sible for the digestion of food and elimination of wastes.

The Prediaphragmatic Digestive System

THE ORAL CAVITY

The oral cavity, or the mouth, is located in the head, under
the nasal cavity. It starts with the superior (upper) and
inferior (lower) lips and continues caudally with the oro-
pharynx. The roof of the oral cavity is represented by the
hard palate covered by a mucosa. The floor is rostrally
bony and caudally muscular. The lateral walls (the cheeks)
are muscular (Figure 6.22).

Goat lips are very mobile. The upper lip lacks the phil-
trum (present in the sheep), which favors the grasping and
tearing of browse (Smith and Sherman, 1994). The lips and
the incisive teeth are responsible for the prehension of
food.

The hard palate is covered by a mucosa with transversal
palatine ridges, having the mechanical role of holding the
alimentary bolus within the oral cavity (notice that while
grazing, the head is oriented toward the ground). At the
level of the first ridge, the incisive papilla can be identified.
In front of the latter, the mucosa of the hard palate is very
thick and called the dental pad. This structure replaces the
upper incisive teeth. The hard palate continues caudally
with the soft palate. The bony floor of the oral cavity is the
incisive part of the body of the mandible, whereas muscles
support the tongue. The lateral walls of the oral cavity are
muscular, including the masseter muscle, involved in
mastication.

The mucosa of the oral cavity is provided with papillac
of different colors, sizes, and shapes, which play a similar
mechanical role as the palatine ridges, holding the alimen-
tary bolus within the oral cavity. One symmetrical eleva-
tion of the mucosa in the upper oral vestibulum is the
parotid papilla, where the parotid duct opens. On the floor
of the oral cavity proper, a symmetrical sublingual car-
uncle can be seen, like a mucosal flap protecting the open-
ings of the mandibular and major sublingual salivary ducts.
The mucosa of the oral cavity is supplied by the trigeminal
nerve.

The tongue and the teeth are the major structures inside
the oral cavity. When the mouth is closed, the space
between the teeth and the lips and the lateral walls is

called the oral vestibulum. The space surrounded by the
teeth is called the oral cavity proper, where the tongue lies.
As annex glands of the prediaphragmatic digestive system,
the salivary glands will be described later. They are located
around the oral cavity, but their product, the saliva, is
emptied into the oral cavity.

THE TONGUE

The tongue is a very mobile organ; however, it is not used
in prehension of food. A root, a body, and an apex can be
distinguished with ease. On the surface of the body, an ele-
vation called torus linguae is characteristic for all rumi-
nants. The tongue is capable of a wide variety of movements,
and it is covered by a mucosa provided with papillae.

The lingual papillae are filiform (with a cornified tip),
fungiform (mushroom-shaped), and vallate (mushroom-
like papillac embedded into the lingual mucosa and sur-
rounded by a circular groove). The filiform papillae have
a mechanical role, whereas the other two types bear taste
buds and are involved functionally as the primary stage in
the perceiving of taste (through the gustatory system; see
the Gustatory Organ in the Sense Organs). The filiform
papillae may be lens-shaped (lenticular papillae) or coni-
cal-shaped (conical papillae). The filiform papillae are
scattered on the surface of the tongue, the fungiform papil-
lae are numerous along the borders of the apex, and the
vallate papillae, in numbers of 12—18, form two irregular
rows on the torus linguae.

The muscles moving the tongue originate from the
hyoid apparatus. The narrow symmetrical space between
the tongue and the mandible is called the lateral sublingual
recess. The tongue is supplied by the hypoglossal nerve (to
the muscles), by the trigeminal, facial, glossopharyngeal,
and vagus nerves (for the taste buds) and the mucosa for
tactile, pain, and temperature stimuli.

TEETH

There are three categories of teeth: incisors, premolars, and
molars. The premolars and molars are collectively called
“cheek teeth.” All teeth are implanted into dental alveoli—
bony sockets in some bones of the skull. There are only
four inferior incisors on each side in all ruminants. From
the midline to the periphery, they are called central,
first intermediate, second intermediate, and corner inci-
sors. The latter are considered canine teeth that have
migrated rostrally. The superior incisors are replaced by
the mucosal dental pad. Three superior and inferior pre-
molars and three molars are on each side. There are decidu-
ous teeth, which appear immediately after birth. Some of
them are replaced by permanent teeth. Therefore, there are
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Figure 6.25 The
mandible:

A. Laterodorsal
view; B. Dorsal
view, rostral half;
C. Ventral view,
rostral half.

(L) = landmark for
physical
examination and/or
clinical approach.

two dental formulae. The formula for the deciduous (milk)
dentition is:

2(Di 0/4; Dc 0/0; Dp 3/3;) = 20
The formula for the permanent dentition is:

2(10/4;C0/0;P3/3; M 3/3) =32

in which D = deciduous tooth, I(i) = incisor, C = canine,
P(p) = premolar, M(m) = molar. Because the teeth on one
side are in the same number as on the other side, multiply
the number of teeth of one side by 2.

The shapes of the premolars and molars are very much
alike, whereas the shapes of the incisors are very different
from the other group of teeth (Figure 6.25). Brachygnathism
(abnormal short mandible) and prognathism (abnormal



6 / Functional Anatomy of the Goat 113

forward projection of the mandible) are common in goats,
and they adversely affect feeding behavior (Smith and
Sherman, 1994). The teeth are held in the alveoli by dental
ligaments. In ruminants, the ligaments of the incisors are
loose, looking like old teeth, with a varying degree of
mobility.

The mucosa of the vestibulum and of the oral cavity
proper attach to the teeth under the name of gingiva.

THE SALIVARY GLANDS

The salivary glands, as annex structures of the oral cavity,
empty the saliva inside of the oral cavity. The role of saliva
is to mix with the forage during the mastication and to
contribute to the formation of the alimentary bolus. There
are two categories of salivary glands: scattered (minor) and
compact (major). The labial, buccal (under the cheeks’
mucosa), and lingual are the scattered salivary glands. The
compact, major salivary glands are the parotid, mandibu-
lar, and sublingual salivary glands.

The Parotid Gland

See Figure 6.19. Located between the base of the ear, the
Wing of Atlas, the caudal border of the mandible, and
the linguofacial vein, this is the largest salivary gland of
the goat. The parotid duct accompanies the facial vein
along the rostral border of the masseter muscle and opens
in the oral vestibulum opposite the fourth superior cheek
tooth (the first superior molar).

The Mandibular Gland

This gland is partially covered by the parotid gland, the
external jugular vein, and its branches. Only the caudoven-
tral part of the gland is apparent. It is triangularly shaped,
and the mandibular duct travels rostrally to open under the
sublingual caruncle.

The Sublingual Salivary Glands

There are two sublingual salivary glands: monostomatic
and polystomatic. The monostomatic gland (with only one
excretory duct) is as long as the line between the first and
the last lower cheek teeth and parallels the mandibular
duct. The major sublingual duct opens with the mandibular
duct under the protection of the sublingual caruncle. The
polystomatic gland (with many salivary ducts) is located
caudodorsal to the previous gland and has numerous short
excretory ducts that open into the lateral sublingual recess
(the narrow spaces under the tongue).

THE PHARYNX

The second compartment of the prediaphragmatic diges-
tive system, the pharynx, consists of three parts: the oro-
pharynx, the nasopharynx, and the laryngopharynx.

The oropharynx is apparently a part of the oral cavity
proper, but they are separated by a symmetrical mucosal
fold, the palatoglossal fold (glossal = lingual), where the
entrance into the pharynx is considered. The oropharynx
continues to the epiglottis and is outlined by the tongue
ventrally, the soft palate dorsally, and the palatoglossal
folds laterally. The caudal border of the soft palate contin-
ues dorsally and laterally with two symmetrical mucosal
folds called palatopharyngeal folds, which outline the tran-
sition between the nasopharynx and the laryngopharynx.
Within the oropharynx, the ventral side of the soft palate
shows two slit-like openings, the entrances into the palatine
tonsils. The nasopharynx and the laryngopharynx were
described in The Respiratory System. This is the place to
consider the pharynx as a whole and to talk briefly about
its conformation and functional anatomy. The soft palate is
amobile structure, movable by contraction of three muscles:
one is the tensor, another one is the elevator, and the last
shortens the soft palate. All of them help during deglutition.
The muscles of the pharynx are constrictors and dilators.
The constrictor muscles are grouped in the first, second,
and third constrictor muscles. There is also a muscle that
dilates the pharynx. The names of these muscles are related
to the bones or cartilages at their respective origin. Their
insertion is on the lateral and dorsal walls of the pharynx.

The deglutition is the physiological reflex act following
the formation of the alimentary bolus. It starts with the
bolus pushing the soft palate dorsally, concomitant with
the contraction of the elevator of the soft palate, and of the
first constrictor of the pharynx. At the same time, the soft
palate is shortened. The first wave of contraction is fol-
lowed by the second and the third waves, under the action
of the second and the third constrictor muscles of the
pharynx. At the end of the deglutition, the pharynx dilates,
and the tensor of the soft palate restores the resting position
of the soft palate.

THE ESOPHAGUS

The caudodorsal opening of the laryngopharynx leads
into the esophagus. There are three segments of the esoph-
agus: the cervical part, the thoracic part, and a very short
abdominal part. In the cervical region, the esophagus lies
on the dorsal aspect of the trachea and is slightly oriented
to the left. In the thoracic cavity, it lies on the dorsal
aspect of the trachea, until the trachea bifurcates into the
two bronchi. In the rest of the thoracic cavity, the
esophagus runs between the aorta (dorsally) and the caudal
vena cava (ventrally). Passing through the esophageal
hiatus, the esophagus opens on the dorsal aspect of
the reticulum by an orifice called cardia. Cardia can be
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approximated from outside at the level of the eighth left
intercostal space.

The Postdiaphragmatic Digestive System

This consists of segments of the gastrointestinal tract and
two annex glands, the liver and the pancreas, all located
within the abdominal cavity. The abdominal cavity is a
natural component of the body wall, outlined by the dia-
phragm cranially, the entrance into the pelvic cavity cau-
dally, the lumbar vertebrae covered by dorsal abdominal
muscles dorsally (the roof), and ventral abdominal muscles
on the lateral walls and on the ventral wall (the floor). The
whole cavity communicates with the pelvic cavity and are
both lined by a connective tissue layer called transverse
fascia and the parietal peritoneum. The latter sends several
peritoneal folds to connect/suspend different organs by
name of ligaments, mesentery, omenta (singular omentum),
etc., before surrounding the viscera, altogether known as
the visceral peritoneum. The pelvic cavity is outlined
between the sacrum dorsally and the two coxal bones later-
ally and ventrally. Toward the end of the pelvic cavity, the
peritoneum ends by reflecting itself from the roof to the
floor of the pelvic cavity and surrounding the pelvic viscera.
There is a certain amount of connective tissue and muscle
behind the peritoneum, holding the viscera in place.

THE STOMACH

The stomach of the goat is pluricompartmented and
consists of four parts: rumen, reticulum, omasum, and
abomasum. The entire stomach is surrounded by visceral
peritoneum. The walls are provided with powerful muscles
lined by a specialized mucosa.

The Rumen

The rumen, with a capacity of 13-30 liters, fills almost the
entire left side of the abdominal cavity along with the
reticulum and part of the abomasum (Figure 6.26).

The external configuration of the left side as well as
of the right side of all four compartments removed from
the abdominal cavity are illustrated in Figure 6.27 and
Figure 6.28.

Two lacelike sheets of peritoneum collectively called
the walls of the greater omentum originate from both the
left and right sides of the rumen, from the longitudinal
grooves. They surround the rumen and switch the direction
from the left to the right side of the body like a hinge for
supporting most of the digestive viscera. Thus, the left wall
becomes superficial, and the right wall becomes deep, in
relation to one another.

The surface of the rumen is provided by two longitudi-
nal grooves (right and left), which meet in the cranial and

caudal grooves, respectively. They separate the rumen into
two divisions called sacs, dorsal and ventral. Caudally the
ruminal sacs end by two blind sacs, whereas cranially
the dorsal sac continues with the ruminal atrium, and the
ventral sac ends in the ventral recess. The blind sacs are
separated from each other by the caudal groove, and from
the dorsal and ventral ruminal sacs by the coronary grooves
(dorsal and ventral, right and left). The ruminal atrium is
separated from the ruminal recess by the cranial groove.
The rumen is separated from the reticulum by the rumino-
reticular groove. The internal configuration of the rumen
shows strong muscles grouped in pillars, and a mucosa
with one fold (rumino-reticular) and papillae. The pillars
and the fold correspond to the outside grooves (longitudi-
nal, cranial, caudal, and rumino-reticular grooves, respec-
tively). The ruminal content consists of ingesta, water,
bacteria, and protozoa to start microbial digestion, which
continues also in the reticulum and the omasum. The pro-
tozoa scavenge bacteria (primarily facultative anaerobes),
a process that helps keep the bacterial symbiont healthy.

The primary function of the rumen is to mince the
ingesta, to mix it with water, and to start the microbial
digestion. As a result, methane and carbon dioxide accu-
mulate above the ingesta in the rumino-reticular.

The Reticulum

The reticulum has a capacity of 1-2 liters and lies on the
floor of the abdominal cavity, in intimate contact with the
diaphragm. It can be seen on both sides. It looks like an
elongated ball and has a honeycomb-like mucosa. The
reticulum is separated from the ruminal atrium by the
rumino-reticular groove, that from inside corresponds to
the rumino-reticular fold. Its function is to squeeze the
ingesta by contractions that mix and move ingesta through-
out the rumen and create an explosion of contents to the
omasal canal during the second of two reticular contrac-
tions that initiate the reticulo-rumen contraction cycle.

The Omasum

The omasum has a capacity of less than 1 liter and is
mainly located on the right side of the abdominal cavity.
It looks like a flattened ball, and inside it has 35 folds or
laminae that are very thin and of different sizes (only three
sizes instead of four as in the other ruminants—the shortest
is absent). As a function it continues the process of squeez-
ing the ingesta and water absorption, and the omasal canal
forces the content into the omasal body. The folds of the
omasum absorb much of the fluid from the content and,
at regular intervals, the content is passed into the
abomasum.
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Figure 6.26 Topography of abdominal viscera: A. Left side; B. Right side.

Starting from the cardia, a gastric groove is formed,
running on the walls of the reticulum and omasum, and
ending in the abomasum. A certain amount of already-
shredded forage is pushed back from the reticulum into the
oral cavity by an antiperistaltic wave of the esophagus,
is remasticated, reinsalivated, and redeglutited as the
mericic bolus. Peristaltic versus antiperistaltic waves will
be explained in Chapter 8. This bolus bypasses the rumen,
drops into the reticulum through the gastric groove, then
passes into the omasum to be squeezed of water as much

as possible. This is the role of the muscles and configura-
tion of mucosal folds of the reticulum and omasum. Mixed
with as little water as possible, the bolus passes into the
abomasum and is submitted to a chemical digestion process.

In suckling youngsters, the gastric groove is transformed
into a gastric duct, which allows the milk to pass from the
esophagus into the abomasum, the only compartment of
the stomach capable of digesting milk. The normal func-
tioning of the gastric groove is as important in adulthood
as it is for the suckling kids (baby goats).



Figure 6.27 The left aspect of the stomach.

Figure 6.28 The right aspect of the stomach.
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The Abomasum
The abomasum has a capacity of between 2 and 3 liters
and lies on the floor of the right side of the abdominal
cavity; sometimes it can be detected also on the left side.
It is pear shaped and is located inside with spiraled folds
of the mucosa. It starts from the communication with the
omasum and ends by the communication with the small
intestine called pylorus. There a powerful sphincter (a cir-
cular muscle) is present, allowing the transit of the ingesta
to pass from the abomasum into the small intestine only
by a reflex act. In the goat, as in all ruminants, the pyloric
sphincter forms a protuberance called torus pyloricus. The
function of the abomasum is to perform the chemical
digestion (the HCI hydrolysis). Most of the volatile fatty
acids (the short-chain fatty acids) like acetic, butyric, and
propionic acids have been absorbed at this point. The
advantage of the ruminants is that all the bacterial protein
that enters the abomasum provides an adequate protein
source for the host animal. The volatile fatty acids are
energy substrates produced during microbial digestion and
they provide nearly 80% of the ruminant’s energy needs.
The goat stomach has a mechanical and a chemical role
in the digestion process, which will be detailed in Chapter
8, Digestive Physiology and Nutrient Metabolism.

THE INTESTINES

There are small and large intestines in all mammalian
species. The total length of the goat intestines is 20—40
meters, with the small intestine being between 20 and 30
meters. The average size of the large intestine is 7 meters
long. Small and large intestines (with the blood supply)
are shown in Figure 6.29. All intestinal segments have
a lumen and a similar constitution: the external coat is the
peritoneum, the middle coat is represented by smooth
muscles, and the internal coat is a specific type of mucosa.

The small intestine consists of three segments: duode-
num, jejunum, and ileum. The lumen of all of the segments
is the same, and is approximately 2cm in diameter.
Functionally, they facilitate most of the digestion.

The duodenum travels on the right side of the body,
makes several flexures, and continues with the jejunum. A
small elevation called major duodenal papilla can be seen
inside of it, where the bile duct and the pancreatic duct
open on its tip. The jejunum is the longest segment of the
small intestine. A fold of the peritoneum that is called
mesentery suspends the jejunum. The ileum is the shortest
segment of the small intestine, and it joins the cecum, the
first part of the large intestine.

The large intestine consists of three segments as well:
cecum, colon, and rectum. The main function of the large

intestine is the reabsorption of ingesta water. Also, there
is a microbial fermentation in the cecum and proximal
colon and much less in the distal colon, as the contents
become dehydrated. The cecum is much larger in diameter
than the small intestine. It is almost horizontally posi-
tioned, on the right side of the abdominal cavity. The colon
has three segments called ascending, transverse, and
descending colons. The ascending colon starts from the
cecum as a proximal loop. Then it is coiled making several
inflexions called the spiral loop, and ends as the distal loop.
The transverse colon is very short, in a transverse position
from the right to the left, and continues with the descend-
ing colon. The rectum, followed by the anal canal is the
last segment of the gastrointestinal tract and is located
within the pelvic cavity. The anus is the end and the caudal
opening of the digestive system.

The jejunum, ileum, cecum and ascending colon lie on the
greater omentum, in the space called supraomental recess.

The role of the intestinal mass is to continue the diges-
tion process of the ingesta, and to eliminate the waste
material. The entire physiology of digestion will be
detailed in Chapter 8, Digestive Physiology and Nutrient
Metabolism.

The Annex Glands

The liver is the largest gland of the body, whose complex
role related to digestion will be discussed in Chapter 8,
Digestive Physiology and Nutrient Metabolism.

Situated between the diaphragm and the stomach, the liver
has an oblique position from right to left and from dorsal to
ventral, because of the permanent pressure of the stomach
during the developmental life. The parietal surface lies
against the diaphragm, whereas the visceral surface comes
in contact with the stomach and the intestines (Figure 6.30).

The liver is suspended from the diaphragm by several
ligaments, and is connected to the stomach and the duode-
num by the lesser omentum. The liver is incompletely
divided by lobes. In all ruminants, it is provided by the
fewest lobes: left, quadrate, right, and caudate. The gall-
bladder, where the bile is temporarily stored, is insinuated
between the quadrate and the right lobes. It collects the bile
produced by the liver, leads it through the cystic duct (the
duct of the gallbladder), to empty as the common bile duct
into the duodenum, on the tip of the major duodenal papilla.

The pancreas makes contact with several viscera, such
as the rumen, omasum, spleen, liver, duodenum, right
kidney, and jejunum. It consists of the body, the right lobe,
and the left lobe. The portal vein is surrounded by a pan-
creatic notch. The pancreatic duct opens into the major
duodenal papilla, together with the bile duct.
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Figure 6.29 The large intestine, left aspect, with blood supply and lymph nodes.

The spleen belongs functionally to the cardiovascular
system, but topographically it is connected to the stomach.
The spleen is a flat organ, has an irregular rectangular
shape with rounded corners, and lies on the dorsal aspect
of the rumen. The topography of the viscera on the right
and left abdominal walls is illustrated in Figure 6.26. The
nerve supply for the liver, pancreas, and spleen are identi-
cal with that of the stomach.

THE URINARY SYSTEM

The Kidneys

The kidneys lie against the roof of the abdominal cavity.
The right kidney comes in contact with the duodenum, the

liver, and the pancreas, whereas the left kidney has intimate
relations with the descending colon and the duodenum.

Both kidneys look like beans, with a dorsal and a ventral
aspect, two poles (cranial and caudal), and a contour that
is provided on the medial side with an indentation called
hilus. From the hilus, the ureter and the renal vein exit, and
the renal artery enters. On the surface, the kidneys are
intimately covered by a fibrous capsule and are surrounded
by fat and the renal fascia.

A longitudinal section through the kidneys reveals the
internal conformation. Two distinct and differently colored
zones are shown: a peripheral lightly colored cortex and a
central brown-reddish medulla surrounding a space called
renal sinus. The medulla consists of several renal pyra-
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Figure 6.30 The liver and spleen: A. Visceral aspect of the liver, in situ; B. Parietal aspect of the liver;

C. Visceral aspect of the spleen.

mids, whose tips oriented toward the renal sinus open on
a common renal crest. The latter empties the urine into the
renal pelvis, which is the mucosal coat lining the renal
sinus. The renal pelvis continues as the ureter. Both exter-
nal aspect and internal conformation are shown in Figure
6.31. As to function, the kidneys process the blood by a
complex mechanism of filtration, reabsorption, and secre-
tion, and expel the result of this activity, the urine, through
the urethra.

The Ureter

The ureter is a tubular organ, with a peripheral fibrous coat
(the continuation of the renal capsule), a muscular coat,
and a mucosal membrane (the continuation of the renal
pelvis). The muscular coat pushes the urine in peristaltic
waves into the urinary bladder. The ureters run on the roof
of the abdominal cavity and enter the pelvic cavity to reach
the neck of the urinary bladder.

The Urinary Bladder

The urinary bladder has the function of a temporary recep-
tacle of urine, which is emptied through the urethra. As an

organ with lumen, the urinary bladder has three coats:
peritoneum on the outside, a muscular coat in the middle,
and a mucosal coat inside. Pear-shaped, it lies on the floor
of the pelvic cavity and slips more or less into the abdomi-
nal cavity when too full of urine. It continues with the
urethra through a narrow neck. The ureters open through
the dorsal wall of the urinary bladder close to the neck.
They perforate obliquely the muscular coat of the urinary
bladder, then travel for a short distance between the mus-
cular and the mucosal coats before opening close to each
other.

The female urethra is very short and opens on the floor
of the vagina, between the vagina and vestibulum. The
male urethra will be described with the reproductive
organs.

THE REPRODUCTIVE SYSTEM

The Male Reproductive System

This consists of three categories of organs: the essential
organs (the testicles) with the investing layers (the testicu-
lar tunics), the passages leading the sperm through the
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Figure 6.31 The
kidney: A. Left
kidney, ventral
aspect; B. Right
kidney, ventral
aspect;

C. Longitudinal
section.

penis, and the copulatory organ (the penis) within the
prepuce. There are also annex glands to the urethra.

THE TESTICLES

As the essential male reproductive glands, the testicles
have two functions: to produce spermatozoa able to fertil-
ize the ovules, and to secrete testosterone, the male
hormone. (As a curiosity, one cubic millimeter of semen
of the goat contains 2,500,000 spermatozoa.)

Ovoid shaped, the testicles are located in a vertical posi-
tion within the testicular tunics on the ventral and caudal
aspects of the abdomen, in the inguinal region (see Figure
6.3). Each testicle weighs 130-160g, has a head oriented

dorsally, a tail oriented ventrally, two aspects (lateral and
medial), and two borders (cranial free and caudal where
the epididymis is connected to the testicle) (Figure 6.32).
Each testicle is surrounded by a fibrous tunic called albu-
ginea, is inextensible, and continues inside the organ as
interlobular septa. The stroma (the main substance) of the
testicle is divided by the septa into lobules. The septa
connect with each other and form the mediastinum testis.
Numerous seminiferous tubules fill the lobules and inter-
connect inside the mediastinum testis in a network called
rete testis.

The testicles are protected by multiple layers of tunics
called testicular tunics. Some of these layers are brought
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by the testicle during its descent (in the developmental
intrauterine life), and others are modified skin and subcu-
taneous connective tissue, all functionally and clinically
important. The tunics brought by the testicle during its
descent are the internal spermatic fascia and the vaginal
tunic. The former is the continuation of the endoabdominal
fascia, whereas the latter is the continuation of the perito-
neum (consisting of a parietal and a visceral lamina). The
tunics outside of the body wall are the external spermatic
fascia (a connective tissue layer) and the modified skin
(the scrotal skin outside and the tunica dartos inside).
While the tunica dartos makes two dartoic sacs (one
for each testicle), the scrotal skin surrounds both testicles
and their spermatic cords, all together. (See the spermatic
cord.)

THE REPRODUCTIVE EXCRETORY PASSAGES

There are three reproductive excretory passages in the
male goat: the epididymis, the ductus deferens, and the
urethra with the annex glands. The function of these pas-
sages is to allow the sperm to exit and be able to fertilize
the ovules.

The epididymis is attached to the caudal border of the tes-
ticle and covered by an expansion of the albuginea. It starts
with a head, which covers the head of the testicle, continues
with a body, and ends by the tail, ventrally. From this point,
it continues vertically in a proximal direction with the ductus
deferens. The head contains many canaliculi (ductuli effer-
entes), in continuation of the rete testis. The canaliculi
connect with each other and form the ductus epididymidis,
which runs inside of the body of epididymis. This duct
becomes very flexuous and may measure as long as 60
meters. There is a niche, the so-called testicular bursa on the
lateral side, between the testicle and the body of epididymis.

The ductus deferens is the continuation of ductus epi-
didymidis starting from the tail of the epididymis. It is a
straight duct, included within the spermatic cord, enters the
abdominal cavity, and reaches the pelvic urethra just
caudal to the neck of the urinary bladder. It empties on the
roof of the urethra apparently enlarged (ampulla) and
bearing small glands, lateral to the colliculus seminalis.
The latter is an elevation of the urethral mucosa, at the end
of the urethral crest (Figure 6.33A).

The spermatic cord consists of the ductus deferens, the
visceral lamina of the vaginal tunic, and the vessels and
nerves supplying the testicle and the epididymis. This
complex structure is subject to various surgical interven-
tions and techniques used for castration, criptorchidism,
inguinal hernia, etc. In the goat, the spermatic cords are
long, making the testicles pendulous during the walk.

The male urethra is a common excretory duct for the
urine and semen. It is divided in two segments: pelvic and
penile urethra. The pelvic urethra is a continuation of the
urinary bladder lying on the floor of the pelvic cavity, is
surrounded by a spongy coat and the urethralis muscle, and
suddenly narrows at the level of the ischiatic arch. Here
the pelvic urethra continues as the penile urethra, follow-
ing the urethral isthmus (the narrow part).

The annex glands are the prostate, the vesicular glands,
and the bulbo-urethral glands. Their function is to produce
seminal fluids for nourishing the sperm and facilitate the
gliding of sperm through the excretory passages.

In the goat, the prostate is a disseminated gland com-
pletely surrounding the walls of the pelvic urethra. The
vesicular glands are paired, 3—4cm long, with lobulated
surfaces and located on both sides of the neck of the
urinary bladder. Their ducts open on the colliculus semi-
nalis. The bulbo-urethral glands are located far caudally,
on both sides of the urethral isthmus, and are rounded and
small, 1 cm in diameter. Their excretory canals pass through
the urethra and open directly into the urethral recess, which
is illustrated in Figure 6.33B (see Figure 6.33).

THE PENIS

The male copulatory organ, the penis, consists of the root,
the body, and the apex. The goat has a fibroelastic penis,
still firm when not erect. Its function is to allow the urine
and also the sperm to be expelled. This is done by reflexes
and by contraction of some of the penile muscles. The
average length of the penis is 40cm long. Starting from
the ischiatic arch, the penis extends cranially and passes
between the thighs ventral to the pelvis, and between the
two spermatic cords, surrounded by skin and fasciae. On
the ventral aspect of the abdominal cavity, the free part of
the penis is protected inside of the prepuce. (The free part
of the penis belongs to the body of the penis.)

The root of the penis is composed of the two crura and
between them, the bulbus penis. The crura (sing. crus) are
attached to the ischiatic arch, the very end of the coxal
bones. The crura are covered by two symmetrical muscles
that act in the erection of the penis. The bulbus penis is the
caudal expansion of the corpus spongiosum penis, which
is the erectile tissue of the penis. It is covered by a muscle.

The body of the penis consists of the paired corpus
cavernosum penis (each of them the continuation of the
corresponding crus penis), and the penile urethra sur-
rounded by the corpus spongiosum penis. The expression
“corpus cavernosum” is used for the unique structure as a
result of fusion of the paired corpus cavernosum. The
corpus cavernosum and the penile urethra with the corpus
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Figure 6.32 The testicle.

Figure 6.33 The urinary bladder and the urethra in the male: A. The roof of the urinary bladder and
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Figure 6.34
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lateral aspect.
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spongiosum penis are intimately surrounded by two sepa-
rate tunica albuginea. The albuginea sends inside the
corpus cavernosum several septa and trabeculae that form
a characteristic framework for the blood vessels. The
spaces outlined by the framework are called cavernae.
There is a groove on the ventral aspect of the corpus cav-
ernosum, the urethral groove, which protects the passage
of the penile urethra. The body of the penis is double
(S-shaped) flexed before it reaches the level of the sper-
matic cords. The first flexure is dorsal to the second. There
is a paired muscle associated with the ventral aspect of the
body of the penis, which originates from the caudal verte-
brae. It attaches to the ventral flexure and continues crani-
ally diminishing in size, and disappearing before reaching
the glans penis. The penile urethra exceeds the glans penis
by a urethral process, 2.5cm long (Figure 6.34).

The glans penis is the voluminous end of the free part
of the penis. It is the head of the penis, contains the corpus
spongiosum glandis, and is sharply separated from the free
part of the penis by a neck.

THE PREPUCE

The skin of the ventral aspect of the abdomen surrounds
and protects the free part of the penis under the name of
prepuce. This part of the prepuce is called the external
preputial lamina. The skin reflects itself inside of the pre-
putial cavity at the preputial orifice, and continues with the
internal preputial lamina. The latter attaches to the free part
of the penis and continues cranially with the skin of the

penis (including a seamlike band called “raphe penis”) (see
Figure 6.34) and glans penis. The preputial orifice is pro-
vided with an abundance of hairs. There are cranial and
caudal preputial muscles that move the prepuce during
micturition.

The Female Reproductive System

Similar to the male, the female reproductive system con-
sists of three categories of organs: the reproductive glands
(ovaries), the tubular genital organs (uterine tubes, uterus,
vagina, and the vestibule), and external genital organs
(vulva, clitoris, and urethra). In addition, during preg-
nancy, the placenta develops and it will be described
separately.

THE OVARIES
The function of the ovaries consists of producing ovules,
and secreting different hormones depending on the repro-
ductive cycle.

Paired structures, the ovaries are located within and on
the floor of the pelvic cavity. Ovoidal shaped and flattened,
their surface is irregular because of the follicles and the
corpora lutea (sing. corpus luteum). Each ovary consists
of a superficial epithelium, an albuginea (a dense capsule),
and a cortical and a medullary zone. The cortex (the
cortical zone) contains the follicles. The medulla (the
medullary zone) is vascular. Both follicles and vessels are
surrounded by the stroma, the connective tissue framework
of the ovary.
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Each ovary has a tubal end, close to the infundibulum
of the uterine tube, and a uterine end, opposite to the previ-
ous end, where the ovary is attached to the uterus by the
proper ligament of the ovary. Each ovary is suspended
from the roof of the abdominal cavity by the mesovarium,
a peritoneal fold, the most cranial part of the broad liga-
ment. A suspensory ligament of the ovary can be identified
at the free border of the mesovarium, and is attached to the
diaphragm.

THE TUBULAR GENITAL ORGANS

The uterine tubes, salpinges (sing. salpinx), or fallopian
tubes have the function of protecting the spermatozoa
while “swimming” toward the ovaries, and the ova (sing.
ovum) moving toward the uterine horns after the fertiliza-
tion of the ovules. They are two very small and flexuous,
mobile, 10-16cm long tubes located between the ovaries
and the uterine horns. Each uterine tube has an abdominal
opening, which is provided with an infundibulum (funnel-
shaped end) oriented toward the ovary. It is followed by
an ampulla (the wide part) and the isthmus (the narrow
part), which opens into the corresponding uterine horn. In
the goat, the salpinx continues gradually with the uterine
horn. The infundibulum is provided with a fringe of pro-
cesses called fimbriae, some of them attached to the ovary.
Each uterine tube is suspended by the second segment of
the broad ligament, called mesosalpinx. The ovary, mes-
ovarium, and mesosalpinx outline a cavity called ovarian
bursa. See Figure 6.35.

THE UTERUS

The uterus is a unique structure, consisting of two sym-
metrical horns, one body, and the neck called the cervix.
The whole uterus is a so-called uterus bicornis. Its function
is to shelter and nourish the embryo/fetus until birth.

The uterine horns are coiled, each of them between 12
and 15cm long. Before touching the body of the uterus,
the horns are connected by the intercornual ligament.
Inside of the uterus, the horns are separated by the uterine
velum. The horns have a free border, convex, and a meso-
metrial border, where the mesometrium (as part of the
broad ligament) is attached.

The body of uterus is as short as 2-3cm long. It is
suspended by the mesometrium, a peritoneal fold, and
part of the broad ligament. The musculature of the whole
uterus is called myometrium, whereas the mucosal layer
is called endometrium. The endometrium of the uterine
horns and body is provided with small prominences called
caruncles. There are more than 100 caruncles disposed on
four rows. They are pediculated, with a flat or slightly

concave surface. During the gestation (pregnancy), the
caruncles are surrounded by the placenta. The areas of the
placenta that come in contact with the caruncles are called
cotyledons, and the combination caruncle-cotyledon is
called placentome. The cotyledons send villi, which
implant into the spongy surface of the caruncles (see
The Placenta).

The cervix continues to the body of uterus for 3—4 cm.
The cervical canal is irregular. The communication with
the body of uterus is called internal uterine ostium (orifice),
whereas the communication with the vagina is called
external uterine ostium (orifice). The latter protrudes into
the vagina and is surrounded by a circular recess called
vaginal fornix. The endometrium of the cervix is provided
with three to four circular folds that interdigitate with each
other.

THE VAGINA

The vagina is a tubular organ, with a lumen much wider
than the uterus, and extends up to the external urethral
ostium (on the floor). The mucosa is disposed in longitu-
dinal folds. It facilitates the lubrication and smooth gliding
of the penis during copulation, and of the fetus during
birth. The vestibule is the continuation of the vagina,
caudal to the external urethral ostium. See Figure 6.35.

THE EXTERNAL GENITAL ORGANS

The vulva is located within the area ventral to the anus
and known as the perineum. Two labia (sing. labium)
and two commissures (dorsal and ventral, the points where
the two labia meet) outline the pudendal fissure. The labia
are thick, yet soft structures. The dorsal commissure is
rounded, whereas the ventral commissure is pointed toward
the ground. See Figure 6.35.

The clitoris is the rudimentary homologue of the penis
located in the ventral wall of the vestibule. Two crura and
the body of the clitoris are embedded into the mucosa of
the vestibule. Only the glans clitoridis can be seen. The
whole clitoris measures 2—2.5cm long.

The female urethra lies on the floor of the pelvic cavity,
covered by the floor of the vagina. It opens by the external
urethral ostium on the floor of the vagina, between it and
the vestibule. At this level, the opening of the urethra is
associated with the suburethral diverticulum, a small
pouch caudal to the opening.

THE PLACENTA
The connection between the embryo/fetus and the maternal
uterus starting at a certain phase of the development is
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Figure 6.35 The genital apparatus in the female: A. Dorsal view, dorsal wall partially removed;

B. Vulva.

called placenta. The placental phase starts during the trans-
formation of the embryo into the fetus. The placentation is
a term that defines the formation and the attachment of the
placenta to the uterus. The placenta is an organ responsible

for the nutrition of the fetus, the exchanges with the mother,
and the protection of the fetus. It consists of a maternal
part and a fetal part. The combination between the carun-
cles (of the uterus) and the cotyledons (of the placenta)
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was briefly described with the uterus. This type of placenta
is called “cotyledonary or multiplex placenta.”

As a whole, the placenta has three membranes: the
chorion, the allantois, and the amnion. The chorion is the
most external membrane of the placenta, in contact with
the maternal uterus. The allantois joins the chorion and
contributes to the so-called chorio-allantoic placenta. The
amnion is the most internal membrane, which surrounds
the fetus and allows it to accommodate movements of the
head, body and limbs in the amniotic fluid.

The umbilical cord extends between the embryonic
umbilicus and the placenta, and makes the connection
between the embryo/fetus and the placenta. A gelatinous
substance in which one vein carrying oxygenated maternal
blood and two arteries returning the venous blood (all of
them called umbilical) are embedded, forms the umbilical
cord.

THE MAMMARY GLANDS

The mammary gland is a modified cutaneous (sweat)
gland. Its function is to produce milk. By definition, one
mammary complex consists of one body and one papilla
(teat). The usual number of mammary glands in the goat
is two, under the collective name of the udder. There may
be variations in number. The two mammary glands are
separated outside by an intermammary sulcus.

The udder is attached to and suspended from the ventral
body wall in the inguinal region (see Figures 6.1, 6.4, and
6.5). The udder of the goat is relatively large in comparison
with that of the ewe.

The entire mammary gland is intimately surrounded and
protected by a capsule. A suspensory apparatus supports
the full heavy udder. There are lateral and medial laminae,
connective tissue sheets originating from the tunica flava
abdominis, from the symphyseal tendon, and from the
aponeurosis of the external abdominal oblique muscle (see
The Muscular System). From both lateral and medial
laminae, suspensory lamellae enter the mammary glands
at different levels and are able to support the weight of the
udder. The medial laminae are elastic, and this shows when
the udder is full of milk. In a full udder, the two teats look
abducted. The intermammary sulcus drops because of the
elastic tissue of the medial laminae, while the lateral
laminae are inextensible.

The body of each mammary gland is cone-shaped and
ends with a voluminous teat. There is a circular constric-
tion at the transition between the body and the teat. Each
gland consists of glandular tissue and a duct system
(Figure 6.36a).

The Glandular Tissue

The glandular tissue, whose function is to produce milk,
is separated in lobes by connective tissue septa. Each lobe
is divided in lobules, clusters of up to 200 alveoli that
secrete into a central ductule (the lactiferous alveolar
ductule). The lobules are separated from each other by a
thin layer of connective tissue.

The Duct System

The duct system starts with the alveolar ductules, which
continue with intralobular and interlobular ductules. All
ductules are located within a lobe. From the end of each
lobe, the lactiferous ducts convey milk to the lactiferous
sinus. The lactiferous ducts are visible without magnifica-
tion, and they become larger and larger as they approach
the lactiferous sinus. There are 6-9 large lactiferous
ducts according to Nickel et al. (1981), and 12—15 accord-
ing to Barone (1978). They are located caudolateral (right
and left) to the glandular tissue (which is perforated by
small- and medium-sized ducts).

The lactiferous sinus, or cistern, is the dilated distal part
of the duct system formed by the confluence of the lactifer-
ous ducts, and consists of two parts. The glandular part, or
gland cistern, is located in the ventral end of the mammary
gland, whereas the papillary part, papillary or teat cistern,
is located within the papilla (the teat). In full lactation, the
teat cistern is up to 7cm long and 2.5 cm wide. The papil-
lary cistern continues in the tip of the papilla, connecting
the papillary part of the lactiferous sinus with the outside
by the papillary orifice or ostium. The papillary duct, also
called teat or streak canal, is conically shaped and has a
sphincter (Figure 6.36b). The rosette of Fiirstenberg can
be noticed at the junction of the papillary cistern and the
papillary canal (Pugh, 2002) and consists of mucosal folds.

In older goats, the lactiferous sinus extends under the
skin and can be palpated. There is a small accessory teat
0.5-1cm long at the base of each mammary gland.
Occasionally, caudal to the main teats, supernumerary
teats can be observed. Also, abnormal teats may be found,
such as double teats, forked teats, etc. Rudimentary devel-
oped and even functional mammary glands also exist in
some male individuals, in front of the scrotum.

The blood supply to the udder is very important for
assessing the milk production. It is provided by the exter-
nal pudendal artery and by the mammary veins. The exter-
nal pudendal artery branches in the lateral and the largest
medial mammary arteries. The teat is abundantly supplied
by arterial papillary retia (sing. rete). The veins originate
from venous papillary retia (networks), which form at the
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base of the teat the so-called papillary venous circle of
Fiirstenberg. The venous blood is drained in both cranial
and caudal directions; the former passes through three
subcutaneous veins: one middle cranial mammary vein
(the main vein), and two lateral, right and left, cranial
mammary veins in continuation to the corresponding
external pudendal veins. The latter take the route of the
external pudendal veins through the ventral labial veins.
When the goat is not in lactation, the blood flows in a
caudal direction, because the valvules of the cranial
mammary veins do not allow the blood to flow through
them. In lactation, the blood flows through the cranial
mammary veins, whose valvules become inefficient
because the veins become considerably larger. The median
mammary vein can be palpated under the skin, especially
during the lactation period. The lymph drainage is pro-
vided by the superficial inguinal lymph nodes, known also
as mammary lymph nodes. They are located in a caudo-
dorsal position to each mammary gland, and are accessible
under the skin.

THE NERVOUS SYSTEM

Along with the endocrine system, the nervous system cor-
relates the adjustments and reactions of the organism to
internal and environmental conditions. It is anatomically
divided into the central and the peripheral nervous systems.
The central nervous system consists of the brain and the
spinal cord. The peripheral nervous system includes the
cranial and the spinal nerves and the autonomic nervous
system (the nuclei of the autonomic nervous system are
located within the central nervous system).

The functional component of the central nervous system
is the perikaryon, or nervous cell. It has a cell body and
two types of processes: dendrites and axons. The dendrites
bring the nervous influx to the neuron cell, and the influx
leaves the cell through the axon. The central nervous
system is organized into two categories of structures:
the grey matter and the white matter. Neuron cells and
nuclei (agglomeration of neuron cells) form the grey
matter, whereas the axons of the neuron cells represent the
white matter, organized in fascicles and tracts (of nerve
fibers).

The Central Nervous System

As function, the central nervous system receives stimuli
from the environment, and the whole body processes them
and sends motor commands to the effectors (muscles,
glands, etc.) via the peripheral nervous system.

THE BRAIN

The brain consists of the cerebrum and the cerebellum.
Both are located and protected within the brain cavity (see
Figure 6.22).

The cerebrum shows on the dorso-lateral aspects two
symmetrical hemispheres separated by the longitudinal
fissure. The hemispheres are provided with gyri (sing.
gyrus), prominent elevations separated by sulci (sing.
sulcus = groove) and fissures, and are parts of the
telencephalon.

The cerebellum consists of a median prominent part
called the vermis, and two symmetrical structures on both
sides of the vermis, called cerebellar hemispheres. The
vermis has gyri and sulci transversely oriented, whereas
the hemispheres are provided with small gyri and sulci
oriented in all directions. The cerebellum is part of the
metencephalon.

The brain is surrounded by meninges, two soft and one
tough connective tissue layers, which protect the brain
from the environment (especially shocks). All irregulari-
ties of the brain are intimately covered by the soft and
delicate pia mater. The latter is followed by the arachnoid,
looking like a spider web, which allows spaces for the
cerebro-spinal fluid. The most external layer is the tough
one, the dura mater, fused with, or even replacing the
periosteum of the brain cavity. A fold of the dura mater
called falx cerebri penetrates within the longitudinal fissure
of the cerebrum. The cerebrum is separated from the cer-
ebellum by another fold of dura mater called tentorium
cerebelli membranaceum (see Figure 6.22). The hypophy-
sis (pituitary gland), which is hanging on the ventral aspect
of the brain is surrounded and protected by dura mater
under the name of diaphragma sellae, anchored on the sella
turcica of the floor of the brain cavity.

The brain is composed of five major parts, in the fol-
lowing rostro-caudal order: the telencephalon, the dien-
cephalon, the mesencephalon, the metencephalon, and the
myelencephalon. The telencephalon consists of two hemi-
spheres, with the grey substance outside and the white
substance inside. Several nuclei (grey matter) are embed-
ded within the white matter. Also the olfactory brain is part
of the telencephalon. The diencephalon or intermediate
brain consists of five major components. The hypophysis
(pituitary gland) and the epiphysis (the pineal gland) are
two parts. The mesencephalon is the midbrain, situated
between the diencephalon and the pons. The metencepha-
lon consists of a ventral structure, the pons and a dorsal
structure, the cerebellum. The myelencephalon is also
called medulla oblongata, or simply medulla, which con-
nects the brain to the spinal cord.
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There are several spaces inside of the brain, filled
with cerebrospinal fluid. There are four ventricles and one
duct: two lateral ventricles (first and second) within the
cerebral hemispheres; the third ventricle in the diencepha-
lon, the mesencephalic aqueduct (within the mesencepha-
lon); and the fourth ventricle located between the pons and
medulla ventrally, and the cerebellum dorsally. The fourth
ventricle communicates with the central canal of the spinal
cord.

All major parts of the cerebrum (and cerebellum) are
shown in Figure 6.37 and Figure 6.38.

THE SPINAL CORD

The second major component of the central nervous
system, the spinal cord, extends from the first pair of cervi-
cal nerves to the end of the filum terminale, and is protected
within the vertebral canal. As the vertebral column is
divided into cervical, thoracic, lumbar, sacral, and caudal
vertebrae, there are five parts of the spinal cord, corre-
sponding to the five regions of vertebrae. There are two
enlargements, one in the cervical region and the other
between the lumbar and sacral regions. They are called
intumescences, and they represent concentrations of neuron
cells of the nerves supplying the thoracic and pelvic limbs.

The spinal cord ends as the medullary cone, located in
the sacral vertebral canal, and continues as the filum ter-
minale far beyond the sacral canal, within the caudal canal.
The filum terminale consists of supporting nervous cells
called glial cells.

The spinal cord is surrounded and protected by menin-
ges with the same names as those for the brain (pia mater,
arachnoid, and dura mater).

On a transverse section (Figure 6.39), the spinal cord
shows an H- or butterfly-shaped grey matter surrounded
by white matter, and the central canal. The grey matter is
organized into three symmetrical horns (dorsal, middle,
and ventral) and the white matter into three symmetrical
columns (dorsal, middle, and ventral). The dorsal horns
and columns are sensory, the ventral horns and columns
are motor, the lateral horns are related to the autonomic
nervous system, and the lateral columns are both some
sensory and some motor.

The Peripheral Nervous System

The peripheral nervous system is represented by the cranial
nerves, the spinal nerves, and the autonomic nervous
system. Its function is to send stimuli to the central nervous
system, and to send orders from the central nervous system
to the effectors.

THE CRANIAL NERVES

Some of the cranial nerves (CN) are sensory, some of them
motor, and the others are mixed. The sensory nerves bring
information from the sense organs to the brain to be pro-
cessed into sensations (CN I, II, and VIII). Five cranial
nerves are purely motor (CN IIL, IV, VI, XI, and XII). The
remaining four cranial nerves are mixed (CN V, VII, IX,
and X). Four pairs of cranial nerves have, in addition,
parasympathetic fibers (CN III, VII, IX, and X). The origin
of the sensory nerves is inside of specific organs (olfactory
mucosa of the nasal cavity, the retina, and the vestibulo-
cochlear organ within the inner ear). The origins of the
other cranial nerves are in the brain. The cranial nerves
supply all of the structures of the head including most of
the head skin.

THE SPINAL NERVES

The nerves originating from the spinal cord are called
cervical, thoracic, etc., spinal nerves. They supply muscles,
joints, bones, skin, and other structures related to the body
wall and the limbs, except viscera and sense organs.

A spinal nerve originates by two roots, dorsal sensory,
and ventral motor. Each dorsal root is provided with a
spinal ganglion. The two roots join within the vertebral
canal and form the spinal nerve. Exiting the vertebral
canal, the spinal nerve sends four categories of branches:
dorsal, ventral, communicating, and meningeal. The dorsal
and ventral branches supply structures located dorsal to,
and ventral to, the vertebral column, respectively. The
communicating branch is part of the autonomic nervous
system, whereas the meningeal branch reenters the verte-
bral canal to supply the meninges. Both dorsal and ventral
branches are mixed, with sensory and motor fibers. One of
the most important spinal nerves is the phrenic nerve,
which supplies the diaphragm. It originates from some of
the last cervical spinal nerves.

THE AUTONOMIC NERVOUS SYSTEM

The autonomic nervous system consists of the sympathetic
and the parasympathetic nervous systems. They are pro-
vided with nerve fibers and ganglia (sing. ganglion). From
the origin to the ganglia, the fibers are called pregangli-
onic, and from the ganglia to the organ supplied they are
called postganglionic. As a rule, the sympathetic pregan-
glionic fibers are short, and the postganglionic are long.
The parasympathetic preganglionic fibers are long, and the
postganglionic are short. Two categories of ganglia are
associated with the sympathetic system: prevertebral and
paravertebral. The former are located ventral to the thora-
columbar vertebrae, whereas the latter are two symmetrical



Figure 6.37 The encephalon: A. Median aspect; B. Lateral aspect.
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Figure 6.38 The encephalon: A. Ventral aspect; B. Dorsal aspect.

dorsal horn
A B
central canal dorsal column
lateral column
lateral horn
grey matter
. ventral column
white matter ventral horn

Figure 6.39 Transverse section through the spinal cord A. Cervical region; B. Thoracic region.

ganglionic chains lateral to the thoracolumbar vertebrae. structures that are supplied, whereas the intramural are
Two categories of ganglia are associated with the parasym- located within the walls of the organs supplied.
pathetic system: juxtavisceral and intramural. The juxta- The autonomic nervous system is that part of the nervous

visceral ganglia are those located in the vicinity of  system that regulates and controls the visceral activity and
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the activity of other structures that do not fall under the
voluntary control. In general, the sympathetic and the para-
sympathetic systems are antagonistic.

The sympathetic nervous system originates from the
thoracolumbar spinal cord, and is associated with sympa-
thetic ganglia. Viscera of the thoracic, abdominal, and
pelvic cavity, as well as the iris of the eye, the muscles of
hair follicles, the arterial tree, all smooth muscles, the
cardiac muscle, and the glands are supplied by the sympa-
thetic system.

The parasympathetic nervous system is polarized into
the brain and the sacral spinal cord. Nuclei in the brain and
ganglia outside of the brain cavity supply organs of the
head via the CN II1, VII, IX, and X. The vagus nerve (CN
X) travels up the descending colon, supplying all thoracic
viscera (including the lungs and the heart) and all
the rest of the gastrointestinal tract (up to the descending
colon). The pelvic nerves originating from the sacral spinal
cord supply the descending colon, viscera within the pelvic
cavity, and some of the external genital organs. The nerves
form the pelvic plexus, which contains pelvic ganglia.

THE ENDOCRINE GLANDS

Ductless glands, the endocrine glands secrete hormones
into the bloodstream. Due to the participation in maintain-
ing the balance of the internal environment of the body, it
is sometimes described with the nervous system in the so-
called neuroendocrine system. The anatomy, physiology,
and pathology of the endocrine glands are altogether called
endocrinology. Detailed information about all of these
aspects can be found in endocrinology books.
There are three categories of endocrine glands/organs:

o the five typical endocrine glands (hypophysis, cerebral
epiphysis, thyroid, parathyroid, and adrenal glands)

o the organs that have endocrine and exocrine glands
(pancreas, testicles, ovaries, and placenta)

o the thymus

The hypophysis (or the pituitary gland) is part of the
diencephalon (see Figure 6.37), lies on the floor of the
brain cavity, and has three lobes: glandular, neural, and
intermediate. It hangs from the ventral aspect of the brain
by a funnel-shaped stalk called infundibulum. The hypoph-
ysis is also called the endocrine brain, because it functions
by governing the activity of the other endocrine glands
and many more structures by specific hormones. Some of
its hormones will be described in Chapter 7, Applied
Reproductive Physiology.

The cerebral epiphysis (or the pineal gland) is located
opposite to the hypophysis and is anchored above the third
ventricle (see Figure 6.37). The epiphysis is known for
producing melatonin, with an antigonadotrophic effect.

The thyroid gland is paired, consisting of two separate
lobes inconstantly connected by an isthmus. The gland lies
on the right and left lateral aspects of the first five to seven
tracheal rings, and the isthmus, when present, surrounds
the trachea ventrally. The thyroid hormones regulate
metabolism and growth.

The parathyroid glands, usually two on each side of the
trachea, are small structures located close to, or embedded
within, the thyroid lobes. The parathyroid hormone
(parathormone) regulates various aspects of calcium
metabolism.

The adrenal glands, paired and small, lie against the
roof of the abdominal cavity, and close to the cranial pole
of the kidneys. A cortex and a medulla are evidently sepa-
rated from one another. The cortex produces the corticoid
hormones and some sex steroids. The medulla is develop-
mentally associated with the sympathetic nervous system
and produces the sympathetic transmitters epinephrine and
norepinephrine.

The thymus is a paired lymphoid organ extending from
the larynx to the caudal third of the neck. It continues as
an asymmetrical structure and enters the thoracic cavity in
the cranial mediastinum. The thymus has a lobulated
appearance. A cortex and a medulla can be isolated from
each other. The cervical part of the thymus is unpaired in
the lower neck and is connected with the thoracic part. The
cervical part regresses rapidly and disappears, whereas the
thoracic part can last up to 5 years. It is well developed in
young animals and plays a distinct role in the immune
system (see The Immune System).

THE SENSE ORGANS

The eye, the ear, the olfactory organ, the gustatory organ,
and the touch organ (the Common Integument) are the
sense organs.

The Eye

The eye is the organ of vision, consisting of the eyeball
and the adnexa. Paired organs, the eyes are located and
protected within the bony orbits (Figure 6.40).

The eyeball (Figure 6.41) consists of three tunics and
the lens. From the external to the internal tunics, they are
the fibrous, the vascular, and the nervous tunics. Only a
small area of the major part of the fibrous tunics, the sclera,
can be seen from outside. It is an opaque structure, pierced
on the posterior end by numerous holes allowing the optic



6 / Functional Anatomy of the Goat 133

Figure 6.40 The
external structures
of the eye:

A. Frontal aspect of
the eye and
lacrimal apparatus;
B. Eyelids and the
eye.

nerve to exit the eyeball. The sclera continues anteriorly
with the transparent cornea, the first refractive media of
the eye for the light beams.

The vascular tunic (the uvea) consists of the choroid, the
ciliary body, and the iris. The choroid lines intimately the
sclera. At the sclero-corneal junction, the choroid contin-
ues with the ciliary body (ciliary muscle and processes).
The ciliary muscle is responsible for the accommodation
of the lens, whereas the ciliary processes produce the
aqueous humor. The iris is an incomplete vertical wall
between the cornea and the lens and is perforated by the
pupil. Thus, the iris separates the space between the
cornea and the lens into two chambers: the anterior and
the posterior chambers, which communicate with each
other through the pupil and are filled with the aqueous
humor.

The nervous tunic is represented by the retina. It lines
the choroid intimately and continues anteriorly with the
nonpigmented epithelium of the ciliary body. The retina
contains sensory cells (receptors) that send the visual
excitation via the optic nerve to the brain to be processed
into visual sensations. The beginning of the optic nerve
is the optic disc, which lacks receptors. In 15-20% of

goats only, minute blood vessels covered by pigmented
epithelium of the optic disc can be seen, an important
characteristic while looking at the fundus of the eye with
the ophthalmoscope.

The lens is an elastic round and biconvex transparent
structure, held in place by a ligament from the ciliary body.
The space between the lens and the retina is called the
vitreous chamber, filled with the vitreous body. The latter
is a transparent refractive medium, with the aspect of a
fresh egg albumen. Thus, the refractive media of the eye
are the cornea, the aqueous humor, the lens, and the vitre-
ous body.

The adnexa (the accessory organs) of the eye consist of
fasciae, muscles, vessels and nerves, eyelids, and the lac-
rimal apparatus.

The fasciae are tough connective tissue structures
enveloping the eyeball, muscles, vessels, and nerves, and
sending septa between muscles. The muscles move the eye
in all directions. There are straight and oblique muscles of
the eyeball and the levator of the upper lid. The vessels are
mainly provided by the external ophthalmic artery, whereas
the nerves belong to the optic nerve (CN II), to the oculo-
motor, trochlear, and abducent motor nerves (CN III, IV,



134 Goat Science and Production

Figure 6.41 Median section through the eye, magnification x3.8.

and VI), and to the olfactory and maxillary sensory nerves
of the trigeminal nerve (CN V). There are upper and lower
eyelids, and a third eyelid, the latter being a fold of the
conjunctiva. The conjunctiva lines the upper and lower

eyelids and covers part of the eyeball, up to the cornea.
The upper and lower eyelids are provided with a plate of
dense connective tissue, glands, and cilia (eyelashes). The
third eyelid has a T-shaped cartilaginous skeleton and an
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accessory lacrimal gland. The lacrimal apparatus consists
of the lacrimal gland, the lacrimal caruncle, the lacrimal
canals, the lacrimal sac, and the nasolacrimal duct. The
lacrimal gland is located dorsolateral to the eyeball, the
tears run toward the medial angle of the eye, where a little
elevation, the lacrimal caruncle, is located. Through two
lacrimal canaliculi, the tears are accumulated into the lac-
rimal sac; and from there through the nasolacrimal duct,
they exit on the floor of the nasal vestibule.

The Ear

The ear is the organ of hearing and equilibrium and consists
of three parts: the external, the middle, and the internal ear.

The external ear is represented by several structures, but
the only one that is externally visible is the auricle. The
position of the auricle in the goat is vertical. The auricles
are big (see Figure 6.40) and located under the horns. The
internal surface of the auricle is concave, called scapha,
and is provided with several irregularities.

The middle ear consists of the tympanic cavity, the
tympanic membrane, the auditory ossicles, and the audi-
tory tube. The tympanic cavity is sculpted within the tem-
poral bone. The tympanic membrane (the drum) separates
the external ear from the middle ear. It vibrates under the
various intensities and qualities of sounds, which are trans-
mitted to the internal ear via the auditory ossicles (malleus,
incus, stapes, and the little lenticular bone). The stapes
transmits the sound vibrations to the internal ear, whereas
the malleus is in contact with the drum. The middle ear is
connected with the nasopharynx by the pharyngotympanic
(auditory, eustachian) tube.

The internal ear is located in the temporal bone, in the
so-called osseous labyrinth. It converts the mechanical
stimuli of sounds, and the gravity and positional changes
of the body into nerve impulses. The impulses are trans-
mitted to the brain by means of the CN VIII (the vestibu-
locochlear nerve). Within the osseous labyrinth, the
membranous labyrinth is represented by ducts and cavities
filled with a fluid called endolymph. The space between
the osseous and the membranous labyrinth is filled by a
shock-absorbing fluid called perilymph. The saccule, the
utricle, the three semicircular ducts, and the cochlear duct
complete the membranous labyrinth.

The Olfactory Organ

The olfactory organ or the sense of smell is not very well
developed in the goat, a reason that this species is among
the large group of microsmatic animals (versus the dog, a

macrosmatic animal with an abnormally keen olfactory
sense). The olfactory organ has a chemical sense starting
from chemoreceptors located within the olfactory mucosa
of the dorso-caudal part of the nasal cavity. Neurosensory
olfactory cells (the chemoreceptors), sustentacular cells,
and basal cells are included in the olfactory epithelium.
For detailed information, please consult histology books
(for example, Eurell and Frappier, 2008).

The Gustatory Organ

The gustatory organ consists of taste buds located on the
surface of the tongue and pharynx. These buds send the
information to the brain where it is processed in sensations
of taste or gustation. The taste buds consist of taste cells,
which are the receptors. It is mandatory that in order to be
tasted, a substance must be dissoluble. The fungiform and
vallate papillae are gustatory. The taste buds on the surface
of fungiform papillae in the goat are abundant in compari-
son with the other ruminants. The taste buds of the vallate
papillae are located in the epithelium surrounding the
papillae. All taste buds have the role of perception. It is
known that the goat is able to discriminate bitter, sweet,
salty, and sour tastes (Smith and Sherman, 1994). Three
cranial nerves send the information to the brain, where it
is processed as the sense of taste. For details please consult
histology books as previously advised.

The Touch Organ (Common Integument)

The common integument including the skin and cutaneous
organs is very complex. It consists of epidermis, dermis,
hair, horns, pads, hooves, cutaneous glands, and mammary
glands. Some of these were already described. The cutane-
ous sense will be briefly described along with particular
hairs, cutaneous appendages, and cutaneous glands.

The sensory organs of the skin are receptors for tem-
perature, pressure, tension and pain, and they allow the
central nervous system to keep contact with the environ-
ment. The skin, therefore, is the organ of touch (Nickel
et al.,, 1981), but primarily, it functions as a protective
barrier against the environment.

The skin consists of three major layers: epidermis,
dermis (corium), and hypodermis. The epidermis is the
external layer of the skin, which becomes keratinized in
the horn of the hoof (see The Digital Organ), and the
external layer of the horn. The corium is thicker than the
epidermis. Skin glands (sweat and sebaceous) are located
in, and hairs originate from, the corium. The hypodermis
is the connective tissue layer connecting the skin to the
underlying structures.
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The sensory organ of the skin (the cutaneous sense)
consists of the specific sensory cells, which are the recep-
tors, and the sensory nerves whose influx reaches the
central nervous system. There the influx is transformed in
sensations. There are highly specialized pressure, touch,
pain, cold, and heat receptors.

The hair presents the bulb and the root implanted into
the dermis and the shaft that extends from the surface of
the skin. The invagination of the epidermis and connective
tissue enclosing the root of the hair is called the hair fol-
licle. Some hairs are associated with thin bundles of
muscles, which raise the hair (arrectores pillorum muscles),
and with sebaceous glands. The hair muscles are supplied
by the sympathetic nervous system. The sebaceous glands
located between the base of the tail and the anus produce
a typical waxy secretion. There are different and various
types of hairs, among them, the beard (see Figure 6.40),
which is specific to the goat. Accumulation of hair follicles
and sebaceous glands located in skinfolds caudomedial to
the base of the horns are called horn (scent) glands. They
are partially responsible for the characteristic odor of buck
goats in the breeding season. Nevertheless, much smaller
glands are found in female and in castrated male goats.
Interestingly enough, the goat does not possess tactile hairs
on the chin and cheek. The long fine wool of the Angora
goat is called mohair, whereas that of the Cashmere goat
is processed into cashmere wool (Frandson et al., 2003).

The tassel (wattle, or cervical appendix) is a symmetri-
cal cutaneous appendage on the latero-ventral surfaces of
the neck, close to the caudal border of the masseter
muscles, and contains a bar of cartilage (see Figure 6.40).
The presence of wattles is controlled by an autosomal-
dominant gene (Pugh, 2002).

THE IMMUNE SYSTEM

The immune system is an intricate complex of cellular,
molecular, and genetic components, strongly interrelated
for providing a defense against foreign organisms or sub-
stances and aberrant native cells (Nickel et al., 1981). The
defense is the so-called “immune response.” The foreign
organisms or substances constitute the “antigen,” and the
result of the reaction of the immune system is the produc-
tion of “antibodies”” A very specific reaction occurs
between the antigen and the antibodies, at the end of which
an “active immunity” is established. Also the active immu-
nity can be obtained by inoculation in a healthy organism
with an attenuated or killed antigen (vaccine). In an indi-
vidual already attacked by an antigen, specific antibodies
obtained from a donor (called antiserum) can be inoculated
and can act immediately against the antigen. This is the

so-called “passive immunity.”” Comparable to passive
immunization is the use of colostrum in the first several
days of the neonates. The colostrum contains antibodies
from the mother’s immune system. In all mammals, the
lymphatic system (which is part of the cardiovascular
system) is deeply involved in immune reactions. The
lymph nodes, the lymphatic structures in the mucous mem-
branes, thymus, spleen, and bone marrow are the structures
producing antibodies and immune reactions resisting the
action of the antigens. They all contribute to the defense
mechanism of the organism. Those lymphatic structures in
the mucous membranes are located in the pharynx, larynx,
intestine, prepuce, vagina, etc.

The immune system consists of diverse organs produc-
ing different types of antibodies and maintaining the integ-
rity of the body. The lymphocytes, macrophages, and other
“cells” possess immune properties. The thymus and the
bone marrow produce T- and B-lymphocytes, respectively,
which are later produced in the lymph nodes, spleen,
and tonsils. The macrophages belong to the reticulo-
endothelial system (in the reticular connective tissue) and
have the property of phagocytosis (inclusion of the antigen
into their cells and breaking it down) and storage (of
the phagocytized material). For details please consult
books describing the immunity and the immune system,
such as “Veterinary Immunology” by Tizard (2000)
and “Veterinary Immunology” by Outteridge (1985). Even
in the current texts, the caprine immune system is not
addressed directly.

SUMMARY

This chapter, Functional Anatomy of the Goat, was written
as basic knowledge. It covers the essential information to
start with, for any direction the reader will take to pursue
a professional education, to be enrolled in a graduate
school, or to start a research program. The anatomical
structures are described in a systemic and systematic order,
using the international anatomical nomenclature. For
details, different sources of information are suggested.

The 15 sections of this chapter cover the anatomy of the
goat in different proportions, based on the role (functional-
ity) of the anatomical structures. Thus, larger spaces are
attributed to the horn and digital organ; to the cardiovas-
cular, respiratory, digestive, and reproductive systems; to
the sense organs; and to the mammary gland.

The chapter is illustrated with a minimum of original
drawings. Additional figures may be seen in the cited lit-
erature (Constantinescu, 2001). The additional suggested
readings are provided for the reader to look for more
details.
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Applied Reproductive Physiology

J. Greyling, PhD

KEY TERMS

Puberty—age at which the female starts cycling and male produces sperm.

Seasonality—trait where animals show sexual activity during certain seasons of the year regulated by photoperiod.
Breeding season—when does and bucks are sexually active and bred to produce offspring.

Estrous cycle—the sexual cycle of the doe, from one estrous period to the next, and the period is on average 21 days.
Ovulation—the shedding of an ovum by a mature ovarian follicle.

Postpartum anestrous period—interval following kidding during which the doe shows no signs of estrus.
Synchronization—hormonal induction of estrus to occur within a limited period of time.

Multiple ovulation and embryo transfer—the induction of superovulation, flushing evaluation, and transfer of embryos

to recipients.

Accelerated kidding—when does are managed to breed three times in 2 years.
Dystocia—difficult births where assistance must be given.

OBJECTIVES

By completing this chapter, the reader will acquire knowledge on:

The reproductive potential of the goat

The seasonal sexual activity in the doe and buck

The pregnancy diagnosis in the female

INTRODUCTION

Roughly 95% of the 850 million goats in the world are
found in the developing countries of Asia, Africa, and
South America. These goats are multipurpose animals that
provide a vast range of products, including meat, milk,
skins (leather), and fiber; and for too long, the role of goats
and their contribution to the livelihoods of people have

The insight into the reproduction physiology of the male
The principles and the application of certain reproductive technologies in the doe

139

The principles and reproductive physiology involved in applied reproduction of goats
The different physiological stages in the doe and factors that play a role

The most important aspects to be considered in a goat reproduction program

been ignored (Peacock et al., 2005). In recent years, the
demand for goat products has also increased in the devel-
oped countries, accompanied by the number of commercial
goat farmers. As reproduction can be seen as the corner-
stone in any animal production chain, its importance
cannot be overemphasized. This is also relevant to the
goat. Thus, to help exploit the restricted goat resources
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and help alleviate the demand for animal protein via human
consumption, it is essential to increase the reproduction
efficiency (conception, fecundity, and kidding rate) also in
goats (Greyling, 1988).

The level of reproductive performance depends on the
interaction between genetic and environmental factors, but
it is particularly susceptible to the influence of the latter.
These factors include nutrition, ambient temperature,
stocking density, age groups, etc. Although goat breeds
have an excellent ability to accommodate and adapt to
fluctuations in environment, this often involves some
degree of reproductive failure (Riera, 1982; Zarazaga
et al., 2005).

Reproductive efficiency in does is determined by
many different processes. These processes include the
length of the breeding season, cyclic activity, ovulation
rate, fertilization rate, the postpartum anestrous period,
growth, and viability of the offspring. The reproductive
efficiency as such is then measured and expressed in terms
of kidding rate, kidding interval, weight of kids born or
weaned, or length of the reproductive life of the dam
(Greyling, 1988). With the goat’s general hardiness, high
fecundity, good mothering ability, and extended breeding
season, this specie is an ideal candidate for applied or
manipulated reproduction physiology to, among others,
increase the reproduction efficiency (Devendra and Burns,
1983).

However, to manipulate the reproductive efficiency of
the female goat using accelerated breeding techniques such
as artificial insemination (Al), synchronization, and super-
ovulation or multiple ovulation and embryo transfer
(MOET), a thorough knowledge of the hormonal status
and physiology of this animal is essential. The reproduc-
tive physiology must be seen in conjunction with the func-
tional anatomy for reproduction addressed in Chapter 6.

PUBERTY

Female

One of the first factors important in determining lifetime
production performance in the goat is puberty. Puberty
occurs as a consequence of the activation of the gonado-
trophin surge mechanism by the positive (stimulatory)
feedback action of oestradiol on the hypothalamus. In
the female, puberty is defined as the stage when the doe
starts and exhibits regular cyclic estrous activity. So for
example, some of the information on puberty relates to
body weight and age of the doe at first standing estrus. It
must be kept in mind that many of the endocrine mecha-

nisms leading to ovulation and first estrus are capable of
operating long before they are called upon to function
(Greyling, 2000; Zarazaga et al., 2005).

Generally, breeding in does should be delayed until the
animal has attained 60-70% of its mature body weight.
Angora goats should weigh a minimum of 27 kg, while the
larger dairy goat breeds should weigh between 35 and 45 kg
before breeding. These weights must however not be con-
fused with the weight at puberty. There is good evidence
of inadequate nutrition (besides retarding growth rate)
having adverse effects on pituitary function and hence
gonadotrophin (sex hormone) secretion in the immature
animal. Once a critical body weight is reached, differences
in live weight have little influence on the time of onset at
puberty. In most goat breeds, the does are pubertal between
5 and 7 months of age (Smith, 1980; Jainudeen et al., 2000).

The potential for improved reproductive efficiency
increases as the age at first kidding decreases, but manage-
ment practices are often introduced to delay mating for
full development of the female, to increase the conception
rate, the frequency of multiple births, and to assure the
survivability of the offspring. It is important to realize that
climate, nutrition, and the presence of the male are factors
that could modify the age at puberty in the doe. There is
also ample evidence to indicate that seasonality is an
important factor in the attainment of puberty in goat
kids (male and female). The onset of cyclic activity is
usually stimulated during the season of shortening days
and its termination occurs during the lengthening (photo-
period) days. The presence of the buck, besides modifying
the age of puberty in the goat, also influences estrous
behavior, with some degree of synchronization of estrus.
There may be two distinct physiological actions involved
in the presence of males, namely a neurohormonal action,
which advances the preovulatory discharge of LH, and a
solely neural action, which gives rise to the “male effect”
(Riera, 1982; Chemineau et al., 1992; Gordon, 1997;
Bukar et al., 2000).

The mean body weight at first estrus or puberty for Boer
goat female kids born in January (summer) and August
(late winter) is 31.3kg and 27.4kg, respectively, while that
in the Saanen is 30.0kg for animals born in March/April
(spring). The mean age at puberty in Boer goat does born
during late winter and midsummer was recorded as 191.1
and 157.2 days, respectively. Kids weaned in autumn
(during the natural breeding season) generally exhibited
estrus significantly earlier than animals weaned outside the
natural breeding season. It would thus seem as if season is
one of the main cues for initiating the onset of puberty.
The age at the onset of puberty in the Boer goat compares
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well and in fact is sooner than in most other goat breeds,
for example the Saanen (217.9 days), Angora (240 days),
Black Bengal (196.5 days), and Barbari Nannies (213
days). From the estrous response (percentage does exhibit-
ing estrus) obtained, it is evident that the permanent pres-
ence of the male has a marked beneficial effect on animals
exhibiting estrus or puberty in- and outside the natural
breeding season. Research regarding puberty in the buck
however is generally very sparse (Amoah and Bryant,
1984; Greyling and Van Niekerk, 1990b; Papachristoforou
et al., 2000).

Male

In the buck, the onset of puberty is associated with a sig-
nificant increase in testosterone production and subsequent
spermatogenesis. This phenomenon occurs at 4—6 months
of age. Factors that affect the onset of puberty include
photoperiod and nutrition. Sexual maturity (when bucks
can be used for breeding) is generally at approximately 18
months of age (60—80kg, depending on the breed).

Both internal and external cues affect time of puberty,
and it is difficult to isolate a single factor involved in the
attainment of puberty. Generally a sequence of events is
involved in the process of sexual maturation and an inter-
action possibly exists between the male effect, seasonality,
and nutrition (Greyling, 1996; Nishimura et al., 2000;
Todini et al., 2007).

SEASONALITY AND THE BREEDING SEASON

Regarding the breeding season, different climatic factors
(such as temperature and photoperiod) regulate the physi-
ological response. The length of the breeding season as
such is primarily the result of genetic and environmental
interactions. The breeding season commences as the day-
light length becomes shorter. There is evidence to indicate
that in some species the pineal gland, through its secretion
of melatonin, is involved in mediating the effects of pho-
toperiod on gonadal function. Melatonin levels are high
during the dark periods and low during light periods. There
is also evidence to suggest that the premaxillary area of
the hypothalamus is an important target for melatonin to
regulate the reproductive activity (Hunter, 1980; Zarazaga
et al., 2005).

Breeds differ in their length of the breeding season. For
example, the Angora doe has a short breeding season,
varying between 94 days (or 4—7 estrous cycles) and
117 £ 3.5 days. Proper management of the introduction of
the buck can be used to slightly hasten the onset of the
breeding season and also synchronize estrus among the
does involved. It would appear as if the Boer goat is sea-

sonally polyestrous, though periods of complete anestrus
are not observed. The pattern of the seasonal occurrence
of the animal sexual activity for the adult Boer goat doe
and the female Boer goat kid (aged 5—17 months) is very
similar. The peak of sexual activity occurs during autumn
or the period of short daylight length, while the period of
lowest sexual activity occurs from late spring to midsum-
mer (see Figure 7.1). The mean number of estrous periods
per annum per doe recorded for the Boer goat is quoted as
being 11.7 + 4.4 (approximately 280 days). One buck per
35-40 does is recommended when flock mating is imple-
mented, and it is important to endeavor to mate the young
maiden does separately from the mature does (Devendra
and Burns, 1983; Restall, 1992; Ahmed et al., 1997; Rivera
et al., 2003).

Generally the male does not exhibit such a pronounced
mating season, although there is a tendency for decreasing
photoperiod (daylight length) to stimulate follicle stimulat-
ing hormone (FSH), luteinizing hormone (LH) secretion,
and testosterone production. Certain buck breeds tend to
be more sensitive to daylight length and thus be more
seasonal, for example, the Angora (Greyling and
Grobbelaar, 1983; Barkawi et al.,, 2006; Todini et al.,
2007).

PHYSIOLOGY OF THE
FEMALE REPRODUCTION

The Estrous Cycle

The normal cyclic doe undergoes a repeated secretion of
steroid sex hormones that influences both the reproductive
tract and the animals’ sexual behavior. The period of
estrous behavior, when the female shows characteristic
sexual behavior in the presence of the male, is the only
period when physical mating is allowed. Ovulation or the
shedding of the ovum occurs at the end or shortly prior to
the end of the period of estrus and is usually taken as a
reference point for the description of the estrous cycle. In
any event, it is the period of estrus itself that is of greatest
concern to the farmer (especially when implementing arti-
ficial insemination [AI]). Recognition of this receptive
period relies on overt signs in the presence of other animals
(Hunter, 1980; Greyling and Van Niekerk, 1987).
Currently little is known of the sequence of endocrine
events during follicular and luteal development in the goat
during the estrous cycle. The mean plasma progesterone
concentration on the day of estrus is extremely low (0.2
nanograms per milliliter [ng/ml]), after which the concen-
tration increases to a maximum of approximately 4 ng/ml
at about day 10 of the 21-day estrous cycle, and decreases
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Figure 7.1 The mean annual sexual
activity and body weight of mature Boer
goat does (Greyling, 1988).

rapidly during the last 3 days of the cycle. A consistency
in the interval between peak LH release (preovulatory
surge) and ovulation has been recorded to be approxi-
mately 24 hours confirming the importance of the role of
LH in the ovulatory mechanism.

The duration of the estrous cycle in goats has been
reviewed. It is evident that extreme variation exists, from
cycles as short as 3 days to cycles as long as 62 days. The
majority of estrous cycles, however, are 19-21 days in
length. Data indicate that short cycles observed early in the
goat-breeding season are predominantly anovulatory and
associated with preovulatory LH peaks of markedly
reduced magnitude. The duration of the estrous cycle in
the mature doe has been set at 20.7 + 0.7 days, with a high
incidence of short (13 days) and long (25 days) estrous
cycles. A certain proportion of the short cycles can be
related to the season of the year and time interval postpar-
tum. Oestrous cycles in goats have been categorized into
short, medium, and long cycles, at a frequency of 19.7%,
68.8%, and 11.5% and a mean duration of 6.4, 19.8, and
37.5 days for each category, respectively. The phenome-
non of short cycles observed is of interest, and these short
cycles are associated with the formation of short-lived
corpora lutea.

The duration of the estrous period also appears variable
(2448 hours) in length. Great care should be exercised

when evaluating data reporting on the length of the estrous
period because of the techniques used to detect estrus and
the frequency at which it is measured. Literature is abun-
dant on information regarding the duration of estrus in
different goat breeds, different countries, seasons of the
year, months, etc. For example, estrous cycles and periods
were found to be significantly shorter during periods of the
year with extreme cold-dry and hot-wet periods. The dura-
tion of the estrous period of the Angora doe was found to
be shorter at the onset and end of the breeding season,
compared to the peak months of sexual activity (autumn,
May to July). The most common duration of estrous
periods in goats is reported to be 36 hours, with a variation
ranging from 22—60 hours. The natural duration of estrus
in the Angora doe is quoted as 33.4 hours, compared to
that of the Boer goat doe of 37.4 hours (Riera, 1982,
Greyling, 1988; Jainudeen et al., 2000).

The “male effect” is prominent in does that have been
isolated from males, for example with the introduction of
bucks during the transitional period (time from the anes-
trous to the breeding season). The ovarian response of
anovular does is stimulated by an androgen-dependent
pheromone secretion of the buck. It is generally accepted
that the “male effect” is responsible for the acceleration of
the occurrence of estrus and could also have an influence
in shortening the duration of the estrous period in the doe
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Table 7.1 Ovarian activity and ovulation rate 26, 32, and 38 hours following the onset of estrus in
does during the breeding season.
Time following the onset of estrus

26h 32h 38h
No. of does 15 10 15
Mean (£SD) body weight of does (kg) 495+ 12.8 472+ 14.6 492+ 143
Mean (£SD) weight (total) of ovaries (g) 4.17+2.0 3.82 +1.49 391147
Mean number of follicles/doe > 0 (£SD) 8.15+3.5 9.5t4.1 13.1+£5.0
Mean (£SD) size of follicles/group (mm) 42423 42420 37£1.5
Mean (£SD) number of ovulations/doe ovulated 1.0£0.0 1.0%* 1.87 £ 0.92
% does ovulated/does in estrus 133 10.0 86.7

*one observation only
Source: Greyling, 1988.

(Chemineau, 1983; Kassem et al., 1989; Chemineau et al., Table 7.2 Mean (+SE) reproductive traits in
1992). Damascus does under semiarid conditions.
Time of Ovulation and Ovulation Rate Parameter
The doe is a spontaneous ovulator, ovulating near the end Estrous cycle length (d) 19.5+0.58
of estrus. Ovulation rate as such refers to the number of  Gestation length (d) 1494 + 0.35
eggs or ova liberated from the ovary at a given estrous Litter size 1.74 + 0.1
period, with the time of ovulation being very important Birth weight (kg) 216 +0.1
especially in Al programs and even with natural mating. First service conception (%) 64.2
Ovulation in does is generally reported as occurring a few Fertility (%) 70.0
hours after the termination of standing estrus or toward the Kid mortalities to weaning (%) 234

end of estrus (24—36 hours after the onset of estrus) so that
the processes of mating and ovulation are synchronized
(Table 7.1). For successful fertilization, the timing of these
two processes is critical. It has been shown that the
maximum number of follicles ovulating is at approxi-
mately 48 hours after the onset of estrus in Black Bengal
nanny goats. The mean ovulation rate recorded in Boer
goat does was 1.72 = 0.9 ovulations per doe (ranging
between 1 and 4 ovulations per doe). This is higher than
the ovulation rate of 1.43 quoted for Barbari nannies, the
1.2 for Angora does, and the 1.28 in Norwegian goats,
while being substantially lower than the 4.0 quoted for
Black Bengal nanny goats. Ovulation rate is normally
reflected by the kidding rate (prolificacy) and as can be
expected, there is considerable variation in the kidding
rates among the different goat breeds. Among the environ-
mental factors influencing ovulation rate, season and the
level of nutrition are the most important (Table 7.2).
Generally ovulation rates are higher early in the natural
breeding season than later, but factors such as body size,
body weight and condition, and genotype may also con-
tribute to an increase in ovulation rate (Greyling, 1988;
Gordon, 1997; Jainudeen et al., 2000).

Source: Shalaby et al., 2000.

The Gestation Period

The gestation period in farm animals is usually defined as
the period of time from conception to parturition. The
gestation period in goats is normally 149 days, varying
between 144 and 150.8 days. There are a variety of factors,
which could influence the gestation period. These include
season of the year, parity, age of the dam, sex, and number
of offspring at birth. The mean gestation length in the Boer
goat is set at 148.2 3.7 days, consistent with other reports
on goats. Heredity plays an important role in determining
gestation length, and the genotype of the fetus accounts for
almost two-thirds of the variation in gestation length. For
example, male kids are carried longer than female kids,
spring-born kids longer than fall-born kids, and singles
longer than twins. The effect of nutrition on fetal develop-
ment during certain months of pregnancy does tend to
shorten or lengthen the gestation period, but the variation
due to this factor is only 1.5 days. If periods as short as
this are considered to represent real differences in gesta-
tion length, then the discrepancy that exists in determining
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Table 7.3 The effect of season on semen production and motility for the different collection
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techniques in Boer and Angora goat bucks.

Artificial vagina

Electrical stimulation

Boer goat Boer goat Angora goat

Mean

monthly Semen Motility Semen Motility Semen Motility
Month Temp. °C volume (ml) (1-5) volume (ml) (1-5) volume (ml) (1-5)
Jan 20.8 1.54£0.78 2.77£0.93 3.56£2.32 2.29£0.99 1.86 £ 0.64 3.19+1.19
Feb 19.0 1.52 £+ 0.73 3.73+0.52 2.89 £2.28 2.13£1.36 1.68 £ 1.37 3.63 £0.88
Mar 17.4 1.31 £0.46 346 £0.78 1.78 £0.30 2.80 £ 1.01 1.33 £0.43 3.20+0.71
Apr 16.6 1.73 £0.75 3.42 £ 0.51 1.89 £0.97 2.36£0.75 1.54 £0.78 3.13+£0.95
May 12.4 1.50 £ 0.68 3.65+0.34 1.62 £1.05 2.17£0.82 1.83 £0.85 3.38£0.48
Jun 9.4 1.53£0.54 2.83£0.88 1.46 £ 0.59 1.65£0.71 1.46 £ 0.46 3.00 £0.78
Jul 10.4 2.03 £ 1.21 196 £0.72  2.78 £ 1.60 1.75 £ 0.85 1.87 £ 1.00 2.94+£0.78
Aug 18.7 1.60 £ 0.30 2.69 £ 0.46 1.50 £ 0.67 1.75 £ 1.08 1.75 £ 0.79 242 £ 1.66
Sept 15.3 1.20 £0.30 2.75+£1.06 2.40%1.02 2.31+£0.37 1.40 £0.82 2.06 £1.24
Oct 19.3 1.56 £ 0.84 2.04£099 3.05%+1.17 1.50 £ 0.89 1.25£0.54 3.69 £ 0.46
Nov 18.3 1.52 £0.57 3.38£0.83 3.05+£1.35 2.00£0.93 1.88 £1.06 3.13+1.30
Dec 19.9 1.73 £ 0.51 3.14+0.82  3.82+2.01 2.05+0.98 1.69 £ 0.54 3.45+0.86
Mean 16.46 1.56 2.99 2.48 2.06 1.63 3.10

Source: Greyling and Grobbelaar, 1983.

the onset of gestation becomes important (Table 7.3).
Nutritional management is important during gestation for
the maintenance of the nutritional status of the dam (with
body condition score being an indicator) and also for
meeting the needs of the developing fetus(es). It is known
that approximately 70% of fetal growth occurs during the
last trimester of pregnancy (Greyling, 1988; Jainudeen
et al., 2000).

In the goat, it would seem as if there is a slight time lapse
prior to stimulation of the corpus luteum to maintain preg-
nancy. A response of major biological significance to the
presence of a developing embryo in the uterus is the pro-
longation of the lifespan of the corpus luteum with a con-
tinuing secretion of progesterone. This is referred to (and
somewhat misleading) as the conversion of the corpus
luteum of the estrous cycle into one of pregnancy, but no
dramatic form of conversion occurs. The physiological
events are more concerned with the prevention of regres-
sion of the corpus luteum, although the synthesis of pro-
gesterone by the luteal structures may increase after this
critical stage is passed because of the luteotrophic influence
of the embryo and its membranes and also trophic hormone
secretion by the anterior pituitary gland. It is a known fact
that in the goat, the corpus luteum is essential for the main-
tenance of pregnancy throughout gestation, contrary to the

ewe where the corpus luteum is essential only during the
first 3 months of pregnancy. It does seem as if the caprine
placental production of progesterone is small, and it would
be unlikely to influence the level of this hormone in the
maternal circulation. In does bearing twins, a substantial
rise in the serum progesterone is noted during the last
weeks of pregnancy, which could suggest the caprine pla-
centa produces small but detectable amounts of progester-
one. Insufficient evidence of any dramatic increase in
serum progesterone concentration above the levels attained
during the luteal phase of the estrous cycle suggests the
corpus luteum as being the main source of progesterone
(Hunter, 1980). A positive relationship between multiple
pregnancies and maternal serum progesterone levels has
not been observed. Serum LH data demonstrate that lutein-
izing hormone (LH) levels in the Boer goat during preg-
nancy are not static but fluctuate apparently at random,
relatively low levels. This is consistent with evidence that
the physiological levels of progesterone (which is high
during gestation) decrease the frequency of the LH peaks.
The mean serum LH concentration was found to be
1.3 £0.6ng/ml during the luteal phase of the estrous cycle,
compared to 0.4 £ 1.2ng/ml throughout pregnancy in the
goat. Among Boer goats under extensive production
systems in South Africa, a kidding percentage of 180% is
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common, with triplets being common. The percentage of
singletons, twins, triplets, and quadruplets in goats are
quoted as being 24.5, 59.2, 15.3, and 1%, respectively
(Gall, 1981; Greyling, 1988; Hafez and Hafez, 2000).

Postpartum Anestrous Period

An important aspect in the reproduction chain is the post-
partum anestrus period. This interval between parturition
and the first postpartum estrus determines how soon after
parturition conception can possibly occur. The mean post
partum anestrous period is quoted as being 56.0 £ 5.1 days
and 452 * 5.8 days in primiparous and biparous
Barbari does, compared to duration of 55.5 + 24.9 days in
the Boer goat. This interval varies between breeds, nutri-
tional regimes, and lactational status of the female.
Reducing the suckling intensity may result in an earlier
return to estrus and a greater percentage of does rebreeding
within 60 days postpartum. A significant lower conception
rate (19.1%) at an early postpartum estrus (15-30 days)
was observed in goats, compared to does exhibiting estrus
later (66.7-87.5% conception). No significant differences
in the postpartum anestrous period between does bearing
singletons, twin, triplets, or quadruplets have been
recorded, although suckling as such exerts an inhibitory
effect upon the synthesis and/or release of LH during the
postpartum period. Season of kidding could also affect the
postpartum interval to first estrus. The postpartum anes-
trous periods for does kidding in autumn (breeding season)
is quoted as being significantly shorter (37.3 £ 12.5 versus
59.9 + 18.0 days, respectively), when compared to does
kidding in spring (nonbreeding season). The stimulatory
effect of the presence of the male (pheromones) in the
postpartum doe is a factor not to be ignored when deter-
mining or manipulating the interval from parturition to first
estrus (Riera, 1982; Chemineau, 1983; Torres-Acosta
et al., 1996; Hafez and Hafez, 2000).

PHYSIOLOGY OF THE
MALE REPRODUCTION

The neuro-endocrine control of testicular function is
similar to that observed in the female. Briefly it can be said
that FSH (spermatogenesis stimulating hormone [SSH])
and LH (interstitial cell stimulating hormone [ICSH]) in
the male are the two gonadotrophic hormones mainly
responsible for spermatogenesis in the seminiferous
tubules and testosterone production in the cells of Leydig,
respectively. Generally the photoperiodic control of sexual
activity in the buck is less pronounced than in the doe.
Some researchers allege that semen production (and not so

much semen quality) is affected by seasonal changes. This,
however, is not always the case. It was found that semen
motility tended to be lower from June to October (onset
winter to midspring) for the Boer goat and Angora goat in
South Africa. Spermatogenesis or the formation of sperm
is generally a lengthy process, taking approximately 50 to
60 days (from spermatogonia to sperm formation) and
involving different stages (spermatocytogenesis and sper-
miogenesis) in the seminiferous tubules. When spermato-
genesis is completed, the sperm move to the epididymis
where they mature for 2—3 weeks. Thus, for mature, viable
sperm to be produced, it takes from 60-80 days. In the
event of temporary sterility (for example, due to fever fol-
lowing blue tongue vaccination), the time required for
complete spermatogenesis must be kept in mind if optimal
fertilization is to be obtained (Greyling and Grobbelaar,
1983, 1988; Jainudeen et al., 2000; Salamon and Maxwell,
2000).

The technique of semen collection is also an aspect to
be noted when determining semen quality (Table 7.3 and
Table 7.4). It is accepted that sperm motility and the per-
centage of live sperm determine the quality of the semen.
The density or concentration of an ejaculate and the per-
centage of live sperm were found to be higher in semen
collected by means of the artificial vagina. However, the
final and most important criterion in the evaluation of
semen quality lies in the fertilizing capacity of the sperm
(Greyling and Grobbelaar, 1983; Karagiannidis et al.,
1999; Barkawi et al., 2006).

CARE AND MANAGEMENT OF THE BUCK

The importance of the buck in the whole breeding program
is not to be underestimated. Although only actively used
for approximately 6 weeks in a flock mating system or
intensively for a week or two when used in an artificial
insemination program, the buck has to be well managed.

From weaning at 3 months of age, following the neces-
sary dosing for tapeworm and vaccinations as recom-
mended by the veterinarian, males should be maintained
on an above-maintenance energy diet. The average body
weight of Boer goat bucks at 100 days of age (weaning)
is 27kg and the body weight at 12, 18, 24, and 36 months
of age is 55kg, 75kg, 88kg, and 115kg, respectively.
Acceptable body conformation, size, and appearance are
prerequisites when used for breeding. Because goats are
predominantly browsers (70%), they can efficiently use
bushes and shrubs and in time of shortages or droughts be
nutritionally supplemented to maintain an acceptable body
condition (even if not used for breeding).
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Table 7.4 Least squares means (+SE) of physical semen characteristics in Zaraibi bucks as affected

by season of the year.

Traits Season

Number of Autumn Winter Spring Summer

animals 10 9 8 8 Mean

SC (cm)' 25.4 ++ 0.22° 25+ 0.25° 26.2 +0.34° 273 £0.27° 259 +£014
Volume (ml) 0.98 =+ 0.03° 0.56 £ 0.03¢ 0.35 +0.05¢ 0.91 £0.03° 0.75 £ 0.02
Concentration (x10%ml) 4,700 ++ 10.1° 5288 £ 12.7° 4,903 + 18.4° 4,783 £ 9.9° 5,072 £ 5.48
Total output (x10°) 4,565 £ 15.6° 3,013 +19.1° 1,791 + 28.6° 4,429 £ 15.4° 3,782 +£9.17
pH 6.69 +0.03° 6.68 £0.03° 6.79 +0.04° 6.79 = 0.03° 6.72 £ 0.01
Gross motility 4.3 £0.08° 4.3 +£0.09° 3.7+0.13° 4.3 £0.08 4.2 +0.04
Progressive motility (%) 79.5 £ 1.37° 80.3 + 1.68° 73.1+2.5° 81.2 +1.35° 78.9 £ 0.69
Live (%) 82.5+0.83° 77.2 £1.02° 76.4 £ 1.5° 87.2 £0.82° 81.8 £0.45
Abnormality (%) 8.8 +0.46° 18.3 £ 0.56° 17.9 + .84° 11.4 £0.46° 13.5+0.29
Semen index (x10°)? 3,152 £13.2° 1,982 +16.2° 1,139 £ 24.1°¢ 3,354 £ 13.0° 2,630 £ 7.63

+bedWithin columns, different superscript letters (a—d) are different (P < 0.01).

ISC, scrotal circumference

2Semen index = semen volume X concentration X live (%) X progressive motility (%)

Source: Barkawi et al., 2006.

Table 7.5 Correlation coefficients of semen characteristics with testicular measurements and live

weight in Rayini goats.

Scrotal circumference

Testis width Testis length Live weight

Semen volume 0.85%** 0.79%* 0.51 0.73%*
Sperm concentration 0.32 0.36 0.54* 0.35
Percent live sperm 0.13 0.10 —-0.04 0.01
Percent abnormal sperm -0.16 —-0.16 -0.15 0.01
Total sperm number 0.86%** 0.83%** 0.63* 0.76%*
Number of live sperm 0.71%%* 0.66%* 0.45 0.61*
Number of live and normal sperm 0.75%** 0.72%* 0.52 0.63*

*P < 0.05

**P < 0.01

***P < 0.001

Source: Zamiri et al., 2006.

In general, bucks should be maintained in a good body
condition according to body condition scores (BCS)
throughout the year (3 out of a score of 5). From 2-3 weeks
prior to the mating season, bucks will benefit from the
supplementary feeding of concentrates (energy) also
known as flush feeding (300 g/goat/day). All required
annual vaccinations should be administered at least 6
weeks before the intended breeding season and the hooves
trimmed to facilitate easy walking and mating ability.
During the rainy season, foot dipping to prevent foot rot

is recommended every 3—4 weeks. Dosing for internal
parasites should also be implemented 1-2 weeks prior to
mating. Undoubtedly the most important routine evalua-
tion in bucks to be performed prior to mating is testing for
fertility (semen and scrotal consistency) and sexually
transmitted diseases (brucellosis). These tests are per-
formed preferably within 30 days of the breeding season
(Table 7.5) (Smith, 1980; Gall, 1981; Devendra and Burns,
1983; Bath and De Wet, 2000).
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APPLIED REPRODUCTIVE TECHNOLOGIES

Introduction

The active interest in the control of ovulation, Al, and
embryo transfer in farm animals, and in this case, the goat,
revolves around the improvement of reproduction effi-
ciency, genetic improvement, and the output potential of
these animals. Thus, for the last 4 decades, researchers have
examined the possibility of employing hormones and dif-
ferent techniques in the control of estrus and the improved
reproductive performance in farm animals. Controlled
breeding in goats may imply breeding the animals after the
end of the normal anestrous period. It may mean breeding
females to permit a compact kidding season. It may mean
breeding does with top quality bucks by AL It may also
mean a rapid buildup of a superior flock by embryo transfer
or the early diagnosis of pregnancy to increase reproduc-
tion efficiency. Reproduction efficiency as such is one of
the main factors that determines the overall productivity
of an animal. It also determines the rate of expansion of
the flock (for selection purposes), the number of excess
stock for sale, and the eventual availability of meat and
milk for human consumption (Holtz, 2005).

The manipulation of the estrous cycle in the doe involves
two alternative approaches, either (1) removing or reduc-
ing the effect of the corpus luteum (CL) on the estrous
cycle or (2) suppressing follicular development by an arti-
ficially extended luteal phase. Suppression of follicular
development can be achieved by the use of progesterone
or its analogues, while luteolysis of the CL can be achieved
by implementing prostaglandin F,,. If the time of estrus or
ovulation is controlled, it would obviate the need for fre-
quent detection of estrus and permit fixed-time artificial
insemination and a compact kidding season (Robinson,
1976; Boshoft, 1980).

One of the most exciting developments in controlled
breeding of farm animals is the use of embryo transfer.
Superovulation of does and the subsequent recovery and
transfer of embryos to appropriately synchronized recipi-
ents has been proven to be an effective means of increasing
the contribution of outstanding females to the gene pool of
a specific specie and decreasing the generation interval.
This technique is now used in practice commercially, with
millions of embryos being transported worldwide. The
number of superior offspring that a doe can produce can
also be greatly increased by this technique (Van der Nest,
1997; Greyling et al., 2002; Holtz, 2005).

Early pregnancy diagnosis (PD) in goats is a manage-
ment tool that has the distinct advantages of identifying
infertile animals and can be used to adjust a fodder flow

program (for pregnant animals with multiple fetuses),
while also preventing the slaughter of pregnant animals
and facilitating the management program. The main pre-
requisites in using the technique of pregnancy diagnosis in
goats are that it must be accurate, relatively inexpensive,
repeatable, and practical (Wildeus, 1999).

Synchronization of Estrus in Does

Seasonality in the reproduction activity limits the repro-
ductive rate of the doe, and manipulation of reproduction
could increase the frequency of breeding per year and the
litter size in the specie. The effective synchronization of
estrus and control of ovulation by means of intravaginal
progestagen and/or injections of prostaglandin has been
employed in goats. This modification of the ovarian cycle
has been based on the hypothesis that maximum fertility
potential depends on a finely balanced endocrine relation-
ship (Greyling and Van Niekerk, 1986, 1990b; Greyling
and Van der Nest, 2000).

Although sheep have shorter estrous cycles (16—17
days) than goats (21 days), an increase in the treatment
period of intravaginal progestagen sponges from 12 to 18
days has no significant effect on the estrous response,
follicular activity, and ovulation rate. Fertility levels fol-
lowing intravaginal progestagen sponges (fluorogestone
acetate [FGA]) in goats favor a longer rather than a shorter
treatment period (16 days and longer). The shorter treat-
ment with progestagen generally leads to a delayed induc-
tion of the onset of estrus. However, when using a
prostaglandin F,, treatment at this intravaginal progesta-
gen treatment withdrawal, complete luteolysis can be
achieved with acceptable synchronization -efficiency.
Furthermore, administration of pregnant mare serum
gonadotrophin (PMSG) or equine chorionic gonadotrophin
(eCQ) at intravaginal sponge withdrawal is necessary to
enhance fertility following Al at a fixed time, by inducing
a more compact synchronization of estrus. Ovulation in the
goat following synchronization generally occurs between
27 and 31 hours following the onset of estrus, or 6.5 hours
prior to the end of the estrous period. The ovulation rate
per doe following synchronization quoted in the literature
varies between 4.0 in the Black Bengal nanny goat, 1.72
in the Boer goat, 1.2 in the Angora, and 1.4 in Barbari
goats. The mean interval from intravaginal sponge with-
drawal to the onset of estrus in Boer goat does is 58.4 £22.7
hours, compared to 62.6 £ 19.1 hours for Boer goats syn-
chronized with prostaglandin. The mean duration of the
induced estrous period (30.6 + 6.8 hours) was also found
to be shorter than that of the natural estrous period
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Table 7.6 The time of ovulation, ovulation rate, follicular activity, and mean serum progesterone
concentrations at the onset of estrus in Boer goat does, following treatment with progestagen.

Duration of progestagen treatment (days)

Item 14 16 18

Time of ovulation relative to onset of estrus (h) 30.8 £ 2.8 29.6 £7.2 33.6+ 104 298+2.4

Range (h) 26.0 —32.8 26.0 —42.5 26.0 — 48.5 25.5-325

Mean ovulation rate (No. of ovulations/doe ovulating) 1.4+09 1.51£0.6 1.4£0.6 1.25+0.5

No. follicles >0.2 cm at time of ovulation 5714 5.1+2.0 49+ 1.7 5.8+ 1.6

Mean serum progesterone concentration at onset of 0.38 £0.14 0.39+0.13 0.36 £ 0.06 0.37 £ 0.07
estrus (ng/ml)

Does ovulating per does showing estrus (%) 62.5 57.1 80.0

Note: Values in the body of the table are mean + S.D.
Source: Greyling, 1988.

(37.4 £ 8.6h) of the doe. The serum progesterone levels
throughout the induced estrous period have been shown to
vary between 0.31 and 1.4ng/ml, and the plasma LH
surges occurring after the administration of exogenous
progesterone have been shown to be lower than those
occurring during unsynchronized LH surges. Subnormal
circulating LH levels could be associated with lower fertil-
ity. The position of the preovulatory LH surge (indication
of ovulation) and amplitude relative to the onset of the
induced estrus was found not to be significantly affected
by the synchronization of estrus. These are all aspects to
keep in mind when using controlled breeding in goats
(Table 7.6) (Corteel et al., 1988; Gordon, 1983, 1997;
Greyling and Van der Nest, 2000).

The administration or route of administration of eCG
(FSH) has no significant effect on the estrous response of
goats, during the breeding season. A low dose of eCG
(3751U), however, does result in a more predictable and
precise synchronization of estrus. Outside the natural
breeding season, the use of eCG is recommended. The
route of PMSG administration seemingly has a minor
impact on the time to estrus, although there is a tendency
for goats treated intramuscularly to have a more compact
and faster estrous response, compared to those injected
eCG subcutaneously. The duration of the induced estrous
period tends to be significantly longer following the exog-
enous administration of FSH due to a possible elevated
plasma oestrogen level following follicular stimulation.
The effect of this prolonged estrous period on fertility is
unsure. eCG treatment in some cases may cause problems
in sperm transport and sperm survival and hence possible
reduced fertility (Table 7.7) (Greyling and Van Niekerk,
1990a).

The proof of successful synchronization in goats lies in
the conception rate obtained. Factors affecting the effi-
ciency of synchronization, and hence the fertility results
obtained, include the dose of intravaginal progestagen
(perhaps the most important), time relationship between
the induced estrous and the preovulatory LH surge, body
condition of the does, season, age of the doe, and parity.
There is speculation that the amount of steroid actually
released from the intravaginal sponge and the uniformity
of the release over the treatment period is more important
than the actual dose impregnated in the sponge (Table 7.8).
Conception rates (Al 48 and 60 hours following sponge
withdrawal) of 70 and 80% have been reported in indige-
nous SA feral and Boer goats, respectively, when using
different progestagen doses. In both the smaller indigenous
(mean body weight 24.7 + 4.8kg) and larger (mean body
weight 54.7 + 6.8kg) Boer goat does, halved medroxy
acetate progesterone (MAP) sponges were as efficient as
whole 60 mg MAP intravaginal sponges in the synchroni-
zation of estrus (Gordon, 1997; Greyling and Van der Nest,
2000; Motlomelo, 2000).

Estrus in goats can also be efficiently synchronized
when using two injections of prostaglandin (inside the
natural breeding season) 11-14 days apart. Prostaglandin
causes luteal regression between days 5 and 16 of the
estrous cycle in the doe. CLs outside this stage of the cycle
are not always sensitive to prostaglandin, the so-called
refractory period. Synchronization with two injections of
prostaglandin outside the normal breeding season leads to
poor estrous responses and very low conception rates indi-
cating that prostaglandin is only effective in the active
breeding season and with an active corpus luteum present.
The use of a short progestagen treatment (8 days) followed
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Table 7.7 Effect of different synchronization techniques on the reproductive performance of Boer
goat does outside the natural breeding season.

5001IU eCG No eCG
Item Sponges  Sponges plus PGF  PGF plus PGF  Sponges  Sponges plus PGF  PGF plus PGF
Number of does 15 15 10 15 15 15
Conception rate %  73.3° 66.7 0 53.3¢ 60.0° 6.7°
Kidding rate % 146.7¢ 166.7 0 106.7° 126.7 13.3°
Fecundity 2.0 2.5° 0 2.0° 2.11° 2.0

“®Means in the same row, with the same superscript indicate no significant difference.
Source: Greyling, 1988.

Table 7.8 The mean (+SE) estrous response of does following MGA
or FGA treatment to synchronize estrus.

Treatment (X £ SEM)

Variables MGA (n=12) FGA (n=12)
Time to estrus (h) 86.7 £ 3.9* 444 £1.5°
Time to LH peak (h) 100.5 + 2.4¢ 59.7 2.4
Withdrawal to ovulation (h) 126.8 £ 3.2° 82.1 +1.6¢
Estrus to LH peak (h) 149+ 1.8° 153+0.9°
Estrus to ovulation (h) 40.1 £2.3° 37.6 £ 0.5°
LH peak to ovulation (h) 262+ 1.1¢ 224 +0.8¢
Peak LH concentration (ng/ml) 19.8 £2.9° 22.3+3.2¢

Note: Values in a row with different superscript letters (a—d) are
significantly different (P < 0.05).

MGA = Melengestrol acetate; FGA = Fluorogestone acetate.

Source: Martinez Alvarez et al., 2007.

by a single prostaglandin injection is a technique that gives
acceptable conception rates (66.7%) in goats, inside and
outside the natural breeding season (Table 7.8) (Greyling
and Van Niekerk, 1986; Haresign, 1978).

It would thus seem as if especially intravaginal proges-
tagen sponge synchronization (with eCG) programs (as
used in sheep) achieve acceptable high estrous responses
and conception rates in goats and can be used as tools in
the reproductive management of goat does, especially in
combination with Al (Greyling and Van der Nest, 2000;
Motlomelo et al., 2002).

Al in the Doe

The primary purpose of artificial insemination (Al) in
goats is to make optimum use of bucks of exceptional
quality, thereby accelerating genetic progress. By using
this method of breeding, it is possible to impregnate 400

does with semen from a single buck within 3 weeks, com-
pared with 3050 does per buck in a conventional mating
system.

The technique of artificial insemination involves obtain-
ing semen from the male artificially and the application of
live part volumes of the semen to a number of does.

The collection and handling of semen with AI must be
seen as an interference with the normal, natural process,
and it can be deleterious to the semen. The aim must
therefore always be to simulate natural conditions as
closely as possible. However, it must be emphasized that
Al is not a cure for infertility.

Following collection of the semen (preferably with the
aid of an artificial vagina), Al in brief, involves the deposi-
tion of the evaluated semen (0.05ml undiluted or 0.1 ml
diluted) in the mouth of the cervix at a fixed time (minimum
of 50-60 x 10° sperm/insemination dose) 48 and 60 hours
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following sponge withdrawal or a single insemination 54
hours following sponge withdrawal. Only semen with a
motility score of 3 (out of a scale of 5) and above is suit-
able for use in an Al program.

In conclusion, it can thus be said that the success of an
Al program depends exclusively on the care and accuracy
with which it is applied. Moreover, fertility results that
vary between 60 and 90% are common when fresh semen
is used. Correctly applied, Al can only be beneficial to the
goat industry worldwide (Evans and Maxwell, 1987,
Greyling and Grobbelaar, 1988; Wildeus, 1999; Hafez and
Hafez, 2000).

Multiple Ovulation and Embryo Transfer (MOET)
in Goats

One of the most exciting developments in the reproduction
of farm animals is embryo transfer, the so-called second
generation reproductive biotechnology, after artificial
insemination (Al). The successful transfer of embryos is
largely dependent on the selection of acceptable donor and
recipient does. Generally more inferior does in terms of
genetic traits are used as surrogate females. However,
these recipient animals should still be fertile, show good
mothering ability, and produce adequate milk for sustain-
ing their young. Survival of the transferred embryos is
maximized if the recipients are synchronized to show
estrus on the same day or one day after the donor.

The major problem in the use of MOET is the variable
ovulatory response to superovulation in the donor animals.
The superovulation rates in goats can vary from 1-18
ovulations, depending on the dosage and type of exoge-
nous hormones used. These ranges may, however, also be
influenced by several factors, including season of treat-
ment, body condition of the doe or plane of nutrition, and
method of breeding. Genetic effects, age, and type of
gonadotrophin agents used may also contribute to this
variation in ovarian response (Warnes et al., 1982). Embryo
recovery rates have improved over the years, and with the
development of laparoscopy, it has now become possible
to collect embryos from the same female donor repeatedly,
with the minimum complication of adhesions. Repeated
hormonal superstimulation on the same individual has,
however, been reported to lead to a decreased ovarian
response due to an immune response by the donor
(Lehloenya, 2008).

The superovulatory treatment of does aims at producing
the maximum number of viable oocytes within one estrous
period. The most commonly used gonadotrophins in
embryo transfer programs are eCG (PMSG) or FSH.
Experiments using eCG (long half-life) have generally

resulted in low ovulation rates and were accompanied by
the occurrence of a high number of large unovulated fol-
licles. Later studies revealed an increased ovulation rate,
ova recovery rate, and number of transferable embryos that
could be obtained using pure FSH. Trials on the superovu-
latory response in goats to these exogenous gonadotro-
phins revealed an ovulatory response per doe of 16.6 for
pFSH and 11.7 for PMSG or eCG. Factors affecting the
superovulatory response also include individual variation
in terms of response within a specie and seasonality (Table
7.9 and Table 7.10) (Van der Nest, 1997; Hafez and Hafez,
2000).

Fertilization in superovulated does (donors) can be
achieved by using three methods, namely natural mating,
cervical insemination, or intrauterine (laparoscopic)
insemination. In goats, the technique of laparoscopy is
usually implemented for intrauterine insemination because
it yields a very high fertilization rate with lower insemina-
tion doses (36 to 48 hours following intravaginal proges-
tagen removal) being required.

Generally surgical flushing of embryos in goats is per-
formed 67 days following Al The flushings are collected,
the embryos recovered and examined, and then evaluated.
Prior to flushing, the number of CL on each ovary serves
as an indication of the ovulation rate and the possible
number of embryos that could possibly be recovered. A
recovery rate of 80% and more is acceptable in the retrieval
of embryos (Warnes et al., 1982; Greyling et al., 2002).
Only high quality embryos (Grades or Classes I and II) are
generally used for fresh embryo transfer to synchronized
recipients within 5 hours of flushing (Table 7.11). Embryos
at this stage of development postestrus include the follow-
ing developmental stages: (1) compact morula, (2) early
blastocyst, or (3) expanded blastocyst with no signs of
degeneration, protruding cells, or vacuolization of the
blastomeres. Recipients responding to synchronization
(showing estrus) receive two embryos by laparoscopy (one
per uterine horn). The kidding performance of recipients
and the survival of embryos has a major effect on the
profitability and success of any embryo transfer program.
A pregnancy rate of 60% and higher is acceptable in a
MOET program with goats. The overall ovulation rate,
embryo recovery rate, and pregnancy rates obtained in
goats demonstrates MOET as an effective and acceptable
accelerated breeding technique (Table 7.12) (Holtz, 2005;
Melican and Gavin, 2008).

Accelerated Kidding

With most goats (with maybe the exception of the Angora
doe), being polyestrous and having an extended breeding
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Table 7.9 The superovulation response, embryo recovery rate, and pregnancy rate in Boer and
indigenous feral goats following superovulation and embryo transfer.

Boer goats Indigenous goats
Donor Recipient Donor Recipient

Number of animals 8 20 16 40
Total number of CLs (ovulations) 70° 60° 205° 67"
CL/doe in estrus 18° 15°
Embryos recovered (%) 94¢ 80*
Classes I and II embryos (%) 97° 64°
Number of unfertilized ova (%) 2% (2.9) 2% (1.0)

Does pregnant (%)

“®Within rows, means with same superscripts are not significantly different at 0.05 level.

Source: Greyling et al., 2002.

Table 7.10 Mean (+SD) estrous response, onset
and duration of the induced estrous period in
Boer goat does superovulated with pFSH
(control) or pFSH/GnRHa protocols.

Estrous  Time to Duration
response  estrus of estrus
Treatment* N (%) (h) (h)
pFSH (control) 11 100 30,6 £9.1 182+3.7
pFSH/GnRHa 11 100 31.1 £ 8.8 18.9+4.0

*No significant differences
pFSH, porcine FSH; GnRHa, GnRH analog.
Source: Lehloenya, 2008.

season, the proposition of accelerated kidding (three times
in 2 years) is a definite option. The kidding season must
be selected to fit in with the period when feed is most
plentiful, under intensive conditions with above average
management, then kidding can occur every 7—8 months.
However, in this practice, there are certain prerequisites
like high level of nutrition throughout, early weaning (+2
months of age), and early reconception (within 90 days of
kidding). With accelerated breeding, the kidding rate
(number of kids born per does mated) can be increased to
well over 200% per year. Factors to be kept in mind when
implementing such a practice are that during certain
seasons the nutrition of the goats needs to be supple-
mented, and artificial breeding (synchronization and Al)
during at least one of the cycles may be necessary. The
Boer goat among others is one of the leading meat goats
worldwide that lends itself excellently to such an acceler-
ated kidding program (Erasmus, 2000; Malan, 2000).

Table 7.11 Embryo grading for goats prior to
transfer or cryopreservation.

Grade/class 1 Embryos morphologically intact and
compact with morulae or blastocyst

Embryos (morulae to blastocyst) with
minor morphological deviations (few
extruded blastomeres)

Embryos (morulae to blastocyst) with
an uneven cell organization, loose
structures, and numerous free
blastomeres

Embryos at 8-cell stage or embryos
earlier (little or no cleavage)

Grade/class 2

Grade/class 3

Degenerate

Source: Lehloenya, 2008.

Pregnancy Diagnosis in the Doe

Early detection of pregnancy in the doe has not only the
advantage of identifying nonpregnant females, but money
can be saved on feed costs (supplementary feed), and non-
pregnant does can immediately be remated or culled. By
the identification of multiple births, feed and grazing can
also be used more efficiently.

Ultrasonic scanning or sonography by means of the
sonar is a practical, inexpensive, and accurate means of
diagnosing pregnancy in goats. In practice, it is recom-
mended that does be scanned at approximately 6 weeks
following mating. Scanning in small stock is the most
accurate when performed between 42 and 100 days of
gestation. Besides the use of the abdominal probe where
does can be scanned in a standing position, a rectal probe
is currently also available. This probe provides a better
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Table 7.12 Mean (+SE) ovulation rate (OR), total (TEMB) and

freezable (FEMB) embryos, fertilization rate (FR), freezability rate
(FRR), ova recovery rate (RR) and embryo recovery rate (ERR), in
ewes treated with two FSH' preparations.

Total (n = 34) oFSH (n = 16) pFSH (n = 18)
OR 8.0%6.2 9.3+ 1.6° 6.8 +1.5°
TEMB 50£5.0 7.1+1.3° 3.1+1.2°
FEMN 42151 59+1.3° 2.6+ 1.2°
Total (n = 26) oFSH (n = 16) pFSH (n = 10)
FR (%) 92.5+22.0 94.6 £5.5° 89.2 £ 6.7°
Total (n = 26) oFSH (n = 16) pFSH (n =9)
FRR (%) 68.2 +40.0 66.4 +10.2° 71.6 £ 13.5°
Total (n = 34) oFSH (n = 16) pFSH (n = 18)
RR (%) 60 £ 30 80 + 10%%** 30 & 100
ERR (%) 50 £30 80 + 10%** 30 & 100

Means in the same rows with different superscripts (a—b) differ significantly

(*P < 0.05 or ***P < 0.001).

'oFSH, ovine FSH; pFSH, porcine FSH.

Source: Bettencourt et al., 2008.

image, and pregnancy can be diagnosed from 20-30
days postmating. An aspect to keep in mind is that the
larger the fetus, the more difficult it is to determine the
presence of multiple births. The fact that 60-70% of
fetal growth takes place during the last trimester of gesta-
tion makes the strategic nutritional supplementation during
this period in pregnant animals very important. By identi-
fication and the strategic feeding of the pregnant does, a
higher birth weight of the kids (and higher survival rate)
can be practically assured, as well as increased milk pro-
duction by the dam (higher ADG by the kids) (Schutte
et al., 1986).

Other techniques (although less practical and sometimes
less accurate) for the diagnosis of pregnancy are also avail-
able. These include radiographic techniques (X-rays),
ultrasonic techniques (fetal pulse detection, rectal Doppler
probe), rectal-abdominal palpation, progesterone and hor-
monal tests, vaginal biopsies, and immunological tests.
Even laparoscopy can be used as a technique to determine
pregnancy in goats. The prerequisite of the technique used
is the practical ease of application and cost involved.

Pregnancy diagnosis as a tool and aid in the efficient
reproduction management program of goats is an aspect
not to be underestimated—not only can time be saved, but
also money and the fodder flow program can be managed
accordingly (Holtz, 2005).

APPLIED REPRODUCTION
MANAGEMENT IN GOATS

Good, efficient reproduction management is a prerequisite
for any successful and profitable small stock enterprise. By
the implementation of a few basic practices, the overall
efficiency of the goat herd can be increased notably. By
the implementation of an effective health and nutritional
program through breeding, gestation, lactation, and the
postpartum period of the doe, the production of viable
offspring can be practically guaranteed. Generally this
reproduction performance is measured in terms of the
kidding rate or weaning rate. There are, however, certain
critical management areas that warrant highlighting. These
briefly include aspects covered in the following sections
(Devendra and Burns, 1983; Schutte et al., 1986; Bath and
De Wet, 2000).

Recordkeeping

The keeping of reliable records is an integral part of an
effective reproduction management program. It is the only
means of recording the performance of the herd, while
monitoring progress. Certain parameters warrant record-
ing, and these include mating dates, kidding dates, birth
weights of the kids (and sex of the kids) and where natural
mating is used, buck fertility, mating ability, and libido of
the bucks.



7 / Applied Reproductive Physiology 153

Herd Health Management

A healthy animal is generally productive and one that
normally performs well in terms of growth, reproduction,
and lactation. The aim of any health program must be to
be proactive, and any effective health program starts with
the goat kids. If suppressed in growth at an early stage, it
is reflected later in the animal’s productive life.

Nutritional Management

The efficiency of nutritional management (regarding repro-
duction) is normally reflected by the body condition of the
animal, an indication of the nutritional status of the animal.
Nutrient intake influences the body reserves and is related
to the reproductive performance of the animal. A balance
should be maintained between the overfeeding of energy,
which is related to a lower conception rate, abortions, and
retained placentas, and underfeeding of energy, which in
turn could be related to problems of delayed puberty, lower
semen production, the occurrence of silent heats, decreased
libido, and irregular estrous cycles. The strategic feeding
of breeding animals is important in that nutritional flushing
of energy 3 weeks prior to mating could have a dramatic
effect on ovulation and conception rate, while nutrition
during pregnancy is crucial, because 70% of fetal growth
occurs during the last trimester of pregnancy.

Pregnancy Diagnosis

The diagnosis of pregnancy is not only a managerial tool
in terms of determining the reproduction efficiency of the
herd, but also in determining the fodder flow program in
terms of does with singletons, twins, triplets, or those that
are not pregnant. Much time and money can be saved by
the timely use of this practice. Currently sonography
(abdominal 6—7 weeks or rectal 4-5 weeks after breeding)
is the standard procedure for determining pregnancy and
multiple births in goats.

Mating

Timing of a restricted breeding season (preferably in the
natural breeding season) of approximately 6 weeks is
crucial, with breeding delayed in maiden does until the
animal has attained 60-75% of its mature body weight.
The availability of adequate nutrition is essential during
and prior to the breeding season and also during the kidding
season.

Dystocia

Difficult births are generally not a problem experienced in
goats and can be controlled and manipulated by a manage-
rial program. The main factors generally contributing to

this phenomenon are kid size, body condition, frame size,
and litter size.

Buck Soundness

An effective managerial program would not be complete
without the evaluation of the male. Reproductive aspects
such as libido, semen quality, body condition, and health
need to be constantly monitored. In the case of temporary
sterility (irrespective of the cause), a period of 60-70 days
must be allowed for the buck to once again produce mature,
viable, and fertile sperm. Make sure that the buck suites
your breeding goals. Look at the performance records and
breeding history of the animal.

SUMMARY

The goat is a hardy (adapted to arid conditions), fertile,
and versatile (milk, fiber, meat, skins) animal with a gener-
ally extended breeding season. By using controlled breed-
ing practices, goat’s reproductive and genetic potential can
be exploited to the fullest. The goat with its excellent
reproductive qualities (high fecundity) and low mainte-
nance requirements also makes it an ideal animal for the
rural small-scale farmer in serving as a source of animal
protein. Under intensive feeding conditions and acceler-
ated breeding practices, very high kidding rates are feasi-
ble. With an average daily gain of 160-220g reported
under intensive production systems, goat meat production
as such is also a viable proposition.
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KEY TERMS

Fermentation—microbial conversion of substrates into acids and gases under anaerobic (oxygen-free) conditions.

Rumination—the process of regurgitation, re-mastication, re-insalivation, and re-swallowing of feeds, specific to and
characteristic of ruminants.

Digestion—mechanical, chemical, and enzymatic breakdown of food nutrients within the gastrointestinal (GI) tract.

Absorption—passage of nutrients from intestinal lumen into the intestinal wall (epithelium) usually followed by

passage into the blood.
Required nutrients—nutrients needed to sustain life.

Digestive disorders—diseases resulting from dysfunction of the GI tract.

Prehension—capacity to grasp food for consumption.
Mastication—chewing food to reduce particle size.

Salivation—production of saliva that lubricates ingested foods for swallowing and assists in food digestion.
Ionophores—polyether antibiotics that modify microbial fermentation in the rumen.

OBJECTIVES

By completing this chapter, the reader will acquire knowledge on:

Animal classification based on feed choice

Work of digestion by goats

The role of microorganisms in ruminant digestion
Digestion by preruminant (young) kids

Ruminal dysfunction

Nutrients required within a goat’s diet

INTRODUCTION

The gastrointestinal (GI) tract of domestic animals differs,
and this difference is related to their preference for and use
of dietary components. Animals are classified into three
groups based on their diet type. Herbivores are animals
that have a digestive system adapted to eat and digest
fibrous plant materials; carnivores are animals with a
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digestive system adapted to digest meat and meat compo-
nents; and omnivores are those with a digestive system
adapted to consume a mixture of plant and animal matter.

As a ruminant, the adult goat can consume and digest
fibrous plant materials and therefore is classified as an
herbivore. Other ruminants include cattle, sheep, deer,
elk, and many other wild ruminant species. These all are
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even-toed ungulates from the suborder Ruminantia of the
mammal order Artiodactyla (meaning an even number of
toes). Among the ungulates, ruminants are the most numer-
ous, widespread, and diverse grass-eating mammals. Of
about 250 known genera, 68 still exist, of which 4 (cattle,
sheep, goat, and bison) are widely domesticated agricul-
tural species (Leek, 1993b). The ecological success of this
group can be attributed to predigestive fermentation. This
microbial fermentation process results in catabolism of
fibrous plant cell walls (including cellulose) into energy-
rich fermentation acids, release of nutrients enclosed
within plant cells, and synthesis of microbial protein from
nutrients recycled to the rumen such as nonprotein nitro-
gen (urea) and phosphorus. In addition, the fermentation
process yields vitamin K and B complex vitamins provided
there are adequate precursors (cobalt for B,,; sulfur for
thiamin and biotin) for synthesis.

The term “ruminant” reflects the capacity of an animal to
ruminate (chew their cud). Anatomically, ruminants
possess a unique multicompartment (typically subdivided
histologically into three or four sections) fermentation vat
generally called the rumen (or the reticulo-rumen) anterior
to their gastric stomach. This nonsecretory forestomach
and associated organs are designed to support microbial
fermentation. Following fermentation, the digesta flows to
the ruminant’s secretory stomach and intestines for diges-
tion. Subsequent to the rumen, digestion generally parallels
that of nonruminant animals. The capacity for this microbi-
ally assisted digestion within the rumen permits herbivores
like goats to consume diets very rich in fibrous cell walls.
Generally, over half of the dry matter consumed will be
fermented to microbial products within the rumen reducing
the quantity of material that passes to the gastric stomach
(abomasum) for postruminal digestion. Anatomical and
physiological adaptations of ruminants are geared to pro-
viding a favorable ruminal environment for maintaining a
high degree of symbiosis between ruminal microorganisms
and the host ruminant. These alterations of their GI tract
permit ruminants to consume and digest feed resources of
much wider variety than nonruminants (Hofmann, 1988).

DIVERSITY OF RUMINANTS IN FEED TYPE

Ruminant species can be subdivided into classes based on
their ecological spectrum and feeding type (Hofmann,
1989). At one end of the spectrum are the very selective
feeders or concentrate selectors (CS) such as antelopes and
giraffes. This class consumes frequent meals that consist
of highly digestible nutrients, they ruminate frequently but
for short periods of time, and relative to other ruminants,
they have a small forestomach compartment. At the other

end of the spectrum are the coarse grazers or grass/rough-
age ecaters (GR) that include cattle and sheep. This class
can consume very large quantities of food because of their
large forestomach capacity that allows slow but efficient
fermentation of high fiber feeds. They eat intensively but
only a few times of the day, and they ruminate less fre-
quently but for longer periods than CS. Most agriculturally
important pasture species are readily consumed by the GR
group. Between these two classes are the intermediate
group/type eaters (IM) including goats. Within the IM
class, the goat is most similar to the CS class having a
relative small forestomach when compared to cattle, with
less capacity for fermentation of roughage. However, they
are extremely adaptable to different environments. When
given a choice, goats select and consume the less fibrous
portions of plants as well as shrubs and browse. But when
fed fibrous feeds and pasture, the volume of the forestom-
ach of goats will increase.

PREHENSION, MASTICATION, SALIVATION

Prehension

Grazing ruminants use both visual cues and taste when
selecting a diet. Ruminants will exhibit preferences for
certain plant parts and specific forage when grazing and
also may select and sort feed components when fed dried
forage (hay), but preferences can differ with feeding condi-
tions. Smell and taste appear responsible for selectivity or
“palatability” of a diet. Palatability is measured by allow-
ing animals to choose among various diets. Palatability
should not be confused with total feed consumption. When
animals are not given a choice among a more and a less
preferred feed, total dry matter consumption typically is
no greater for a feed that is more preferred in a “palat-
ability” study. Much remains to be learned about physical
and chemical factors that are responsible for differences in
food preference, diet sorting, and total dry matter intake.
Some results from preference trials are noted below. Cattle
and goats appear to recognize and have preference for a
sweet taste. Given a choice, cattle dislike a salty taste, but
goats prefer it mildly with pygmy goats having a higher
preference for salt (Goatcher and Church, 1970). Goats can
distinguish between bitter, sweet, salty, and sour tastes,
and are more tolerant than sheep and cattle to a bitter taste
(Bell, 1959). Goats enjoy a wide variety of plants that are
distasteful to other ruminants presumably because of their
greater tolerance to a bitter taste. Grazing goats prefer
grasses to legumes and clover over alfalfa (De Rosa et al.,
1997, 2002). Goats also show a preference for forage
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with higher available carbohydrate content (Burns et al.,
2001). Why goats prefer some feeds and avoid others is
not known, but they appear to have a preprogrammed
capacity to recognize nutrients and toxins (Euphagia)
and to consume certain plants because of their pleasant
smell and taste (Hedyphagia). In most cases, body mor-
phology and size may be determinant factors for food
preference. Goats have a smaller size, and thus prefer more
digestible and nutritious feeds. When grazing a tall-
standing forage, ruminants do not graze to ground level.
Presumably, this allows the grazer to keep their eyes above
the grazing horizon to be on the outlook for predators.
Consequently, grazing animals with a longer snout or with
eyes atop their head would have a selective advantage.

Mastication

The mouth is designed to harvest food, mechanically
reduce particle size, and mix it with saliva. Saliva is essen-
tial as a lubricant to facilitate swallowing. Goats have a
pointed tongue and jaws, mobile thin lips, and a deep
mouth. Grazed forage is gathered between the labial
surface of the lower incisor teeth and the upper dental pad
(ruminants lack upper incisors), and forward movement of
the muzzle cuts through the forage. Chewing of food is
irregular with variable amplitude. In contrast, during rumi-
nation, the cud is chewed more slowly and regularly.
Premolars and molar teeth aid in mastication. The upper
jaw is wider than the lower jaw, so lateral (circular) jaw
movement and the shape and spacing of the molar teeth
result in shredding of tough plant fibers.

Mastication results in particle size reduction to increase
in ports of entry for fermenting microorganisms. In addi-
tion, movements of teeth excite mechanoreceptors in the
mouth that provide stimuli for production of saliva by sali-
vary glands. Mouth movement also increases the rate and
amplitude of primary and secondary cycle contractions of
the reticulo-rumen. Feedstuffs that fail to promote chewing
(low particle size) result in reduced rumination, saliva
secretion, and forestomach motility.

Salivation

Although salivary production is relatively continuous,
volumes are greater when ruminants are eating and rumi-
nating. Daily saliva production averages 6—16 liters by
sheep and may be greater by goats. Saliva produced by
ruminants contains no enzymes, but it is particularly rich
in buffers (HCO; and HPO,); these account for its alkalin-
ity (pH = 8.1). Being swallowed, saliva aids in preventing
ruminal pH from becoming too low for microbial growth.
In the rumen, pH is maintained within a range (5.5-7.0)

ideal for microbial growth. The HPO; in saliva allows
phosphate to be recycled for rumen microorganisms to
synthesize nucleoproteins, phospholipids, and nucleotides.
Recycled urea, being up to 77% of total salivary nitrogen,
also provides ammonia for formation of microbial protein.
Urea, recycled in saliva, together with efficient kidney
renal tubular urea resorption, appears critical for survival
of ruminants consuming forage or feeds with very low
protein content (NRC, 2007; Leek, 1993a). In addition,
recycling of urea reduces water excretion; combined with
very efficient resorption of water by the large intestine,
which helps ruminants survive when the quantity or quality
of water is limited.

As browsing ruminants, goats have relatively large sali-
vary glands and higher rates of secretion than sheep. The
primary functions of saliva are to provide a copious and
continuous supply of alkaline buffers to counterbalance the
volatile fatty acids (VFA; primarily acetate, propionate,
and butyrate) produced during fermentation and to provide
an aqueous suspension for rumen solids. Secondary func-
tions of saliva include urea recycling as a source of non-
protein nitrogen (NPN) for microbial protein synthesis and
phosphate for synthesis of microbial nucleic acid and
membrane phospholipids. Saliva also acts as a wetting
agent for ingesta, provides an antifoaming agent to prevent
frothy bloat, and supplies proline-rich proteins that bind
and deactivate dietary tannins.

Saliva provides a medium for short-term adaptation to
changes in diet composition, namely, the presence of plant
secondary metabolites such as tannins. Salivary proteins
influence taste and digestive function. Proline-rich proteins
in saliva that bind tannins are present in saliva of browsers
but not grazers. Lamy et al. (2008) showed that protein
profiles of saliva in the 25-35 kiloDalton (kDa) range
differ between goat and sheep saliva (25-35kDa range).
Austin et al. (1989) reported that tannin-binding proteins
were present in the saliva of deer but not of sheep and
cattle. Hofmann et al. (2008) indicated that in ruminants,
the mass of salivary glands is correlated positively with
body mass but negatively correlated with the ratio of grass
to browse in the diet, perhaps reflecting the need for
complex salivary compounds, such as tannin-binding pro-
teins, by browsing ruminants. Silanikove (2000) confirmed
that the ratio of salivary gland mass to body size was high
for goats indicating their capacity to consume browse
plants.

FUNCTIONS OF RUMEN AND RETICULUM

The major physiological activities related to rumen and
reticulum will be addressed here. Readers are referred to
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Chapter 6 for more detailed descriptions of the functional
anatomy of these organs.

The reticulo-rumen is the primary site for fermentation
by diverse but specialized microbes. Rumen motility origi-
nates in the reticulo-rumen for the processes of rumination
and eructation. Environmental features unique for the
reticulo-rumen that prove useful for action of ruminal
microbes include (1) a reasonably isothermal environment
regulated by the homeothermic metabolism of the animal,
(2) constant influx of water and feeds, (3) a relatively
constant pH achieved through absorption of fermentation
acids and salivary buffers, and (4) removal of fermentation
end-products by absorption or passage.

Rumen Motility, Rumination, and Eructation

Powerful contractions by the reticulo-ruminal wall include
a primary cycle (a mixing cycle or “A” sequence) as well
as a secondary cycle (eructation cycle or “B” sequence).
Both are initiated by excitation of vagal nerve fiber recep-
tors distributed throughout the reticulum and rumen
regions. The primary cycle consists of a double contraction
of the reticulum followed by caudally moving contractions
of the dorsal ruminal sac and ventral ruminal sac. This
serves to pump ruminal fluids atop the floating raft in the
rumen allowing fluid to percolate through the raft remov-
ing small particles for removal from the rumen. The sec-
ondary cycle usually occurs at the end of alternate primary
cycles and consists of contractions of the caudoventral
ruminal blind sac, a cranially moving contraction of the
caudodorsal ruminal blind sac followed by the middorsal
ruminal sac and the ventral sac. At the end of this cycle,
the point where the esophagus enters the rumen is cleared
of liquid so that the headspace gas can escape. Compared
to motility before a meal, rate of motility often is doubled
during and after feeding. The motor activity responsible
for these contractions originates in the bilaterally paired
gastric centers in the medulla oblongata of the hindbrain.
Reticulo-ruminal motility is important for mixing of
digesta, rumination, particle size reduction through attri-
tion, eructation, and VFA absorption.

Two types of sensory receptor mechanisms are respon-
sible for the vagal nerve input: tension receptors and epi-
thelial/mucosal receptors. Tension receptors are located in
the muscle layers of all parts of the GI tract. They monitor
the tension present in the muscular wall imposed by
passive distension and thus may be responsible for limiting
intake of low quality feeds based on bulk or mass. The
epithelial receptors are located close to the luminal epithe-
lium of the forestomach whereas mucosal receptors are

located close to the luminal mucosa of the abomasum and
small intestine. These receptors are excited by both
mechanical and certain chemical stimuli and may be
responsible for chemostatic regulation of intake.

Ingested feed enters the reticulum through the cardia.
Heavy materials (stones, sand) may immediately drop to
the bottom of the reticulum and remain there. Less dense
and fibrous materials float high in the reticulum and cranial
sac of the rumen forming a raft of entangled particles.
Reticular and rumen contractions move ingested particles
caudally to join the fibrous raft in the rumen. Ruminal
contents, particularly the raft, are meshed, kneaded, and
slowly rotated with powerful rumen contractions. Soupy
material common to the reticulum, cranial sac, and ventral
sac is randomly pushed out of the reticulum to the omasum
and postruminal tract by reticulo-ruminal contractions
when the reticulo-omasal orifice is open.

The process of rumination includes four steps: regurgi-
tation, re-insalivation, re-mastication, and re-swallowing.
During regurgitation, a bolus of feed gathered near the
cardia area of the rumen is pulled back to the mouth, an
extrareticular contraction that precedes the usual biphasic
contraction and opening of the cardia with antiperistaltic
movement of the esophagus bringing the bolus to the
mouth. There, the bolus is re-chewed, mixed with addi-
tional saliva, and re-swallowed.

Much of the fermentation in the rumen occurs within
the fibrous raft. Rumen contractions persistently attempt to
break the raft and release the gases for removal via eructa-
tion (belching). During the secondary cycle, aided by con-
traction of the dorsal sac, gases are moved cranially into
the reticulum while the raft and fluids are pushed ventrally.
If and when the gas layer clears the cardia of its fluid,
eructation is evoked.

Fermentation

The primary sites of microbial fermentation within the
digestive tract of goats are the rumen and reticulum. The
host animal and the diverse population of microbes in a
symbiotic relationship ferment feeds yielding products that
are useful nutritionally. Microbes that inhabit the rumen
and reticulum, being provided with the unique anaerobic
environment by the host ruminant discussed above,
perform several functions: (1) fermentation of structural
(cellulose and hemicellulose) and nonstructural (sugars
and starch) carbohydrates into readily metabolized energy
sources such as volatile fatty acids, (2) conversion of non-
protein nitrogen from plants and metabolically recycled
urea to a high biological value microbial protein, (3) syn-
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thesis of vitamin K and most B complex vitamins, and (4)
conversion of metabolically recycled phosphate to micro-
bial nucleic acid and membrane phospholipids.

EFFECT OF DIET ON MICROBIAL FERMENTATION

The amount and composition of feed consumed can alter
the microbial population and distribution of types found in
the reticulo-rumen. Thus, diet can impact rate of digestion,
rate of passage, and retention time of digesta in the rumen.
Feeds rich in protein can alter the microbial populations to
predispose an animal to fermentation disturbances such as
ammonia toxicity or other toxins in the feeds. Diets rich
in protein stimulate growth of protein-digesting (proteo-
lytic) microorganisms. High fiber diets will increase the
proportion of cellulose digesting (cellulolytic) microor-
ganisms within the rumen, and high starch diets promote
growth of starch-digesting (amylolytic) microorganisms.
Diets rich in protein and starch (up to 80% concentrate
diets) are associated with higher fermentation rates, higher
digestibility of dry matter, and possibly improved intake.
However, diets that contain less than 15% roughage tend
to have a negative impact on fermentation and digestion
(Vieira et al., 2008) by goats. High concentrate diets lead
to greater production of fermentation acids in the reticulo-
rumen and place a greater load on rumen buffering system.
Goats like other ruminants have more tolerance to down-
ward than to upward shifts in rumen pH (Silanikove,
2000). Generally, methane-producing (methanogenic) and
cellulolytic microorganisms in the rumen are more sensi-
tive to lower rumen pH and have a reduced prevalence
under such conditions.

Nitrogen, sulfur, and essential minerals must be sup-
plied for optimum microbial fermentation in the reticulo-
rumen both for microbial growth and protein synthesis and
for fiber digestion. Saliva provides buffering via bicarbon-
ates of sodium and potassium. Through hydrolysis to
ammonia, salivary urea also provides buffering for rumen
contents. These components must be at optimum levels for
optimum rates of digestion and feed intake.

Passage rate of feed residues from the rumen is associ-
ated with the plant cell wall content of the diet, action of
microorganisms, and rate of particle size reduction. When
passage rate is high, more slowly available substrates such
as cellulose will escape ruminal digestion leading to a
lower extent of fiber digestion. Grinding or pelleting feeds
will increase passage rates of particles and thereby will
negatively impact fiber digestion relative to feeding long
particle forage. Because performance generally is propor-
tional to intake of digested dry matter, a compensatory

increase in feed intake may counterbalance this negative
impact on digestibility and lead to improvements in both
rate and efficiency of gain.

TYPES OF MICROORGANISMS IN THE RUMEN
Microorganisms in the rumen are either facultative or strict
anaerobes. A limited supply of oxygen can be tolerated so
long as it is actively removed by facultative anaerobes.
Because ruminal microbes are obligate anaerobes, inocula-
tion or cross-inoculation from one animal to another via
feed, saliva, or air is limited. Inoculation of protozoa can
be prevented by maintaining an animal in isolation, but
inoculation by bacteria is impossible to prevent. Fecal con-
tamination appears to be the major source of anaerobic
fungi in the reticulo-rumen.

Active fermentation in the reticulo-rumen requires semi-
continuous influx of substrates and a specialized group of
bacteria. Although the majority of rumen bacteria are obli-
gate anaerobes, some facultative anaerobes exist in the
rumen and may play roles in rumen dysfunction. Although
bacteria at some 10'° to 10'! bacteria per ml, can account
for about half of the rumen biomass, they are responsible
for most of the fermentation within the rumen. Larger
organisms (protozoa at 10* to 10%ml) can account for the
other half of the biomass in the rumen, but they play a
smaller but yet significant role. In addition, fungi can be
found within the rumen (Van Soest, 1994).

Bacteria within the reticulo-rumen are diverse and spe-
cialized according to the substrates used, the products
formed, or their nutrient requirements. The primary groups
of rumen bacteria are those that degrade diet components
while a secondary group will use end-products of the
primary groups as substrates. Functions within these
primary groups overlap considerably. The secondary
groups (more than 60% of the total) are very important for
adjusting fermentation output, providing growth factors
for the primary groups, and maximizing efficiency of fer-
mentation. Major primary bacterial and protozoan species
found in the rumen are shown in Figure 8.1.

FERMENTATION OF FIBER

The primary cellulolytic bacteria have the unusual capacity
of being able to hydrolyze the B1,4 linkages of plant poly-
saccharides and convert released cellobiose (2 glucose
units with a B1,4 linkage) and glucose into volatile
fatty acids (VFA) and a transient intermediate formate.
Cellulose and starch are converted to glucose, fructosans
to fructose, and hemicellulose and pectin to xylose, as
transient intermediates. These intermediates are converted
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Nonstructural Carbohydrate
Fermenters

Structural Carbohydrate
Fermenters

Bacteriodes ruminicola
Bacteriodes amylophilus
Selenomonas ruminantium
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Succinomonas amyloytica
Eubacteriumlimosum
Megasphaera elsdenii

Ruminococcus albus
Ruminococcus flavefaciens
Fibrobacter Succinogeneses

Butyrivibrio fibrisolvens
Eubacterium cellosolvens

Pectinolytic Species

Succinivibrio dextrinosolvens
Lachnospira multiparus

Organic Acid Fermenters

Megasphaera elsdenii

Proteolytic Species Veilonella alcalescens

Peptostreptococci sp.
Clostridia sp.

Hydrogen Utilizers
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Anaerovibrio lipolytica Vibrio Succinogenes
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Figure 8.2 Carbohydrate metabolism in the
rumen.

Major Rumen Protozoa

Holotrichs
Isotricha
Dasytricha
Entodiniomorphs
Entodinia
Epidinium
Ophryoscolex

Figure 8.1 Major rumen microorganisms,
bacteria and protozoa (adapted from Van Soest,
1994).

further anaerobically to phosphoenolpyruvate (PEP) and
pyruvate. Acetate and to a lesser extent butyrate and
formate (as a transient intermediate) originate from
pyruvate. Via B-OH butyrate, pyruvate yields butyrate.
Oxaloacetate and succinate serve as transient intermediates
leading to propionate while lactate and acrylate also yield
propionate. Propionate production via oxaloacetate to suc-
cinate is the most common pathway used by rumen bacte-
ria for producing propionate although production via
acrylate is a highly efficient pathway favored when animals
consume a high grain diet. Megasphaera elsdinii, a sec-
ondary fermenter, may be the main organism responsible
for this pathway. Methane, generated when acetate and
butyrate are formed, and propionate are products of sec-
ondary fermenters, and their production is important in
optimizing fermentation. Secondary methanogenic bacte-
ria convert formate to methane (Figure 8.2).

Cellulolytic bacteria generally have low metabolic rates
and higher generation intervals (18 hours). Fermentation
is slow and may require B vitamins, minerals, NH;, CO,,
branch chain fatty acids, and a proper pH (6.2—6.8). This
pH requirement matches the pH in the rumen of ruminants
fed forage-based diets. Small amounts of iso-acids are
required as growth factors for cellulolytic bacteria when
grown in culture. These iso-acids are isobutyrate, isovala-
rate, and 2-methylbutyrate that arise from deamination of
branched chain amino acids of valine, leucine, and isoleu-
cine, respectively. However, diet supplementation with
iso-acids is seldom needed because these acids are avail-
able due to crossfeeding from other bacteria and regularly
available from protein catabolism. The typical acetate:
propionate : butyrate ratio generated from fermentation
of cellulose fermentation is 70:15:10.

FERMENTATION OF STARCH

Primary amylolytic bacteria hydrolyze ol,4 and ol,6
linkages in starch (amylose and amylopectin) to form
maltose, isomaltose, and glucose and converting them to
VFA, metabolic acids (lactic acid), and formate as a
transient intermediate. Although substrates and bacterial
species differ, the fermentation pathways generally
are similar to those described for fiber fermentation.
Amylolytic bacteria have higher metabolic rates and lower
generation intervals (15 minutes to 4 hours). Fermentation
is rapid and requires NH;, amino acids, and a proper pH
(5.5-6.6). This pH optimum matches the ruminal pH of
ruminants fed diets rich in grain. The typical acetate:
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propionate : butyrate ratio from starch fermentation is
55:25:15.

Secondary groups of rumen bacteria convert formate to
methane and lactic acid or other acids to propionate.
Secondary fermenters have lower metabolic rates, higher
generation intervals (16 hours), and a higher optimum pH
(6.2-6.8) than amylolytic bacteria. Therefore, when an
animal is abruptly transferred to high concentrate diet,
rapid fermentation often leads to high acid (lactic acid)
production and a rumen pH lower than optimum for amy-
lolytic bacteria but too low for secondary fermenters.
Hydrogen disposal is hindered, acids accumulate, and
clinical or subclinical rumen acidosis can occur.

FERMENTATION OF PROTEINS

Proteolytic bacteria represent a small portion (12-38%) of
total reticulo-rumen bacterial mass and are responsible for
ammonia production. Ammonia is required for growth of
many cellulolytic and amylolytic bacteria. Peptides, amino
acids, and isoacids may be stimulants for their growth and
activity. The main dietary substrate for this group of
bacteria is dietary protein that can be divided into two
classes: ruminally degraded protein (RDP) or degraded
intake protein (DIP) and ruminally undegraded protein
(RUP) or undegraded intake protein (UIP). The later gen-
erally passes to the lower tract undegraded by rumen
microorganism. Generally about half of the dietary protein
is degraded in the rumen. Extracellular proteases from
bacteria degrade dietary protein to yield peptides, amino
acids, and ammonia. Amino acids can be used by some
ruminal microbes, but most can synthesize their own
amino acids from ammonia. When protein supply is high,
bacteria readily degrade it yielding ammonia and various
metabolic acids. Amino acids are deaminated to keto
acids that are fermented to VFA and small amounts of
the branched chain VFA—isobutyrate, iso valerate, and
2-methylbutyrate—that arise from valine, leucine, and
isoleucine, respectively. Dietary plant amides, nitrites and
nitrates, and endogenous salivary urea (nonprotein nitro-
gen compounds) when fermented also yield ammonia.
Bacterial urease activity is high in the reticulo-rumen
and readily converts dietary or recycled urea to ammonia.
Urea is an important substrate for microbial protein syn-
thesis. The capacity of rumen microbes to use ammonia
and convert it to microbial protein depends on the avail-
ability of energy, largely from carbohydrate fermentation.
The greater the supply of fermented carbohydrate, the
greater the ammonia uptake and synthesis of bacterial
mass.

Dietary Protein Nonprotein Nitrogen

Dietary plant amides,
nitrites, nitrates

UIP/RUP | | DIP/RDP

Endogenous salivary urea

A

Peptides
Amino Acids NH,4

Microbial
Protein

Salivary
Glands

Blood

Lower Tract

Figure 8.3 Protein and nonprotein nitrogen
metabolism in the rumen.

UIP = undegraded intake protein;

RUP = ruminally undegradable protein.
DIP = degradable intake protein;

RDP = ruminally degradable protein.

Conversion of peptides via amino acids to ammonia is
a slow process of oxidative deamination of amino acids.
This process requires the transfer of hydrogen via NADH.
Ionophores inhibit proteolytic activity in the rumen either
through inhibiting transfer of hydrogen needed for deami-
nation of amino acid and ammonia formation, or by altera-
tion of rumen microflora. Because peptides and amino
acids are degraded in the rumen, flow of nitrogen to the
abomasum and intestines consists largely of undegraded
dietary protein and microbial protein (Figure 8.3).

Diet formulators seek to balance the supply of readily
available carbohydrates and proteins in the diet to ensure
that an adequate supply of ammonia (for protein synthesis)
and carbohydrate (for energy) are available for microbial
protein synthesis but to avoid excessive protein that will
be wasted. Excessive production of ammonia, particularly
from nonprotein nitrogen (esp., urea) will increase the risk
of ammonia toxicity. Energetically, protein degradation in
the rumen is wasteful, and for the animal, energy is
required to convert ammonia to urea within the liver and
for the kidneys to excrete urea.

FERMENTATION OF LIPIDS

Ruminants fed forage-based diets typically consume only
a small amount (3-7% dry matter [DM]) of structural
lipids in the plant leaves. The majority of these lipids are
phospholipids and galactolipids with less than 50% being
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triglycerides that in turn are composed of free fatty acids,
mainly palmitic, linoleic, and linolenic. Diets often contain
oilseeds that consist primarily (65-80%) of triglycerides
that contain the free fatty acids palmitic, oleic, and linoleic.
Reticulo-rumen microbes rapidly hydrolyze dietary lipids
and synthesize their own body lipids. They hydrolyze tri-
glycerides to form glycerol and respective fatty acids and
galactolipids to galactose. Glycerol and galactose are fer-
mented to VFA. The majority of fatty acids is neutralized
with calcium and adheres to the surface of bacteria or feed
particles (McAllen et al., 1983). Unsaturated fatty acids
are saturated, and the positions of the remaining double
bonds are distributed along the chains. Hydroxylation of
fatty acids and production of keto acids also occurs. Trans
fatty acids are more stable, have higher melting points, and
are difficult to hydrogenate, resulting in higher concentra-
tions than their counterpart cis acids. Saturated fatty acids
are not degraded further but pass to the abomasum as
calcium salts. Because unsaturated fatty acids are largely
hydrogenated within the rumen, the supply of fatty acids
available for absorption from the small intestine (SI), are
largely saturated. This contributes to the more saturated
nature and higher melting point of tallow (ruminant fat).
Biosynthesis of microbial fats in the reticulo-rumen can
involve formation of odd and branched chain fatty acids.
Fatty acids with 15 carbons and branches are found in
microbial lipids.

Metabolism of lipids in the anaerobic environment of
the reticulo-rumen is quite limited. Diets with more than
7% of DM as fat may reduce methanogenic and cellulo-
lytic fermentations. Although unsaturated fatty acids do
not compete directly with methane production, they serve
as a separate sink for excess hydrogen and indirectly
reduce methane production. Ionophores added to the diet
similarly inhibit hydrogen transport, increase the preva-
lence of propionate, and may inhibit lipid hydrolysis in the
rumen.

OTHER FERMENTATION PRODUCTS

Microbes in the reticulo-rumen synthesize the B-vitamins
provided an adequate amount of cobalt for B, synthesis,
and an adequate supply of sulfur is available for synthesis
of biotin and thiamin. For synthesis of sulfur-containing
amino acids (methionine, cystine), sulfur also is required.
This can become critical for fiber production because
wool and mohair are rich in cystine and cysteine, amino
acids that contain sulfur. By complexing with sulfur
and reducing its availability, molybdenum and copper
can reduce sulfur availability and induce a deficiency.
Conversely, excess sulfur complexing with copper can

reduce copper availability. A cofactor for tyrosinase,
copper is needed for melanin (pigment) formation and the
normal crimp in wool, so a deficiency can reduce hair
coloration and cause wool to become straight and steely.
Rumen microbes are beneficial through partially hydrolyz-
ing oxalates and phytates to increase mineral bioavailabil-
ity from plants and in addition can detoxify many plant
metabolites that are toxic for nonruminants.

RUMEN PROTOZOA AND FUNGI

Two main groups of ciliate protozoa are found in the
rumen. The entodiniomorphid protozoa engulf particles
and together with attached or internal bacteria can hydro-
lyze some structural carbohydrates (cellulose and hemicel-
Iulose). Bacteria associated with protozoa may contribute
as much as one-third of the total rumen cellulolytic
activity. The holotrichs prefer nonstructural carbohydrate
such as starches and sugars. Entodiniomorph protozoa
also consume and digest bacteria as substrate and use
bacterial amino acids for producing protozoal protein. The
end-products of protozoal fermentation in the reticulo-
rumen include organic acids, CO,, ammonia, and hydro-
gen. The extent to which protozoa can digest fiber and
synthesize amino acids is unclear because ruminal bacteria
always are so closely associated with protozoa so that
cultures of ruminal protozoa free of bacteria have never
been grown.

Although protozoa are not necessary for rumen fermen-
tation, their role in balancing the fermentation process in
the ruminants must not be underestimated. Protozoa engulf
starches and sugars to retard rapid fermentation and
thereby reduce the prevalence of lactic acidosis. Engulfed
starches and sugars can pass to the abomasum and intes-
tines digestion by the host. These are favorable functions
of protozoa. Major rumen protozoa are listed in Figure 8.1.

Anaerobic fungi also are present in the rumen, but their
contribution to the ruminal microbial mass is quite small,
and their turnover rate is slow and similar to that of pro-
tozoa. Fungi usually are associated with slowly passed
forage particles. Fungi prefer lignified coarse cell walls
as a substrate, and contribute to VFA, gases, traces of
ethanol, and lactate in the rumen. Their contribution to the
rumen digestion is not yet fully understood.

THE FATE OF FERMENTATION END-PRODUCTS

The main end-products of carbohydrate fermentation are
acetic, propionic, and butyric acids. Fermentation of
protein also yields these VFA plus valeric acid and
branched chain VFA and ammonia. Branched chain
VFA deficiencies for microbial protein synthesis would
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be more likely when dietary crude protein comes largely
from nonprotein nitrogen (NPN).

Volatile fatty acids, being weak acids (pK =4.75 — 4.87),
they almost entirely dissociated in the reticulo-rumen at
pH 6.6. About one-half of the VFA are absorbed through
reticulo-rumen epithelium in their nondissociated form by
passive diffusion with absorption rates being correlated
positively with length of the VFA and negatively corre-
lated with the rumen pH. The remaining VFA are absorbed
as anions by facilitated diffusion in exchange for bicarbon-
ate ions. Epithelial cells of the rumen contain carbonic
anhydrase to promote production of carbonic acid from
CO, and water. Carbonic acid in turn is dissociated into
bicarbonate and H ions. These hydrogen ions convert VFA
anions into acids for passive diffusion through the rumen
epithelium. Transfer of hydrogen from carbonic acid (a
weaker acid) to form VFA (stronger acids) lowers the pH
and promotes further VFA absorption. Bicarbonate ions
released into the rumen during absorption will neutralize
more than half of the VFA in the rumen. The remaining
VFA are neutralized largely by salivary alkali.

During absorption, some VFA are metabolized. Most of
the butyrate is converted to P-hydroxybutyrate (3-OH-
BUT) with the remainder being similarly metabolized by
the liver. Thus, absorbed butyric acid enters the circulation
as 3-OH-BUT for metabolism by most ruminant tissues as
a source of energy as well as fat, being the four-carbon
primer used for synthesis of short and medium chain fatty
acids unique to the ruminant’s milk fat.

Almost one-third of the propionic acid absorbed is
metabolized by the rumen wall to lactic acid. Propionate
is completely converted by the liver to oxalacetate and that
enters the Kreb’s cycle. Lactate is converted to glucose for
storage as glycogen by the liver or released as glucose into
the circulating portal blood. Propionate and valerate are
the only VFA used for gluconeogenesis.

The majority of acetate enters circulating portal blood
unchanged except for a small amount that is metabolized
to CO, by the rumen epithelium. The most abundant VFA
in the blood, acetate, is readily used by tissues to form
Acetyl-Co-A that yields energy via the Kreb’s cycle or
forms fatty acids. Mammary tissues use acetate and 3-OH-
BUT to form the short and medium chain length fatty acids
found in milk.

Lactic acid produced by amylolytic bacteria is present
as a transient acid in low concentration, and can be used
by secondary rumen bacteria to produce propionate.
However, the low rumen pH associated with high concen-
trate diets may inhibit propionate producing bacteria more
than amylolytic bacteria; this can result in an accumulation

of both isomers of lactic acid (+) and () that accentuates
the rumen pH decline resulting in ruminal acidosis. Lactic
acid absorption rate from the rumen is only one-tenth that
of VFA. The liver metabolizes the L (+) lactic acid isomer
more rapidly than the D (—) isomer. L lactic acid also is
produced by muscle tissue during anaerobic exercise, but
D lactic acid is primarily a product of bacterial metabolism
found in fermented feeds including silages at up to 10%
of dry matter.

Ammonia is produced in the rumen from deamination
of dietary proteins, or hydrolysis of dietary NPN or urea
from saliva, or diffusing into the rumen from blood. Given
an adequate supply of energy from fermented carbohy-
drates, ammonia is used for synthesis of microbial protein.
Excesses of ammonia are absorbed through the rumen
wall, readily removed from portal blood, and detoxified by
the liver by conversion to urea. Ammonia that escapes
liver metabolism (for example, absorbed by the lymphatic
system) can prove toxic for ruminants.

Gas production in the reticulo-rumen peaks some 2—4
hours after feeding. The major rumen gases include carbon
dioxide (60%), methane (30-40%), and nitrogen, with
small amounts of hydrogen sulfide, hydrogen, and oxygen.
Carbon dioxide is produced either by decarboxylation
during fermentation, or by neutralization by acids of bicar-
bonate ions that enter the rumen via saliva or exchange
across the rumen wall during VFA absorption. Methane is
produced from reduction of CO, and formate. Loss of
methane from the rumen accounts for about 6% of ingested
energy. Methane is a contributor to global warming, so
reducing methane production by ruminants and by anaero-
bic bacteria in wetlands, and by release from petroleum are
of worldwide concern. Hydrogen sulfide, being toxic to
rumen microbes and animals, is produced from ruminal
reduction of sulfates in the diet or derived from amino
acids that contain sulfur. Hydrogen, present in only small
amounts in the rumen, can increase when animals are
abruptly switched to a high concentrate diet and fermenta-
tion is abnormal. Oxygen enters the rumen together with
ingested feed and water and by diffusion into the rumen
from blood; it is quickly removed by facultative ruminal
bacteria.

Practically no peptides or amino acids are flushed onto
the abomasum or small intestine because they are rapidly
catabolized by ruminal bacteria. However, the feed and
microbial proteins that pass out of the reticulo-rumen
undergo lysis by abomasal lysozyme. Microbial proteins,
lipids, vitamins, and starch are digested in the intestines
and make a substantial contribution to the nutrient supply
of the host.
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FUNCTION OF OMASUM

The role of omasum in digestive physiology of ruminants
is briefly summarized in this section, but further informa-
tion is presented in Chapter 6. Size of the omasum is
considerably larger for cattle than for goats. It is an addi-
tional site for fermentation and absorption, but its primary
function appears to be regulation of the flow of digesta
from the reticulo-rumen to the abomasum. Ingesta from
the reticulum flows to the omasum through the reticulo-
omasal orifice that is open during the secondary phase of
the primary cycle contractions of the reticulum. Prolonged
and powerful contractions of the omasal body tend to
empty the materials trapped between leaves into the
abomasum. Particle size of digesta in the omasum (about
1 mm) is similar to that found in the reticular area adjacent
to the orifice, and its physiochemical conditions resemble
those of the cranial and ventral regions of the reticulo-
rumen. The omasum has a large surface area (leaves) rela-
tive to its volume, a factor that gives this organ a large
capacity for absorption of VFA, electrolytes, and water. In
this organ, chloride (instead of bicarbonate) plays a major
role in VFA absorption.

FUNCTION OF ABOMASUM

The abomasum or “true stomach” receives more or less
continuous (but at variable rates) input of ingesta contain-
ing partially fermented materials, fluids, or particle clumps
(of variable composition) from the omasum and, following
acidification, passes digesta in a reasonably constant flow
to the duodenum. The abomasum plays two important
roles in ruminant digestion: (1) transfer of partially digested
feed and (2) chemical and enzymatic breakdown of ingesta.
The cardiac and fundus regions of the abomasum are
responsible for nonacid secretion while the antrum/pyloric
region secretes acid.

Distension of the pyloric region, a rise in abomasal pH,
and presence of VFA and lactic acid all serve to stimulate
gastric secretions and contractions. The presence of acidic
conditions and fat in the duodenum inhibit gastric motility
and gastric emptying. The G cells in the pyloric gland area
release gastrin hormone into the blood that stimulates pari-
etal cells to release hydrochloric acid. Feedback control of
acid release comes from a low pH (approaching pH = 2)
of gastric contents that stimulates release of somatostatin.
A low duodenal pH also can inhibit acid release, likely
through inhibiting gastric emptying.

Pepsinogen, an inactive proteolytic enzyme, is released
by chief cells of the gastric mucosa. Pepsinogen is autolyti-
cally activated and converted to pepsin in the presence of
hydrochloric acid. In addition, lysozymes catalyze the

hydrolysis of specific glycosidic bonds in mucopolysac-
charides that constitute some bacterial cell walls. Ruminant
animals secrete large amounts of specially adapted lyso-
zymes into the abomasal lumen. Active at low pH, lyso-
zymes resist pepsin digestion. Acid, pepsin, and lysozymes
chemically and enzymatically digest microbial protein and
other digesta, preparing the chyme to enter the duodenum
for further digestion.

INTESTINAL DIGESTION

Acidic chyme (a mixture of partially digested feeds and
digestive juices) enters the duodenum for further enzy-
matic digestion in and absorption of monomers from the
SI. Since the SI is a primary site for both digestion and
absorption, luminal flow is regulated so as to provide
mixing of luminal contents with digestive juices, time for
luminal digestion of nutrients, and exposure of digested
nutrients to the intestinal wall for absorption.

Presence of acid in the duodenum provides the stimulus
for the intestinal wall to release the hormone secretin in
the portal blood that in turn stimulates the pancreas and
gallbladder to release bicarbonate-rich fluid into the duo-
denum to partially neutralize acidic chyme. Cholecystokinin
(CCK) from the SI wall is released in the presence of fats
or proteins in the duodenum to stimulate the pancreas to
release enzyme-rich digestive juices (and some bicarbon-
ate) and the gallbladder to release bicarbonate as well as
bile acids and salts. The pancreas secretes all of the
enzymes necessary to digest lipids, proteins, and carbohy-
drates; however, in ruminants most (50-90% of starch) of
the readily available carbohydrates and lipids (small
amounts of triglycerides and galactolipids in the diet) are
cleaved to free fatty acids in the rumen so supply of these
nutrients is limited. This may explain why pancreatic juice
of ruminants is not rich in lipolytic and amylolytic enzymes.

Pancreatic proteolytic enzymes are secreted in proen-
zyme form, being exopeptidases such as carboxypeptidase
A and B or endopeptidases such as trypsinogen, chymo-
trypsinogen, and elastase. Trypsinogen is activated by
intestinal enterokinase to form trypsin that in turn activates
remaining trypsin and other proenzymes. The end-products
of pancreatic proteolytic digestion are amino acids and
oligopeptides (up to 6-10 amino acid chain). Amino acids
and some oligopeptides are actively transported into the
epithelial cells where more than 90% of the oligopeptides
are hydrolyzed to amino acids and actively transported into
the blood. The remaining 10% of dipeptides and tripep-
tides may diffuse directly into the bloodstream.

Sucrose is not digested in the small intestine, but most
will be fermented before reaching the small intestine.
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Starch is hydrolyzed by pancreatic amylase to maltose
while maltase and isomaltase are hydrolyzed to glucose
that is actively absorbed. This process is facilitated by the
intestinal enzyme maltase present at the brush border of
the epithelial cell.

Digestion of lipids (rumen protected) begins by emulsi-
fication of fats as they combine with bile acids/salts and
form micelles (hydrophilic outer side). Pancreatic lipase
then hydrolyzes emulsified triglycerides to form J-
monoglycerides and free fatty acids that can diffuse into
epithelial cells. Ruminants may absorb triglycerides
without further digestion (Wrenn et al., 1978). In the intes-
tinal epithelial cells, fatty acids and monoglycerides are
re-esterified to form triglycerides. Combined with choles-
terol, cholesterol esters, phospholipids, and a small amount
of proteins (lipoproteins), they form chylomicrons for
uptake into portal blood and transport. Under most condi-
tions supply of triglycerides is limited because most lipids
have been hydrolyzed to glycerol and fatty acids in the
rumen, and unsaturated fatty acids also have been saturated
therein.

Soluble vitamins and minerals are primarily absorbed
from the SI though some are absorbed from the large
intestine. Within the colon of ruminants, fermentation may
begin again (postgastric fermentation), but the extent of
fermentation is limited because chyme already has been
fermented in the rumen and enzymatically digested in the
SI. However, water and some electrolytes are absorbed in
the small and particularly in the large intestine of animals
selected under desert conditions with limited access to
water.

DIGESTION IN YOUNG RUMINANTS

Newborn Phase

When born, ruminants have a small, nonfunctional fore-
stomach with no microorganisms and no acid or pepsino-
gen secretion. Colostrum directly enters the abomasum
and flows to the duodenum where immunoglobulins (IgM
antibodies, y-globulin) are absorbed intact through phago-
cytosis by the intestinal mucosa. Colostrum contains an
antitrypsin factor that prevents digestion of antibodies
within the duodenum. Through this process, the newborn
kid develops immunity to most diseases to which the adult
doe had been exposed. This absorption proceeds for only
some 24-48 hours after birth. Colostrum also provides
nutrients including lactose and some microbes (lactoba-
cilli). Limited energy reserves due to limited glycogen
storage by the liver and inefficient use of lactose as a
source of energy are the main causes of death in newborn

kids. Exposure to the dam, to fecal matter, and to the
environment readily exposes newborn kids to aerobic and
anaerobic microbes, the latter eventually colonizing the
rumen.

Preruminant Phase

During this period (up to 3 weeks of age), the newborn is
nursing. Most milk bypasses the rumen and flows directly
through the reticular groove of the reticulo-rumen to the
omasum and abomasum. Sucking stimulates salivary and
abomasal secretion more than drinking from a bucket.
Saliva of the newborn contains esterase, and the aboma-
sum secretes rennin (chymosin) and hydrochloric acid at
this stage of life. Exposed to rennin, milk clots and sepa-
rates into a hard curd containing butterfat and protein curd
(casinogen) that remains in the abomasum for digestion.
The remaining whey fraction (albumins, globulins, lactose)
leaves the abomasum in bursts. Butterfat is hydrolyzed to
glycerol and fatty acids by lipase originating either from
milk (mammary glands) or from estrase in saliva. Curd
proteins are exposed to further hydrolysis by rennin and
acid. In the intestine, the curd, whey proteins, and lactose
are completely digested. The intestine of newborns has low
maltase activity and therefore cannot fully utilize starch.
Intermediary metabolism is driven by glucose, and blood
glucose concentrations are sensitive to insulin.

Transitional Phase

In this phase (3-8 weeks of age), young ruminants will
ingest progressively larger amounts of roughages and dry
food. These stimulate development of salivary glands and
the reticulo-rumen. A population of ruminal microbes
becomes established due to ingestion of food, water, cud,
fecal matter, and other environmental contaminants.
Fermentation of feeds produces VFA that stimulate the
growth of reticulo-rumen papillae and omasal leaves. To
handle the gases produced and larger particles, the muscle
wall has the rumen development and rumen motility initi-
ating the processes of eructation and rumination. As this
development progresses, intermediary metabolism shifts
from a glucose driven- to a VFA-driven system that is less
insulin-sensitive.

Pre-weaning and Post-weaning Phase

During this period (8 weeks to adulthood), reliance on milk
reduces because milk production by the doe decreases.
Reticular groove closure becomes erratic and usually is
absent in adults. The forestomach proportions and motility
change to attain those of an adult, salivary esterase dimin-
ishes and salivary urea is present, and abomasal rennin
is replaced by pepsinogen, all of which reflect inborn
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physiological changes allowing the newborn and prerumi-
nant to becomes a functional ruminant.

RUMEN DYSFUNCTION

The major digestive disorders common to ruminants will
be discussed briefly. Readers are referred to a more detailed
discussion of these problems in textbooks on veterinary
physiology (Reece, 2004). Because most dysfunctions
reflect specific aberrations in normal rumen function, such
discussion helps to reinforce the reader’s knowledge about
normal rumen function.

Bloat

Bloat is defined as the distension of the reticulo-rumen
associated with accumulation of gases produced by fer-
mentation of certain feeds with failure in gas removal by
eructation. Bloat is not common in free ranging ruminants
consuming grasses but is manifested by mismanagement
of the animal and the diet. Van Soest (1994) divided bloat
into two types: legume or frothy bloat, and grain bloat that
may be either acute or chronic. Legume or frothy bloat
usually is associated with animals grazing rapidly growing
legume (alfalfa or white clover) pastures grown in temper-
ate climates. Proteins involved with carbon dioxide fixa-
tion apparently uncoil and float to the top of the rumen,
and this leads to a foam or froth that traps gas in a form
that cannot be eructed. Tropical legumes, temperate trefoil,
vetch, or sanfoin contain higher amounts of tannins that
precipitate proteins. This prevents formation of stable
foam. Grain bloat usually is the result of feeding high grain
diets (typically wheat and barley) and pelleted feeds. High
concentrate diets that have a very small particle size from
grinding and pelleting are often implicated. Such feeds are
associated with less saliva production per unit of feed and
less salivary mucin that helps protect animals from bloat.
High amylolytic activity that produces rumen acids (lactic
acid) also may reduce rumen motility to promote bloat.
Grain bloat is commonly chronic while legume bloat
usually is acute. Acute bloat causes death by placing pres-
sure on the heart or blood vessels preventing flow that
results in cardiovascular collapse. Oils or detergents that
reduce surface tension help to suppress foam formation. In
severe cases the rumen can be punctured to release gases
as a last resort. Goats, being intermediate food selectors,
have relatively larger salivary glands and their habit of
browsing helps makes them more resistant to bloat.

Acidosis

Acidosis is defined as an imbalance in rumen fermentation
elicited by abrupt introduction of rapidly fermented carbo-

hydrates (starches and sugars) to the diet. When an animal
is fed a high concentrate feed without being adapted, rapid
fermentation by facultative bacteria produces lactic acid
and reduces the rumen pH into a range favorable for amy-
lolytic bacteria. Under normal circumstances, secondary
rumen bacteria convert lactic acid or other acids to propio-
nate. But secondary fermenters have lower metabolic rates,
higher generation intervals (16 hours), and a higher
optimum pH (6.2—6.8) than amylolytic bacteria. Therefore,
hydrogen disposal is hindered, acids accumulate, and
rumen acids accumulate. Rumen pH may drop as low as 4
and cause rumenitis and rumen parakeratosis, a condition
where the rumen epithelium is sloughed from the basal
membrane. Lactic acid may be absorbed through the rumen
wall into the blood and carried to the liver where the
natural L (+) lactate form can be metabolized, but the
bacterial form of lactate (the D [—] isomer) may accumu-
late in the blood causing systemic acidosis and death from
a reduced oxygen carrying capacity of hemoglobin.
Treatment often involved dosing with bicarbonate buffers
while prevention involved feeding more roughage, particu-
larly long hay that induces rumination and saliva produc-
tion. In severe cases, the rumen may be partially or fully
evacuated and replaced with fresh rumen fluid from a
healthy animal.

Displaced Abomasum

Ruminants fed finely ground, very high concentrate diets
tend to have highly acidic and fluid ruminal digesta with
little fibrous material. High acidity and low fiber content
of digesta reaching the abomasums is associated with
reduced motility and altered gastric function. Impaired
motility causes abomasal distension. The abomasum may
become engorged with fluids and gas and become dis-
placed laterally. Left displacement is associated with a
chronic condition, whereas right displacement is associ-
ated with blockage of digesta flow and may prove fatal.
The actual cause of this symptom is not clearly understood,
but its association with high starch, fine particle diets has
been documented.

Urea/Ammonia Toxicity

Urea or ammonia toxicity usually occurs when an exces-
sive amounts of urea is consumed by an animal. Animals
grazing lush forage pastures with highly soluble proteins
also may be at risk. Bacterial urease rapidly hydrolyzes
urea-forming ammonia. In the presence of an adequate
supply of readily available carbohydrates such as starch
and sugars that are rapidly fermented (amylolytic fermen-
tation), rumen microbes will use available ammonia to
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produce microbial protein. However, when supply of
energy is low, microbial use of ammonia for protein syn-
thesis will be reduced. When ammonia accumulates in the
rumen, this increases ruminal pH. An elevated pH increases
the amount of ammonia in the un-ionized, absorbable form
exacerbating ammonia absorption. The liver can detoxify
ammonia by converting it to urea, but some ammonia may
bypass the liver through uptake into the lymph system and
enter the blood directly. Ammonia toxicity is associated
with systemic alkalosis that, probably through altering
calcium and magnesium status, intoxicates the central
nervous system. Preventive measures include avoiding
high urea diets or feeding readily fermented carbohydrates
when feeding urea or when animals graze lush, rapidly
growing, high protein pastures. Ruminal bacteria adapted
to urea form ammonia less rapidly, so adaptation is recom-
mended. Finally, chemical inhibitors of urease or slow
release urea complexes can slow the rate of ammonia pro-
duction and will help avoid toxicity. Treatments include
administering VFA (vinegar) to lower rumen pH and
reduce the rate of absorption of ammonia. In severe cases,
rumen evacuation may be necessary.

Nitrite-Nitrate Toxicity

Nitrite/nitrate toxicity occurs when ruminants consume
forage from stressed, often overfertilized grass pastures
and crops. Such plants accumulate nitrate as its potassium
salt. Accumulation by plants is enhanced by drought and,
with cool-season grasses, by low temperature and cloudi-
ness (low light). Nitrate itself is not toxic, but during
normal rumen fermentation, nitrate is reduced to nitrite (a
toxic intermediate). Nitrite can be converted further into
ammonia that in turn can be used to produce microbial
protein. If the nitrite intermediate accumulates in the
rumen, it is absorbed into the blood and there it unites with
hemoglobin and produces methemoglobin. Compared
to hemoglobin, methemoglobin has a reduced ability to
transport oxygen, and impaired oxygen delivery to tissues
will cause death by asphyxiation. Gradually increasing
the nitrate concentration of the diet will permit microbes
or animals to adapt to nitrate and increase their tolerance
to it.

SECONDARY PLANT METABOLITES

Certain compounds found in feeds, forbs, and browse are
produced as defenses against invasion by pathogens
and, in some cases, against consumption by herbivores.
Compared with cattle and sheep, goats have a very high
tolerance to such compounds.

Organic Nitro Compounds

Glycoside compounds found in various Astragalus species
such as crown vetch (Coronilla varia L.) and timber
milkvetch (Astragalus miser varia T.) are rapidly hydro-
lyzed in the rumen producing toxic nitro compounds,
that is, 3-nitropropionic acid (NPA) and 3-nitroproponal
(NPOH). These compounds can be metabolized in the
rumen or absorbed. NPA is toxic while NPOH is converted
to NPA by the liver. Rumen microbes may partially metab-
olize these compounds by reduction of aliphatic nitro
groups to their corresponding amines, 3-aminopropanol,
and P-alanine, respectively. This explains why ruminants
have greater tolerance to these compounds than nonrumi-
nants do.

Mimosine Toxicity

Mimosine is an alkaloid, 3-3-hydroxy-4 pyridone amino
acid, found in genus Leucaena and few other Mimosa
species. Leucaena is a legume shrub/tree that provides a
high quality feed in certain areas of the tropical and sub-
tropical regions of the world. However, when these feeds
comprise more than 30% of the diet, they may cause severe
toxicity. Goats may lose hair when fed more than 50%
leucaena in the diet. Rumen microbes convert mimosine
to 3,4 dihydroxy pyridone (3,4 DHP), a toxic goitrogenic
intermediate. However, certain strains of bacteria found in
tropical ruminants can degrade mimosine to nontoxic prod-
ucts. Toxicosis has been reported in Australia, Papua New
Guinea, Africa, and Florida. Pure colonies of bacteria that
can degrade 3,4 DHP were isolated (Synergestes jonesii)
and have been inoculated successfully into the rumen,
increasing tolerance to mimosine (Hammond, 1995).

Tannins

Condensed tannins (CT) are polyphenolic compounds
present in plants that when eaten may have either positive
or negative effects on animals depending on the concentra-
tion in the forage and ability of the rumen environment to
degrade tannins. Proline rich proteins present in the saliva
of certain herbivores including goats bind tannins and
reduce their adverse effect on rumen microorganisms.
However, the complexes formed are indigestible and are
excreted in the feces (Hagerman et al., 1992). Condensed
tannins at low levels, 2-5% of dry matter (DM), will
bind with ruminally degraded proteins to increase the
supply of protein reaching the SI and, when digested,
these proteins can improve the amino acid balance of
animals. However, higher levels of CT (above 5% of DM)
generally have negative effects on ruminal digestion and
decrease digestibility. Tannins have shown promise as an
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anthelmintic for combating nematode infestation of small
ruminants in humid and warm environments (see Chapter
11 for more details). This topic deserves further research
attention.

METABOLIC DISORDERS

Most prominent disorders are caused by improper feeding
management and nutrient imbalances in the feeds offered
to goats. Animals selected for rapid growth or high rates
of milk production may have a genetic predisposition to
these disorders.

Grass Tetany or Hypomagnesemia

Grass tetany is a metabolic disorder associated with hypo-
magnesemia (low magnesium concentrations of blood).
This condition is most prevalent when animals are milking
heavily and have a higher requirement for magnesium or
early in spring when animals are grazing rapidly growing
pastures that are heavily fertilized. Grass tetany occurs
when pastures are low in magnesium but rich in nitrogen
and potassium that result in a low magnesium : potassium
ratio. In addition, plants involved may have high concen-
trations of tricarbalyllic acid (propane-1,2,3-tricarboxylic
acid) that binds magnesium. Clinical signs depend on the
severity of the magnesium deficiency and whether animals
also are hypocalcemic (low blood calcium concentrations).
Affected animals have low feed intake and low milk pro-
duction. The condition may be chronic and if undetected
will predispose an animal to milk fever. Feeding magne-
sium supplements as magnesium oxide is advised.
Magnesium can be mixed with grain for feeding to preg-
nant and lactating does. Feeding ionophores like monensin
to growing animals may increase activity of the sodium-
linked magnesium transport system in the rumen and
increase efficiency of magnesium absorption.

Milk Fever

Milk fever is a metabolic disorder apparent as hypocalce-
mia (low blood calcium concentration) of milking does
that occurs just after kidding. This disorder usually is
related closely to hypophosphatemia (low blood phospho-
rus concentration) and hypomagnesemia (low blood mag-
nesium concentration). During milk fever, the calcium
homeostatic mechanism of goats fails to maintain blood
calcium at a normal level. Because calcium is essential for
muscle contractions and nerve function, hypocalcemic
animals cannot rise or eat. At parturition with the onset of
milk production, the drain on blood calcium for milk must
be replenished either by additional absorption of dietary
calcium or mobilization from bone reserves. Under normal

conditions, hypocalcemia triggers parathyroid hormone
(PTH) release reducing urinary calcium loss, stimulating
calcium resorption, and promoting synthesis of 1,25-dihy-
droxyvitamin D to enhance intestinal transport of calcium.
The lack of a timely response of any of these three mecha-
nisms provokes milk fever. An acid-base imbalance of the
body at parturition is a predisposing factor. Metabolic
alkalosis impairs the ability of PTH to function normally.
Injected calcium gluconate can keep the animal alive until
calcium homeostasis is restored. Preventive measures
include feeding an acidic (low calcium) diet during late
pregnancy to provoke PTH release and prepare the meta-
bolic system to mobilize bone reserves and increase the
efficiency of urinary and intestinal calcium transport.
Preventive practices include feeding less salt and potas-
sium and improving phosphorous and magnesium intake;
adding anions such as ammonium, calcium chloride, and
magnesium chloride and sulfate to induce mild metabolic
acidosis; and feeding low calcium diets to stimulate PHT
release prior to parturition. Oral calcium drenching and
vitamin D supplementation at kidding also can help.

Ketosis or Pregnancy Toxemia

Ketosis is a metabolic disorder caused by a negative
glucose balance that, combined with an energy drain, pro-
vokes fat mobilization. Ketosis usually occurs during late
gestation (pregnancy toxemia) or 2—4 weeks after parturi-
tion. It commonly is associated with accumulation of tri-
glycerides in the liver combined with depressed glycogen
levels. A high amount of glucose is required either for
development of multiple fetuses at late gestation or for
milk production; this is responsible for the hypoglycemic
condition of the animal. As a result of the energy drain,
body fat is mobilized leading to an increase in nonesteri-
fied fatty acid (NEFA) concentrations in blood that flood
the liver with lipid. Esterified fatty acids normally would
be exported from the liver or stored. But the mechanism
to export triglycerides in ruminants is slow, leading to fat
accumulation in the liver. With incomplete oxidation of
fat, NEFA are converted to ketone bodies, primarily ace-
toacetate and P-hydroxybutyrate that are released into
blood. Ketone bodies often increase in blood when the
amount of energy needed for milk production exceeds
energy intake. Feeding management that reduces the sever-
ity and length of the negative energy balance can help
prevent ketosis. Extra supplemental concentrate fed 1
week before and after kidding reduces the incidence of
fatty liver and ketosis. Preventive measures include
increasing the feed supply the 2 weeks around kidding;
avoiding overconditioning animals during pregnancy;
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changing diets gradually; and avoiding environmental
stress. Feeding glucogenic compounds like sodium propio-
nate or oral doses of propylene glycol will reduce NEFA
formation at kidding and ketone body formation after
kidding and may alleviate ketosis. Injection of glucose
or glucose-forming compounds will temporarily elevate
insulin to suppress fat mobilization and ketone body
formation.

REQUIRED NUTRIENTS

Many nutrients are required in the goat’s diet for metabo-
lism, both for maintenance of body functions, and for
production that includes tissue accretion (growth), repro-
duction, and production of meat, milk, and fiber. The
National Research Council (2007) published an extensive
review of nutrient requirements of goats based on current
scientific information on goats. Where information about
goats was lacking, information from cattle and sheep was
used. The nutrient requirements for different classes of
goats are presented in Appendix B. For more detailed
information on nutrient requirements of goats, the reader
should refer to NRC (2007) and Sahlu et al. (2004).

Specific classes of nutrients include carbohydrates and
lipids that provide energy; protein or nonprotein nitrogen
that provide amino acids and energy; vitamins; minerals;
and water. Though often ignored, water is classified as a
nutrient that is necessary for digestion, metabolism, and
products.

Energy

Energy, as fuel for the body, is defined as the potential to
do work. The international unit of energy is the joule (J);
however, the calorie (cal) is used most often in the United
States. One calorie, equal to 4.184J, is defined as the amount
of energy required to raise the temperature of one gram
of water from 15.5-16.5°C at one atmospheric pressure.
This is the calorie, sometimes called a small calorie. One
calorie or joule is a small amount of energy; therefore, feed
or body energy utilization typically is expressed in terms
of kilo (1,000; kcal or kJ) or mega (1,000,000; Mcal or
MJ) calories or joules. All functions of the body including
prehension, digestion, and metabolism require energy.
Energy in the body is in constant flux. Amounts of energy
required will vary with breed, sex, age, climatic conditions,
and activity. Energy is expended for maintenance, growth,
reproduction, and formation of products.

FLOW OF ENERGY IN THE BODY
Ingested energy (gross energy [GE]) represents input while
its destination is expressed as net energy (NE) for body

maintenance, growth, and production. Energy loss occurs
at each stage of digestion and metabolism. Readers are
referred to NRC (1981a) for more detailed information on
nutritional energetics. Gross energy is measured as the
amount of heat released when 1 gram of feed is oxidized
to carbon dioxide and water in bomb calorimeter. The GE
value of feeds is proportional to the carbon and hydrogen
contents of the feed’s organic matter, carbohydrates, pro-
teins, and lipids. Because all GE is not available to animals,
GE 1is not precisely related to usefulness of a feed to an
animal.

Digestible energy (DE) is an index of the amount of feed
energy value presumably available for meeting an animal’s
requirement for energy. Within the GI tract, available GE
is digested while waste is removed from the system as
feces (fecal energy [FE]). Apparent digestible energy is the
difference in energy between GE and FE. The term “appar-
ent” reflects the fact that some energy in feces does not
come from feed but instead represents inherent loss of
enzymes, sloughing tissues, and microbial cells that col-
lectively are called “metabolic fecal matter.” Depending
on the nature of feeds, DE can be as high as 80% for con-
centrate diets and as low as 50% for forage diets. Straw
may be even lower (45% DE).

Total digestible nutrients (TDN) is another index of
available feed energy that accounts for the higher energy
content of lipids. TDN is the sum of digestible nitrogen
free extract (NFE) (carbohydrates), digestible crude protein
(CP), digestible crude fiber (CF), and 2.25 times the digest-
ible ether extract (lipids) for animals fed at an energy
intake equal to maintenance. TDN can be approximated
from DE, with 1kg TDN being about 4.4 Mcal DE, or by
empirical equations using feed composition data such as
CP, neutral detergent fiber (NDF), and acid detergent fiber
(ADF) together with their predicted digestibility. The TDN
value of a feed may be lower when feed intake is above
maintenance due to reduced time for digestion of nutrients
by the GI tract. Total digestible nutrient values also appear
to overestimate the energy availability from diets rich in
fiber relative to high concentrate diets (Moore et al., 1953).

Metabolizable energy (ME) deducts energy lost in urine
(UE) and energy lost in rumen gases (GasE) or methane
from DE. Compared with DE or TDN, ME more precisely
estimates the usable energy available to support tissue
accretion, milk, and conceptus. The energy loss in urine
(4-5% of GE) and heat of gases loss in fermentation
(4-5% of GE) can be considerable. The UE losses are
higher for ruminants than nonruminants because microbial
nucleic acid by-products as well as urea are excreted in
urine. Gaseous energy loss increases as the level of dietary
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fiber increases, but it is reduced as a percent of GE when
energy intake increases. Consequently, methane losses are
less when animals have high feed intakes or consume
either high-concentrate diets (Johnson and Johnson, 1995)
or when browse comprises an important dietary compo-
nent (Woodward et al., 2001). Components of browse
including essential oils or unsaturated fatty acids might
inhibit protozoa or methanogenic bacteria to reduce GasE.
Loss of energy in UE and GasE are quite predictable and
result in a high correlation between DE and ME. The ME
for ruminants generally is calculated as ME = DE x 0.82
for forage-based diets; however, this may be an underesti-
mate with diets rich in concentrate or browse that tend to
have lower gaseous losses.

Because sufficient data are not available to calculate the
net energy (NE) of feeds or the net energy requirements
of goats, NE is used less commonly than DE, TDN, and
ME for formulating diets. The NE considers an additional
loss of energy, heat increment (HiE). Heat increment is
subtracted from ME as NE = ME — HiE. Heat increment
is defined as the increase in heat production following feed
consumption in a thermoneutral environment (NRC,
1981a). It includes both the heat of fermentation in the GI
tract and the heat of metabolism (i.e., heat released when
nutrients are metabolized). Heat increment is useful to keep
animals warm when they are exposed to low environmental
temperatures but presents a burden otherwise, and must be
dissipated. Heat increment losses account for 25-40% of
GE, increasing as fiber content of the diet increases, and
as feed intake and tissue gain increase. Net energy relates
more closely to animal performance than DE, TDN and
ME, each of which overestimate energy value of feeds.

NET ENERGY REQUIREMENTS
Net energy required for maintenance is that portion of
energy used for basal metabolism, muscular activity, tissue
repair, involuntary metabolic processes, and voluntary
activities that are necessary to sustain life. Life-sustaining
activities account for walking to seek and obtain food,
browse, shade, feeders and waterers, or other related activ-
ities such as social activities specific to goats like jumping,
playing or fighting. Maintaining body temperature under
extreme environmental conditions also will impact the
maintenance energy requirement. Energy available in
excess of maintenance is available for a wide variety of
activities such as tissue gain, reproduction, lactation, hair/
wool production, or physical work.

Composition of tissue gain varies depending on the age
of the animal. Younger animals tend to gain more water
and protein, but as animals age, more water and fat are

deposited. Gender of the animal also can influence the
pattern that animals deposit protein or lipid. Deposited
water plus protein (lean) requires less energy (1.2 Mcal/kg)
than deposited fat plus water (8 Mcal/kg). Other factors
such as genotype, rate of gain, or energy density of diet
may affect energy requirements for gain.

Energy required for reproduction depends on the stage
of pregnancy, number of fetuses carried, and development
of mammary tissues. The additional energy required for
pregnancy typically is so small that they can be ignored
until about 100 days in gestation. Most of the fetal and
mammary growth occur during the last 50-60 days of
gestation for goats. Data are insufficient to determine
requirements for pregnancy of goats accurately. Estimating
or measuring the energy requirements for and efficiency
of lactation also are complicated because animals mobilize
body energy reserves to produce milk while, later in lacta-
tion, body energy reserves are replenished simultaneous
with lactation. Efficiency of converting energy from feed
to energy in milk for ruminants averages 0.62; however,
efficiency can be higher (0.84; ARC, 1980) when mobi-
lized energy is used for milk production.

Energy requirements for fiber growth in Angora or other
fiber-producing goats depend on rate of fiber growth, the
amount of energy in the fiber, and energetic efficiency of
fiber growth. Energy also is expended for exercise or work.
According to the NRC (1981b), additional energy needs
for low, medium, and high activities are 25, 50, and 75%
of maintenance energy requirements, respectively.

ENERGY SOURCES

Energy is released during oxidation of nutrients in the
body, being produced with oxidation of carbohydrates,
fats, proteins, and other organic compounds by the body.
Any organic compound capable of being fermented and
converted to VFA, or of being digested and absorbed as a
monosaccharide or fat from the digestive tract can enter
the Kreb’s cycle and be converted to energy. One gram of
carbohydrate or protein upon oxidation will produce 4-5
calories of energy while a gram of fat, with a higher energy
density, can produce 9 calories. With most practical diets,
carbohydrates provide the majority of energy for rumi-
nants with only a small portion coming from fats. Proteins
generally are the most expensive part of the diet and are
fed to meet protein (amino acid) requirements, but excesses
will be oxidized yielding energy.

Carbohydrates
Carbohydrates, also called polysaccharides, usually com-
prising 60—70% of ruminant diets, are the main source
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of energy for ruminants. They include diverse compounds
classified as monosaccharides (single sugar unit), such as
glucose, fructose, or polymers of monosaccharides, that is,
oligosaccharides (2—10 sugar units), such as maltose and
lactose, and polysaccharides, such as cellulose, hemicel-
lulose, and starch. Carbohydrates also are divided into two
main groups based on their availability for fermentation or
digestion: (1) nonstructural carbohydrates (NSC) being
found inside the cells of plants that are readily available
and fermented such as sugars and starch, and (2) structural
carbohydrates (SC) being present as plant cell walls that
resist digestion but are partially fermented in the rumen
and in the cecum/colon.

Nonstructural carbohydrates include sugars, starches,
organic acids, and other reserve carbohydrates such as
fructans. Starches generally comprise 50-100% of NSC in
most plants. NSCs are well digested and provide the main
source of energy for both ruminal microbes and the host
ruminant. Nonstructural carbohydrates typically are mea-
sured by enzymatic methods and differ slightly from non-
fibrous carbohydrates (NFC) that are calculated by
subtraction as NFC = 100 — (%NDF + % CP + % Fat + %
Ash). The difference between NSC and NFC includes
pectin and organic acids. Pectin is not included in NSC.
The levels of NSC in the diets of dairy cattle should not
exceed 30—40% of the ration dry matter while the maximum
level for NFC can be slightly (2-3%) greater. The optimal
concentration of NSC or NFC in the diet of dairy goats has
not been determined.

Structural carbohydrates separated from cell contents by
solubilizing away materials solvent in acid and base yield
crude fiber (CF), or in a pH neutral detergent solution yield
neutral detergent fiber (NDF), or an acid detergent solution
yielding acid detergent fiber (ADF). Neutral detergent fiber
represents much of the fiber in the plant cell walls and
includes cellulose, hemicellulose, and lignin. Acid deter-
gent fiber is equal to NDF minus hemicellulose. Generally,
ADEF is less digestible than NDF, and ADF concentration
in a feed is negatively related to energy digestibility of that
feed. However, digestibility of NDF is affected by its
source (from forage or grain), and the proportions of its
components: cellulose, hemicellulose, and lignin. NDF
from nonforage and present in small particles is less
effective for maintaining rumen pH than NDF from
coarser forage particles. The recommended dietary require-
ments for dairy cattle for NDF to support optimum milk
production with no depression of milk fat is set at 25% of
diet dry matter with not less than 19% of NDF from forage
(NRC, 2001). There is no recommendation stated for dairy
goats.

Lipids

Lipids are organic compounds defined by being soluble in
a nonpolar solvent like ether or chloroform. Lipids will
include long chain fatty acids (FA), triglycerides, phospho-
lipids, and other substances such as sterols and cholesterol.
Lipids are generally classified as (1) simple lipids, mainly
neural fats and waxes; (2) compound lipids, including
phospholipids, such as lecithin, cephalins, and nonphos-
phorylated lipids, such as glycolipids and lipoproteins; and
(3) derived lipids, such as fatty acids and sterols. Fats are
lipids, but not all lipids are fats. For example, petroleum
products are lipids but are not fats. Fat generally refers to
stored, energy-rich compounds that have high concentra-
tions of long-chain fatty acids including triglycerides,
phospholipids, nonesterified fatty acids, and salts of long-
chain fatty acids. Fats are dense sources of energy provid-
ing more than twice the energy per unit of weight of
carbohydrates and proteins with more than 85-90% of this
additional energy being available for metabolism. Fats also
provide fat-soluble vitamins such as A, D, and E that
rumen microbes are unable to synthesize in the rumen, and
the essential fatty acids such as linoleic acid and linolenic
acid. Fat is present in grains and forage at levels of 2-5%
of dry weight. In addition, fats often are added to diets
of ruminants in the form of oilseeds, animal or animal-
vegetable blends (with a saturated:unsaturated FA ratio
of 1:1), dry granular fat, or rumen-protected fat. Feeding
more than 6—7% of diet DM in the form of fat will decrease
intake and has been associated with depression in cellulose
digestion in the rumen.

Proteins

Proteins are large molecular weight nitrogenous com-
pounds composed of amino acids. Proteins are vital to
living cells and play important roles (1) as enzymes,
hormones, and structural components of the cells, (2)
for immunity and heredity, and (3) for oxygen transport,
muscle contraction, acid-base balance, osmotic pressure,
and blood clotting. Proteins generally are classified as
either (1) simple proteins that upon hydrolysis yield mainly
amino acids and their derivatives, (2) conjugated proteins,
or (3) derived proteins. Simple proteins are classified based
on their solubility as globular proteins (albumin, globulin,
glutelins, and prolamines) or fibrous, less soluble proteins
(collagen, elastin, and keratin). Conjugated proteins are
simple proteins with an additional nonprotein prosthetic
group, such as nucleoproteins, glycoproteins, metalopro-
teins, etc. Derived proteins include peptones and metal-
loproteins. Globular proteins are present in all feeds,
whereas fibrous proteins are more abundant in feeds of



174 Goat Science and Production

animal origin. Seed proteins are rich in glutelins and
prolamines, whereas leaf protein is primarily albumin.
Feedstuffs also contain NPN compounds, peptides, free
amino acids, nucleic acids, amides, amines, and ammonia.
Grasses and legumes have the highest and most variable
content of NPN (nonprotein nitrogen, typically being any
protein that is not precipitated by a protein precipitant like
tungstic or trichloroacetic acid). The NPN content of fresh
forage is mainly short peptides, free AA, and nitrates,
whereas fermented forage is rich in free AA, ammonia,
and amines but lower in peptides and amines.

METABOLIZABLE PROTEIN

Metabolizable protein is used for maintaining and repair-
ing body tissues, tissue gain, conceptus gain, and milk
or wool production. The goal of feeding protein to rumi-
nants is to provide amino acids to complement the micro-
bial protein and supply dietary protein that escapes
destruction within the rumen and to reach the small intes-
tine to be digested therein and provide AA for absorption.
The crude protein and digestible protein systems com-
monly were used in the past as indices of ruminants’
protein needs. These have been displaced through the
metabolizable protein (MP) concept that should define
requirements more accurately. True MP supply is the total
of microbial protein synthesized in the rumen plus the
amount of dietary protein that escapes fermentation (UIP)
that in turn is supplied by the diet and by recycled nitrogen.
Microbial protein synthesis in the rumen requires both a
nitrogen source and available energy. Most cellulolytic
bacteria require ammonia for growth while amylolytic bac-
teria may require amino acids. Protozoa meet their nitro-
gen need from digestion of bacteria, feed, or fungal protein.
Outflow of microbial protein from the rumen is associated
with both liquids and solids. Faster rates of rumen outflow
will increase microbial yield by reducing the time that
microbes spend in the rumen and thereby the amount of
energy bacteria used for maintenance. Protozoa have a
slower generation rate and limited outflow from the rumen
and thereby have a very low efficiency for production of
microbial protein. Passage rate also can affect how much
of the intake protein is degraded in the rumen. Although
dietary protein is divided into two fractions, degradable
intake protein (DIP) and undegradable intake protein
(UIP), extent of degradation of DIP will vary with time
available for degradation that in turn is altered by level of
feed intake. This in turn influences the amount of MP
available. In the small intestine, amino acid absorption rate
appears more variable for UIP than that for microbial
protein. Small intestinal protein digestion is assumed to be

80—85% and MP is estimated to be between 60—64% of
CP.

NITROGEN RECYCLING

The liver synthesizes urea from ammonia in blood.
Ammonia in turn is absorbed through the rumen or intes-
tinal wall or is produced during nitrogen metabolism by
tissues. In goats, some 18-85% of blood urea is recycled
to the rumen either via saliva or directly via diffusion
through the rumen wall (NRC, 2007). The intakes of rumi-
nally degradable intake protein and available fermentable
carbohydrates regulate the degree to which intake or recy-
cled urea is used whereas salivary flow and rumen pH
influence the extent to which urea is recycled and to which
ammonia is retained within the rumen. Recycled nitrogen
(urea) contributes to rumen microbial protein, fecal nitro-
gen, and urine nitrogen. The metabolizable protein repre-
sents the proportion of protein that is digested (DP) and
absorbed and not eliminated by the kidneys. Nitrogen recy-
cling by ruminants is a significant survival tool that helps
conserve protein when quality of feed is marginal.
However, urea recycling may be simply a fortunate side
benefit of adaptation to a desert environment. Through
recycling N, excretion of urine is reduced and this in turn
reduces the need for water, a factor important for survival
under desert conditions.

Minerals

Minerals are essential components of a diet and play mul-
tiple major roles in the body. Collectively they are assayed
as and thereby called “ash” and comprise the inorganic
portion of the diet. Minerals do not yield energy or produce
protein for the animal, but their presence is crucial for
nutrient metabolism. Minerals also provide structure with
bone and teeth formation; play significant roles as electro-
lytes in acid-base balance and body fluid volume regula-
tion; maintain osmotic pressure, membrane permeability,
and nervous transmission; regulate cell replication and
differentiation; and act as coenzymes or cofactors in
metabolic activities and body immune function. Fourteen
different mineral elements have been identified as required
in the diet of goats.

Minerals generally classified based on the quantities
required as either (1) macrominerals or major minerals that
are needed in “gram per day” quantities and include
calcium, phosphorous, sodium, chloride, potassium, mag-
nesium, and sulfur or (2) microminerals or trace minerals
that are needed in very small amounts as “mg per kg” and
include cobalt, copper, iodine, iron, manganese, selenium,
and zinc. Additional trace elements that may be needed
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under certain conditions include aluminum, arsenic, boron,
chromium, fluorine, silicon, tin, and vanadium (Underwood
and Suttle, 1999). Most minerals in excess can prove to be
toxic. Minerals whose excesses are less tolerated by
animals include fluorine, molybdenum, lead, arsenic,
aluminum, cadmium, and mercury.

The main source of minerals is various feeds and occa-
sionally water and air. Soil also can provide minerals
directly through consumption during grazing and feeding.
Plants generally have a mineral composition characteristic
of the soil though soil pH can alter the availability of soil
minerals for plants. Acid soils lead to decreased availabil-
ity of most macrominerals but will increase the availability
of many trace minerals. Alkaline soils may increase
molybdenum or selenium availability but will decrease the
availability of most trace minerals.

Most forage is a rich source of potassium and iron but
often is deficient in sodium, copper, selenium, and possibly
iodine. Cereal grains are deficient in most minerals. High
protein feeds generally are richer in mineral content than
forage and cereal grains. Legume forage usually is richer
in minerals than grasses, and leaves are richer than stems.
As forage matures, protein content decreases while phy-
tates and oxalates will increase; these changes reduce
mineral content and mineral bioavailability.

Nutrient balance among minerals will alter mineral
absorption. Specific imbalances, induced by man through
mismanagement or natural conditions, can result in mineral
interactions and reduced mineral absorption. For example,
acid soils promote molybdenum absorption by plants, and
high molybdenum intakes may reduce copper uptake and
induce copper deficiencies in animals. Goats given the
opportunity for browsing tend to balance their mineral
needs; however, in confinement, deficiencies or toxicities
can occur.

One general symptom of mineral deficiency is “pica.”
Goats exhibit pica as a peculiar craving that results in
eating or chewing on wood or digging or licking soil.
Assessment of mineral status of animals can help to iden-
tify mineral excesses or deficiencies and diagnose the
source of a pica problem. This assessment includes collec-
tive knowledge of mineral content of the feeds, water, soil,
animal fluids and tissues, as well as clinical signs and
symptoms. Diagnosis is confirmed when the problem is
corrected and the animal recovers.

Physiological stages of production may impact mineral
requirements and if not corrected, induce deficiencies.
Minerals are needed for body metabolism and for all
phases of growth and production, particularly for skeletal
growth of young animals, conceptus growth of pregnant

does, and milk and fiber production. Mineral requirements
of goats are not fully understood or investigated, and estab-
lished requirements are extrapolated largely from informa-
tion from cattle and sheep. Recent research findings on
mineral requirements of goats confirm major differences
between species and have been documented for copper
(Solaiman et al., 2001).

Vitamins

Vitamins are complex organic compounds that are needed
only in small amounts, that perform multiple physiological
functions, and that are involved in many metabolic pro-
cesses. Vitamins are generally classified by their solubility
as either (1) water soluble vitamins, that include the B
complex vitamins and vitamin C, and (2) fat soluble vita-
mins, A, D, E, and K. Although fat-soluble vitamins only
have oxygen, hydrogen, and carbon in their structure,
water-soluble vitamins are more variable in composition
with some containing nitrogen, sulfur, and cobalt. Water-
soluble vitamins are synthesized in the rumen by fermenta-
tion in the presence of adequate cobalt for vitamin B, and
sulfur for thiamin and biotin synthesis. Although rumi-
nants may be self-sufficient for synthesizing their own B
vitamins, supply of certain B vitamins may limit produc-
tion under some conditions. Ruminants can synthesize
vitamin C (ascorbic acid) because they have the enzyme
L-gulanolactone oxidase to convert gulanic acid to gulano-
lactone during ascorbic acid synthesis. Fat-soluble vitamin
A is present in forage as its precursor P-carotene, but
vitamin E often is added to diets. Vitamin D can be
obtained through exposure of skin to sunlight but must be
supplied when animals are indoors or have limited expo-
sure to ultraviolet arrays. Vitamin K can be produced by
rumen fermentation when the rumen is free from antivita-
min K activities (coumarin) produced by molds that grow
on white clover and produce the antivitamin dicoumarol.
Although some fat-soluble vitamins are required in the
goat’s diet, research data to establish requirements are
lacking; therefore, requirements have been extrapolated
from data for cattle and some from data from sheep.

Water

Water is the largest single component of the animal’s body
making up between 50 and 81% of total weight at various
stages of development. Water has unique properties
and functions in metabolism and physically. Water faci-
litates cellular reactions with its high dielectric constant
and hydrogen-binding property that promotes ionization
of electrolytes and allows oppositely charged ions to
move independently. Water helps in the transportation of
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metabolites, nutrients, and hormones throughout the body.
In the gastrointestinal tract, water provides moisture for
rumen fermentation and aides in excretion of waste.
Certain characteristics of water, including its high specific
heat, high thermal conductivity, and latent heat of vapor-
ization, assist in body temperature regulation. Water
requires heat to raise its temperature, has a high heat trans-
fer capability, and requires heat to change from liquid
phase to vapor or to solid phase. Vaporization of water is
the main route by which the body will lose heat. Other
functions include lubrication of joints and conduction of
sound through the body.

Body water is gradually displaced by body fat as animals
grow and mature. Milk production increases the water
requirement and body water content. Males tend to have
more body water than females. Turnover rate of water in
the body under normal conditions ranges from 2—8 days
but may increase with potassium and salt intake, tempera-
ture, and humidity.

An animal obtains its water from drinking, from water
in feeds (called bound water or preformed water), and from
metabolic water. Metabolic water is the water released
during oxidation of the carbohydrates, fats, and proteins.
Metabolic water of nutrients relates to their oxidation state.
Fats are the least oxidized compounds and have a high
ratio of carbon and hydrogen to oxygen. One hundred
grams of fat when metabolized will release 109 grams of
water, carbohydrates yield only 60 grams, and proteins
yield only 42 grams. Disposal of end-products of protein
metabolism (urea) requires additional water. Preformed
and metabolic water can meet the water needs of many
grazing animals.

The body loses water through four main channels: (1)
kidneys, (2) skin, (3) lungs, and (4) intestines. Kidney
water excretion through urine is under hormonal adreno-
corticotropic hormone (ACTH) control. Water loss through
skin is either insensible (radiation) or sensible (perspira-
tion) and is affected directly by solar radiation input, tem-
perature, humidity, and wind velocity. Lungs lose water
through vaporization; this loss is affected directly by
temperature and animals’ activity. Water loss through the
lungs and skin, accounts for one-third of total water loss.
Intestinal water loss through feces is affected by animal
species, being lower for sheep and goats than cattle. Water
lost by any channel except lungs will also include loss of
electrolytes.

Water requirements are not fixed. Under normal condi-
tions, voluntary water intake is proportional to feed intake.
However, high ambient temperature will increase water
consumption. An animal may drink only 3 liters of water

per kg of feed at 5-6°C versus about 15 liters at 40°C.
Season of the year also can change the water requirement.
Daily water intake generally is estimated at 5-6% of body
weight but may be 10% of body weight in extreme cases.
Dietary factors as well as environmental factors can influ-
ence water intake. Dietary factors that increase water
intake include intake of dry matter, protein, fat, and salt.
Feeds with higher water content such as pastures and fresh
cuts may displace intake of imbibed water. However,
water intake often increases with intake of ensiled feeds
because of their higher osmolarity. The primary environ-
mental factors that affect water intake are high temperature
and high humidity; both increase water intake. Design,
accessibility, and cleanness of water also may alter water
consumption by goats.

WATER DISTRIBUTION

Total body water (TBW) is distributed into two major
compartments: (1) extracellular fluid (ECF) that comprises
some 31-38% of TBW, and (2) intracellular fluid (ICF)
that comprises the remaining 62—69% of TBW. The ECF
includes blood plasma (25%) and intestinal fluids (75%)
with volume being regulated by maintaining a constant Na
concentration. The ICF includes water plus other regula-
tory electrolytes, potassium, other inorganic ions, and dif-
ferent proteins within cells. The volume of ICF is closely
regulated by volume sensors, hormones, and water trans-
port mechanism supported by the liver, heart, and kidneys.
Fluid exchange between the two pools is important for the
survival of animals under desert conditions and the
Mediterranean environment. Water content of the fore-
stomach will comprise from 10-30% of TBW and is a
major temporary water reservoir whose volume will
change over time with meals and drinking bouts.
Withholding food and water for 20-24 hours is a routine
procedure that will minimize the variation in body weight
measurement or “shrunk weight.” Alternatively, body
weight measured without food and water restriction is
called “unshrunk weight.”

WATER REQUIREMENTS

Requirements for water are not determined directly but
instead the requirement typically is calculated as voluntary
intake of water for animals given free choice access
to water. Water intake usually is calculated from dry
matter intake according to the following equation (NRC,
1985):

Total Water Intake (liter/day)=3.86 x Dry Matter Intake
-0.99
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Adjustments are needed to consider effects of season,
environmental temperature, breed of animal, and physio-
logical stages of growth. Water intake usually is higher in
summer and with hot temperatures. Breeds of animals
adapted through natural selection to a shortage of water
may consume less water and lose less water with feces.
Gestation may increase water intake an average of 126%,
being even greater for animals bearing twins and triplets.
Water needed for lactation is estimated at 3.5 liter of water/
kg of milk production. The water content of milk is usually
sufficient for growing the newborn up to 2-3 weeks of age;
however, providing free access to extra water is recom-
mended. The water need for nursing offspring is set at
813 mL/g body weight gain for growth plus another 120 —
140 mL/kg of metabolic body weight (BW®7) for mainte-
nance. Water needs for weaned animals for growth is set
at 7-8mL/g of body weight gain with another 143 mL/kg
BW?®” required for maintenance (NRC, 2007).

SUMMARY

Goats are one of four existing true ruminant domesticated
agricultural species among ungulates that continue to be
very successful forage-consuming mammals. Goats benefit
from a predigestive fermentation GI tract that allows for the
breakdown of fiber to yield energy-rich fermentation prod-
ucts and the synthesis of microbial protein from nonprotein
nitrogen sources or recycled metabolic nitrogen. The other
benefits include production of vitamin B complex. Goats
use visual cues and taste to select for diets based on the
concentrate part of the plants and for shrubs and browse.
They have larger salivary glands that secrete tannin-bind-
ing protein in the saliva to detoxify tannin associated with
browse species. The newborn kid and up to 3 weeks of age
is preruminant, its intermediary metabolism is glucose
driven, and blood glucose is insulin sensitive. By 8 weeks
as a young ruminant, the intermediary metabolism shifts to
VFA driven and is less insulin sensitive.

Rumen dysfunction is not common in free-ranging
ruminants, and it appears to be manifested by mismanage-
ment of normal balances between animal and the diet.
They may include bloat, rumen acidosis, displaced aboma-
sums, urea toxicity, and nitrate toxicity. Goats require
nut