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FORWARD 
 

Imagine a world where there was no beef or 
pork; one where the only meat-based protein 
available to you was a small, four-legged animal 
that liked to eat the bark and leaves off trees and 
brush.  Traditionally, goats have been used as an 
all-purpose animal.  In addition to the milk and 
meat, the dung is used as fuel and bones, hair, 
and sinew for clothing, building, and tools, 
while the hide has been used to produce 
parchment and bottles for water and wine.  
Furthermore, goats are useful for hauling and 
packing purposes, their intestines can be made 
into catgut, and their horns used to make spoons.  
Goats are also considered an environmentally 
friendly form of vegetation control and can 
easily be incorporated into other production 
processes or as an alternative form of livestock 
diversification.   
 
Historically 95% of all of the goats raised in the 
world (i.e., more than 600 million) were found 
in developing countries.  During the ‘80s and 
‘90s, 81 to 95% of the world’s population of 
goats was found in Africa and Asia, with the 
Food and Agriculture Organization of the United 
Nations’ estimates stating that the average 
annual growth rate of small ruminant 
populations worldwide ranged from 0.45 to 1.66 
(1977-1982).  Despite their abundance, 
developed countries put little value on adopting 
and improving production practices for the 
species.   
 
As the world became ever more mobile and 
developing and developed populations began to 
merge, livestock producers in the western world 
began to see the importance of adding this 
species to their dietary menu.  The number of 
goats raised in the United States during the ‘80s 
and early ‘90s was minimal.  With the influx of 
immigrants from developing countries and the 
knowledge that most of the goat meat consumed 
in the U.S. was imported from Australia and 
New Zealand, producers in the southeast soon 
realized the unlimited potential for growth in the 
goat industry in the developed world.  In 1992, 
the U.S. developed a strong interest of meat goat 

production as a niche market for small-scale 
livestock producers.  Still, there was no 
organized effort to promote meat goats and their 
production practices.   
 
Realizing that goat production offers a viable 
form of sustainable livestock production, 
particularly for individuals with limited financial 
resources, limited land availability, and limited 
physical abilities, interest soon expanded 
throughout the country.  In 2009, the USDA's 
National Agriculture Statistics Service reported 
a goat inventory of 3.04 million in the United 
States.  Even with this number, American 
producers are unable to meet domestic demand.   
 
With the cooperation of the USDA, research and 
extension divisions in land grant universities 
have taken the lead in providing information, 
workshops, and programs to increase the 
knowledge base among producers on Best 
Management Practices for small ruminants.  
What has been lacking in its future growth has 
been a concerted effort to develop plans and 
programs to improve production practices for 
goat and sheep producers.  Recognizing the need 
to consolidate and share resources, the Statewide 
Goat Program at Florida A&M University 
decided to hold a conference in 2010 to address 
issues impeding the growth of an organized goat 
industry.  This conference will serve as a forum 
to facilitate information exchange, strengthen 
networks, and educate producers.  The papers 
and abstracts in these proceedings were peer 
reviewed by three independent reviewers. 
 
On behalf of all who worked so hard to make 
this Conference possible, thank you for your 
attendance at this event. 
 
 

Sincerely, 

 
PAMELA HUNTER, DVM 

VETERINARIAN MANAGER 
FLORIDA DEPARTMENT OF AGRICULTURE AND 

CONSUMER SERVICES, DIVISION OF ANIMAL INDUSTRY 
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WELCOME 
 

A message from a Member of the Board of Trustees, Florida A & M University R. B.  
Holmes, Jr. 
 
Welcome Delegates:  
  
It is with 
great joy and 
anticipation 
that we join 
with you in 
this week of 
conversation, 
education, 
and 
stimulation 
as we 
participate in 
these key 
conference venues that will certainly 
enlighten, enrich, and inspire our various 
communities regarding this important goat 
and sheep industry.  
  
We have a unique opportunity to close the 
large informational divide about 
understanding the educational, cultural, and 
economic efficacy of the sheep and goat 
industry.  Our beliefs, values and norms 
must be undergirded with a foundational 
awareness by our local, national and global 
communities.  The recent devastation in 
Haiti and the indescribable Gulf Coast oil 
disaster have challenged us to fully engage 
ourselves in a higher level of discourse 
regarding alternative occupations, 
environmental structures, and the necessary 
technological infrastructure required to 
strengthen and expand the goat industry in 
general, and our local communities, in 
particular.   
 
We applaud President James Ammons, 
President of Florida Agricultural and  

 
 
 
Mechanical University, Conference Co-
Chair, Dr. Ray Mobley, and the myriad of 
committee members, presenters, exhibitors 
and participants for having the fortitude to 
intensify academia’s goal to educate the 
larger community while concomitantly 
expanding the agricultural, occupational, 
and economic horizon for this emerging 
industry.  
  
As CEO of  Live Communications, Inc., the 
parent company of the award winning 
Capital Outlook newspaper and WTAL 
1450 AM radio station, serving Tallahassee 
and the Big Bend areas, I offer our services 
to you this week and beyond as we herald 
the message of the expansion of the goat 
industry.    

 
Yours truly, 

 
 
 
 

 
REVEREND DR. R. B. HOLMES, JR., D. D. 

PASTOR, BETHEL MISSIONARY BAPTIST 
CHURCH  

MEMBER, BOARD OF TRUSTEES,  
FLORIDA A & M UNIVERSITY 

PRESIDENT AND CEO - LIVE 
COMMUNICATIONS, INC. 
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A message from the President of Florida 
A&M University James H. Ammons 
 
 
Dear Conference Participants: 
 
On behalf of 
Florida A&M 
University 
(FAMU), 
welcome to 
Tallahassee and 
the 2010 National 
Goat Conference.  
With a theme of 
“Strengthening 
the Goat 
Industry,” this 
event, sponsored 
by the Cooperative Extension Program, provides 
an opportunity to share pertinent information 
regarding goats and their habitats to include 
breeding and management practices. 
 
As president of FAMU, I want to congratulate 
the University’s Cooperative Extension Program 
for coordinating this unique conference.  I am 
honored to say that the remarkable work taking 
place in our cooperative extension program is a 
direct reflection of the outstanding research 
ongoing throughout our University.  After 
participating in conference breakout sessions, I 
do hope that you will have an opportunity to 
peruse our campus.  By doing so, you will have 
a chance to learn more about the University and 
why FAMU is indeed a special place. 
 
Again, welcome to FAMU and best wishes 
toward an informative and exciting event. 
 
 

Sincerely, 
 
 
 
 

JAMES H. AMMONS 
PRESIDENT 

FLORIDA A&M UNIVERSITY 
 

A message from the Dean of the College 
of Engineering Sciences, Technology, and 
Agriculture Makola M. Abdullah  
 
Dear Conference Attendees:  
 
Welcome to the 
National Goat 
Conference and 
welcome to 
Florida 
Agricultural and 
Mechanical 
University.  It is 
an honor to host 
what promises to 
be an exciting 
conference and 
witness the 
sharing of new ideas and knowledge that will 
take place this week as you come together in 
Tallahassee to discuss innovative methods to 
improve the goat industry across the nation.  
 
FAMU has a long history of research and 
extension in the area of goat and small ruminant 
sustainability, and we hope to continue in this 
tradition of excellence through this conference 
just as its theme states “Supporting 
Sustainability for Goat and Sheep Producers 
across America.”  
 
I invite you to tour the College of Engineering 
Sciences, Technology, and Agriculture and to 
learn about our many programs that exist for 
both students and professionals.  I look forward 
to interacting with many of you and hope that 
you enjoy your visit to our campus and have a 
memorable conference. 
 
 

Sincerely, 
     

 
  

MAKOLA M. ABDULLAH, PH.D. 
DEAN & DIRECTOR OF LAND 

GRANT PROGRAMS 
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A message from the Director of the 
Cooperative Extension Program College 
of Engineering Sciences, Technology, and 
Agriculture Ray Mobley  
 
Dear Friends, Colleagues, and Supporters: 
 
It is my pleasure 
on behalf of the 
planning 
committee to 
bring you 
greetings and 
welcome you to 
the National Goat 
Conference: 
Strengthening the 
Goat Industry. 
 
We view this conference as a major milestone in 
the development and progression of a national 
emphasis on small ruminants.  This program is 
designed to provide a comprehensive approach 
to addressing the needs and concerns of the goat 
and sheep industry.  We are all excited about the 
many potential outcomes for this conference.  I 
would like to thank our sponsors, exhibitors, and 
well-wishers for your support.  I also want to 
express my heartfelt gratitude to the many 
speakers, program participants and all that 
registered and contributed in any way in making 
this a reality.  I invite you to use this opportunity 
to learn from the tremendous team of acclaimed 
presenters and from each other during this 
conference and beyond.   
 
Please feel free to continue to dialogue with us, 
as it is our commitment to pursue excellence in 
our support to the goat industry.  Enjoy the 
conference. 

 
Sincerely, 

 

 
RAY MOBLEY 

 DVM, MPH, DACVPMC 
CONFERENCE CO-CHAIR  

A message from the Mayor of the City of 
Tallahassee John R. Marks, III 
 
 
 
On behalf of the City of Tallahassee, it is my 
pleasure to 
welcome you 
the 1

st 
National 

Goat 
Conference!  It 
is fantastic that 
producers, 
educators, and 
professionals 
from the 
agricultural 
industry are able 
to come to 
Tallahassee to collaborate on ways to make this 
field of agriculture more viable.  
 
While visiting Tallahassee, I hope you have the 
opportunity to enjoy our first class services, 
beautiful landscape, governmental and 
educational institutions and meet our engaged 
citizens.  Tallahassee is a regional center for 
employment, commerce, culture, education, 
politics and health care, which creates a large 
and diverse audience for our business 
community.  
 
Your visit this week is an exciting one that will 
help you succeed towards your organizational 
mission.  Thank you for coming to Tallahassee 
and best wishes for a successful conference!  
 

Sincerely,  
 

 
 

 
 

JOHN R. MARKS, III, MAYOR 
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A message from the Florida State Commissioner of Agriculture Charles H. Bronson 
 
 
Dear Friends: 
 
I am pleased to 
be a part of the 
Florida A&M 
University 
initiatives to 
promote the 
expansion of 
Florida's meat 
goat industry.  
The 
Department of 
Agriculture 
and Consumer 
Services has a long and successful history of 
partnering with FAMU. 
 
As many of you know, goat meat production 
in this country has quickly become one of 
the fastest-growing segments of the 
livestock industry.  Persistence among 
ethnic consumers in maintaining cultural 
practices has increased demand for goat 
meat, but the many benefits that goat meat 
possesses have the potential to create 
demand for it among millions of Americans 
who have simply never tried it.   
 
We are supportive of the university's efforts 
to raise awareness of the potential of goat 
meat and other value added products, and to 
explore some of the logistical issues that 
must be addressed for the industry to truly 
succeed.  For one thing, it furthers 
sustainable agriculture by providing a 
rapidly expanding business opportunity for 
small farms and individual producers.  For 
another, it helps feed our nation during a 
time of economic hardship. 
 

 
 
The conference is an exciting opportunity to 
bring together agricultural producers, 
veterinary health professionals, marketing 
experts and those in government to 
determine what is needed to take the next 
step in transforming what is seen by many as 
a niche product into a widely accepted and 
desired product. 
 
This conference will focus on the general 
health, breeding and reproduction of goats; 
the regulations and standards that need to be 
adhered to in order to assure that goat meat 
remains the safest product possible; and the 
markets, both existing and potential, for this 
exciting product. 
 
I wish our colleagues at Florida A&M 
University the best of luck in this project 
and reiterate our guidance and support in the 
effort. 
 

Sincerely, 
 
 
 

 
CHARLES H. BRONSON 

COMMISSIONER OF AGRICULTURE 
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FOOD SCIENCE AND SAFETY 
 
 

Food Safety Practices Implemented during Meat Goat Processing in a United States 
Department of Agriculture Inspected Processing Facility 

 
S. K. Williams†, N. Djeri†, K. C. Sarjeant‡ 

†Department of Animal Sciences, Post Office Box 110910, University of Florida, Gainesville, FL  
‡College of Engineering Sciences, Technology and Agriculture, Florida Agricultural and Mechanical 

University, Perry-Paige Building, Tallahassee, FL  
 
 
 

ABSTRACT 
 
In order to produce safe and wholesome goat meat 
for the consumer, it is imperative that a 
comprehensive food safety and sanitation program is 
implemented from farm to table.  This requires the 
development of a multi-component comprehensive 
food safety program that includes Good 
Manufacturing Practices (GMP), Sanitation Standard 
Operating Procedures (SSOP), Pest Management 
(PM), and Hazard Analysis and Critical Control Point 
(HACCP) Systems.  Record-keeping also plays an 
important role in the success of the food safety 
program.  The objectives of this paper are to discuss 
post-harvest processes that occur during meat goat 
processing from live animal to carcass and carcass 
fabrication and to discuss the food safety practices 
and procedures that are implemented.   
 
Key Words:  Meat goats, microbiology, food safety, 
processing, products. 

 
 

INTRODUCTION 
 

Except for the United States, goat meat, or chevon, is 
one of the most consumed red meats worldwide; 
however, it is being gradually introduced to 
consumers in the United States.  On January 1, 2010, 
all goat inventories in the United States totaled 3.04 
million head, down 1.0 percent from 2009.  Breeding 
goat inventory totaled 2.53 million head, down 1 
percent from 2009.  All market goats and kids totaled 
2.54 million head, down slightly from 2009.  Milk 
goat inventory increased to 355,000 head, 6 percent 
above January 1, 2009, while Angora goats were 
down 19 percent, totaling 150,000 head.  The 2009 
kid crop totaled 1.94 million head for all goats, down 
1 percent from 2008 (United States Department of 

Agriculture National Agricultural Statistics Service 
(USDA NASS), 2010).  In addition to meat and dairy 
goats, USDA NASS reported that mohair production 
in the United States during 2009 was 1.01 million 
pounds.  Goats and kids clipped totaled 160,500 
head.  Average weight per clip was 6.3 pounds.  
Mohair price was $2.66 per pound with a value of 
$2.69 million.  Although the statistics revealed a 
decline in meat goat production, it was not 
considered significant.  Goat consumption in the 
United States can be estimated based on imported 
goat meat and slaughter data.  Approximately 1.5 
million head of goats were consumed annually which 
represented an increase of 150 percent from 2002 and 
more than a 320 percent increase from 1999 
(eXtension, 2010).  
 
The primary focus of food safety programs discussed 
in this paper is controlling microbial growth post-
harvest from the live animal entering the processing 
plant through finished products.  In general, some of 
the microorganisms of concern that are associated 
with meat are Salmonella, generic Escherichia coli, 
Escherichia coli O157:H7, Campylobacter jejuni, 
Listeria monocytogenes (usually in ready-to-eat meat 
and other food products), psychrotrophic spoilage 
bacteria and Staphylococcus aureus (Romans, et al, 
1994).  Srivastava, et al (1981), analyzed goat meat 
before and after freezing and determined that 
Enterobacter sp., generic Escherichia coli, Klebsiella 
sp. and Bacillus cereus survived freezing.  
 
The microflora of the live animal and carcass prior to 
chilling is composed primarily of mesophilic 
microorganisms.  When the carcass is chilled, there 
will be a shift in the microflora from mesophilic 
microorganisms to psychrotrophic and psychrophilic 
microorganisms.  These are microorganisms that will 
grow and/or survive at cold temperatures.  Also 
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included in this group of microorganisms are some 
pathogenic bacteria that may not grow at chilling 
temperatures, but will survive (Sinha and Mandal, 
1977).  It is therefore essential to implement 
interventions to control, eliminate, or reduce these 
microorganisms.   
 
In order to produce safe and wholesome goat meat, 
and control microbial growth, especially pathogenic 
microorganisms, it is imperative that a 
comprehensive food safety and sanitation program is 
implemented.  Such a program consists of a 
prerequisite program that includes Sanitation 
Standard Operating Procedures (SSOP), Good 
Manufacturing Practices (GMP) and Pest 
Management (PM), and Hazard Analysis and Critical 
Control Point (HACCP) Systems (Diebel 
Laboratories, Inc. and Florida Beef Council, 2005; 
Office of Federal Register National Archives and 
Records Administration, 2010a and 2010b; Rushing 
and Ward, 2009).   
 
In general, meat goat producers usually sell their 
goats live and have very limited knowledge 
concerning the events that occur after the goats leave 
their premises.  The objectives of this paper are to 
present an overview of the processes that occur 
during meat goat processing from live animal to 
carcass and carcass fabrication and to discuss the 
importance of implementing a food safety program 
during post-harvest processing. 
 
 
PREREQUISITE PROGRAM AND HAZARD 
ANALYSIS AND CRITICAL CONTROL POINT 
SYSTEMS (HACCP) 
 
In general, prerequisite programs and HACCP 
systems are the components of a comprehensive food 
safety program.  These practices must be 
implemented in pre-harvest and post-harvest 
operations for goats as well as other meat and poultry 
species.  USDA Food Safety and Inspection Service 
have specific requirements for HACCP and sanitation 
programs.  These requirements are described in 
Volume 9 of the Code of Federal Regulations (CFR) 
where 9CFR§417 covers HACCP regulations (Office 
of the Federal Register, National Archives and 
Records Administration, 2010a) and 9CFR§416 
describes sanitation requirements (Office of the 
Federal Register, National Archives and Records 
Administration, 2010b) that include Good 
Manufacturing Practices and Pest Management.   
 
Good Manufacturing Practices address employee 
health and personal hygiene, effective sanitation, 

effective pest management, equipment selection and 
maintenance, plant environment management, water 
quality, operational practices and proper storage 
procedures for food.   
 
Sanitation Standard Operation Procedures include 
those operations involved in providing a clean and 
sanitary environment for the preparation, handling, 
and storage of a food product.  The procedures are 
established methods to be followed routinely for the 
performance of designated operations or situations.  
The procedures describe specific jobs, tasks or duties 
and typically involve establishment grounds and 
facilities, equipment and utensils, sanitary operation, 
employee hygiene, individual job responsibilities, 
scheduled frequencies, specific sequence of events 
and corrective action procedures. 
 
Pest management includes those actions which result 
in the exclusion of pests from food processing 
facilities and the detection and elimination of pests 
already present in the facility.  A successful pest 
management program should be designed to keep 
pests out of the facility, prevent contamination of 
food products by pests and chemicals used in their 
control, and reduce pesticide exposure for customers, 
as well as on-farm animals.  The program should also 
provide long-term elimination of pests from the 
facility and provide documentation on pest activity 
observed, the likely cause, corrective actions and 
long term preventive actions (Diebel Laboratories, 
Inc. and Florida Beef Council, 2005).   
 
The seven components of HACCP include Hazard 
Identification and Evaluation, Identifying Critical 
Control Points, Setting Critical Limits, Monitoring 
Critical Control Points, Establishing Corrective 
Actions, and Verification, Validation and 
Reassessment, and Record-keeping.  Hazard 
Identification and Evaluation involves developing a 
flow chart that describes the steps of each process 
and product flow in the establishment.  The diagram 
must also identify the intended use and consumers of 
the finished product.  The flow diagram will be used 
to list the significant hazards or potential hazards 
associated with each specific step of the 
process/operation and preventative measures to 
control the hazards.  Food safety hazards are any 
biological, chemical, or physical properties that may 
cause a food to be unsafe for human consumption.  
For example, food safety hazards related to 
processing of the live animals into carcasses and 
retail cuts must be identified and documented.  
Likewise, in the case of pre-harvest food safety, all 
potential hazards on the farm that are associated with 
production of the goats must be documented.  
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Second, Identifying Critical Control Points (CCPs) 
involves identifying a point, step, or procedure in a 
food process at which control can be applied and, as a 
result, a food safety hazard can be prevented, 
eliminated, or reduced to acceptable levels.  For 
example, rinsing the goat carcasses with a 2% lactic 
acid solution will eliminate or reduce the level of E. 
coli O157:H7. 
 
Third, Critical Limits are the maximum or minimum 
values to which a physical, biological, or chemical 
hazard must be controlled at a critical control point to 
prevent, eliminate, or reduce to an acceptable level 
the occurrence of the identified food safety hazard.  
Critical limits must be established in advance and 
must be measurable.  For example, feed and forage 
will be withdrawn from animals 20 to 24 hours 
(critical limit) prior to slaughter to minimize 
pathogenic contamination of the carcass during the 
harvesting (slaughter) process.  
 
Fourth, Monitoring Critical Control Points 
includes a planned sequence of measurements or 
observations that ensures the product or process is in 
control (i.e., critical limits are being met).  For 
example, the animals will be monitored to ensure that 
feed and forage is withdrawn between the 20 to 24 
hour withdrawal limit established.  Another example 
would be the monitoring of the lactic acid solution to 
ensure that sufficient lactic acid is added to achieve 
the 2% solution. 

 
Fifth, Corrective Actions are pre-planned, specific 
and written guidelines and procedures to be followed 
when a deviation occurs.  Corrective actions describe 
specific steps and/or procedures that are put in place 
for disposition of the product, and for correction of 
the process when it falls outside of the critical limits 
that have been set.  For example, if insufficient lactic 
acid was added to achieve the 2%, the records will be 
reviewed to determine the actual amount of lactic 
acid added and additional lactic acid will be added to 
achieve the 2%.  All revisions will be noted in the 
records.  In the second example, if food was 
withdrawn from the animals 25 hours prior to 
slaughter, then the critical limit of 20 to 24 hours 
withdrawal has been violated.  Therefore, the error 
must be documented and the corrective action that 
will be implemented to avoid future errors must be 
recorded. 
 
Sixth, Verification, Validation and Reassessment 
requires that every establishment validate the 
HACCP plan’s adequacy in controlling the food 
safety hazards identified during the hazard analysis, 
and shall verify that the plan is being effectively 

implemented.  This process involves documenting the 
scientific or technical validity of the hazard analysis, 
documenting the CCPs and verification of the 
effectiveness of the HACCP plan.  Every 
establishment shall also reassess the adequacy of the 
HACCP plan at least annually and whenever any 
changes occur that could affect the hazard analysis or 
alter the HACCP plan.  These changes might include 
new ingredients, packaging materials, or processing 
procedures.  Reassessment of the HACCP plan is 
conducted using independent audits or other 
verification procedures to ensure that the program 
still works or needs corrective action(s). 
 
The seventh and final step in the HACCP program is 
Record-keeping.  Record-keeping involves 
preparation and maintenance of a written HACCP 
plan and support documentation used in developing 
the plan.  All records and documentation generated 
during the monitoring of each CCP (charts, graphs, 
etc.), records of corrective actions and verification 
activities are part of the record-keeping process.  
Records for Good Manufacturing Practices, 
Sanitation Standard Operating Procedures, and Pest 
Management must also be maintained.  A facility 
must retain HACCP records at least one year for 
slaughter operations and refrigerated products and at 
least two years for frozen, preserved, or shelf-stable 
products.  After six months, the facility is allowed to 
keep all records in storage as long as they can be 
retrieved and provided within 24 hours if an FSIS 
inspector requests to see them.  Remember, records 
are essential for demonstrating that the process is 
functioning properly.  Maintaining accurate and up-
to-date records ensures that the livestock and 
resulting products produced are safe, satisfy federal 
government requirements and protect your business.  
For more details about the requirements for HACCP 
records, please visit the USDA FSIS Web site at 
www.fsis.usda.gov (USDA FSIS, 2008). 
 
 
IMPLEMENTATION OF FOOD SAFETY 
PRACTICES IN MEAT GOAT PROCESSING 
 
Harvesting Of Goats  
 
Meat goat sources for research conducted at the 
University of Florida have included producers in 
Hamilton County, Florida, Florida Agricultural and 
Mechanical University, Tallahassee, FL and a meat 
processor in Orlando, FL.  Goats displayed in Figure 
1 are from Florida A & M University.  The goats are 
Boer and Spanish crosses.  The goats were weighed 
and processed into carcasses at the University of 
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Figure 1.  Boer and Spanish crossbred meat 
goats in holding pen prior to harvesting 

Figure 3.  Final 
antimicrobial rinse (2% 
lactic acid) for goat carcass 
prior to chilling 

Figure 2.  Preparing animals 
for harvest at the University 
of Florida/IFAS Department 
of Animal Sciences 

Florida/IFAS Department of Animal Science USDA 
inspected harvesting facility. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
Processing of Meat Goats into Carcasses 
 
The goats were inspected antemortem and 
postmortem by USDA inspectors and harvested 
following USDA humane harvesting guidelines 
(Figure 2).  The stunned animals were shackled, bled 
and the pelt was removed.  Prior to removing the pelt, 
a plastic bag was placed over the animal’s bung 

(“bunging”) and tied 
to ensure that no fecal 
material contaminated 
the carcass.  Bunging 
(CCP1) functions to 
prevent the spread of 
pathogenic bacteria 
onto the surface and 
into interior cavities 
of the carcass.  The 
animals were 
eviscerated, rinsed 
and weighed, 
followed by a final 
rinse before chilling.  
The final carcass rinse 
was conducted using 
an antimicrobial 
intervention of 2% 
lactic acid solution 
(CCP2) (Figure 3).  It 

has been documented at University of Florida that 
2% lactic acid rinse solutions applied to the carcass 
prior to chilling is very effective in reducing the total 
microbial load and generic Escherichia coli.  No 
Escherichia coli O157:H7 was isolated on the 
carcasses.   

In addition to lactic 
acid, other 
antimicrobial agents 
and processes utilized 
in the meat (and 
poultry) industries 
have included 
physical methods 
such as rinsing, 
spraying and 
steaming; chemical 
methods such as 
chlorine dioxide, 
sodium hypochlorite, 
acidified sodium 
chlorite, sodium 
lactate and trisodium 
phosphate;  and 
oxidizers such as 
hydrogen peroxide, 
ozone or quaternary 
ammonium.  These are only a few of the many 
antimicrobial treatments that have been evaluated in 
the meat and poultry industries. 
 
The goat carcasses are stored in a cold room at 0°C 
for 24 to 48 hours (maximum) prior to fabrication 
(Figure 4).  The chilling process (CCP3) functions to 
maintain reduction of the total microflora as well as 
pathogenic organisms.   

 
The antimicrobials 
previously discussed 
also function to 
maintain reduced 
microbial populations 
during chilling and the 
fabrication process 
(Figure 5).  Handling 
is usually very 
excessive during 
fabrication (Figure 6).   
 
The fabrication process 
includes cutting or 

sectioning the carcass 
into the desired 
wholesale or retail cuts.  
In the University of 

Florida’s facility, the carcass is usually cut according 
to USDA Institutional Meat Purchase Specifications 
(USDA Agricultural Marketing Service, 2006) for 
fresh goat barbeque style, or retail cuts that include 
steaks, loin chops, cubes, and ground meat.  
Therefore, in addition to antimicrobial interventions 

Figure 4.  Chilling 
carcasses  
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Figure 5.  Fabrication of carcass 

such as the lactic acid, specific GMPs such as 
handling procedures, personal hygiene, employee 
health and effective sanitation (Table 1) and SSOPs 
(Table 2) such as providing a clean, sanitary 
environment for preparation of the finished product 
and handling and storage of the goat meat are 
implemented. 
 
After fabrication into the desired portions, the goat 
meat is usually vacuum packaged and stored at 0°C 
or frozen until delivered to the appropriate end user.  

The handling process and storage procedures after 
packaging are also included in the SSOPs. 
 
Another important program is pest management.  
Pests such as rodents, cockroaches, moths, ants, 
beetles, and snails must be controlled in and around 
processing facilities.  All pests are carriers of 
pathogenic microorganisms that have the potential to 
cause food-borne disease in food products.  At the 
University of Florida, approved pesticides and pest 
control methods are used by trained personnel. 
  

Figure 6.  Fabrication into retail cuts and 
portions 
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Table 1.  Sample of Good Manufacturing Practices for the University of Florida Meat Processing Center 

1. Frocks (lab coats), hard hats, shirts with sleeves, closed toed shoes and long pants will be worn in all 
processing areas.  Cloth caps or bump caps are not allowed. 

2. Jewelry will be removed before working in all meat processing areas (rings, bracelets, earrings, watches, etc.). 
3. No tobacco products, food, gum or drink will be allowed in slaughter, processing or laboratory areas. 
4. Glass items will not be brought into slaughter floor or meat processing areas. 
5. Wash and sanitize hands when entering processing areas and before handling meats. 
6. Frocks will not be worn outside the building, in the offal room or the restrooms. 
7. Hair nets and facial hair covering when needed will be worn in the processing area. 
8. Cooler and freezer doors will remain shut when not in use. 
9. Fly fans must be turned on when outside doors are open.  Outside doors that have no fly fans will remain shut. 
10. Cover cutting tables before setting boxes on them.  No boxes on tables that have exposed meat on them. 
11. If meat is dropped on the floor, immediately wash thoroughly in the edible sink or throw away. 
12. Do not enter processing areas after working on kill floor - shower and change clothes first. 
13. Do not enter cutting room from kill floor during kills and until slaughter area is clean. 
14. Do not have cooked meats and raw meats in same room or stored in same cooler unless cooked meats are 

vacuum packaged. 
15. When using a knife, a cutting glove will be worn on the hand opposite the knife. 
16. Footbaths will be placed at the door opening into a processing area from halls and must be used when entering 

the room. 
17. Single-use plastic gloves will be worn when handling cooked meats. 
18. Persons with open sores will not be allowed to work in the slaughter or processing areas. 
19. No exposed nail polish or artificial nails allowed.  Must have single-use gloves covering hands. 

 

I, __________________________ have read, understood and agree to follow the Good Manufacturing Practices 
(GMPs) of the University of Florida Meat Processing Center.  
 
Signature_____________________________________      Date___________________________ 
_____________________________________________________________________________________________ 

 
 
Table 2.  Sample of Sanitation Standard Operation Procedures for University of Florida Meat Processing 
Center 
 
1. Conduct pre-operational and post-operational sanitation inspection of harvesting (slaughter) and processing 

areas.   
2. Pre-operational inspections will be conducted before any work begins each day. 
3. Clean facilities following the guidelines outlined in the SSOP handbook. 
4. Use appropriate detergents and cleaning solutions as specified in the handbook. 
5. Potable water must be used in all areas in the facility. 
6. Water with a temperature of 180 ºF will be used in cleanup.  Water temperature must be measured at the 

surface. 
7. Follow procedures as specified for sanitizing knives, saws, shackles and all equipment and utensils. 
8. All boxes and containers in the processing area must be placed on crates or rolling carts.  No materials can be 

placed on the floor. 
9. No glass containers or utensils of any kind will be brought into the harvesting and processing facilities. 
10. All employees working in the meat processing center must be trained prior to beginning work in the 

processing center.  Training will include cleaning and sanitation procedures, good manufacturing practices 
and proper operation skills. 
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CONCLUSION 
 
In conclusion, it is imperative that a comprehensive 
food safety program is implemented to document and 
control all hazards or potential hazards that might 
occur during the processing of the carcasses into safe 
and wholesome meat for the consumer, as well as in 
the production of meat goats.  Prerequisite and 
HACCP programs must be developed for all meat 
products processed in the facility.  As discussed, 
microbial contamination can occur at many steps 
during processing.  However, the implementation of 
approved USDA and USFDA antimicrobials in 
combination with proper handling and storage 
procedures will result in safe and wholesome goat 
meat for the consumer.  Although this paper did not 
discuss pre-harvest food safety programs, it is 
important to note that pre-harvest programs must 
monitor the animal’s feed, water, grazing pastures, 

parasite loads contributed by environment and other 
environmental attributes, as well as the animal itself.  
As is true for post-harvest processing facilities, the 
HACCP system and prerequisite programs for pre-
harvest must be specific for each of the producers 
because every producer and processor’s operations 
are different.  In developing a food safety program 
for processing of meat goats as well as other food 
animal species, considerations must be taken for all 
aspects of meat processing from the time that the 
animal leaves the farm until it is processed into the 
desired finished product (carcass and/or retail cuts) 
and received by the end user.  It is important to 
remember that HACCP is a tool that can be useful in 
the prevention of food safety hazards and it is only 
one part of a multi-component comprehensive food 
safety system.   
 
 

 
 
REFERENCES  
 
Diebel Laboratories, Inc. and Florida Beef Council.  

2005.  University of Florida HACCP Training 
Course.  University of Florida, Gainesville, 
FL, Department of Animal Sciences.  

 
eXtension.  2010.  Goat Consumption Based on 

Import and Slaughter Data.  
http://www.extension.org/pages/Goat_Consum
ption.  Accessed July 23, 2010. 

 
Mobley, R., F. Okpebholo, G. Nurse, T. Peterson, 

C. Lyttle-Nguessan and T. Kahan.  2007.  
Pastured Poultry in an Integrated Food 
Production System.  Accessed at 
http://www.famu.edu/herds/UserFiles/File/Past
ured_Poultry_1st_ed._2.pdf April 8, 2009. 

 
Office of the Federal Register, National Archives 

and Records Administration.  2010a. 
Sanitation.  9CFR416. United States 
Government Printing Office.  
http://www.access.gpo.gov/nara/cfr/waisidx_0
9/9cfrv2_09.html#301.  Accessed July 23, 
2010. 

 
Office of the Federal Register, National Archives 

and Records Administration.  2010b. Hazard 
Analysis and Critical Control Point Systems.  
9CFR417. United States Government Printing 
Office.  
http://www.access.gpo.gov/nara/cfr/waisidx_0
9/9cfrv2_09.html#301.  Accessed July 23, 
2010. 

 
Romans, J.R., W.J. Costello, C.W. Carlson, M.L. 

Greaser, and K.W. Jones.  1994.  The Meat 
We Eat.  Thirteenth Edition, Interstate 
Publishers, Inc.  Pages 27-43. 

 
Rushing, J.E., and D.R. Ward.  2009. HACCP 

Principles.  NCSU and NC A&T Cooperative 
Extension.  
http://www.ces.ncsu.edu/depts/foodsci/ext/pub
s/haccpprinciples.html, Accessed June 10, 
2010. 

 
Sinha, B.K., and L.N. Mandal.  1977.  Studies on 

bacteriological quality of market meat and 
public health importance.  Indian J. Anim. Sci. 
47: 478. 

 
Srivastava, K.C., A.A. Paz, H.O. Saridakis, I.O.P. 

Popper, and S.R.P. De Castro. 1981.  
Microbiology of Frozen Goat Meat and Toxin 
Production by Bacillus cereus isolated there 
from.  Zbl. Bakt.  Hyg.  Abt. Orig. B 174: 125-
132.  

 
United States Department of Agriculture 

Agricultural Marketing Service.  2006.  Meat 
Goat: Selection, Carcass Evaluation & 
Fabrication Guide.  Available at: 
http://www.lsuagcenter.com/NR/rdonlyres/B8
FE3706-64DC-417F-A592-
B8DEC14B4D9F/27779/pub2951MeatGoatPu
bLOWRES.pdf .  Accessed: June 15, 2006. 

 
United States Department of Agriculture National 

Agricultural Statistics Service Agricultural 



 
 

8 
 

Statistics Board.  Sheep and Goat Report.  
Released January 29, 2010.  Available at 
http://usda.mannlib.cornell.edu/MannUsda/ 
viewDocumentInfo.do?documentID=1145, 
Accessed June 11, 2010.   

 

United States Department of Agriculture Food 
Safety and Inspection Service.  2008.  Podcast 
Script: Designing a HACCP Plan – Part 8.  
http://www.fsis.usda.gov/news/Script_Designi
ng_HACCP_Plan_Part8/index.asp, Accessed 
June 11, 2011. 

 
 
  



 
 

9 
 

 

GENETICS AND BREEDING 
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ABSTRACT 
 
In spite of a dearth of published research results 
from meat goat studies, it is presumed that the 
general principles of crossbreeding that have 
been observed and reported in other livestock 
species apply to goats raised for meat as well.  In 
regard to sheep, several decades of research on 
crossbreeding in sheep has provided a firm 
foundation of evidence on the expected 
outcomes and genetic mechanisms in sheep 
enterprises.  Following the lead of many 
commercial sheep enterprises, commercial meat 
goat producers are encouraged to use 
crossbreeding as a tool in production and income 
enhancement.  Results suggest that the 
theoretical basis for benefit follows the pattern of 
other meat animals that have been well-studied 
and documented.  General benefits include 
capturing the additive genetic merit of the 
contributing breeds and exploiting various levels 
of the available heterosis due to nonadditive 
effects.  The specific crossbreeding system used 
will determine the contribution of each breed as 
well as the amount of heterosis retained over 
time.  Several systems are discussed including 
grading up, rotational systems, and 
straightbred/rotational combinations.  There is 
ample evidence of success and the potential use 
of crossbreeding as a foundation in development 
of composite breeds for use in either sheep or 
meat goat enterprises.   
 
 
INTRODUCTION 
 
Discrete research in breed characterization 
among goat breeds commonly used in the USA 
has been limited and the published data sparse.  
Major published sources include the simulation 
work of Blackburn and on-farm work of 
Waldron, et al, at Texas A&M; Dzukuma, et al, 
at Prairie View A&M; Cameron, et al, in 

Oklahoma, and Browning, et al, at Tennessee 
State.  There is anecdotal evidence that goat 
owners select breeds to use in purebred and 
crossbreeding systems not so much on individual 
performance but on appearance and eye appeal.  
On the other hand there is an awareness of 
general breed characteristics that are considered 
in decision relative to appropriate crossbreeding 
combinations.   
 
Evidence and level of benefit from crossbreeding 
in goats is even more limited with very few 
studies designed specifically for that purpose; 
that is, including all reciprocals and purebred 
parents.  Few research herds are dedicated to 
collecting supporting data, and the availability of 
on-farm data from well-designed efforts is 
extremely limited.  Therefore, most of the 
guidelines for implementation and expectations 
on outcome are taken from data collected on 
alternative livestock species. 
 
Limited data from FVSU (Getz, unpublished 
data) Cameron, et al, in Oklahoma, Texas data as 
reported by Waldron et al., and the 
comprehensive data from TSU (Browning, et al) 
are some of the few goat studies that provide 
some indication of the outcome from certain 
crossbreeding systems for meat production 
systems.   
 
In all initial crosses (F1), the expectation is that 
100% of available heterosis is exploited as well 
as the average additive genetic contribution of 
each breed according to the proportion in the 
mix.  The TSU work has been especially 
intriguing since the design included a relatively 
large sample of sires and all two-breed 
combinations.  Although the data have not been 
analyzed to identify the separate effects of 
heterosis operating on the traits considered, the 
combined effects of direct genetic and heterosis 
suggests some practical considerations in 
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utilizing the breeds studied.   
  
Studies focused on goats from international 
sources suggest that the expected outcome 
mirrors the work from breeding studies on other 
livestock species.  Several field examples among 
producers who have implemented successful 
systems can be cited (F. Pinkerton, personal 
communication). 
 
A major consideration in the utilization of 
crossbreeding is the level of production and 
longevity in the parental breeds.  In instances 
where the crossbred offspring do not reach the 
level of performance of the most superior 
parental breed, there is little incentive to 
undertake the more complicated aspects of 
crossbreeding since straight-breeding is 
generally less complicated.   
 
In contrast to the goat situation, sheep 
crossbreeding systems for meat production have 
been developed and documented for several 
decades (Leymaster, 2002).   
 
 
THE COMMON SYSTEMS 
 
There was a time when animal husbandry purists 
considered crossbreeding as mongrelization, 
producing stock that had little merit with highly 
unpredictable outcomes.  When crossing is 
unsystematic and not well-planned, such an 
outcome may be expected.  Today, however, 
crossbreeding is used among several livestock 
species in its own right as the basis of a 
systematic and continuous breeding option.  It is 
also used as the basis for converting an existing 
breed or combination of breeds to a totally 
different breed.  By definition, crossbreeding 
involves the mating of individuals of two or 
more different breeds.  The practical effect is to 
create genetic heterozygosity at a relatively large 
number of loci.   
 
A related mating system is line crossing which 
seeks to capture some of the same genetic 
benefits but within a breed.  Crossbreeding is 
one method to create genetic improvement 
although the breeding value of parents is not 
enhanced.  It has been said with some theoretical 
justification that good crossbreed stock depends 
on the availability and systematic use of good 
purebred stock.  Crossbreeding does not change 
the genetic merit of the source parental breeds.   
 

Several identifiable systems are available for use.  
Those include grading up, various rotational 
systems, and combinations of straight and 
crossbreeding. 
 
Grading Up 
 
This term has its roots from the time when 
animals of local races and common or “inferior” 
livestock were mated to the relatively limited 
number of purebred sires of “improved” breeds 
in order to grade up or genetically improve the 
local stock.  The system involves repeated 
backcrossing, which aims to gradually transition 
from an original genetic group (breed or 
crossbred foundation) to another different type or 
breed.  Crossbred females from the current 
generation are used as the dam base for the next 
generation.  Examples include the grading up of 
local, mixed goats to a pure dairy breed such as 
Alpine; or beginning with local Spanish-type 
goats and grading up to the purebred Boer.  In 
general practice, by the time the proportion is 
15/16 (93.75%) or 31/32 (96.875%) of the new 
breed or type, it would be considered pure.  
Many breed associations actually have a formal 
program and steps that can be taken to recognize 
the purity of the upgraded stock.  Grading up 
involves a continual backcross to the new or 
introduced breed.  As an example, suppose it is 
desired to convert a Spanish herd to a Kiko herd.  
The Spanish does and resulting crossbreds are 
mated to Kiko bucks in successive generations 
until a high proportion of Kiko is achieved. 
 
 K x S = KS = .50 Kiko  
 K x KS = KKS = .75 Kiko  
 K x KKS = KKKS = .875 Kiko  
 And so on … 
 
Rotational Systems 
 
As the name suggests, these systems rotate 
through two or more breeds in order to enhance 
heterosis and to capture the genetic merit of 
several breeds available.  They are all similar in 
that each generation produces the female stock 
for the next generation.  Generally, the more 
breeds involved, the higher the level of heterosis 
as compared to the level in evidence in the F1 
generation.  A larger number of breeds tends to 
increase the complexity in regard to mating 
groups, breeding pastures, and sources of 
breeding sires.  In multi-generational breeding 
groups exposed to the same breed of sire, there 
will be different genetic and heterosis outcomes 
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among the offspring.  Rotations can be scheduled 
over space (different sections of the farm or 
several collaborating farms) or a sequence over 
time.  A two-breed or crisscross example would 
operate something like this: 
 
Kiko♂ x Spanish = .5K, .5S 
(.5K, .5S) x Kiko♂ = .75K, .25S   
(.75K, .25S) x Spanish♂ = .625S, .375K 
(.625S, .375K) x Kiko♂ = .6875K, .3125S 
And so on … 
 
A three-breed rotation would operate like this: 
 
Kiko (K)♂  x  Spanish(S) = .50K .50S  
(.50K.50S) x  Boer ♂ = .5B, .25K, .25S 
(.5B/.25K/.25S) x Spanish♂ = .625S,.25B, 
.125K 
(.625S,.25B, .125K) x Kiko♂ =  .5625K, .3125S, 
.125B 
And so on … 
 
Seedstock/Rotational Systems 
 
In order to provide a guaranteed source of 
breeding sires and replacement purebred stock, 
some herds will include a portion of the herd for 
creating that breeding stock.  An example might 
be a split whereby 20% of the herd is allocated to 
produce pure breeding stock in support of 
maintaining the original crosses, while 80% of 
the flock is allocated to produce the rotational 
crossbred market stock.  In the absence of 
reliable outside seedstock sources this is a more 
self-sufficient system, although one gives up 
some degree of performance from the whole herd 
or flock.   
 
Terminal Systems 
 
Just a brief word about terminal systems, which 
are in common use in commercial beef cattle and 
swine sectors.  Relatively few commercial goat 
enterprises are engaged in selling all (females as 
well as males) offspring for market rather than 
retaining the more desirable does for breeding.  
Although there may be some theoretical basis for 
this system working, it is not frequently applied 
in goats.  The diversity among meat goat breeds 
is such that no breed would be considered more 
desirable as a parent for replacement females.  
On the other hand in the sheep sector, there are 
certain breeds that have been characterized as 
primarily useful on the sire side or on the dam 
side, which then lends themselves to a terminal 
crossbreeding system.  An example might be the 

use of Suffolk sires on crossbred Rambouillet x 
Dorset ewes to produce lambs that would all then 
go to market.   
 
 
HETEROSIS (Hybrid Vigor) 
 
Heterosis is in evidence when the performance of 
crossbred goats or sheep exceeds the mean value 
of each of the parents.  Two major hypotheses 
have been proposed regarding the genetics 
underlying heterosis.  The dominant hypothesis 
attributes heterosis to the accumulation of 
favorable dominant genes or masking of 
deleterious recessives in the crossbred.  The 
other hypothesis suggests that overdominance is 
responsible and that the heterozygous 
combination of the alleles at a single locus is 
superior to either of the homozygous 
combinations (Tollenaar, et al, 2004).  
Crossbreeding is a way to create this kind of 
heterozygosity.  Practically speaking, heterosis 
generally matters only when the performance of 
the crossbred combination exceeds the better 
parent.  Both dominance and overdominance are 
types of gene action or expression.  They 
determine what is seen or measured on the farm 
or ranch.  It is most in evidence for traits 
considered quantitative in their expression.  That 
is, the characteristics are expressed over a range 
of points with an infinite number of values 
expressed between the biological extremes.  
Examples include milk yield, growth rate, 
prolificacy, rib eye area, and the like.   
   
While little is published evidence on the 
expected level of heterosis for meat goats, 
heterosis tends to be most evident in traits and 
characteristics associated with general health and 
wellness, overall vigor, and reproduction.  A 
moderate amount has been recorded in traits 
related to milk yield, growth, feed efficiency, 
with relatively little in evidence on product traits 
such as carcass yield and muscle size.  The level 
of expected heterosis is known to be a function 
of the genetic distance among the breeds in a 
crossing system, the greater the genetic distance, 
the greater the level of heterosis.  As a 
consequence, one might expect to find more 
heterosis in crosses between the Saanen and 
Nubian versus crosses between the Swiss breeds 
because of a dissimilar origin (and gene 
frequencies).  Likewise, performance among 
crosses between Boer and Kiko meat goats 
should be impacted by substantial heterosis.  
This may be one of the reasons for expressions 
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of disappointment as the percentage of one or the 
other increases and the level of heterosis 
declines. 
 
While the level of heterosis in the F1 generation 
will be 100% of whatever amount is available, it 
will decline as the foundation breeds are 
reinserted into the mix.  It will not decline to 
zero, however (Gregory, et al,).  The level at 
which heterosis is retained is a function of the 
number of breeds involved and the relative 
proportion of each breed in the system.  
Certainly any system that retains less than 50% 
of the original level of heterosis has less appeal 
than the several other systems with similar 
inputs.   
 
The following equation can be used to estimate 
the theoretical level of retained heterosis relative 
to the amount in evidence in the F1.  It is 
important to understand these values apply 
across the whole population and may not reflect 
the values in individual animals.   
 
% retained HV = {[1 – (Σn PS PD ) ] x 100} 
where: 
 
PS = the proportion of breed “I” among sires 
PD = the proportion of breed “i” among dams 
n = the total number of breeds involved 
 
In other words, percent heterosis retained equals 
(1 – (Sum of Proportion of Each Sire Breed and 
Dam Breed Combination in the Cross)) x 100. 
 
As reflected in this equation, the heterosis effects 
may originate within the individual itself, from 
maternal sources, and from the sire side, 
especially where crossbred sires are utilized.  For 
some traits, (e.g., weaning weight), all three 
sources may combine for an overall effect.  
Other traits (e.g., milk production or conception 
rate) are affected by only one or two.   
     
As suggested by Bourdon (2000), several key 
questions should be considered in determining 
the specific breeds and the number of breeds to 
include in a systematic system.  Those questions 
and considerations include: 

 What is the average merit of each breed 
for the trait(s) of economic importance? 

 What is the expected level of heterosis 
for traits of importance? 

 What is the level of complexity of the 
system? 

 How will female replacements be 
generated or obtained? 

 What is the availability (physically and 
financially) of the breeds to include? 

 Do the breeds available complement 
one another? 

 
 
COMPOSITES 
   
Once a crossbreeding system reaches the 
optimum combination and proportion of each 
breed, it is possible to mate breeding animals of 
that combination together in an inter se 
procedure.  By utilizing sheep or goat breeds in 
the appropriate proportion together, and by 
applying selection at every point, it will be 
possible to develop a new breed with a relatively 
high degree of predictability in five to seven 
generations.  It is critically important to select 
the breeds involved, and to determine their 
relative optimum proportion based on research-
based evidence for functionality and 
performance value in the environment in which 
the animals will live and work.   
 
To survive the loss of performance because of 
unacceptable levels of inbreeding during the 
beginning of an inter se mating process, it is 
important to begin creation of a composite with a 
relatively large population and a broad genetic 
base.  The advantage of a composite is the 
simplified mating system that results and the 
retained heterosis that remains (Dickerson, 
1969).  The Kenya dual-purpose goat was 
developed in this step-wise manner.  Other 
composite meat goats in the USA, but less well-
researched in public institutions include the 
privately developed Genemaster and the 
TexMaster®.  In the sheep sector several well-
received and functioning composite breeds such 
as the Polypay, Columbia, and Targhee were 
developed through the public efforts of 
USDA/ARS scientists and have been used for 
commercial production for several decades.  
Private sector efforts developed the Katahdin 
breed of sheep from a composite base with a 
specific type in mind. 
 
 
CONCLUSION  
 
For goat owners involved in the commercial 
production of meat, there may be merit in 
utilizing one of several systematic crossbreeding 
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systems.  The level of heterosis for crossbred 
goats is largely undocumented.  Additional 
research in this area would be constructive.  
Several crossbreeding systems are available, 
varying in complexity and benefits.  Limited 
evidence from goats and considerable evidence 
from other livestock species suggests substantial 
hybrid vigor among crossbred stock resulting in 
increased enterprise profitability.  Studies in 
crossbreeding and the development of 
composites for meat production in sheep have 
received considerably more effort and attention 
as compared to goats.  The research literature is 
more readily available and the number of 
research stations involved has been significantly 
more in the sheep sector.   
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ABSTRACT 
 
Dairy goat producers have many tools at their 
disposal to improve the genetics of their herds.  
Pedigrees offer a great amount of ancestor 
information and can be used in mating decisions but 
may not be a good predictor of merit.  Pedigrees do 
offer the opportunity to gauge the level of inbreeding 
in an animal and within the herd.  Production testing 
is a valuable management tool and allows the dairy 
goat producer to compare contemporaries within his 
or her herd and to compare animals to a production 
objective, be it milk, fat or protein yield.  However, 
comparing animals across time or comparing animals 
across herds is not possible due to the many 
confounding effects.  Linear appraisal is a useful tool 
in assessing the optimal form and structure, or type, 
for a long and productive life.  However, linear 
appraisal does not define production even though it 
may affect it.  Genetic evaluations strip away 
confounding effects for both production and type 
traits, give an unbiased assessment of genetic merit 
and allow comparisons across time and herds.  With 
genetic evaluations, the dairy goat producer is able to 
set production objectives and then seek the best 
animals to meet those objectives.   
 
Key Words: Genetics, pedigree, evaluation, 
production, type. 
 
 
INTRODUCTION 
 
Goat producers constantly ask the questions:  Which 
bucks should I use?  Which does should I retain and 
which breed?  Which doelings should I raise as 
replacement stock?  These are all selection questions.  
Selection can be defined as the process that 
determines which individuals become parents, how 
many offspring they produce, and how long they 
remain in the breeding herd.  These questions could 
be rephrased into the single question: Which animals 
possess the “best” genetics for my management 
system?  Selecting the “best” genetics or in other 
words, the animals with the greatest genetic merit, is 
never a simple task for the dairy goat producer.  
However, there are tools available to simplify this 
task.  These tools include pedigree analysis, 

production testing, linear appraisal, and genetic 
evaluations.  With these tools in the genetic toolbox 
and an understanding of how to use them, the dairy 
goat producer is ready to identify those high-merit 
individuals. 
 
 
PEDIGREE ANALYSIS 
 
The pedigree or registration certificate from a breed 
association provides valuable information for the 
breeder.  The certificate usually details an individual 
animal’s information such as sex, color, breeder, 
owner, and tattoo or ear tag number.  Figure 1 is an 
example of a pedigree of an individual as displayed 
on a registration certificate.  Names and registration 
numbers can be easily seen.  Ancestry information is 
usually listed back through grandparents.  Generally, 
a pedigree can be divided into sire and dam halves; 
by convention, sire is the upper half and dam the 
lower half.  In certain circumstances, production data 
or production-related data are listed for ancestors.  
There are several dairy goat associations which 
register animals.  Most follow the same registration 
procedures and the same production-recording 
procedures.  Therefore, for simplicity’s sake, the 
American Dairy Goat Association will be used as an 
example. 
 
Production-related Data: Star Milker (*M) 
 
In Figure 1, a *M designation can be seen under the 
names of the dam, and paternal and maternal 
granddams; 5*M for the dam, 2*M for the paternal 
granddam, and 4*M for the maternal granddam.  The 
number portion of the designation indicates ancestry 
performance.  The star is earned by the doe herself or 
her progeny.  There are several ways in which a doe 
can earn a star.   
 
One way a doe can earn a star is by meeting 
minimum requirements for production of milk and/or 
butterfat for their age while on a production test 
under official supervision.  For standard breeds 
(Alpine, LaMancha, Nubian, Oberhasli, Saanen, and 
Toggenburg), these requirements are based on 
lactations of 305 days or less and begin with a base of 
1,500 lbs of  milk and/or 52.5 lbs of butterfat for does 



 
 

15 
 

freshening at 2 years of age or less.  For every day 
the doe exceeds 2 years of age at the time of kidding, 
up to the time she becomes 5 years of age, the 
requirement is increased by 0.2 lb of milk and 0.007 
lb of butterfat.  At the age of 5 years or more, a doe 
must produce 1,716 lbs of milk and/or 60 lbs of 
butterfat in 305 days or less.  For miniature breeds, 
these requirements are based on lactations of 305 
days or less and begin with a base of 500 lbs of milk 
and/or 25 lbs of butterfat for does freshening at age 2 
years or less.  For every month the doe exceeds 2 
years of age at the time of kidding, up to the time she 
becomes 5 years of age, the requirement is increased 
by 2 lbs of milk and 1.2 lbs of butterfat.  At the age 
of 5 years or more, a miniature breed doe must 
produce 572 lbs of milk and/or 28.6 lbs of butterfat in 
305 days or less. 
 
Another way a doe can earn a star is to earn 18 or 
more points at a recognized official one-day milking 
competition, which generally involves three milkings.  
The first is a milk-out and is not used in the awarding 
of points.  The second and third milkings are 
combined to calculate points which are based upon 
quantity of milk, period of time since last kidding, 
and butterfat content.  For each pound of milk, one 
point is earned.  For each complete 10 days the goat 
has been in milk since last kidding, one tenth (.1) of a 
point, with a maximum of 3.6 points, is earned.  For 
each .05 pounds of butterfat yielded in the two 
milkings, one point is earned.   
 

A doe can also earn a star by having progeny that 
meets certain requirements.  A doe must have 1) 
three *M daughters, or 2) two +B sons, or 3) one +B 
son and two *M daughters.  The number of stars 
represents the number of generations of tested 
females in the immediate ancestry.  For example, 
1*M indicates that a doe has met the star 
requirements but that her dam has not, 2*M indicates 
that a doe has met the star requirements and that her 
dam was a 1*M. 3*M indicates that a doe has met the 
star requirements and that her dam was a 2*M and 
her granddam was a 1*M, etc.  In Figure 1, the dam 
has a 5*M designation because she earned a star 
herself and her dam, the maternal granddam, had a 
4*M designation.  In this case, the great-great-
granddam was the doe with the 1*M designation.  If 
the doe illustrated in Figure 1 earns a star, she will 
receive a 6*M designation. 
 
The American Goat Society uses the *D designation 
and the Miniature Dairy Goat Association and the 
Miniature Goat Registry uses the *P designation for 
milk production. 
 
Production-related Data: Star Buck (*B) 
 
Also in Figure 1, a *B designation can be seen under 
the names of the sire, and paternal and maternal 
grandsires; +*B for the sire and maternal grandsire 
and a ++*B for the paternal grandsire.  A buck can 
obtain one star by having a dam who is a star milker 
and a sire who is a + buck or has a dam who is a star 
milker and his sire’s dam is a star milker.  The pluses 

 

Figure 1.  Example of pedigree on a registration certificate (courtesy of Langston University) 
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will be explained in the next section.  Stars in and of 
themselves are never a sufficient indicator of a 
buck’s genetic merit but are extremely useful as a 
quick guide to those animals with production records 
on themselves or their ancestry that can be looked up.  
The American Goat Society uses the *S designation 
and the Miniature Dairy Goat Association and the 
Miniature Goat Registry use the * designation for 
bucks.  For a complete description of the star 
program, please consult your dairy goat breed 
association. 
 
Production-related Data: Plus Buck (+B) 
 
A buck can receive a star (*) on the basis of his 
parentage; however, the plus (+) prefix before his 
name is always earned by siring worthy offspring.  A 
+B buck has sired at least three daughters by three 
different dams who have qualified as star milkers.  
He may also earn the +B prefix by having two sons 
who are Advanced Registry (AR) Herdsires.  If he 
qualifies by having both three qualifying daughters 
and two qualifying sons, he is entitled to the ++B 
designation.  A buck may have a total of only one 
star (*) and two pluses (++) before his name which 
looks like this: ++*B.  There is no such thing as a 5-
star buck.  If a buck has a prefix of ++*B, it means he 
has at least three daughters (from different dams) 
who are star milkers, two sons who are AR Herdsires, 
and parentage with qualifying production records.  
Since both ancestry and progeny have been proven 
desirable for production, such a buck can be 
considered a valuable asset in a breeding program 
(Gipson, Grossman, et al, 1986). 
 
The American Goat Society uses the +S designation 
and the Miniature Dairy Goat Association and the 
Miniature Goat Registry use the + designation. 
 
 
 

Production-related Data: Volume data 
 
Also in Figure 1, AR, ST, and CL abbreviations can 
be seen under the names of each individual in the 
pedigree.  Advanced Registry (AR) and Star (ST) 
volumes contain production data.  AR is based on 
Dairy Herd Improvement Registry (DHIR) records 
and actual milk test records.  ST is based on progeny 
performance, one-day tests, or owner sampler 
records.  Classification (CL) contains linear appraisal 
information.  The number following the abbreviation 
is the volume number in which the production or 
appraisal information is published. 
 
Inbreeding 
 
A pedigree is also a useful tool to assess inbreeding 
that tends to increase homozygosity in the 
population.  In 1922, a geneticist by the name of 
Sewell Wright developed a method to measure 
inbreeding using a parameter called the inbreeding 
coefficient or simply F (Wright, 1922).  The 
inbreeding coefficient is defined as the probability 
that two identical genes (one from each of the 
parents) are found at the same locus within the 
offspring.  The inbreeding coefficient varies between 
0 (0%) and 1 (100%), a higher value indicating that 
the parents of the animal concerned were more 
closely related.  The inbreeding coefficient is a 
function of the number and location of the common 
ancestors in a pedigree.  It is not a function, except 
indirectly, of the inbreeding of the parents.   
 
Is inbreeding bad?  Unfortunately in most cases, 
inbreeding reduces the productivity and viability of 
the inbred individual.  This reduction in productivity 
and viability is called inbreeding depression.  In dairy 
cattle, estimates of inbreeding depression were 
similar for Ayrshire, Brown Swiss, Guernsey, 
Holstein, Jersey and Milking Shorthorn (Smith, 
Cassell, et al, 1988; Wiggans, VanRaden, et al, 1995; 

 

Figure 2.  Expanded pedigree (used with permission by ADGA) 
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Thompson, Everett, et al, 2000a; Thompson, Everett, 
et al, 2000b).  For Holsteins, the most populous 
breed, estimates were -65.2 lb for milk, -2.38 lb for 
fat, and -2.14 lb for protein.  That is for every 1% 
increase in inbreeding, those animals gave 65.2 less 
lb of milk, 2.38 less lb of butterfat, and 2.14 less lb of 
protein.  In dairy cattle, increased inbreeding also 
decreased lactation length, decreased productive life, 
and decreased survivability.  In beef cattle, increased 
inbreeding decreased birth weight, decreased 
preweaning daily gain, and decreased weaning 
weight.  In sheep, increased inbreeding decreased 
birth weight, decreased litter weight weaned, reduced 
ewe fertility and prolificacy, reduced the percent of 
lambs born alive, reduced lamb viability 
(survivability), and decreased fleece weight.   
 
Inbreeding is difficult to avoid in populations that 
routinely use modern reproductive technologies, such 
as artificial insemination and embryo transfer, and/or 
that routinely use genetic evaluations for the selection 
of breeding animals (Bijma, Van Arendonk, et al, 
2001; McDaniel, 2001; Weigel, 2001).  Artificial 
insemination allows for the widespread use of only a 
few select sires across a breed.  Genetic evaluations 
computed with greater accuracy of prediction of 
breeding values have increased the likelihood of 
selecting related individuals.  Both AI and genetic 
evaluations are widely used in dairy goats. 
 
An expanded pedigree of the animal in Figure 1 is 
presented in Figure 2.  This extended pedigree allows 
one to see more ancestors.  As can be seen, Mt. Zion 
DS Doubloon appears twice in the pedigree.  The 
next step is to determine if he is a common ancestor, 
that is, if he appears in both the sire and the dam 
halves of the pedigree.  Animals that appear in both 
the sire and dam family lines are called common 
ancestors.  Mt. Zion DS Doubloon does appear in 
both the sire and dam halves; therefore, he is a 
common ancestor.  If there are common ancestor(s), 
then the parents are related and the progeny are 
inbred.  If we were to expand the pedigree further, we 
would see that Mt. Zion DS Doubloon and Mt. Zion 
DS Nadja are half-sibs and, therefore, their sire 
(Belle Chevre Double Saude) is also a common 
ancestor.   
 
The calculated inbreeding coefficient for Mt. Zion 
FC Ariana is 4.06%.  The exact method to calculate 
inbreeding coefficients is well beyond the scope of 
this paper and readers are encouraged to consult a 
college-level animal breeding textbook if they are 
interested in calculating inbreeding coefficients. 
 
 

PRODUCTION TESTING 
 
History 
 
At the beginning of the twentieth century, production 
testing in dairy cattle was formalized by the 
development of a uniform set of rules and guidelines 
for the operation of cow testing associations and soon 
thereafter, the Dairy Herd Improvement Association 
(DHIA) was born (Voelker, 1981).  State dairy 
extension specialists and statewide organizations 
were the driving forces for DHIA in its early 
formative years.  However, in the 1960s, the National 
Cooperative Dairy Herd Improvement Program was 
formed to develop a national structure and soon 
afterwards the National DHIA emerged, which is the 
current structure under which nearly all dairy cattle 
are production-tested in the United States.   
 
For several decades, dairy goats were accepted 
completely under the NDHIA umbrella.  However, in 
the year 2000, NDHIA was restructured and the 
Council on Dairy Cattle Breeding became the new 
entity to oversee the quality assurance (QA) program.  
The Council on Dairy Cattle Breeding denied the 
request from ADGA and other dairy goat associations 
to include dairy goats in the QA program.  In 2002, 
ADGA entered into a contract with California DHIA 
(CDHIA) to validate DHIR records for dairy goats.  
DHIR is the registry or plan wherein records are 
made under outside supervision and in adherence to 
breed association (QA) rules.  DHIA is the 
association or collective group of dairy producers 
following a set of governance guidelines. 
 
Structure and Test Plans 
 
CDHIA requests information from the individual 
DHIAs on 1) membership agreements, 2) tester 
training sessions, 3) testers testing goat herds, 4) 
annual scale or meter certification, 5) certification of 
labs, records centers and field service units, and 6) 
list of herds.  This information is important because 
goat milk records must be made under a set of 
uniform conditions so that they meet the 
requirements of the Animal Improvement Programs 
Laboratory of the United States Department of 
Agriculture (USDA/AIPL).  AIPL is the organization 
that generates the national genetic evaluations for 
dairy cattle and dairy goats.   
 
Generally, there are few differences between the 
dairy cattle and dairy goat quality assurance 
programs.  The major differences involve milk 
sampling measurement and owner-sampler 
guidelines.  In dairy goats, the use of the “pail and 
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Figure 3.  Schema of production testing using ADGA as an example (used with permission by ADGA) 
 

scale” sampling system is still acceptable, while 
sampling in dairy cattle requires metering jars, 
mostly electronic.  In dairy goats, the owner is 
allowed to collect the test-day milk samples and 
weigh the milk yield.  The records collected under 
the owner-sampler plan can be used in the DHIR 
program.  A doe will be able to earn *M under the 
owner-sampler plan and the information will be 
recorded in a ST volume.  Previously, a doe could not 
be awarded a *M under this DHIA sampling plan but 
could only earn a *M under the standard DHIA 
sampling plan, which involves a test supervisor 
coming to the farm to collect test-day samples.  The 
owner-sampler plan is not allowed for dairy cattle 
DHIR. 
 
Enrolling and participating in the DHIR program is 
easy for producers.  Figure 3 illustrates the basic 
schema.  A producer enrolls in the production testing 
program with the breed organization, becomes a 
member of a DHIA, chooses a test plan, sends test-
day samples to a certified laboratory, and sends test-  
day information to a dairy records processing center 
(DRPC).  The certified laboratory will send fat, 
protein, and other component results to the DRPC, 
which will compile and analyze the data.  DRPC 
results will be printed in report form and sent to the 
producer.  Electronic results will be sent to the breed 
association and to AIPL.  If the producer chooses a 
standard test plan, this is repeated every month while 
the does are in-milk.   

The different test plans are presented in Table 1.  The 
most popular test plans for dairy goats enrolled in the 
DHIA program are 20-DHIR, 02-DHI-APCS, 40- 
DHI-OS, and 22-DHIR-APCS.  20-DHIR, also 
known as a standard test, involves a test supervisor 
who records test-day information and milk weights 
on each of two milkings and takes a sample at each 
milking, which will be analyzed for fat and protein 
content at a certified laboratory.  Under 40-DHI-OS, 
the owner provides the weight information and takes 
a sample twice on test day.  The 02-DHI-APCS and 
22-DHIR-APCS plans are hybrids of the previous 
two plans with the test supervisor providing the 
weights once and taking the full sample once on test 
day with the owner providing the other weight and 
alternating between a.m. and p.m. milkings each 
month on test day.  The difference between 02 and 22 
is that 22 adheres to the breed associations QA 
program, while 02 does not.  Both plans can lead to 
the awarding of a *M, however, with different 
restrictions.  00-DHI is an option where the 
supervisor comes every other month and provides all 
test-day information. 
 
A DRPC processes the test-day records and there are 
five DRPCs nationwide that process goat records.  
The five DRPC basically have the same report format 
and the reports (Figures 9 and 10) generated by the 
Langston DRPC will be used as an example.   
 
 

 



 
 

19 
 

Example 
 
The three, large, numbered boxes in Figures 9 and 10 
are not part of the original reports but have been 
added to focus readers’ attention for this paper.  
Figure 9 represents the monthly herd report and the 
doe named Rainbow will be used as an example to 
explain the report.  Box 1 details animal information.  
Rainbow is an Alpine (Breed is A) with a breed 
registration number of 0000004.  Her sire’s 
registration number is 1111112.  These two pieces of 
information are critical for genetic evaluations.  An 
animal must be uniquely identified and her sire and 
dam correctly identified.  These identifiers are 
assigned by the breed association.  Rainbow has an 
index number of 12, which could be an eartag or neck 
tag.  The name and index numbers are given by the 
owner.   
 
Above Box 1, the herd code is displayed.  The herd 
code is an eight-digit number with the first two digits 
representing the state.  State codes are neither 
sequential nor contiguous and range from 11 for 
Maine to 96 for Alaska.  In this example, 73 is for 
Oklahoma.  The second set of two digits represents 
the county within the state and the last set of four 
digits represents a unique number for the herd.  Thus 
a combination of the state number plus the county 
number plus the herd number yields a unique herd 
code.  The index number for an animal within the 
herd must also be unique; however, it can be reused 
when an animal leaves the herd, although most 
producers choose not to do so.   
 
The information on both sides of Box 2, and which is 
not enclosed within a box, is information on the 
current lactation.  Rainbow is in her 4th lactation 
(parity) and was 48 months of age when she 
freshened for the 4th parity.  Rainbow kidded, or 
freshened, on March 16, 2010.  Her current status is 
“I,” which signifies that she is in-milk.  Other status 
codes can be found in the left-most box at the bottom 
of the report.  As of the last test-day, Rainbow was in 
her 44th day of lactation or 44 days in-milk.  In 44 
days, Rainbow produced 494 lbs of milk, 15 lbs of 
protein, and 12 lbs of fat, which correlates to 3.0% 
protein and 2.4% fat.  Mature equivalent (ME) fat 
and milk yields in pounds are presented under the 
column heading of ME.  ME fat and milks yields are 
projected 305-day yields that are also adjusted for the 
doe’s age.  Generally, does in their early production 
life and does in their later production life tend to 
produce less than during their peak years (3 to 4 
years of age).  MEs allow a producer to compare the 
lactation performance of does regardless of their age 
or of their days in-milk.   

A comparison of Rainbow and Sage, who is in her 
first lactation, will illustrate this point.  Sage has 
produced less milk (473 vs. 494 lbs) in more days (61 
vs. 44).  However, Sage’s current level and path of 
production, when projected to a complete lactation of 
305 days and then adjusted to the level of a 3-year-
old, yields 3,051 lbs of milk, which is greater than 
Rainbow’s ME milk.  By comparison, Diamond, who 
is also in her first lactation, has a ME milk yield of 
only 2,010 lbs.  Sage’s and Diamond’s ME will 
probably change as more test-days are added; 
however, many culling decisions are made in the first 
60 to 90 days of production and Diamond may be a 
candidate for culling.   
 
Box 2 provides information on the individual test-
days.  The dates of the last 10 test-days are the 
column headings.  Test-days are generally monthly 
but must be no greater than 45 days apart.  It can be 
seen that there was not a test-day in October of 2009 
but the September and November test-days are within 
the 45-day period.  For each of the previous test-days, 
the somatic cell count score (SCCS) and milk yield 
are shown.  For the current test-day, that information, 
plus the percentages for protein and fat, is shown.  
The SCCS is based on a logarithmic conversion of 
the actual somatic cell count (Shook and Saeman, 
1983).  For the March 2010 test-day, Rainbow does 
not have a milk yield but has a T.F., which stands for 
“too fresh.”  Rose has the same designation for the 
current test-day.  If a doe has freshened within 7 days 
of the test-day, then that record is not used.  For 
Rainbow, she freshened on March 16 and the test-day 
was March 19, therefore, she was 3 days in-milk and 
that record was not used even if the milk yield was 
recorded and a sample taken and analyzed for fat and 
protein.  Box 3 shows breeding information that has 
been supplied by the dairy goat producer. 
 
An individual animal report is represented in Figure 
10.  Again, Rainbow will be used to highlight some 
of the information in this report.  In Box 1, the 
identification of the animal is presented.  Information 
such as index number, name, registration number, 
breed, and sire are exactly the same as in Box 1 of the 
monthly herd report.  Additional identification 
information includes birth date, sire name, and all the 
information on the dam.  If the animal or her dam has 
genetic evaluation information, then the appropriate 
Predicted Transmitting Ability (PTA) values can be 
downloaded from AIPL by the DRPC.   
 
In Box 2, the producer can see the current lactation 
performance and any of the past lactations which 
were recorded under production testing.  In this 
section, the 305-day and ME yields of the current 
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lactation are not calculated until more test-days have 
been accumulated.  In the completed lactations’ 
section, actual production yields can be seen in the 
middle of the table under the Complete Lactation 
heading.  Adjusted 305-day and ME yields are 
computed and placed on either side of the actual 
yields.  Obviously, the 305-day yields are less than 
the actual yields for Rainbow because she milked 
longer than 305 days for every lactation.  The 
difference between ME and 305-day yields is greatest 
for first lactation (2889-2094=795) and least for the 
third lactation (3013-2991=22).  This is because ME 
adjusts for age differences and some other minor 
factors.  It can be seen that the difference is small for 
the third lactation because 3 to 4 years-of-age would 
be the peak production years for a dairy goat.  From 
Rainbow’s doe page, it can also be seen from her 
second lactation that it was lower than the two 
surrounding lactations.  This might be an indication 
that Rainbow may have had a problem such as 
mastitis, inadequate nutrition, or a host of other 
problems that could reduce milk yield. 
 
In Box 3, SCCS, milk yield, and protein and fat 
percentages for each test-day are shown.  The 10 
most recent test-day SCCS and milk yields were also 
shown on the monthly herd report.  Examining 
Rainbow’s test-days yield, one can see that the first 
two test-days of her second lactation are relatively 
low.  This is probably the cause of her low ME milk 
yield for her second lactation.  Possibly, a problem 
that she encountered early in her second lactation was 
overcome and the remainder of that lactation appears 
fine. 
 
The monthly herd report and the individual report are 
valuable tools that can help dairy goat producers 
become better managers. 
 
 
LINEAR APPRAISAL 
 
Longevity and productivity are two traits that are 
important for the dairy goat breeder.  A good dairy 
goat is one that will produce milk with ease and 
comfort over many lactations all the while 
maintaining good health.  ADGA’s linear appraisal 
program is one that is important in defining this kind 
of dairy goat, animals that are the right type in 
combining form and function.  Linear appraisal is a 
system of evaluating individual type traits, which are 
traits that affect body structure and function that 
enable efficient milk production.  Generally, an 
appraiser scores the type traits on a scale of 1 to 50 
instead of using a classification score, e.g., good, fair, 
poor, etc.  A continuous numeric scale has been 

shown to more accurately reflect the differences in 
body measurements than does a classification system 
(Thompson, Lee, et al, 1983). 
 
For ADGA, the linear appraisal system includes 13 
primary traits and one secondary trait.  The primary 
traits, along with their categories are: 

1. Stature (Form), 
2. Strength (Form), 
3. Dairyness (Form), 
4. Rump angle (Structure), 
5. Rump width (Structure), 
6. Rear legs, side view (Structure), 
7. Fore udder attachment (Mammary), 
8. Rear udder height (Mammary), 
9. Rear udder arch (Mammary), 
10. Udder depth (Mammary), 
11. Medial suspensory ligament (Mammary), 
12. Teat placement, rear view (Mammary),  
13. Teat diameter (Mammary). 

 
The one secondary trait is rear udder, side view.  In 
addition, four major categories (General Appearance, 
Dairy Character, Body Capacity, and Mammary 
System) are assigned letter scores and the letter 
scores are translated into numerical scores for the 
calculation of a numeric final score.   
 
Figure 4 represents the visual relationship of linear 
score and morphology of rear udder height, one of 
the 13 type traits.  The narrower the escutcheon, the 
higher will be the linear score.  The escutcheon is the 
pelvic area between the vulva and the rear udder 
attachment.  The width of the arch does not affect 
rear udder height, as that is another type trait of rear 
udder arch. 

 
 

Figure 4.  Illustration of rear udder height (used with  
permission by ADGA) 
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Figure 5.  Example of linear scores (used with permission by ADGA) 

As mentioned earlier, linear appraisal scores 
represent biological extremes and range from 1 to 50.  
A high score may not necessary be optimal.  For 
example, a high teat diameter score may be desirable 
for a producer who hand milks but undesirable for a 
producer who machine milks.  The larger diameter 
teats may not fit into the teat cups of the milker and 
therefore, an intermediate teat diameter may be 
desired. 
 
Figure 5 represents the average raw scores (TraitAvg) 
for the 13 type traits for the ++*B in Figure 1 
(paternal grand-sire).  A histogram of the deviation 
from the (genetic) average is also presented along 
with the definitions of the classification range for 
each type trait.  Using rear udder height as an 
example, the average score is 37.8 and the deviation 
from the (genetic) average is 2.0.  This deviation will 
be discussed in the next section under genetic 
evaluations.  This buck has 25 daughters that had 
been appraised 37 times, obviously some daughters 
more than once.  These daughters are scattered across 
13 herds and 7 states. 
 
In most breed organizations, appraisers are rigorously 
trained and must attend an annual refresher course.  
The expected outcome of the training sessions is that 
appraisers’ evaluations are highly repeatable, that is, 

an animal scored by several appraisers independently 
should receive comparable scores.  Linear appraisal 
score can be useful in corrective mating decisions.  
The buck in Figure 5 has daughters who are short in 
stature.  If the owners of those daughters wanted to 
improve the stature of subsequent offspring, they 
might elect to breed those daughters to the buck 
illustrated in Figure 6.  The buck in Figure 6 has 
daughters who are tall in stature and wide in the 
rump, although they are lacking in rear udder height.  
However, the daughters of the buck in Figure 5 excel 
in that type trait. 
 
 
GENETIC EVALUATIONS 
 
As was mentioned earlier, the Animal Improvement 
Programs Laboratory of the United States 
Department of Agriculture is the organization that 
generates the genetic evaluation for dairy cattle and 
dairy goats in the United States.  In 1983, AIPL 
began computing genetic evaluations for milk, fat, 
and protein yields for bucks and then in 1984 for 
does.  In 1986, genetic evaluations for type final 
score were first calculated.  In 1987, an animal model 
replaced the sire model for milk, fat, and protein 
yields.  The improved statistical model incorporates 
information on all relatives and produces more 
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accurate genetic predictions.  In 1989, evaluations for 
type traits began.  In 1995, a multi-trait animal model 
replaced the sire model for type. 
 
Generally, milk records flow from farms through the 
DRPCs to the AIPL.  Fat and protein records are 
generated at the certified laboratories and are collated 
at the DRPCs before being forwarded on to AIPL.  
Pedigree and linear appraisal data are provided to 
AIPL by the breed associations.   
 
Currently, genetic evaluations are computed for 
Alpines, LaManchas, Nubians, Oberhaslis, Saanens, 
and Toggenburgs and for crossbred animals from 
these breeds.  Only animals with registered sires are 
evaluated.  Genetic evaluations for milk, fat, and 
protein yields are calculated biannually in July and 
November and evaluations for type traits are 
calculated annually in November.  These evaluations 
are provided to DRPCs, dairy goat associations, and 
the general public through the AIPL Web site 
(http://aipl.arsusda.gov/).   
 
To be included in the genetic evaluation, a buck must 
have at least five daughters with production records.  
If all five daughters are in the same herd, there must 
also be daughters of another buck in that herd with 
current production records.  This ensures the 
connectedness of the data, which is an important 
criterion of the animal model.  Milk, fat, or protein 
yields for only the first 305 days of each lactation are 
used in the evaluations.  Shorter records are projected 
to 305-day records.  All records are adjusted for age 
and season of kidding to the equivalent of that for 3-
year-old does kidding from December through 
March, that is, essentially ME yields.  Because the 
numbers of does with more than six lactations are 
low and also for computational convenience, only the 

first six lactations are included in a doe’s evaluation.  
In addition, lactations after the sixth contribute little 
additional information for estimation of genetic 
merit.  Optimally, all of a doe’s lactations, up to six, 
are included in the evaluation; however, missing 
lactations may and do occur.  Including does with 
missing lactations may introduce some bias into 
genetic evaluations but the improvement in accuracy 
from the added information is considered to be more 
important.   
 
The animal model used in the genetic evaluations is 
of the form:  
 
y = m + a + p + c + e 
 
where y is the adjusted lactation record, m is the 
effect of the management group, a is the doe’s 
genetic merit (breeding value), p is the effect of a 
doe’s permanent environment, c is the effect of the 
interaction between a doe’s herd and her sire, and e is 
the remaining unexplained residual.  Management 
groups are defined by herd, month of kidding, and 
parity (first or later).  The effect of permanent 
environment is included in addition to the effects of 
the management group and genetic merit to represent 
nongenetic factors (such as disease or superior 
rearing) that influence only an individual doe’s yields 
but are not passed on to offspring.  Impact of a single 
herd on a buck’s evaluation can be limited by 
including the herd-sire interaction, which can have a 
particularly large influence on evaluations of bucks 
with distinctly unequal numbers of daughters per 
herd.  
 
Genetic evaluations are reported as predicted 
transmitting abilities (PTAs).  A PTA is half of the 
breeding value and is the genetic merit that an animal 

 

Figure 6.  Linear scores of buck with "good" stature score (used with permission by ADGA) 
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is expected to contribute to its offspring.  Although 
all breeds are analyzed together, PTAs for milk, fat, 
or protein are comparable only within the breed.  
Evaluations for milk, fat, and protein yields are 
combined into an economic index called milk-fat-
protein dollars (MFP$).  The same economic values 
for milk components used for calculating MFP$ for 
dairy cattle are used for calculating MFP$ for dairy 
goats:  
 
MFP$ = $.031 (PTA milk) + $.80 (PTA fat) + $2.00 
(PTA protein). 
 
Although goat milk has substantially higher 
economic value than cow milk, the relative weighting 
factors for milk, fat, and protein are useful for 
combining those traits into a single index. 
 
High-ranking does and bucks are designated as elite 
based on MFP$ percentile ranking.  For bucks to 
qualify, they must be in the top 15% of bucks with 
daughters born during the last 4 years.  Does must be 
in the top 5% of does kidding during the last 2 years 
and have a termination code in their latest record that 
indicates that they are still alive.   
 
The measure of an evaluation’s accuracy for PTA or 
MFP$ is called reliability (REL).  To calculate REL, 
all sources of information are converted to daughter 
equivalents (DE) (VanRaden and Wiggans, 1991).  
One DE is equivalent to the amount of information 
contributed by one lactation from one daughter.  The 
DEs are calculated for the parents of an animal, for 

the animal itself, and for its progeny and then 
summed.  REL is then calculated as DE/(DE + 14), 
where 14 is a reflection of the heritability of yield 
traits (Wiggans and Hubbard, 2001).  For bucks, 
information from an additional daughter in the same 
herd contributes less DE than if that daughter had 
been in a different herd (VanRaden and Wiggans, 
1991). 
 
Figure 7 shows the results of a buck’s genetic 
evaluation for yield traits as displayed on the AIPL 
Web site.  The buck in Figure 5 (++*B paternal 
grand-sire in Figure 1) will be used as an example.  
The first information listed is the identification of the 
buck along with registration numbers of his sire and 
dam.  The next line displays the herd code of the herd 
with the most daughters and the average inbreeding 
coefficient of those four daughters.  Also listed on 
that line is the buck’s percentile ranking for MFP$.  
For Chapel Hill Admiral, he ranks in the top 25% for 
this economic index.   
 
The next section of data shows the PTAs for MFP$, 
milk, fat, protein, fat %, and protein %.  For these 
traits, Chapel Hill Admiral had 32 daughters with 
records scattered across 19 herds.  His PTA for 
MFP$ is -15, which means that his daughters on 
average would be expected to earn $15 less than the 
daughters of an average sire (buck) in the evaluation.  
Likewise, his daughters would be expected to 
produce 155 lb of milk, 3.9 lbs of fat, and 3.4 lbs of 
protein less than the daughters of an average sire in 
the evaluation.  PTAs are expressed as deviations 

 

 
Figure 7.  Example of buck genetic yield evaluation report from the AIPL Web site (used with permission 
by ADGA) 



 
 

24 
 

from the mean of zero; therefore, an “average” sire 
would have a PTA of zero for the traits evaluated.  
The reliability (REL) of the PTAs, akin to accuracy, 
is above 80%, therefore, as more information (more 
records on his daughters) is entered into future 
genetic evaluations, the probability that his PTAs will 
change is small.  REL is a function of the number and 
distribution of records. 
 
Animals born in 1999 serve as the base for the 
genetic evaluations or, in other words, they have an 
average of zero.  The genetic evaluations of animals 
born in other years are expressed as a deviation from 
1999.  The changes in genetic merit over the years 
are positive as can be seen by the genetic trends for 
milk (Figure 11) and for fat and protein (Figure 12) 
in Alpines.  This is an indication that selection for 
milk, fat, and protein has been successful in Alpines.  
However, the number of does on test has decreased 
over the years as seen in Figure 13.  The exact reason 
for this decline is unknown; however, the expense of 
production testing is often cited by producers.  Figure 
14 represents the increase in inbreeding over the 
years.  Currently, the average inbreeding coefficient 
is 8% but seems to have plateaued (Figure 14).  As 
was mentioned earlier, the use of artificial ation and 
genetic evaluations can lead to few sires being 
selected and thus a subsequent increase in inbreeding. 
 
Type Traits 
 
Records for final score and the 13 primary linear 
traits (stature, strength, dairyness, rump angle, rump 

width, rear legs-side view, fore udder attachment, 
rear udder height, rear udder arch, medial suspensory 
ligament, udder depth, teat placement-rear view, and 
teat diameter) are provided through the linear 
appraisal program.  Linear traits are scored between 
biological extremes on a continuous scale.  Final 
scores range from 50 to 99; scores for linear traits 
range from 1 to 50.  Type records are adjusted for a 
doe’s age at appraisal.  All appraisals for a doe are 
included in genetic evaluations.  
 
Type traits of dairy goats are evaluated with a multi-
trait animal model:  
 
y = h + a + p + e 
 
where y is the adjusted type record, h is the effect of 
the herd appraisal date, a is the doe’s genetic merit 
(breeding value), p is the effect of a doe’s permanent 
environment, and e is the remaining unexplained 
residual.  A multi-trait evaluation permits scores from 
one trait to affect the evaluation of another trait 
through the genetic correlations among the traits.  
The scorecard and biologic scale are applied to all 
breeds uniformly, thus, the evaluations are computed 
across breed and across-breed comparisons are valid.   
Figure 8 shows the results of a buck’s genetic 
evaluation for yield traits as displayed on the AIPL 
Web site.  Again, the buck in Figure 5 will be used as 
an example and as can be seen, the information 
presented in Figure 8 is the same as Figure 5.  The 
format is different due to Web site differences, which 
will be discussed later.  Chapel Hill Admiral has a 

 

Figure 8.  Example of buck genetic type evaluation report from the AIPL Web site (used with permission 
by ADGA) 
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PTA of 0.8 for final score, which means that his 
daughters are expected to have a final score that is 
0.8 points higher than the daughters of an average 
sire in the evaluation. 
 
 
ADGAGENETICS.ORG 
 
Dairy goat producers can access the majority of the 
pedigree, production testing, and genetic evaluation 
information discussed in this paper on a new Web 
site (http://adgagenetics.org/Default.aspx).  This new 
Web site is a cooperative effort between ADGA, 
AIPL and Mr. Gene Dershewitz and is provided as a 
public service to the dairy goat industry.  ADGA 
provides the same pedigree information on this site as 
is given to AIPL for the genetic evaluations.  AIPL 
provides genetic evaluation information which is the 
same information that can also be accessed on the 
AIPL Web site.  ADGA also provides two 
Production-Type Index (PTI) numbers from their 
own formulas for these calculations.  One PTI has 
yield weighted twice as much as type (2:1) and the 
other PTI weights’ type over yield (1:2), which 
allows the breeder to choose their emphasis: 
production or type.  PTIs are a relative index, that is, 
relative to breed averages, and comparisons should 
not be made across breeds due to breed constants 
used in production.  In order for a doe to have a PTI, 
she must have at least one completed DHI production 
record and have undergone a linear appraisal.  A 
buck must have a sire summary for production and 
type, which requires at least 5 daughter records from 
the DHI program and at least one daughter with type 
information.  
 
The site is organized into several sections including: 
Pedigrees  Search for individual animals registered 

with ADGA.  This can be done by herd 
name, full registered name, partial name 
or registration number.  The registration 
database is updated at the beginning of 
each month.   

Planning  "Try out" breedings electronically 
before really doing the deed.  Planned 
pedigree, Estimated Transmitting 
Ability (ETA), and coefficient of 
inbreeding are calculated based on your 
choice of sire and dam. 

PTI/ETA Search for top animals based on 2 
calculated indices: PTI and ETA. 

Production  Search through PTA yield data from 
AIPL. 

Type  Search through PTA type trait data 
from AIPL.  Use this tool to find sires 
that have been shown to make type trait 
improvements. 

 
Figures 2, 5, and 6 were generated using the 
ADGAGENETICS.ORG Web site. 
 
Figure 15 displays the pedigree, yield, and type trait 
data for the dam in Figure 1.  An advantage of the 
ADGAGENETICS.ORG Web site is that most of the 
information on a buck or doe can be displayed on one 
page.  ADGAGENETICS.ORG uses a link to the 
AIPL Web site to display raw lactation data, 
including test-day information.   
 
 
CONCLUSION  
 
Genetic improvement is permanent and cumulative, 
so it is a sustainable and cost-effective method of 
directing and moderating dairy goat performance 
according to each breeder’s selection objectives.  
Accumulating data on and a knowledge of pedigree, 
production testing, type traits, and auxiliary traits will 
greatly benefit the dairy goat producer and the dairy 
goat industry.  Information from as many herds as 
possible provides for greater precision in evaluations 
and for greater subsequent progress.  Accurate 
performance records, visual trait assessments and 
complete pedigree are instrumental in developing 
evaluations with greater precision. 
 
In closing, it should be noted that for individual 
producers to profit from the genetic tools discussed in 
this paper that a broad acceptance and participation in 
the various programs must be realized.  The greater 
participation will yield genetic evaluations with 
greater reliabilities and a broader range of sires 
available for selection.  In this case, when the 
industry prospers, so do the individual producers. 
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Table 1.  Numbers of herds and goats as of January 1, 2010, by test plan and DRPC 
 

 
AgSource  Agri-Tech  DHI-Provo  DRMS  Langston  All DRPCs 

Herds Does Herds Does Herds Does Herds Does Herds Does Herds Does 

00 DHI  0 0 0 0 1 2 10 853 3 40 14 895 

02 DHI-APCS  1 12 0 0 20 308 7 74 0 0 28 394 

20 DHIR  12 146 8 103 111 2,958 60 902 68 817 259 4,926 

21 DHIR-AP-T  0 0 0 0 0 0 1 18 0 0 1 18 

22 DHIR-APCS  1 10 0 0 1 12 14 350 4 88 20 460 

23 DHIR-AP  1 130 0 0 0 0 8 590 0 0 9 720 

31 DHI-AP  0 0 0 0 0 0 9 687 0 0 9 687 

33 DHI-MO  0 0 0 0 0 0 1 334 2 22 3 356 

40 DHI-OS  6 285 0 0 12 199 9 161 0 0 27 645 

41 DHI-OS-AP  2 338 1 345 1 403 4 304 0 0 8 1,390 

71 DHI-SS-AP  0 0 0 0 0 0 3 370 0 0 3 370 

80 DHI-BASIC  1 4 0 0 0 0 0 0 0 0 1 4 

All plans 24 925 9 448 146 3,882 126 4,643 77 967 382 10,865 
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Figure 10.  Example of an individual animal report generated by a DRPC 
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Figure 11.  Milk PTA for Alpine (Courtesy of USDA-AIPL) 
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Figure 12.  Fat and Protein PTA for Alpine (Courtesy of USDA-AIPL) 
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Figure 13.  Number of animals used in genetic evaluations (Courtesy of USDA-AIPL) 
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Figure 14.  Coefficient of inbreeding for Alpine (Courtesy of USDA-AIPL) 
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Figure 15.  Example of pedigree, yield, and type information available on the ADGAGENETICS.ORG Web site 
(used with permission by ADGA) 
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ABSTRACT 
 
In the United States, meat goat farming seems to be 
one of the fastest-growing livestock industries in 
recent years.  This is due to the increase in demand 
for goat meat created by the increase in the ethnic 
population in the United States.  It is expected the 
demand for goat meat will continue to grow in the 
future.  Thus, there is a real need to improve the 
quantity and quality of goat meat production.  The 
meat goat industry should take advantage of this 
opportunity to supply quality meat to satisfy 
consumer demand.  It would be beneficial for meat 
goat producers if they could enhance their knowledge 
on all aspects of meat goat production such as 
genetics, breeding, nutrition, reproduction, herd- 
health, access to markets, processing and adding 
value to products.  Selective breeding of genetically 
superior animals is the most proven tool available for 
achieving genetic improvement of meat goats.  Thus, 
meat goat producers should be encouraged to adopt a 
suitable on-farm performance recording system and 
to participate in national genetic evaluation programs 
to rank individual animals for genetic merit.  A well 
organized and properly coordinated program 
infrastructure that involves research, education, and 
extension/outreach should be in place to reach the 
ultimate goal of overall improvement of the meat 
goat industry in the nation. 
 
Key Words:  Meat goats, performance recording, 
selection, genetic improvement. 
 
 
INTRODUCTION 
 
Meat Goat Industry in the United States 
 
Meat goats and goat meat production 
 
In the United States, raising goats for meat 
production has never been a traditional farming 
business.  Goat farming has been typically for milk 
and mohair production.  Goats have also been used to 
control noxious weeds in range and native grasslands, 
and for managing vegetation in orchards and tree 

crops.  However, in recent years, meat goat farming 
appears to be one of the fastest-growing farming 
enterprises in the U.S., particularly in small farms.  
This trend is due to growing demand for fresh goat 
meat that is being created by the increase in the 
ethnic population in the U.S. during the past decade.  
According to the U.S. census (2002) and a report that 
assessed the future of the meat goat industry in the 
U.S. (Solaiman, 2006), the number of immigrants to 
the U.S. has grown more than 100 percent over the 
past decade.  The report showed that although goat 
meat is considered a new commodity in the U.S., it is 
a widely consumed red meat in many parts of the 
world, specifically in many countries in Asia, the 
Middle East, Latin America and the Caribbean.  The 
immigrants from these countries traditionally have a 
strong preference for goat meat and often would 
favor it over other red meats due to their religious 
faith. 
                                                     
Nutritive analyses indicate that goat meat is lower in 
fat, lower in cholesterol, higher in protein and iron 
content compared to beef, pork, lamb and poultry 
(USDA, 1989).  Interestingly, goat meat is rarely 
seen in large grocery chain stores and it is usually 
marketed through ethnic food stores and directly 
from small processors.  Many ethnic restaurants in 
the U.S. are adding goat meat dishes into their 
menus.  If the immigrant population in the U.S. 
continues to grow at current rates, along with the 
consumer’s preference for health conscious diets, it 
could further increase the demand for goat meat.  If 
the meat goat industry can influence a small 
percentage of the mainstream consumers through a 
targeted consumer education program, that could 
create additional new markets for goat meat.   
 
The study by Solaiman (2006) predicts a positive 
outlook for the growth of a viable goat meat industry 
in the U.S. Meat goat production seems to fit as an 
alternate, sustainable, family-oriented livestock 
enterprise, particularly in the southern regions of the 
U.S. Compared to dairy or beef cattle, goats are 
small, hardy animals, cost less to buy, are easy to 
manage and can survive better under adverse 
foraging conditions.  Unlike cattle or sheep, goats are 
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browsers and forage on weeds, tree fodders, and 
bitter and thorny wild plants, and do not require 
expensive grains or highly managed pastures (Lu, 
1988).  The above features make goats perfect 
candidates for mixed grazing with cattle and sheep 
for either large or small producers.  With the low 
input cost, even larger farms raising beef or dairy 
cattle as well as small producers in rural communities 
could have a viable meat goat operation to generate 
additional income.  
 

Current supply and demand status 

According to USDA (July 2009) statistical data, the 
current meat goat population is 3.2 million heads in 
the U.S. and 2.3 million are breeding animals which 
can produce approximately 830,000 goats for market.  
Besides Texas, that accounts for more than half of all 
meat goat inventories, the other top ten meat goat 
producing states are located in the southeastern part 
of the U.S.  
 
The number of goat farms (both dairy and meat 
goats) in the U.S. increased by more than 19 percent 
during the period from 1997 to 2002 (Solaiman, 
2006).  This led to a 45% increase in the number of 
farms selling goats during that period.  Examining 
just the meat goat operations, the number of farms 
increased 18% with more than 57% increase in the 
number of farms selling meat goats during the same 
period and more than 108% increase in the number of 
meat goats sold.  Most farms are small family farms. 
  
The current supply of goat meat produced in U.S. 
farms is not enough to meet the growing demand 
(Pinkerton and McMillan, 2005).  According to 
Solaiman (2006) more than 18 million pounds of goat 
meat (i.e., approximately 500,000 whole goat 
carcasses) were imported in 2003 into the U.S. to 
meet the extra demand, most of it came from 
Australia and New Zealand. 
 
 
EXISTING PROBLEMS 
 
Meat Goat Industry–Some Concerns 
 
Absence of an organized genetic improvement 
program 
 
The genetic progress achieved over the past decades 
in other livestock species (dairy and beef cattle, 
swine and sheep) through organized, selective 
breeding programs in the U.S. are remarkable and 
well documented (USDA-AIPL, (2009); STAGES, 
(2009) and NSIP).  The new, emerging meat goat 

sector is not well organized like other livestock 
species in the U.S.  Two prominent meat goat breed 
associations (American Boer Goat Association and 
American Kiko Goat Association), and a number of 
local goat clubs are functioning across the U.S. with 
very limited coordinated programs or collaborative 
efforts.  Goat producers, educators, and industry 
leaders can learn much from the organizational 
infrastructure, programs, methods, and tools that are 
used by other livestock industries to achieve such 
genetic progress over the past decades. 
 
The meat goat industry needs research, education and 
extension support for all aspects of production, such 
as nutrition, reproduction, genetics, health, meat 
science and marketing.  To improve genetics of meat 
goats, producers should adopt a well organized on-
farm record-keeping system to gather performance 
and pedigree of individual animals in their herds.  
The primary purpose of recording performance and 
pedigree of animals is to rank them for genetic merit.  
An individual animal's performance is a combination 
of genetics and environment (nutrition, health, 
management, etc.).  Those environmental factors 
could influence individual animals’ performances and 
their performance records must be adjusted 
accordingly to rank individuals based on genetic 
merit. 
 
There is minimal support available to the meat goat 
industry from state and federally funded programs to 
improve meat goat genetics.  The meat goat industry 
needs to collaborate and work together with 
stakeholders to establish performance and progeny 
testing programs for comparative evaluation of 
animals for economically important traits.  Those 
traits include growth rate, reproduction, feed 
efficiency, carcass merit traits, resistance to parasites 
and diseases, and overall efficiency of production.  
The goat industry must incorporate objective, data-
based selection tools to improve genetic merit while 
ensuring structural correctness, muscling and breed 
characteristics.  
 
Breeding goats to a target consumption pattern 

It has been observed that the consumer demand for 
goat meat tends to follow a peculiar pattern 
associated with certain religious and other holidays, 
such as Ramadan, Eid, Easter, Christmas, and New 
Years, etc. (Solaiman, 2006; Pinkerton and 
McMillan, 2005).  Consumers who celebrate those 
respective holidays seem to prefer goats of certain 
weight categories and gender.  Other consumers may 
only be interested in weight and age of market goats.  
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An ideal goat desired by those celebrating the Easter 
holiday is a milk-fed kid weighing 30 to 35 pounds.  
The Muslims, who celebrate the Ramadan (a month-
long holiday), prefer male or female kids less than 
one year old and weighing 60 pounds.  For the Eid 
festival, the desired goat for “sacrifice” is a yearling 
animal ranging in weight from 45 to 120 pounds.  
Most Asian and Caribbean customers prefer large 
kids weighing 60 to 100 pounds.  For a producer to 
meet all the aforementioned markets, care must be 
taken in designing breeding and production systems.  
Such a complex demand pattern calls for creating 
genetics to produce market goats to fit into specific 
markets.  Meat goat producers should identify the 
market they want to serve and concentrate on just one 
or two markets.    

Availability of meat goat breeds 

Before 1993, there were no specific "meat goat” 
breeds available in this country.  Any breed of goat 
(from small Nigerian dwarf/Pygmy to Spanish or 
dairy types breeds) is a potential meat producer.  A 
few dual purpose dairy-meat breeds, such as the 
Nubian and LaMancha, and other breeds like the 
Spanish, and local brush goats were used for meat 
production.  However, currently, there are at least 
two recognized breeds of meat goats available in the 
U.S.  These breeds have distinct characteristics and 
are most suitable for meat production.  The “Boer" 
breed of South African origin and the “Kiko” breed 
from New Zealand were introduced into the U.S. in 
the mid-1990s.  Presently, these breeds have gained 
recognition as the premier meat goat breeds because 
of their excellent body conformation and fast growth 
rate.  These meat goat breeds can be used for 
crossbreeding with other goats to increase goat meat 
production. 
 
As a promising meat goat breed and adaptability of 
South African Boer goats (Casey and Van Niekerk, 
1988; Lu, 2002), this breed might have a strong 
impact on the meat goat industry globally.  
Prolificacy in the Boer goat is high and twin births 
are common.  A study in South Africa showed 
approximately 50 to 60% of does produce twins and 
another 10 to 15% of does produce triplets 
(Campbell, 1984).  Many producers in the U.S. have 
acquired the Boer and Kiko breeds for goat meat 
production during the past decade.  That interest has 
led to the formation of the breed associations, like the 
American Boer Goat and the American Kiko Goat 
Associations, respectively, in the U.S.  Therefore, 
investigating the potential of these breeds in 
crossbreeding programs with other breeds and their 

crosses under different environmental conditions is 
important in supporting the meat goat industry of this 
county. 
 
Breeding goats for resistance to parasites and 
diseases 
 
Infestation of gastrointestinal parasites (GIP) is a 
major problem for the health and productivity of 
goats in many parts of the world, including the 
United States.  If the parasite load is not controlled 
and managed, it results in substantial losses to 
producers.  Loss of production, costs of dewormers, 
and animal death are some of the major concerns 
associated with the widespread GIP infestation, 
particularly the blood-sucking Baber pole worm 
(Haemonchus contortus).  Further, GIP organisms 
may seem to have developed resistance to 
commercial dewormers and, frequently, the 
commercial anthelmintic treatment failures are 
evident (Mortensen, et al, 2003).  There seems to be 
an opportunity to select goats that are genetically 
resistant or resilient to GIP infestation.  

 
 
FUTURE PLAN OF ACTION 
 
The overall improvement of the meat goat industry 
depends on improvement of nutrition, reproduction, 
genetics, herd health, processing and marketing.  This 
paper will only deal with the essential components 
for genetic improvement of meat goats in the U.S.  
The necessary components associated with the 
genetic improvement of meat goats will be discussed 
here at length. 
  
Adopting Tools for Genetic Improvement 
 
On-farm record-keeping system 
 
In general, record-keeping is a neglected practice 
among producers involved in all livestock operations.  
Compared to other livestock species, there is very 
little on-farm performance recording being done in 
meat goats.  A prerequisite to performance/progeny 
testing is proper identification of animals and unique 
identification (ID) of individual animals in the herd 
must be maintained.  Ear tags and tattoos are the most 
common forms of ID used for meat goats.  
 
The importance of gathering performance and 
pedigree data on individual animals and using them 
in subsequent evaluations for genetic merit has been 
long recognized in genetic improvement of livestock 
for desirable traits (Smith, 1962; Owen, 1971; 
Ponzoni, 1988; Uljee and Rennie, 1990; and Moioli 
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and Pilla, 1994).  Performance recording of 
individual animals is not only important for genetic 
improvement, but is also crucial for the overall 
improvement of productivity and efficiency of farm 
operations (Howard and Cranfield, 1995).  
Furthermore, Galal (1998) defines animal recording 
as an activity that involves the measurement of 
various indicators of animal performance under 
different management conditions and the use of that 
information in the normal, day-to-day decision-
making process.  To increase production efficiency, it 
is critical that goat producers use farm records 
routinely for daily management and to solve 
problems.  
  
At present, most goat producers are accustomed to 
have performance, pedigree, and all other 
information including financial details of their 
operation in memory or in loose notes and play a 
“guessing game” when making critical decisions.  
However, a few producers routinely weigh animals to 
collect any growth data.  Any progressive goat 
producer should have a well-organized, simple to use, 
accurate on-farm record-keeping system.  This will 
aid in determining which animals to keep or cull.  
With quantitative knowledge of an animal’s 
performance, producers will be able to assess the 
past, present and future status of their operation.  For 
livestock producers, implementing a computer-based 
performance recording and herd management 
program is the best tool (Hammond, 1988).  Indeed, 
Flamant (1998) indicated that such records would 
also provide necessary, critical information for 
further improvement and understanding of the 
socioeconomic aspect of the farming systems.  
 
Pedigree recording is an important component in 
genetic evaluations.  This involves the recording of 
sire and dams of individual animals.  Each individual 
must be uniquely identified to ascribe parentage to 
offspring.  Without proper identification of parents 
and progeny, it would be impossible to perform any 
suitable genetic evaluations.  If no pedigree 
information is available, there is no way to run a 
correct gene-flow model analysis and would be 
restricted to the analysis of the kid’s own 
performance records adjusted for known 
environmental variations.  
 
These days, many farm families own a home 
computer and are familiar with basic applications.  
Thus, if the farmers can be motivated to learn to use a 
simple record-keeping system with a bit of a hands-
on training, they would be able to adopt an on-farm 
record-keeping system (Nadarajah, et al, 2008).  
 

Economically important traits for meat production  
 
Of all economically important traits for goat meat 
production, the most influential traits are 
reproductive traits, growth rate, feed-efficiency, and 
market weight of progeny.  Additionally, health 
(resistance/resilience to parasites and diseases), 
carcass merit, and meat quality of market kids are 
other traits that must be considered. 
 
Scales are essential in recording growth traits.  Live 
weights of animals should be recorded at least three 
times (at birth, weaning, and market).  That weight 
data will allow calculation of average daily gain 
(ADG) during the pre- and post-weaning period, as 
well as ADG over the whole period from birth to 
market.  Weaning weight and pre-weaning ADG are 
the most important growth traits that determine 
productivity.  Both traits do measure the individual 
kid’s performance genetically (its own potential for 
growth) and also indicate the maternal abilities (care 
and milking ability) of the doe.  Post-weaning ADG 
is a further measure of the kid’s potential for its own 
growth impetus. 
 
The important reproductive traits to be collected 
include number of kids born per doe, number of kids 
weaned per doe, percent of kidding, total weight of 
kids weaned per doe, and any other traits associated 
with fertility of breeding animals such as conception 
rate and scrotal circumference in bucks.  Important 
carcass traits include muscling or conformation, 
dressing percentage, loin eye area, fat thickness, 
percentage of bone, and also physical and sensory 
meat quality traits such as tenderness, juiciness, 
flavor, color, and cooking loss.  Health traits to be 
considered are mortality rate and resistance to 
parasites and diseases. 
 
Selection and culling practice 
 
The most practical way for goat producers to make 
the “keep or cull” decision is to examine the 
individual’s own performance records.  Generally, 
producers are aware of what to look for in making 
such decisions, but the problem is that they are not 
accustomed to recording performance of their 
animals.  Without any such data, producers would 
select parents to produce their next crop of kids based 
on visual evaluation and personal judgments.  The 
assumption is that animals that are better looking are 
also genetically the best animals, which may or may 
not be true. 
 
Buck selection is the most critical decision a breeder 
has to make.  It is important to recognize the buck 
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will contribute one-half of the genetics to his 
progeny.  Thus, a couple of bucks mated to all 
breeding does in a herd will quickly influence the 
genetic makeup of that herd.  To acquire bucks for 
breeding, typically, most producers look for show 
ring winners.  Young show animals often look 
healthy, thick-muscled, heavy-boned, and eye-
appealing to breeders but may or may not be the best 
breeding buck.  Generally, producers would try to 
avoid selecting any bucks with any noticeable genetic 
disorders, abnormal testicles, and poor temperament.  
Some producers would try to procure pedigree lines 
of certain animals in a prominent breeder’s herd to 
select their buck, but often they do not have full 
pedigree information on such animals. 
 
It seems a few serious meat goat breeders are 
currently entering young bucks into one of the 
supervised performance test programs conducted in 
the nation (e.g., test centers at the University of 
Maryland, The Kerr Center in Oklahoma, and the 
Texas A&M University in San Angelo).  
Performance test stations rank individual animals 
based on their own performance record.  Often the 
top 5% of each trait measured is considered 
genetically superior or best animals for a particular 
trait.  That process is called “independent culling” 
because the rest of the test animals are not usually 
selected for breeding.  Such a procedure works well 
if animals are ranked and selected just for a single 
trait.  But the problem with the independent culling 
method is that if animals are ranked for two or more 
traits, then an individual that is excellent in one trait 
could be eliminated due to poor performance in 
another.  Active participation of producers in such 
supervised performance testing programs is a good 
sign, which is an indication the producers are 
interested in improving their genetics.  After the test 
is complete, most bucks are sold to other producers 
based on their performance.  For selecting does for 
breeding, producers usually keep female kids with 
good characteristics as replacements for the next 
generation, and the rest are mostly sold for meat.    
 
Adjusting performance records for known 
environmental effects 
 
The phenotype (record of performance) is a reflection 
of the genetics plus the environment, in which an 
animal is raised.  Adjustment of a meat kid’s 
performance records for non-genetic sources of 
variation (environmental) is an essential component 
in genetic evaluations.  For example, the weaning 
weight of a meat kid will be influenced by age at 
weaning, birth type (born as a single, twin, or triplets, 
etc.), rearing condition (as a single kid, twin, etc.), 

and the age or parity of doe.  Information on the birth 
type, rearing condition, and age and parity of doe 
should be recorded in the record-keeping system.  
Performance records can then be adjusted to a 
common base (standard); for example, to a single-
born, single-reared kid born to a mature doe and 
weaned at 60 days of age (Nadarajah, 2006).  
Without proper adjustments or corrections for the 
non-genetic (environmental) effects, ranking of 
animals for genetic merit will be biased.  It is known 
that mature does produce faster growing kids than 
young, first-parity does.  If correction factors are 
available, one can make adjustments for different 
parities, while comparing the weaning weights of 
kids.  Regardless of whether the kid is born to a first-
parity or mature doe, offspring receives genes based 
on the genetic makeup, not on the environment.  By 
applying appropriate adjustments, the environmental 
influence of these factors can be removed from the 
phenotype, resulting in more accurate estimates of 
breeding values.  Therefore, beside birth weight, the 
information on birth date of the kid, its birth type, 
rearing conditions and parity of the doe must be 
available to conduct correct evaluations.  Ranking 
animals for genetic merit should enable producers to 
make culling and selection decisions with more 
confidence. 
 
Ranking of Animals for Genetic Merit 
 
General concepts and principles 
 
Genetic change or genetic improvement occurs 
through selective mating of superior animals.  The in-
depth discussion of principles and concepts in genetic 
selection of dairy goats presented by Gipson (2010) 
is also applicable to meat goats.  Genotype of an 
individual is determined by the genes, acting 
individually or in combination, which the animal 
received from its parents.  The process of evaluating 
animals for genetic merit as parents based on the 
performance of their offspring is called “progeny 
testing.”  Pedigree information is also useful to 
minimize inbreeding.  Inbreeding occurs when 
closely related animals are mated together, which 
could result in inferior performance of progeny, a 
phenomena referred as “inbreeding depression.”  For 
example, if producers continue to keep their own 
female kids as replacement does in their herd and 
breed to young bucks raised in the same herd, this 
practice can result in inbreeding.  To avoid high 
degrees of inbreeding, producers should bring in 
outside genetics to their herd.  On the other hand, 
mating of non-related animals or lines would exhibit 
“hybrid vigor or heterosis,” where the offspring 
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usually has better performance than the average of 
their parents.  
 
The proportion of the difference observed in the 
offspring relative to the average performance of its 
parents is called the heritability.  Essentially, it is an 
estimate of the proportion of genes that control a 
particular trait that parents would pass on to their 
offspring.  Some economically important traits such 
as growth, feed efficiency, and carcass traits 
associated with goat meat production are highly 
heritable, while reproductive traits such as fertility 
and litter size are low heritable traits. 
 
The true breeding value or genetic merit of an animal 
for a particular trait cannot be measured directly; it 
must be estimated through evaluation of performance 
and pedigree data based on the heritability of that 
trait.  The heritability estimate of a trait determines 
the transmissible ability of genes in predicting 
estimated breeding values (EBV) or expected 
progeny differences (EPD) of animals for that trait.  
By definition, the EPD is one-half of EBV, which is a 
prediction of future progeny performance of one 
individual compared to another individual within a 
breed for a specific trait.  Linking performance 
records of an animal with the performance records of 
all of its relatives in their pedigree should improve 
the estimation and accuracy of the EBV of that 
individual because all of its relatives share genes with 
that particular animal and provide extra information 
for the prediction of that particular animal’s breeding 
value.  Thus, records of all available pedigree 
information on animals should be used to predict the 
EBVs of individual animals. 
 
Selection for a single trait is the quickest way to 
make genetic progress for that trait.  Suppose if the 
breeding objective is to select for a single trait such 
as ADG, faster progress is possible by just selecting 
for ADG compared with a combined selection of two 
or more traits.  Simultaneous selection for two or 
more traits may show correlated response, i.e., 
selection for one trait might have a negative or 
positive influence on the selection response of other 
traits.  The expected genetic progress will depend on 
how many traits are considered in a selection 
program.  More complex methods of genetic 
evaluations, involving individual animals for single 
traits and multiple traits index-type selections 
(Henderson and Quaas, 1976; Pearson, 1982; Quaas, 
1988), are other available options.  In multiple trait 
selection, genetic merit of an individual is normally 
computed as a single value called “selection index,” 
which combines the EBV of all traits weighted by 
their respective economic weights.    

Typically, genetic selection in meat goats should be 
aimed to place emphasis on a few traits, such as 
growth, conformation, or reproduction, to produce 
well-rounded, quality meat kids for better market 
value.  Combined selection for two or more traits that 
can have positive influence on selection could be a 
challenge, especially if the traits are negatively 
correlated.  If multiple traits selection is adopted, 
keeping the number of traits as low as possible will 
result in a greater progress than including too many 
traits in the selection program.  The economic 
weights for each trait have to be calculated for 
developing the selection index to rank individual 
animals for overall genetic merit. 
 
Selection for growth traits 
 
Generally, selection is directed to improve growth 
traits of kids such as weaning weight, yearling 
weight, ADG, and feed efficiency.  Most growth 
traits have moderate to high heritability values and 
respond to selection well (Shrestha and Fahmy, 
2007b).  Weaning weight is one of the most 
important traits affecting productivity.  It is primarily 
a measure of the kid’s genetic potential for growth 
and the maternal abilities of the doe.  At least 50% of 
the variation in weaning weight (Schoeman, et al, 
1997) is due to the milk production of the dam and 
the kid’s ability to obtain its share of that milk.  
Weaning weight is about 40 to 50% repeatable, 
indicating that a doe that weans heavier kids one year 
is likely to do it again the next cycle.  Post-weaning 
gain (from weaning to market weight) of kids is a 
further measure of the kid’s potential to exhibit its 
own growth impetus with no influence from the doe.   
 
Selection for reproductive traits 
 
Reproductive efficiency, particularly of the doe, is 
the most important factor determining profitability in 
goat meat production.  It includes such traits as 
fertility, prolificacy, mothering ability, milk 
production, and longevity of breeding does in the 
herd.  Estimates of heritabilities and repeatabilities 
for reproductive traits summarized in several studies 
(Shrestha and Fahmy, 2007b) have been low to 
medium.  To optimize production efficiency, meat 
goats, especially replacement females, should be 
selected under the conditions in which they will be 
expected to produce.  Meat goat producers should 
select their replacement kids to match the available 
nutritional forage or browse condition in their farms 
rather than purchasing replacement females that may 
have been raised on supplement grain feeding unless 
they can provide similar conditions. 
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Selection for resistance to parasites and diseases 
 
Like the meat goat industry, the sheep industry is also 
faced with the infestation of gastrointestinal parasites 
(GIP).  In sheep, there is evidence that genetic 
selection for resistance to GIP is feasible and seems 
to be most promising (Gray, et al, 1992; Bishop and 
Stear, 1997, 2003).  Existence of genetic variation for 
parasitic resistance in sheep (Doeschl-Wilson, et al, 
2008) and differences among sheep breeds that are 
naturally more resistant to GIP than other breeds has 
been well documented (Karawczyk and Slota, 2009).  
Thus, it is possible to select goats for resistance or 
resilient to GIP if health records are available on 
individual animals.   
 
Currently, a special technique used for estimating the 
GIP infestation load is a practical, on-farm eye color 
scoring system called FAMACHA©, which is 
designed to provide sheep and goat producers a tool 
for improving management of Haemonchus contortus 
infestations (Kaplan et al, 2004).  This technique has 
become very popular among goat producers and 
widely accepted by industry in many regions of the 
U.S.  The FAMACHA© system is supposed to assess 
animals with clinical anemia by scoring the eye color 
because of Haemonchus contortus infestation.  
Additionally, other quantitative measurements used 
to monitor GIP infestation in young goats and adult 
breeding animals are fecal egg counts (FEC) and 
packed cell volume (PCV) of blood.  In sheep, FEC 
is both a repeatable and heritable trait and should 
respond to selection (Baker, et al, 1992). 
 
Meat goat producers should collect health records on 
individual animals to evaluate for GIP resistance 
through the single or multiple traits’ selection 
methods to rank them for GIP resistance using 
standard genetic evaluation techniques.  Typically, 
GIP affects all goats in a herd, but some animals are 
more resilient than others.  The aim should be to 
identify animals that are genetically resistant or 
resilient to GIP, i.e., they could withstand GIP 
infestation and still exhibit normal levels of 
production. 
 
Selection for carcass and meat quality traits 
 
Typically, live goats should be evaluated for potential 
for meat production.  Traits that influence meat yield 
are conformation, muscling, body condition 
(proportion of muscle to fat and bone), and body 
weight.  These measures provide some indication of 
carcass weight, lean meat yield, carcass 
conformation, carcass fat, and preferred carcass cuts.  
Following harvest in a processing facility, several 

carcass measurements could be recorded for further 
genetic evaluation of goats for meat production.  
These include hot carcass weight, carcass length, fat, 
loin eye area, muscling, dressing percent and lean 
meat yield.  In terms of meat quality, the traits that 
could be important are fat content, muscle color, 
shear force values, cooking loss, and sensory 
characteristics such as juiciness, flavor, and 
tenderness. 
 
Most consumers are concerned with the quality of 
meat they eat, and goat meat producers should give 
some attention to those traits.  Thus, the meat goat 
industry should record data for the aforementioned 
traits and identify the most important ones to be 
included in future genetic improvement programs.  
Many of the carcass traits are moderate to highly 
heritable and should respond to selection. 
 
Crossbreeding and composites 
 
Mating individuals of different breeds to improve 
efficient production is referred to as crossbreeding 
and is a very common practice in most commercial 
livestock programs.  Therefore, crossbreeding in 
meat goats should be aimed to combine selected 
breeds for profitable meat goat production and 
consider factors such as adaptability to environment, 
reproductive rate, growth rate, carcass value, and 
resistance to parasites and diseases.  Breeding to 
improve production means the upgrading or 
improvement of the breed in respect of those 
targeted, economically important traits.  Benefits of 
crossbreeding for goat meat production have been 
reviewed in detail by Shrestha and Fahmy (2007a).  
Through crossbreeding, producers could not only 
take advantage of hybrid vigor in offspring, it also 
brings about a “complementary effect,” i.e., it can 
combine desirable traits from more than one breed to 
get the best out of all breeds involved in the 
crossbreeding program.  Furthermore, a well 
designed and systematically controlled crossbreeding 
program may evolve into a new breed that is known 
as a composite, similar to the proposed “Gene 
Master” for goat meat production by the American 
Kiko Breed Associations.  The intention of this 
author is not to go into details on this topic, except 
presenting a few examples, because a very detailed 
discussion on many aspects of crossbreeding for meat 
goats is presented by Getz (2010) at this conference. 
 
A few studies have shown the advantage of using 
popular meat goat breeds such as the Boer and Kiko 
with Spanish, native, and dairy-type goat breeds for 
meat production.  Most notable improvement in 
crossbreds include birth weight, rate of gain, weaning 
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weight, market weight, mature weight, kidding rate, 
and carcass quality (Brown and Machen, 1997; 
Waldron, et al, 1997; Ward, et al, 1998; Cameron, et 
al, 2001; Browning, et al, 2009).  Cross breeding with 
Boer goats increased birth weight, growth rate, and 
mature weight in cashmere goats (Newman and 
Paterson, 1997).  Breed of dam has been shown to 
affect body weight, growth from birth through the 
post-weaning period and carcass traits for the 
progeny of Boer sires and dairy breed sires (Ruvuna, 
et al, 1992; Waldron, et al, 1996; Goonewardene, et 
al, 1998; Dhanda, et al, 2003).  In another study, birth 
weight, weaning weight, and average daily gain were 
improved by crossing Spanish, Nubian, or Angora 
with Boer goats (Brown and Machen, 1997). 
 
In Alabama, performance data gathered from 38 
herds on 563 meat goat kids showed 70% of progeny 
were sired by purebred Boers, 10% by other purebred 
meat-type bucks, while the rest were from crossbred 
sires that are predominantly Boer crosses.  Kids born 
from the most common Boer, Spanish, and Kiko 
breeds respectively recorded an unadjusted average 
birth weight of  7.7, 5.9, and 8.4 lb, weaning weight 
of 48.6, 40.7, and 29.3 lb and adjusted 60-day weight 
of 33.9, 27.9, and 27.1 lb, (Nadarajah, et al, 2009).  
From a research herd at Tennessee (Browning, et al, 
2009) reported mean birth weight of kids from Boer, 
Spanish and Kiko breeds as 7.4, 6.6, and 6.5 lb and 
mean weaning weights as 30.4, 30.6, and 34.9 lb, 
respectively.         
 
Application of other technologies 
 
Artificial insemination, estrus synchronization, super 
ovulation and embryo transfer have been successfully 
used in other livestock improvement programs and in 
Boer goats (Greyling van der Nest, 2000).  The meat 
goat industry should explore such technologies, 
particularly the use of AI as a part of the overall 
improvement of the meat goat industry.  Furthermore, 
other advanced technologies such as selecting for 
major genes (QTL) as well as the application of the 
latest genomics’ technology to identify potential 
genes that control the major production traits may 
benefit the meat goat industry in the future.  
 
 
NATIONAL GENETIC EVALUATION 
 
Meat Goat Industry Needs a Coordinated Effort 
 
Setting up an infrastructure 
  
The ultimate goal in any livestock genetic 
improvement program is identifying superior genetics 

for future breeding to make progress as fast as 
possible by implementing a solid genetic evaluation 
system.  Evaluating the performance records of the 
progeny of kids raised nationally across herds is the 
most effective way of achieving genetic progress.  
Selective breeding programs using such techniques 
have been very successful in other livestock species 
but it has not been done in meat goats.  Hence, the 
meat goat industry needs to set up a national, if not at 
least a few regional, genetic evaluation programs to 
support the growing meat goat industry.  The 
stakeholders from every sector of the meat goat 
industry and other associated institutions should be 
committed to the task of implementing an integrated 
genetic evaluation program for the meat goat 
industry. 
 
Research, education and extension/outreach 
support 
 
There is an urgent need to provide the necessary 
research, education, and extension/outreach support 
to the meat goat industry.  The meat goat industry 
together with stakeholders from affiliated institutions 
such as the agriculture universities, state Cooperative 
Extension services and any other state and federal 
agencies that are charged to work with small 
ruminants should take the initiative for establishing a 
central meat goat improvement center.  The center 
must coordinate and work in collaboration with 
regional institutions to provide the necessary 
education, research and training support to promote 
genetic improvement programs for meat goats.  The 
center should also lobby for funding to carry out 
effective programs through disseminating the 
research findings, genetic evaluation results and other 
information via publications, videos, and Web sites to 
support the growing meat goat producers, which in 
turn would benefit the meat goat industry to improve 
the quantity and quality of goat meat production.  
 
 
CONCLUSION 
 
The future of the U.S. meat goat industry seems to be 
promising and an exciting opportunity for farmers, 
particularly those who live in small rural areas in the 
U.S. Meat goat producers are faced with the 
challenge of supplying high quality goat meat to a 
diverse ethnic population that prefers goat meat over 
other red meat.  
 
Goat producers can improve production and health of 
their animals through genetic selection.  To do this, 
producers need to adopt a suitable on-farm, record-
keeping system to record individual performance on 
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growth, reproduction, and herd-health.  Animal 
identification and pedigree information are the most 
important key factors in this process.  Performance 
records should be utilized for ranking individual 
animals for genetic merit through a well-coordinated 
genetic evaluation program.  It is also very important 
that the aforementioned effort should be supported by 
a sound infrastructure combining the education, 
research, and extension services for effective 
implementation of the task.  
  
Selection of optimum genetics for meat production in 
goats can contribute to production, efficiency, and 
profit.  Additionally, production of high quality goat 
meat and consumer education may create new 
markets for goat meat in the future.  Successfully 
applying the best tools in genetic selection programs 
and simultaneously improving the nutrition, 
reproduction, herd-health, and management system of 
goats would contribute to faster growth of the meat 
goat industry.  
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ABSTRACT 
 
Interest in goats in the United States has 
increased tremendously over the past 20 years.  
A herd health management program is essential 
to operating a successful and profitable 
operation.  This is accomplished through disease 
and parasite control, and reproductive, 
nutritional, and environmental management.  
There are many diseases which goats can and do 
get, some very serious.  Neglect and poor 
management practices will ensure that your goats 
will have all sorts of problems and diseases 
similar to cattle and sheep.  Effective 
management practices, and understanding and 
recognizing the common diseases affecting goats 
will go a long way in maximizing economic 
returns in a goat operation. 
 
Key Words:  Goats, health management, 
diseases. 
 
 
INTRODUCTION 
 
The goat has the reputation of being a strong, 
almost disease- free animal.  Because of their 
remarkable adaptability and utility, goats are 
maintained over a more diverse range of habitats 
and production systems than any other domestic 
livestock species (Smith, Sherman, 1994).  A 
planned animal health and production 
management program, commonly known as herd 
health, is a combination of regularly scheduled 
veterinary activities and good herd management 
designed to achieve and maintain optimum 
animal health and production (Radostits, 2001). 
Sound management and preventative measures 
are the keys to maintaining a healthy herd.  
Economic assessments have been made of the 
costs of certain clinical diseases as well as cost-
benefit analyses with respect to changes in 

environment and management (Ekesbo, 1992).  
Simply stated, it is less expensive to prevent a 
problem or disease than it is to correct a problem 
that has already occurred.  
  
There are several factors one must consider when 
managing goats.  What is the intended use of 
your goat?  Are you interested in producing milk 
and milk products; showing goats; meat 
production or brush clearing?  What types of 
goats do you want?  Breed, sex and age.  And 
most importantly, how will you select your 
animals.  
 
The goats at the International Goat Research 
Center are placed under unusual demands of 
research and subjected to modern production 
systems such as artificial and out-of-season 
breeding, hormonal control of estrus, parasite 
control studies, etc., all of which can be 
predispositions to disease problems.  But no 
single production stress should cause a 
breakdown in the goat’s normal defense 
mechanism as long as we practice good herd 
health management techniques. 
 
 
GENERAL 
PRINCIPLES/CONSIDERATIONS 
 
A number of general principles can be presented 
which are basic to a successful herd health 
program.   
 
Biosecurity 
 
Biosecurity is a herd management strategy 
designed to minimize the potential for 
introducing diseases onto the farm as well as 
diminish the spread of disease-causing 
organisms throughout the farm.  Management of 
new arrivals includes the purchase of healthy 
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animals and quarantine procedures.  New 
animals and those returning from shows should 
remain isolated from the main population for at 
least 21-30 days to allow for the expression of 
disease symptoms.  Management of farm traffic 
includes the control of people, vehicles, pets, 
rodents and birds that have access to the animal 
facility.  All are capable of transmitting diseases.  
Management of animal housing involves the 
provision for adequate feed and water space, and 
the separation of older, larger and stronger 
animals from younger, smaller and weaker 
animals.  Sick animals should be separated from 
healthy animals.  Sanitation and disinfectant 
management involves the proper disposal of 
animal carcasses, manure management and fly 
control and the proper disinfection of maternity 
and sick pens (Anderson, 2009).  In order for a 
biosecurity program to be effective, all persons 
working with the herd must be educated, trained 
and understand the program. 
 
Healthy Animal 
  
The producer must know and understand the 
appearance and behavior of a normal animal in 
order to recognize a health problem.  A healthy 
goat should have a bright, alert appearance, be 
active and curious, ears alert and upright 
(depending on breed), clear bright eyes with no 
discharge, and a smooth, shiny hair coat.  
Animals should be purchased from a known 
source.  Examine animals before purchase.  Look 
at the environment in which the goat lives.  
Know the health status (vaccination and 
deworming schedule, disease testing, etc.) of the 
animal. 
 
Closed vs. Opened 
  
The task of disease prevention and health 
maintenance is greatly facilitated by establishing 
a closed herd.  A closed herd is a group of 
animals maintained with no association with 
other animals of the same species.  Herd 
replacements come from natural additions born 
and reared within the herd.  New bloodlines may 
be introduced through the use of artificial 
insemination.  Introduction of disease or 
parasites from outside sources is almost totally 
eliminated.  An open herd has the disadvantage 
of the periodic introduction of outside animals 
into the herd.  With this comes the possibility of 
disease or parasite introduction to the herd by the 
acquisition of normal-appearing carrier animals.  
Transmission to the herd may be minimized by 

the strict isolation of new additions for a period 
of at least 30 days.  During this time, the new 
animals are observed for a variety of health 
problems, vaccinated, dewormed, and deloused, 
if necessary.  This also gives the new additions 
time to become acclimated to their new 
environment and feed prior to the time they 
become stressed by finding their place in the 
herd’s pecking order. 
 
Physical and Climatic Environment 
 
Environmental management is a major 
determinant of health or disease.  A sound 
sanitation program starts by housing clean 
animals in clean quarters and providing them 
with clean feed and water.  Goats are very 
sensitive to water quality and will tremendously 
reduce water intake if the water supply is even 
only slightly fouled.  Feed troughs should be 
constructed in a manner that allows them to be 
easily cleaned and disinfected as well as prevent 
goats from placing their feet in their feed.  
Feeders placed outside should be covered with a 
roof to protect the feed from inclement weather.  
All pens should be steam cleaned and/or 
disinfected at least once a year or more, if 
required.  Kidding pens and housing for kids 
should be cleaned and disinfected right before 
kids arrive.  Flies and insects should be 
controlled as much as possible. 
 
Injuries will be minimized if rocks, wire, boards, 
and other extraneous material are kept away 
from barns and out of pastures.  On a regular 
basis, the fences and gates in barns and pastures 
should be examined for repairs or replacement.   
 
Respiratory problems can be minimized by 
housing goats in well ventilated buildings.  Wet 
bedding, dampness, and drafts should be 
avoided.  Young and mature stock should be 
protected against severe weather.  In winter, 
young kids especially need protection, with 
temperatures maintained around 55oF.  In a 
warm barn, it is important that the ceiling and 
sidewalls be insulated and proper ventilation be 
supplied to prevent moisture condensation inside 
the building.  It is important that newborn kids 
be kept in a thoroughly dry, draft-free pen.  
 
Vaccination Program 
 
A vaccination program is an important 
component of control and prevention of diseases.  
Livestock are vaccinated to reduce the economic 
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losses associated with disease.  A vaccination 
program, however, is not a substitute for good 
nutrition, adequate ventilation, effective 
sanitation, and other health management 
procedures.  Vaccination programs should be 
developed in cooperation with the herd 
veterinarian.  There are many vaccine products 
available on the market.  They may be obtained 
through your veterinarian or purchased over the 
counter.  There is a lot of confusion about which 
is the best product.  The best product is the one 
which will provide protection from the disease 
organisms for which your herd is at risk, 
(Pennington, Powell, 2010).  Effective 
vaccination is dependent upon having a healthy 
animal that is capable of responding to the 
vaccination.  It should be remembered, however, 
that not all vaccines are 100 percent effective.  
There are animals that for unknown reasons are 
not capable of mounting a response to the 
vaccine.  The number one reason for vaccine 
failure is not following the directions on the 
label.  Manufacturers work hard to ensure that 
you receive the highest quality and most 
effective product they can provide.  If you follow 
the labeled guidelines, there should be minimal 
problems. 
 
Animal ID/Records 
 
Animal identification and record-keeping play an 
important role in a health management program.  
Good records maintain and transmit information 
about an individual animal as well as monitor the 
productivity of the herd.  It is a useful tool in 
making management decisions in the areas of 
feeding, breeding and genetics and culling.  The 
market is flooded with a number of record-
keeping computer programs.  
 
Herd Health Calendar 
 
A custom designed annual calendar is an 
excellent way to ensure the health of the herd is 
maintained.  Goat owners should consult a 
veterinarian on the timing and need for 
vaccinations and other management procedures 
related to the health and well-being of the herd.  
The calendar should include separate health 
practices for does, bucks and kids as well as the 
different stages of production: breeding, 
pregnancy, pre- and post-parturient, lactation, 
weaning, etc.  
 
 
 

COMMON DISEASES OF GOATS 
 
The goat is susceptible to a number of diseases, 
whether they are infectious, metabolic or 
traumatic.  Some diseases have very obvious 
clinical signs while others go unnoticed.  The 
producer who can recognize signs of disease is 
the first line of defense in protecting the herd.  
 
There are various mechanisms by which disease 
affects animal productivity.  Losses may be 
direct or indirect (Radostits, 2001).  The direct 
reduction in productivity caused by disease can 
result in losses that are clearly visible to the 
producer.  These losses may include death due to 
disease, decrease in milk yield, reduced feed 
intake due to lameness or inability to graze, 
reduced pregnancy rates and increased cost for 
treatment.  Listed below are some of the more 
common diseases encountered in the goat 
industry. 
 
Caseous Lymphadenitis (CL) is a common 
disease of goats worldwide.  It is highly 
contagious and caused by Corynebacterium 
pseudotuberculosis.  This zoonotic disease 
(Romich, 2008; Matthews, 1999) is characterized 
by one or more abscesses of superficial lymph 
nodes.  Infection occurs by ingestion or 
inhalation of the bacteria or by direct contact 
between bacteria and skin.  The bacteria can pass 
through intact skin and is found in the regional 
lymph nodes within 3 days of skin exposure 
(Miller, Olcott, et al, 2010). 
 
Clinical diagnosis is based on the appearance of 
enlarged and abscessed superficial lymph nodes, 
(Figure 1), particularly those of the head and 
neck (parotid, mandibular, and prescapular).  
Although more commonly seen in sheep than 
goats, occasionally internal lymph nodes may 
become involved and result in a wasting 
syndrome.  The disease should be confirmed by 
culture because many other organisms will cause 
the appearance of abscesses.  Serological testing 
is available but may not be accurate due to the 
presence of antibodies in previously exposed 
non-diseased animals or from cross-reactivity of 
diagnostic antigens with antibodies against other 
bacteria (Dawson, 2001).  
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Figure 1.  Common locations of swellings 
caused by caseous lymphadenitis.  (Smith, 
Sherman, 1994) 
 
Once abscess formation has occurred, treatment 
with antibiotics is unsuccessful (Matthews, 
1999).  Surgical drainage (lancing) or removal of 
the node will remove visible abscesses but will 
not prevent the appearance of abscesses 
elsewhere.  Care should be taken to avoid 
contamination of the environment with the 
exudates.  The contents of the abscess are highly 
contagious and should be collected and disposed 
of by burning or burying.  Formalin injected into 
the abscess is an alternative method.  The 
affected goat should be isolated from the herd 
until the opened abscess is completely healed 
over.  But keep in mind, once an animal 
develops an abscess, it should be considered 
infected for life. 
 
The best key to prevention of CL is to maintain a 
closed herd or to carefully screen new additions 
to the herd for the presence of abscesses or scars 
from old abscesses.  There is a vaccine available 
that will decrease the occurrence and severity of 
the disease if administered to goats prior to 
infection.  
 
Infectious Keratoconjunctivitis (Pinkeye) 
often occurs as an infectious herd problem.  It is 
a highly contagious disease most commonly seen 
in the summer and fall when insects and sun 
exposure are at the highest levels.  Mycoplasma 
conjunctiva, M. agalactia, Chlamydia psittiaci 
and a host of bacteria have been incriminated as 
etiological agents.  Laboratory assistance is 
necessary to determine the exact bacteria present.  
Swabbing early cases or scrapings of the 
conjunctiva are useful in diagnosing.  
Environmental influences can increase the 
incidence of developing the disease.  Flies, dusty 
feed, and pollen play a role as vectors in 
transmitting the organisms from animal to 
animal (Faerber, McNeal, 2009). 
 

The infection begins when the invading 
organisms cause swelling and redness to the 
conjunctiva and surrounding tissues of one or 
both eyes.  One of the earliest symptoms is 
increased sensitivity to light resulting in an 
ocular discharge.  The cornea may develop a 
slight haze or become entirely opaque.  A few 
animals develop a corneal ulcer.  The eye is 
painful and held partially to completely closed.  
Vision is affected in severe cases so animals may 
have difficulty feeding and lose condition.  If the 
infection is severe, the entire eye can become 
involved leading to permanent blindness.  A 
ruptured eye may indicate surgical removal of 
the eyeball itself. 
 
Animals affected should be isolated from healthy 
animals as soon as they are detected.  There are a 
variety of antibiotics, injectable or ophthalmic 
ointments, used to treat pinkeye.  Two of the 
most common are tetracycline and tylosin.  At 
the same time, animals should be removed from 
sunlight with decreased exposure to dust and 
flies.  It is possible for mildly affected goats to 
recover without treatment within 10-14 days.  
Severe cases may take as long as 6 weeks to 
heal.  
 
Prevention of keratoconjunctivitis focuses on fly 
control when possible, access to shade and 
protection from sun, and keeping weeds, pollen 
and dust to a minimum. 
 
Contagious Ecthyma (Soremouth, Orf) is a 
contagious, viral disease of goats and sheep that 
is transmissible to humans.  This parapox virus 
causes pustules and then crusty, scabby lesions 
on the commissures of the lips, gums, nostrils, 
buccal mucosa, ears, coronary bands, scrotum, 
udders, and vulva.  Infection spreads among 
animals by direct or indirect contact.  Infected 
suckling kids contaminate the udder of dams and 
spread the virus among siblings (Mobini, 1999).  
Debilitation but rarely death may occur if painful 
lesions prevent feeding.  There is no specific 
treatment.  It is common for secondary infection 
to develop which can be controlled through 
supportive therapy of antibiotic sprays and 
ointment.  Lesions normally heal within 2-4 
weeks. 
 
Diagnosis is usually by herd history and 
characteristic lesions.  The virus type can be 
demonstrated by electron microscopy (Figure 2) 
but a more definitive diagnosis is made through a 
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real-time polymerase chain reaction (PCR) 
assay. 

     
Figure 2.  Negative stain electron microscopic 
image of Orf virus (CDC, 2006) 
 
The soremouth vaccine contains a live virus.  
Vaccination will introduce the disease to the herd 
if it is not already present.  Therefore, vaccines 
should only be used on farms where infections 
have occurred before.  Vaccinated animals 
develop mild lesions at the site of injection and 
the live virus will be shed for 3-4 weeks, 
(Matthews, 1999).  When soremouth has 
appeared on the premises, vaccination of all 
unaffected goats will limit the duration of the 
outbreak. 
 
Orf, the term used for human infection, is more 
commonly seen in people who have close contact 
with sheep and goats.  Most people infected 
develop a single lesion that will resolve in 3-6 
weeks (Romich, 2008).  People should protect 
themselves with gloves when handling infected 
animals or those recently vaccinated.  
 
Barber Pole Worm (Haemonchus contortus) is 
one of the most common internal parasites that 
cause morbidity and mortality in goats.  It is a 
bloodsucking parasite causing blood and protein 
loss to the host resulting in anemia and 
“bottlejaw”. 
  
Control of the barber pole worm and other 
roundworms requires an integrated approach that 
utilizes various pasture management and grazing 
strategies, along with selective use of 
anthelmintics and treatment plans.  Years ago, 
parasite control programs were built around 
attempted eradication of worms.  The 
consequence of this strategy was the 
development of anthelmintic resistance.  The 
new strategy is to control worms below a level 
that impairs the goat’s health, use management 
practices to prevent worms, and then use 
anthelmintics only when necessary and in such a 
way that we do not increase anthelmintic 
resistance (Hart, 2010). 
 

Rotational grazing systems which allow for 
adequate pasture rest periods are of importance 
when it comes to a good worm control program.  
However, there are many factors to consider 
when rotating pastures such as weather, types of 
grasses, height of grasses, stocking rate, and co-
species grazing. 
 
Producers should also be aware of breed and 
individual genetic resistance of animals to 
parasites.  The immune system is the animal’s 
first line of defense against worms.  Some 
animals have a genetically stronger immune 
system than others and we can breed for animals 
that are more resistant to specific diseases, 
including worms.  There is a genetic component 
to worminess that has a moderate heritability.  
Results from a 2004 trial study indicated that 
progress could be made by selecting goats for 
both high and low tolerance to H. contortus 
(Dzakuma, 2008). 
 
Regular use of anthelmintics and whole herd 
treatments are no longer recommended.  These 
practices are costly, unnecessary, and have 
resulted in the widespread development of 
anthelmintic-resistant worms.  The 
FAMACHA© system can be used to determine 
the need for deworming individual goats 
(Kaplan, 2005).  Since the barber pole worm 
sucks blood, the FAMACHA© system utilizes a 
color eye chart to estimate the degree of anemia.  
When the degree of anemia is severe enough to 
impact animal health and production, the animal 
is dewormed.  By keeping records of the 
individuals requiring deworming, you will notice 
some animals require little deworming and 
others a lot of deworming.          
 
Lice and Mange Mites are external parasites 
that cause discomfort by feeding on the skin, hair 
and blood of goats.  Lice infestations begin to 
increase during the fall and reach peak 
populations in late winter or early spring.  They 
are generally transmitted from one animal to 
another by direct contact.  Lice can be divided 
into two forms, mallophaga (biting) and anaplura 
(sucking). 
 
The biting louse of goats is typically found on 
the back and head.  When lice feed on skin cells 
and exudate and move over the animal’s body, it 
causes the host to lick, scratch and rub its skin 
against solid objects.  They can also bite through 
hairs causing moderate to severe damage 
especially to Angora fleeces giving the animal an 
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unthrifty appearance (Colville, 1991).  The best 
control of biting lice is an animal residual spray 
(Kaufman, Koehler, 2009).  
 
The bloodsucking louse causes pruritus, blood 
loss leading to anemia and secondary bacterial 
skin infections.  Lice and nits (eggs) are easily 
found by careful examination of the suspected 
animal’s hair.  A handheld magnifying lens may 
assist in the recognition of nits on the hair or 
adult lice crawling or clinging to the hairs.  
There are numerous insecticides that are 
effective against goat lice, but nits are not killed.  
 
The most commonly found mites are follicle 
mites (Demodex caprae), scabies mite 
(Sarcoptes scabei), psoroptic ear mites 
(Psoroptes cuniculi), and chorioptic (leg mange) 
scab mites (Chorioptes caprae), (Miller, Olcott, 
et al, 2010).  The appearance and location of the 
skin lesions is usually distinctive for the mite, 
especially during the early stages of infestation.  
Mites usually secrete irritative substances that 
react with cutaneous tissue (Colville, 1991).  
Symptoms range from non-irritating papules to 
large, scaly, crusted lesions with intense puritus.  
Affected animals may lose weight, become less 
productive, and have damaged hides.  Diagnosis 
of the particular mite is based on skin scrapings.  
Treatment and control of mites should focus on 
all animals in a herd.  The avermectin products 
or sprays and dips containing organophosphates 
or pyrethroids are useful in treating mite 
infestations (Aiello, 1998).  Delayed egg hatch 
requires retreatment at 7-14 days depending on 
the product.  
 
Urolithiasis is a metabolic disease of male goats, 
particularly castrates, male kids and occasionally 
intact adult males, primarily due to an 
improperly balanced ration (feeding excessive 
grain) and management-related factors.  It is 
characterized by the formation of calculi within 
the urinary tract resulting in obstruction of urine 
excretion.  The composition of the calculi 
(uroliths) varies according to the geographic 
location, but they are commonly composed of 
calcium salts and phosphatic complexes (Pugh, 
2002).  Silicate and oxalate calculi are 
occasionally diagnosed.  
 
Urine is a highly saturated solution of mineral 
solutes.  Under normal conditions, these solutes 
remain in solution; however, certain factors can 
predispose to precipitation of mineral from urine 
leading to calculi formation.  Risk factors for 

urolithiasis include dietary imbalances, limited 
availability of water, abnormal urine pH, age of 
the animal at the time of castration, and possibly 
genetic predisposition.  As a general rule, the 
calcium-to-phosphorus ratio should be 
maintained between 1:1 and 2:1.  Cereal grains 
have an abnormal calcium-to-phosphorus ratio of 
1:4 to 1:6 and, therefore, cause excessive urinary 
excretion of phosphorus.  High calcium diets are 
effective at reducing the absorption of 
phosphorus from the gastrointestinal tract.  
Castration of the young male removes hormonal 
influence necessary for full development of the 
penis and urethra.  The most common sites of 
obstruction are the urethral process and distal 
sigmoid flexure.  Clinical signs include 
restlessness, and abdominal discomfort 
demonstrated by kicking at the abdomen.  
Dysuria, painful and difficulty in urination, is 
accompanied with a sawhorse stance followed by 
an arched back and vocalization when trying to 
urinate.  Bloodstained urine may dribble from 
the prepuce with dry mineral deposits on 
preputial hairs.  Animals with partial obstruction 
may be able to void small intermittent streams of 
urine, but show discomfort.  Rupture of the 
bladder or urethra may occur within 24-48 hours 
if the obstruction goes uncorrected.  
Subcutaneous swelling of the preputial or 
perineal region becomes noticeable when the 
urethra is ruptured.  After rupture, discomfort 
and anxiety is alleviated and the animal will 
resume a more normal attitude until uremia is 
apparent.  Most cases of urolithiasis are 
presented in a terminal stage and the condition is 
fatal if left untreated. 
 
When conservative treatment (urinary acidifiers, 
passage of urinary catheter, amputation of 
urethral process) does not alleviate the condition, 
then some sort of surgical intervention is 
necessary.  Dietary management is the key to 
control and prevention of obstructive urolithiasis.  
Providing a continuous supply of clean, fresh 
water and increasing the concentration of salt in 
the ration to promote water consumption and 
diuresis are other management factors (Mobini, 
1999).   
 
Toxoplasmosis is a worldwide form of abortion 
that affects goats and is caused by the tissue cyst-
forming protozoan Toxoplasmosis gondii.  The 
definitive host is the domestic cat and a wider 
range of mammalian and avian species, including 
humans, appear to be capable of acting as 
intermediate hosts (Pugh, 2002).  In ruminants, 
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the prevalence is between 20%-90% and in wild 
ruminants, the prevalence may be up to 60% 
(Romich, 2008).  
 
The parasite lives in the small intestines of the 
cat and its oocysts are shed in the feces.  Once 
shed, the oocysts are hardy and have been known 
to live in the environment for over 1 year 
(Faerber, McNeal, 2009).  Goats become 
infected by ingestion of food or water 
contaminated with toxoplasma oocysts from 
feces of infected cats.  If clinical signs are 
noticed, they usually include fever, lethargy and 
neurological problems.  The most common 
clinical sign is abortion.  Does that are infected 
before breeding usually will not abort.  Those 
that are infected during the first third of 
pregnancy will often resorb or mummify the 
fetus.  Abortions, stillbirths, and weak kids may 
be produced to does affected in late pregnancy.  
 
One on-the-farm way to determine if T. gondii is 
a possible cause of abortion is to examine the 
cotyledons of the placenta for calcifications that 
appear grayish to yellow in color.  Other 
diagnostic tests, which are more definitive, 
involve the collection of blood samples from the 
doe, blood from live newborns before the 
ingestion of colostrum, the placenta, and fluids 
and tissue from the aborted fetus.  
 
Usually, not many goats will require treatment 
once a diagnosis has been made.  If a doe is 
extremely ill, supportive care is required.  
Chemotherapeutic agents like sulfamethazine, 
decoquinate and monensin can be used to help 
control the infection.  (Faerber, McNeal, 2009). 
 
Depopulating cats is not successful as a control 
method for toxoplasmosis.  Adult cats acquire 
immunity to reinfection and subsequently do not 
present a threat to livestock.  Generally, only 
young cats shed the oocyst.  Methods should be 
taken to limit cat breeding and their access to 
grain stores, feeding troughs, and hay barns.  
Some reports indicate the coccidiostat drug 
decoquinate (2mg/kg of body weight/day) can be 
fed to pregnant does throughout pregnancy to aid 
in the prevention of abortions.  The vaccine 
Toxovax® (Intervet) is available in England but 
has not yet been approved for use in the United 
States. 
 
Pregnancy Toxemia (Ketosis) of varying 
degrees can occur in all animal species with 
many different causes.  In goats, it occurs during 

the periparturient period, either at the end of 
gestation (pregnancy toxemia) or during early 
lactation (lactation ketosis).  It is a metabolic 
disorder in which the level of ketone bodies (B-
hydroxybutyric acid, acetoacetic acid, and 
acetone) in body fluids becomes elevated.  
 
Pregnancy toxemia occurs during the last 4-6 
weeks of pregnancy.  It is crudely divided into 
two causes, under-nutrition or over-nutrition.  An 
undernourished animal is not permitted access to 
enough nutrients (carbohydrates/energy) to meet 
the demands of itself and its multiple fetuses.  In 
over-nutrition, which is the usual case, the goat 
has been overfed until its massive internal fat 
stores plus the full uterus occupy so much of the 
body cavity that dry matter intake is severely 
curtailed  at a time when increased energy 
consumption is required (Smith, Sherman, 1994). 
 
Sub-optimum food intake is the main 
predisposing factor in periparturient toxemia.  
Anything that interrupts feed intake may induce 
this condition.  The primary lesion is 
hypoglycemia encephalopathy due to the 
inability of the dam to supply sufficient glucose 
to meet the carbohydrate demands of herself and 
large multiple fetuses.  Ketone bodies are 
produced when the doe tries to mobilize all her 
protein and body fat resources in order to 
replenish her glucose levels. 
 
Due to the decreased glucose levels in the brain, 
the doe segregates herself from the herd, has a 
decrease in appetite, becomes sluggish, has 
difficulty in rising, and shows signs of weakness, 
incoordination, and other neurological signs 
(opistatonis/stargazing).  Blood chemistry results 
in an increase in ketones and a decrease in 
glucose levels. 
 
Early detection and diagnosis is paramount.  If 
left untreated, lateral recumbency will quickly 
lead to coma and death.  Treatment consists of 
increased consumption of high quality roughage 
and concentrates.  Some type of high energy 
supplement (propylene glycol, dextrose, glucose, 
etc.), dexamethasone, amino acids and other 
supportive therapies must be administered 
(Matthew, 1999).  However, in the absence of 
abortion or parturition, treatment is generally 
unsatisfactory.  Early termination of pregnancy 
should be considered for valuable does that do 
not respond to treatment.  Depending on the 
stage of gestation (7 days of due date) and the 
strength of the doe, parturition can be induced 
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with a live birth outcome.  Prognosis is poor for 
the doe and kids that undergo cesarean section.  
 
Postmortem findings include large amounts of 
body fat, the presence of two or more fetuses and 
an orange to intensely yellow fatty liver.  The 
adrenal glands may also be enlarged, (Linklater, 
Smith, 1993). 
 
Footrot is a highly contagious disease with 
worldwide distribution.  Factors such as 
moisture, breed, and stocking density influence 
the onset of the disease in a herd.  Continuous 
wetting of the foot and interdigital skin damage 
allows the invasion of the organisms.  The 
introduction of Dichelobacter nodosus by carrier 
animals causes a rapid spread of the infection to 
the hoof and the sole and benign footrot is 
established.  But when Dichelobacter nodosus 
acts synergistically with Fusobacterium 
necrophorum, a keratinolytic activity occurs 
which destroys the hoof, permitting further 
invasion of the foot. 
 
The initial lesion is inflammation in the 
interdigital space.  The organisms invade the 
skin at the junction with the horn allowing 
invasion into deeper tissue.  The hoof becomes 
progressively under-run, infection spreading 
often across the sole with separation of the horn 
from underlying tissues.  Great pain and 
lameness result accompanied by an offensive 
smell of decomposing tissue.  Secondary 
complications may arise from fly strike or 
tetanus (Linklater, Smith, 1993).  
 
Treatment consists of regular examination of the 
hoof and hoof trimming, keeping animals on dry 
land and the lesions treated with antibiotics or 
footbaths (copper sulphate, formalin, zinc 
sulphate).  If an individual animal is infected, it 
should be separated from the herd to prevent 
further spread.  With a herd problem, the goats 
should be run through a footbath on a weekly 
basis.  Goats need to be closely supervised as 
they are much more adept at avoiding the bath by 
jumping over the tubs.  The goat should be 
allowed to stand in a 4cm deep bath for at least 2 
minutes and up to 30 minutes if the infection is 
severe (Matthews, 1999).  
 
 
CONCLUSION 
 
Implementation of a management program for 
goats has suffered in many situations due to the 

often unique and multiple management systems 
employed.  Herd health management programs 
need to be tailor-fitted to a given herd situation, 
so no ideal program can be designed.  Goats are 
kept as individuals or in herds from a few 
animals to several hundred animals.  Any 
recommendations for a health management 
program must therefore be presented as an 
outline or skeleton, with details filled in as each 
particular herd dictates.  In addition, a producer 
trained in disease recognition, trained employees 
and a relationship with a veterinarian and will 
greatly diminish the incidence of disease. 
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ABSTRACT 
 
In an epidemiological study of 12 meat goat 
herds in North Florida, nine were positive for E. 
coli 0157:H7.  This gram-negative bacterium 
(detected in fecal material of cattle and other 
warm-blooded animals) has been found to be one 
of the leading causes of food-borne illness in 
humans.  E. coli 0157:H7 can be transmitted to 
humans through consumption of undercooked 
comminuted and commingled ground products, 
poultry, lamb, pork, fresh fruit and vegetables, 
water, and milk products.  Until recently, it had 
not been detected in goats but has become 
increasingly important and of significance for 
food safety programs.  Detection of E. coli 
0157:H7 in feces from goats in our study 
suggests that the production and processing of 
goat meat carries a significant risk of goat meat 
contamination.  Therefore, proper care must be 
taken when slaughtering and processing the meat 
and the meat products to reduce the probability 
of E coli 0157:H7 food-borne illness caused by 
fecal contamination of the carcass.  The producer 
is responsibility to ensuring that safe and 
wholesome cabrito or chevon is offered to 
processors and the consumer.  The public must 
be alert of any food safety risks that may be 
associated with consumption of this product.  
Extension and outreach personnel play an 
important role in providing both food safety and 
herd health training to limited resource and small 
farm producers that will allow them to remain 
efficient and sustainable. 
 
Key Words: E. coli 0157:H7, detection, 
implication, meat goat, food safety, herd health.  
 
 
INTRODUCTION 

 
The production of goats as an alternative meat 
source has been forecasted to increase with 
demand for healthy foods.  Major programs are 
being developed to assist the farmer in the 
production and marketing of goat meat and 

products.  These programs are aimed at 
developing niche enterprises for small and 
limited producers.  A major consideration with 
development of goat production for food 
purposes should include the safety of the 
product.  Until recently, no studies had been 
conducted to determine if there was food safety 
risks associated with this product.  Food-borne 
illnesses are a substantial health burden in the 
United States, and trends indicate that further 
measures are needed to prevent food-borne 
illness (Allos, et al).  Experts think that there 
may be about 70,000 infections with E. coli 
O157 each year in the United States (CDC 
Factsheet).  In an epidemiological study of 
pathogenic E. coli conducted at Florida A&M 
University, it was concluded that there is an 
appreciable food safety risk associated with on 
farm production of goats.  Therefore, there is a 
need to educate and train producers, processors, 
and consumers of the risks associated with this 
product, and establish reasonable food safety 
programs that will control the associated risks. 
 
E. coli 01157-H7: The Food Safety Risk 
 
The pathogenic organism referred to as E. coli 
0157-H7 is responsible for about 70,000 cases 
annually resulting in 500 deaths, as reported by 
the Centers for Disease Control and Prevention.  
The Centers estimates that there are 
approximately 75 million cases of food-borne 
illness occurring annually resulting in 275,000 
hospitalized cases and 5,000 deaths.  The 
responsibility for providing food safety and 
controlling and preventing these illnesses should 
be shared at all levels of the food chain, but it is 
increasingly becoming the focus of producers.   
 
Producers represent the first line of defense in 
the effort to reduce the potential risk to 
consumers.  Increasingly, producers will be 
required to account for and justify actions taken 
to address food safety concerns.  Now that there 
is empirical evidence that goats are carriers of 
pathogenic E. coli, extension and outreach 
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professionals will be expected to develop and 
producers will be expected to execute a science-
based approach to on-farm food safety.   
 
Management Strategies against E. coli 01157-
H7 
 
The science-based approach will enable 
producers to conduct risk assessments, identify 
sources of hazards that have a likelihood of 
occurrence, and develop a science-based strategy 
to control and manage the identified hazards.  
This approach would involve logical steps to 
identify and solve observed problems.  Producers 
will be required to develop and maintain 
documentation that indicates actions taken and 
the rationale for those actions.  The science-
based approach will require producers to apply 
good management strategies.  For example, 
producers will need to keep thorough records of 
animal stocks (such as treatment), and be 
keen/observant of irregularities/regularities.  
Producers will also need to adhere to strict 
sanitation routines, respond promptly to possible 
disease condition by separating healthy from sick 
animals.  Because the science-based approach 
has been utilized successfully at the processing 
level, the regulatory and academic science 
community has acknowledged its validity and 
credibility.   
 
In the science-based approach, the meat goat 
producer will be required to meet requirements 
as on other on-farm food producers.  On-farm 
programs that address food safety will be tailored 
to each goat producer with a clear understanding 
of risk detection, avoidance, and control.  Good 
agriculture and quality assurance practices will 
need to be established and adhered to.  It should 
target the important areas where hazards can be 
controlled such as packaging, food storage, 
processing, food sanitation and handling, farm 
sanitation and farm traffic control.  Targeting 
crucial areas of food safety or food safety risks is 
the key to a successful program (Mobley & 
Lyttle-N’guessan, 2009).  Good agriculture and 
quality assurance practices aim to prevent 
potential disease problems/conditions.  These 
include: 

1. Prevent manure contamination by never 
stepping in the feed bunks. 

2. Routinely clean and disinfect feeding 
and watering equipment, which can be 
done with chlorine, iodine or QAPs 
(Quaternary Ammonia Products).  

3. Routinely clean and disinfect equipment 
used to medicate animals, especially 
equipment used on multiple animals. 

4. Provide a clean area for restraint, 
treatment and isolation of sick animals. 

5. Consult with a veterinarian or animal 
health personnel on goats with 
suspicious symptoms or death. 

6. Monitor and manage visitor traffic. 
7. Clean contaminated vehicles and 

equipment. 
8. Know the health history of the herd 

where new animals are purchased. 
9. Know the health status of animals 

brought into herd. 
10. Transport animals in a clean vehicle. 
11. Quarantine and isolate new and sick 

animals. 
12. Sanitarily dispose of dead stock. 
13. Have a control program for other 

animals (such as rodents, insects, 
external parasites, etc.) which could 
spread disease.  

14. Control manure and dispose of it 
frequently. 

15. Maintain good personal hygiene. 
16. Be observant. 
17. Maintain a good client-patient 

relationship with a veterinarian. 
18. Have a sound vaccination program. 

 
On-farm hazard analysis and critical control 
point (HACCP) strategies will be developed to 
complement other herd health and food safety 
programs.  The extension and outreach 
community will play a major role in assisting 
producers in developing on-farm food safety 
programs for goat producers.   
 
The Implications 
 
The implication for producers for detection of 
pathogenic E. coli in goats identifies the need to 
maintain/adopt sound herd health, animal 
husbandry, and management practices.  A well 
thought out, but simplified science-based food 
safety approach is both attainable and sustainable 
and can offer consumers the level of confidence 
required of other food commodities.  Detection 
of E. coli 01157-H7 may have direct and indirect 
implications on the goat meat industry.  These 
include: 

1. Reduced risk of food-related illnesses. 
2. Increased consumer confidence, and 

consumption of goat meat. 
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3. Expanded meat goat industry through 
increased market demand. 

4. Increased food supply and food 
security. 
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Currently, we have official U.S. grade standards to 
facilitate the marketing of beef, lamb, veal and calf 
and pork carcasses.  The USDA and livestock and 
meat industry use these standards to help facilitate 
marketing of live goats.  Standards provide a 
mechanism to evaluate key attributes of a carcass to 
determine if it meets established criteria related to 
palatability and cutability or yield.  Currently, USDA 
is working with the goat industry to determine if 
similar standards would be useful in marketing live 
goats and carcasses.  In 2009, USDA officially 
graded approximately 20 million beef carcasses, 
approximately 115,000 lamb carcasses, 39,162 veal 
and calf carcasses, no pork carcasses but standards 
are available, and no goat carcasses.  Although no 
goats were officially graded using U.S. standards, the 
USDA, Agricultural Marketing Service did institute 
selection descriptions for goats in 2001 after the 
development of the Institutional Meat Purchase 
Specifications for Fresh Goats.  These selection 
descriptions have helped to increase the uniformity of 
marketing live goats in the U.S. by promoting 
consistency of application by goat producers, 
livestock auctions, and buyers and sellers.   
 
Currently, the USDA, Agricultural Marketing 
Service, Livestock and Seed Program, Livestock and 
Grain Market News Branch report markets across the 
U.S. using the selection descriptions.  Markets such 
as the ones located in San Angelo, Texas and 
Lancaster, Pennsylvania are major markets for selling 
and buying goats using the expertise of Livestock 
Market News reporters to provide consistency and 
fairness in the industry.  Livestock Market News 
reporters utilize their expertise in evaluating live 
goats for factors as described in the selection 
descriptions as they do for the other red meat species 
with official standards. 
 
These descriptions were developed based on the 
evaluation of numerous live goat and carcass 

measurements taken as part of several projects 
funded by the USDA, Agricultural Marketing Service 
and other funding organizations.  Faculty and staff 
from Louisiana State University, Louisiana 
Department of Agriculture and Forestry, and 
Southern University, Baton Rouge, Louisiana were 
very instrumental in this effort.  The outcome of 
these projects led to the development of the USDA, 
Institutional Meat Purchase Specification for Fresh 
Goats (IMPS) which incorporated the three selection 
descriptions now being used to market live goats 
throughout the U.S.  These specifications provided 
additional guidance in the merchandising of goat 
carcasses through designated wholesale and retail 
cuts.  Goat merchandising for many goat meat 
consumers focuses on stews and barbeque as the 
main cookery method.  However, the IMPS provided 
additional fabrication methods suitable for 
merchandising in wholesale and retail markets.  
IMPS created a new market focus on live goats 
through the selection descriptions which may result 
in greater use of the product in all sectors and 
population.  Pictured in figure 1 are several cuts 
produced from goat carcasses.  These cuts show a 
wide variety of useable lean that can be derived from 
a typical goat.  The industry may begin to develop 
additional market potential for these cuts to increase 
consumer interest.  Merchandising a goat carcass 
does not have to be limited to small cubes. 
 
Production methods for goats continue to require 
additional research to develop best practices for 
raising goats from conception to the table.  
Additional work in controlling parasites is needed to 
increase the survivability of offspring and adults.  
However, one factor commonly seen in goats is their 
ability to convert forages of various types into meat 
without the use of large amounts of grains.  Because 
of this, goats are less likely to have high percentages 
of external fat in certain areas of the carcass such as 
the rib/side.   
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Figure 1.  IMPS Goat cuts 

     Figure 2      Figure 3            Figure 4 

The selection descriptions as stated below (figures 2-
4) represent goats with varying degrees of muscling.  
They do not take into consideration factors such as 
flank streaking, percent internal fat or intramuscular 
fat commonly used to depict quality in other red meat 
species.  These may be factors to look at should the 
goat industry decide to have standards for marketing 
carcass goats. 
 
If grading is desired, the current grading methods 
used in evaluating other red meat species may not be 
the best method for evaluating goats but this decision 
should be determined by the marketplace based on 
market studies and desires of the industry and 

consumers.  The following are the current selection 
descriptions used in evaluating live animal and 
carcasses with pictures to illustrate the mid-point of 
each selection description. 
 
Selections 1 (figure 2) 
 
Superior meat-type conformation 
Thickly muscled as indicated by: 
Pronounced (bulging) outside leg  

● Full (rounded) back strip (rib and loin) 
● Moderately thick outside shoulder 

 
Selection 2 (figure 3) 
 
Average meat-type conformation 
Moderately muscled as indicated by: 

● Slightly thick and slightly pronounced 
outside leg 

● Slightly full (flat or slightly shallow) back 
strip (rib and loin) 

● slightly thick to slightly thin outside 
shoulder 

 
Selection 3 (figure 4) 
 
Inferior meat-type conformation 
Thinly muscled as indicated by: 

● Narrow legs, back, shoulders in relation to 
body length 

● Very angular and shrunken appearance 
● Deficient muscling in leg, back strip (rib and 

loin), shoulder

Selection 1 Carcass            Selection 2 Carcass      Selection 3 Carcass 
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ABSTRACT 
 
The objective of this preliminary work was to 
determine the percentage of usable product derived 
from goat carcasses to evaluate the suitability of 
selections 1, 2, and 3 goat carcasses for producing 
ground products.  Twenty-five Spanish/Boer and 12 
university livestock show animals were harvested.  
The carcasses were evaluated for selection criteria 
and data collected.  Data collected was hot/chill 
weight, dressing percent, maturity, external fat score, 
percent kidney/pelvic fat, and weight and percentage 
of lean meat derived from the carcasses.  The 
university-raised goat carcasses were deboned to 
determine percentage of bone to lean derived from 
individual carcasses.  University selection 2 carcasses 
were comparable to the upper limit of selection 3 
carcasses.  Goats at the lower limit of selection 2 and 
selection 3 tended to have lower dressing 
percentages.  Flank color ranged from A20 to B40 
across all selections.  Carcasses in selections 1 and 2 
had a tendency to have a higher percentage of kidney 
and pelvic fat.  Selection 2 carcass lean percentages 
showed a greater degree of suitable lean derived from 
deboning when compared to the selection 3 
carcasses.  The livestock show goat dressing 
percentage was higher in both the selections 1 and 2 
goat carcasses.  However, the percent of shoulder and 
leg were lower in selection 1 carcasses compared to 
selection 2 carcasses.  Maturity indicated by flank 
color showed all carcasses to be at the border of the 
A/B level at the higher level.  Further work is needed 
to evaluate the feasibility of the three selections. 
 
Key Words: Goat, usable lean, ground. 
 
 
INTRODUCTION 
 
Currently, the livestock industry utilizes official U.S. 
grade standards to facilitate marketing of beef, lamb, 
veal and calf and pork carcasses.  Standards provide a 
mechanism to evaluate key characteristics of live 
animals and carcasses to determine if it meets 
established criteria related to palatability and 
cutability/yield.  In 2009, USDA officially graded 
approximately 20 million beef carcasses, 

approximately 115,000 lamb carcasses, 39,162 veal 
and calf carcasses, no pork carcasses but standards 
are available, and no goat crcasses.  Although no 
goats were officially graded using U.S. standards, the 
USDA, Agricultural Marketing service (AMS) did 
institute Selection descriptions for goats in 2001 with 
the development of the Institutional Meat Purchase 
Specifications (IMPS) for Fresh Goats.  Although the 
standards are not official, the USDA, AMS, 
Livestock and Seed Program, Livestock and Grain 
Market News Branch report markets across the U.S. 
using the selection descriptions for live animals to 
provide consistency and fairness in the industry.  In 
addition, selection descriptions promote consistency 
of application by goat producers, livestock auctions, 
and buyers and sellers.  USDA, AMS is currently 
working with the goat industry to determine if there 
is a need to develop official standards for live goats 
and carcasses. 
 
These descriptions were developed based on the 
evaluation of live goat and carcass measurements 
taken as part of several projects funded by the 
USDA, Agricultural Marketing Service and other 
funding organizations.  Faculty and staff from 
Louisiana State University, Louisiana Department of 
Agriculture and Forestry, and Southern University, 
Baton Rouge, Louisiana were very instrumental in 
this effort.  The outcome of these projects led to the 
development of the USDA, IMPS for Fresh Goats 
which incorporated the three selection descriptions 
now being used to market live goats throughout the 
U.S.  These specifications provided additional 
guidance in the merchandising of goat carcasses 
through designated wholesale and retail cuts.  Goat 
merchandising for many goat meat consumers 
focuses on stews and barbeque as the main cookery 
method.  However, the IMPS provided additional 
fabrication methods suitable for merchandising in 
wholesale and retail markets.  IMPS created a new 
market focus on live goats through the selection 
descriptions which may result in greater use of the 
product in all sectors and population.  Pictured in 
figure 1 are several cuts produced from goat 
carcasses. 
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These cuts show a wide variety of useable lean that 
can be derived from a typical goat.  The industry may 
begin to develop additional market outlets for these 
cuts as consumers become educated about these cuts.  
In addition, the use of goat meat for further processed 
product such as ground and sausage items has been 
observed.  Therefore, researchers at Southern 
University performed several preliminary cutting 
tests to determine the percentage of usable product 
derived from goat carcasses to evaluate the suitability 
of selections 1, 2 and 3 goat carcasses for use in 
producing ground products which are reported in this 
paper.  (Selection Descriptions, Appendix 1) 
 

 
Figure 1.  IMPS Goat cuts 

 Top Row L-R: Loin; Rack, Frenched 
 Middle Row L-R: Back Strip, Boneless; 

Rack, Fullset; Goat for Stewing 
 Bottom Row L-R: Leg, TBS, 3 Parts; 

Outside Shoulder 
 
 
METHODOLOGY 
 
Twenty-five university-raised, Spanish/Boer cross 
goats and 12 goats from the Southern University 
Livestock Show were harvested at the Southern 
University Meat Technology Laboratory.  University-
raised goat carcasses were evaluated for selection 1, 2 
or 3 based on the AMS IMPS for Fresh Goats (see 
Appendices 1 and 2 for explanation and pictorials of 
live goats and carcasses’ selection criteria).  Carcass 
data collected was hot and chill weight, dressing 
percentage, percent kidney, pelvic fat, and weight 
and percentage of lean meat derived from the carcass.  
Livestock Show goat carcasses were evaluated for 
selections 1, 2, or 3 based on the AMS IMPS for 
fresh goats.  Carcass data collected was hot and chill 

weight, maturity, external fat score, percent kidney 
and pelvic fat and dressing percentage.  Goat 
carcasses were fabricated into specific cuts in 
accordance with the USDA, Institutional Meat 
Purchase Specification.  In addition, the university-
raised goat carcasses were deboned to determine the 
percentage of bone to lean derived from individual 
carcasses. 
 
 
RESULTS AND DISCUSSION 
 
University-Raised Goats 
 
Carcasses from the university-raised Spanish/Boer 
cross goats meeting the selection 2 description 
dressing percentage ranged from 39.0-46.7%, and 
averaged 44%.  Chill carcass percentage averaged   
40.5% and the total lean meat yield ranged from 
47.7% for carcass on the lower end of selection 2 to 
63.5 for those on the upper end of selection 2, and 
averaged 59%.  Carcasses meeting the selection 3 
description dressing percentage ranged from 34.0% 
to 42.3%, and averaged 38.5%.  Chill carcass 
percentage averaged 34.4% and the total lean meat 
yield ranged from 37.9% for carcasses on the lower 
end of selection 3 to 57.5% for those on the upper 
end of selection 3, and averaged 48.1%.   
 
Livestock Show Goats 
 
Livestock show goats met the selections 1 and 2 
requirements.  Carcasses meeting the selection 1 
requirements dressing percentage ranged from 50.6 to 
60.4%, and averaged 54.7%.  Chill carcass 
percentage averaged 51.7%.  Carcasses meeting the 
selection 2 requirements dressing percentage ranged 
from 48.8% to 52.4%, and averaged 50.2%.  Chill 
carcass percentage averaged 46.8%.  Carcasses in 
selections 1 and 2 color evaluated for maturity ranged 
from A80 to B40 with only two of the twelve 
carcasses in the younger maturity group (A).  The 
external fat measurement was consistent within both 
selections ranging from 0.5 to 3.5 tenths of an inch.  
Percent kidney and pelvic fat was higher in the 
selection 1 goats when compared to the selection 2 
goats.  The primal rib and loin from selection 1 
carcasses made up a higher percent of carcass at 
18.96 to 16.18 and 21.60 to 21.10, respectively.  The 
primal shoulder and leg from selection 2 carcasses 
made up a higher percent of carcass at 15.36 to 14.5 
and 28.24 to 28.16, respectively. 
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CONCLUSION 
 
The university selection 2 goat carcasses were 
comparable to the upper limit of the selection 3 goat 
carcasses.  Goats at the lower limit of selection 2 and 
selection 3 tended to have lower dressing 
percentages.  Flank color ranged from A20 to B40 
across all selections.  Carcasses in selections 1 and 2 
had a tendency to have a higher percentage of kidney 
and pelvic fat.  Carcass selections showed selection 2 
carcasses’ lean percentages more suitable to 
deboning when compared to the selection 3 goat 
carcasses.   
 
The livestock show goats’ dressing percentage was 
higher in both the selection 1 and selection 2 goat 
carcasses.  However, the shoulder and leg percent of 
carcasses were lower in selection 1 carcasses 

compared to selection 2 carcasses.  Maturity 
indicated by flank color showed all carcasses to be at 
the border of the youngest group (A) at the higher 
level. 
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APPENDIX 1
 
Conformation Selection Criteria 
 
The USDA Institutional Meat Purchase 
Specifications criteria for live goats and carcasses is 
based on consideration of conformation (muscle to 
bone).  Selection 1 goats have a high proportion (by 
weight) of meat to bone.  Selection 3 goats and 
carcasses have a low ratio of meat to bone.  External 
or subcutaneous fat is deposited on kid goats over the 
ribs and behind the shoulder with minimal fat 
deposition over the back muscle (Longissimus dorsi), 
except with high concentrate feeding regimes.  
Terminology from USDA Agricultural Marketing 
Service Institutional Meat Purchase Specifications for 
Fresh Goat Series 11 is used to describe 
characteristics for each selection classification. 
 
Selection 1 live goats and/or carcasses have a 
superior meat-type conformation without regard to 
the presence of fat cover.  They shall be thickly 
muscled throughout the body as indicated by: 

 A pronounced (bulging) outside leg (Biceps 
femoris and Semitendinosus). 

 A full (rounded) back strip (rib and loin, 
Longissimus dorsi). 

 A moderately thick outside shoulder 
(Triceps brachii group). 

 
Selection 2 live goats and/or carcasses have an 
average meat-type conformation without regard to 
the presence of fat cover.  They shall be moderately 
muscled throughout the body as indicated by: 

 A slightly thick and a slightly pronounced 
outside leg (Biceps femoris and 
Semitendinosus).   

 A slightly full (flat or slightly shallow) back 
strip (rib and loin, Longissimus dorsi). 

 A slightly thick to slightly thin outside 
shoulder (Triceps brachii group). 

 
Selection 3 live goats and/or carcasses have an 
inferior meat-type conformation without regard to the 
presence of fat cover.  The legs, back and shoulders 
are narrow in relation with its length and they have a  
 

 
very angular and sunken appearance.  
 
Selection 1  150 
 
Selection 1 kid goat is a typical meat goat in the 
middle of the classification, or 150.  The three views 
of this goat show superior meat conformation with 
thick muscling throughout the body that will give a 
high meat-to-bone ratio.  Moderately thick muscling 
appears through the chest, and the muscling over the 
back strip is full and rounded.  The outside leg has 
bulging muscling, and the outside shoulder is 
moderately thick.  The kid goat exhibits the desired 
muscle-to-bone ratio desired to give superior meat 
yield. 
 
Selection 2   250 
 
Selection 2 classification requires moderate muscling 
throughout the body.  This goat has average muscling 
desired for the conformation selection class, a 
Selection 250.  The chest muscling is moderate, and 
the back strip muscling is flat, reflecting slight 
fullness along the back.  The outside leg has only 
slightly thick muscling, and the shoulder muscling is 
slightly thin.  The leg muscling is slightly higher than 
expected for a goat with 250 selection classification, 
and the shoulder muscling is thinner than desired for 
a goat in the middle of Selection 2 classification.  
This goat with Selection 250 classification will have 
a medium meat yield, because of the average muscle-
to-bone ratio.  
 
Selection 3   370 
 
Selection 3 goats have inferior meat conformation.  
This goat has slightly thin muscling through the 
breast and along the back and very thin muscling 
through the leg.  The legs, back and shoulder are 
narrow compared with the body length.  The sunken 
appearance at the top of the shoulder, below the loin, 
top of the rump and base of the leg indicates the lack 
of conformation and poor yield of meat from this 
goat.

.
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Selection Classification Comparisons  

   

   

Selection 2   250 

   

Selection 3   370 
These pictures also show that goats will appear different in different lighting conditions.  Each row depicts three 
different views of the same goat.  Under different light the coat color appears as a different shade (in the three 
pictures).  Shadows also will change the visual impressions of live animals.  (McMillin, Pinkerton, 2006) 

MARKET KID GOATS 

   

Selection 1 150 
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APPENDIX 2 

    
 
 
 
  
      Selection 1 Carcass     Selection 2 Carcass            Selection 3 Carcass 

              

 Figure 2             Figure 3             Figure 4  
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ABSTRACT 
 
Marketing is the means to achieving the highest 
possible returns for your goats and\or goat products.  
The initial step is to identify a market segment and 
determine how to satisfy the needs and wants of the 
potential customers.  A complete business plan is the 
most effective way to record and review the 
marketing process, and to incorporate it into the 
overall farming enterprise.  The marketing section of 
the business plan concentrates on the “4 Ps” of 
marketing.  They are product, price, place, and 
promotion.  The producer must answer a series of 
questions to determine how to position their 
product(s) in the marketplace and most effectively 
engage and satisfy their customers with the “4 Ps.” 

 
 

INTRODUCTION  
 
Marketing:  It is a vague term for converting all your 
efforts at small ruminant production into cash in your 
bank account.  Marketing becomes easier to 
understand when broken down into its component 
parts.  First and foremost, marketing is focused on the 
needs and wants of your customers.  Your customers 
are defined as the people who are willing and able to 
exchange their cash for your products, in this case 
goats.  Their needs and wants are expressed to you in 
dollars and cents.  
 
To achieve the highest possible monetary returns for 
your small ruminant products, you, the producer, will 
have to identify and satisfy the needs and wants of 
the customers who place the highest dollar value on 
your goats or goat products.  This will require some 
work and research to develop this plan, a business 
plan, to reach your goals.  It is best if the plan is 
written so you can keep an accurate record of 
activities and adjust it as needed. 

 
 

YOUR BUSINESS PLAN 
 
A business plan is a written guide for the ultimate 
purpose of successfully marketing your small 

ruminant production for the highest possible 
economic return to you.  Please note this may not 
mean selling your products at the highest price, but it 
does mean evaluating all your options and getting the 
most dollars possible returned to you for your efforts, 
investment, and time.  All the elements of the 
business plan culminate in the marketing of your 
goats and assessing the monetary returns. 
 
The initial step in writing a business plan is to 
identify the customer group profile you want to serve.  
Of course, your prospective customers must have the 
money to purchase your products so you can continue 
in business.  In exchange for their money, you will 
produce the goats or goat products to the expectations 
of the customer.  The expectations may mean 
neutered or intact males, to National Organic 
Program standards, to a particular religious or 
cultural preference, or some other condition or 
production protocol.    
 
The next step is to determine if there are enough 
prospective customers who can be served and make 
an economically acceptable return (profit).  In 
addition to estimating the size of the potential 
customer base, you must assess the expenses 
associated with producing your animals.  The more 
accurate your estimation is for expenses, the greater 
your chances are for financial success.  This is 
usually identified as the Feasibility Analysis portion 
of a formal business plan, but the most important 
factor is accuracy.    
 
Once you have identified your customer base and 
determined there are sufficient potential customers to 
create a viable business opportunity, then you should 
decide how to position your product(s) in the 
marketplace.  The common template employed in this 
Strategic Plan section of the business plan is 
identified as the “4 Ps.”  They are product, price, 
place, and promotion. 
 
Goats and/or goat products are your merchandise, but 
what are the defining features and benefits of your 
offering to the people in your chosen market?  The 
answer to this question will help position your 
product against your competition.  Features can 
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include a specific size, age, or sex of a live animal, 
packaging, or cut for meat, unit of volume for sale, 
organic or other production methods, and potentially 
many other factors.  The features promoted will be 
based on the needs it answers for your chosen 
customers.  An example of a benefit for a package of 
chops is seeing and inspecting the product for 
freshness and quality.  Transparent packaging is the 
feature that creates the benefit for the prospective 
customer.  Every benefit has the potential of raising 
the value of your product with your customer base. 
 
Price is an often discussed subject, but it is really a 
question answered each time a purchase is 
considered.  Is your product’s worth to the potential 
buyer equal (or more) to the price requested?  The 
dollars requested, in the mind of the buyer, must have 
an equal or lower value than your produce for the 
transaction to even be considered.  Knowing your 
customer base will help you set your prices.  For 
example, kosher processing is a product procedure 
requiring effort and expenses beyond standard small 
ruminant value-added handling.  Most of the buyers 
who want this specific product understand the 
additional inputs required and expect to pay a higher 
price.  Creating awareness in your customer’s mind 
of your product’s features and benefits will help 
justify your price.   
 
Place is where prospective customers can find your 
product for purchase.  For small and specialty 
producers, this is often limited to a few locations, 
such as community meat or ethnic markets, or 
specialty animal auction sites or days.  All things 
being equal, for today’s two-income, time-starved 
family’s’ convenience, consistent availability 
translates into sales for sought-after products.  A 
convenient sales location and consistent supply are 
features that deliver the benefits of easy, assured 
availability and should be promoted.  Every time a 
customer is disappointed when seeking your goat 
product that is an open door for a competitor or 
competing product to take your market share. 
 
The place of marketing is greatly complemented by 
timing.  Religious and cultural holidays see an 
increase in demand for specific goat products.  
Knowing and serving the need of a specific group or 
groups allows the producer to advantageously time 
the arrival of the goats or goat products to the place 
of sales.  A mass market example of this concept is 
Valentine’s Day candy.  More is sold, and at a much 
higher price, before February 14 than after.  
 
Promotion is the method of informing your clients 
about the availability of your product, and its features 

and benefits.  Promotion is frequently assumed to 
take the traditional and expensive appearance of a 
formal advertising campaign, but it can be 
inexpensive and still be effective.  The important 
feature is that the promotion message reaches the 
targeted customer group with the intended 
information.  For example, signage is an excellent 
method for promoting your location and product line 
at  local meat markets, but much less important if you 
are selling a few wholesale customers who will more 
likely respond to quantity discounts.   
 
As with all products on the market, customer 
satisfaction is the ultimate promotion program.  It 
carries the ultimate credibility and its direct cost is 
minimal.  Think of your own experiences when 
someone has shared a positive (or negative) incident 
with you. 
 
Your business plan should cover a period of the next 
two to five years.  Use it as a reference tool, but it can 
be changed if you encounter unanticipated situations 
or issues.   
 
 
MARKETING TOOLS 
 
The following are marketing tools and resources 
available to help you profitably sell your small 
ruminant products.  Tools and resources work 
effectively with specific customer segments.  It is up 
to you to be selective and to target a prospective 
client base when utilizing resources and techniques. 
 
The Florida Agricultural Promotion Campaign 
(FAPC): This is sponsored by the Florida Department 
of Agriculture and Consumer Services.  It is an 
identification and promotional program designed to 
boost the image and increase sales of Florida 
agricultural products.  Groups such as producer 
associations and cooperatives may qualify for 
additional benefits if the members are paid members 
of FAPC.  There is a annual membership fee of $50.  
For more information, call (850) 488-9948 or visit 
http://www.florida-
agriculture.com/marketing/fapc_membership.htm. 
 
The Small Business Administration’s (SBA) Mentor 
Page has links to numerous marketing and business 
personnel who are willing to assist you develop your 
marketing plan and other business issues, some at no 
cost.  To reach them via the Internet: 
http://www.sba.gov/smallbusinessplanner/start/finda
mentor/index.html. 
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ATTRA (Appropriate Technology Transfer for Rural 
Areas) is managed by the National Center for 
Appropriate Technology (NCAT) and is funded 
under a grant from the United States Department of 
Agriculture's Rural Business-Cooperative Service.  It 
provides information and other technical assistance to 

producers and others involved in sustainable 
agriculture in the United States.  Their marketing 
page via the Internet: 
http://www.attra.org/marketing.html. 
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ABSTRACT 
 
Goat meat is an important food source worldwide and 
in several areas of the U.S., particularly among non-
traditional, “new” immigrant, and ethnic groups.  
Even though goats provided an important resource in 
the development of the U.S., goat production became 
localized and was bypassed by the commercial and 
industrialized agriculture that characterized the U.S. 
for the past century.  Because of the U.S. commercial 
agriculture system, goat meat is a new commodity to 
American consumers, and goats are new enterprises 
for American producers.  As a result, goat producers 
do not have the market structure and infrastructure 
developed that are currently available to cattle, 
poultry, and swine producers.  Goat producers are 
faced with swings and variations in prices that 
depend on the availability of goats in the U.S., the 
price and availability of imported products, and the 
consumption patterns of nontraditional and “new” 
consumers. 
 
Key Words: Goat marketing, Hispanic and ethnic 
markets for goats, U.S. 2010 goat markets. 
 
 
INTRODUCTION 
 
Today, 2010, shows some of the highest prices for 
market meat goats in the history of USDA’s recorded 
statistics on meat goat prices.  So why is it important 
to discuss goat marketing risks?  Why have the prices 
been so high?  What can cause the prices and 
economic returns to producers to vary during the year, 
or from year to year?  Has the economic recession 
affected the meat goat industry?   
 
It has been said that everyone in the world eats goats 
but Americans.  But the preference for goat meat in 
the U.S. is rapidly increasing.  The U.S. has a rapidly 
growing population from traditional goat consuming 
areas.  The U.S. Bureau of the Census estimated in 
2008 that the U.S. had over 46.9 million people of 
Hispanic or Latino origin and 13.4 million people of 
Asian origin.  This made 15.4% of the 2008 U.S. 
population Hispanic and 4.4% of the population 
Asian.  The Hispanic population in the U.S. has grown 

rapidly, from 9.6 million in 1970 to 38 million in 2007 
to 46.9 million in 2008.  By 2050, the U.S. Hispanic 
population is expected to be 30% of the U.S. 
population and the Asian population is expected to be 
9% of the U.S. population.  In general, what does this 
mean for producers?  Because the Hispanic population 
is located across rural and urban areas nationwide, 
they should provide a significant consumer base for 
goat meat products, particularly fresh goat meat 
around festivals or significant occasions.  Because 
many are Christian, and many are Catholic, producers 
can expect the highest consumption periods for 
Hispanics, especially Mexicans, to be around 
Christmas, New Year’s, and (the Western, Roman or 
traditional) Easter.  With Cinco de Mayo being May 5, 
it also increases consumption by Mexicans during the 
period surrounding Easter.  For those celebrating the 
Western or traditional Easter, the ideal goat is a milk-
fed kid weighing 30 pounds.  For those celebrating the 
Eastern, Orthodox or Greek Easter (which generally 
coincides with, or follows, the Western Easter), a 
slightly larger, 35 pound milk-fed kid is preferred.  
The Latino market prefers a suckling kid weighing 20-
35 pounds with larger kids preferred for pit 
barbecuing.  Caribbean holidays create a market for 
intact 60-80 pound bucks, but older goats of either 
gender may be acceptable.  Most of the festivals occur 
in the fall with “curried goat” as the traditional dish.  
Most consumers say that the smell of the intact male 
goat improves the flavor and potency of the soup.  
Suckling kids are popular during Christmas and New 
Year’s, but larger kids may be acceptable.  The 
demand for “curried” and market kids also increases 
during this holiday period (Geisler, 2009).     
 
The U.S. is also experiencing growth in religious 
groups that prefer goat meat, particularly those of the 
Muslim/Islam faith.  In 2007, the Bureau of the 
Census estimated over 1.35 million adults in the U.S. 
associated with the Muslim/Islam religions, up from 
1.1 million in 2004.  But these numbers are highly 
disputed.  Smith estimated the number to be 1.89-2.8 
million in 2000 while Bagby estimated between 6-7 
million in the same year.  The Pew Research Center 
estimated 2.45 million in 2009.  Kettani (2010) 
estimated the U.S. Muslim population to be 5 million 
in 2000, 6.99 million in 2010, and projects the 
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population to be 7.99 million in 2020.  Zogby 
International (2000) estimated the North American 
Muslim population to be 7 million in the U.S. and 1 
million in Canada, for a market of 8 million Muslims 
comprising 2.3 million households that average 25% 
larger family size than the U.S. average.  Of these, 
Zogby International (2000) estimated 24% to be 
African-American, 26% to be Arab, 26% to be South 
Asian, and 24% other, with an annual growth rate of 
6% rather than the 0.9% indicated by the U.S. Census.  
Zogby International estimates the Muslim population 
to be 16 million by 2014.  Cornell University (2002) 
made these findings and drew these conclusions:  67% 
of the American Muslims were under 40 years old; 
67% had a bachelor’s degree or higher; 66% had over 
$50,000 annual income (2002) with 26% of these over 
$100,000 annual income (2002).  Mujahid (2000) 
reported that most Muslims lived in major 
cosmopolitan areas of the U.S. with an estimated 20% 
in California, 16% in New York State, 8% in Illinois, 
4% each in New Jersey and Indiana, and 3% each in 
Michigan, Virginia, Texas, and Ohio.  Ba-Yunes, 
reported that in Illinois in 1997, Muslims had an 
average household income of $53,500 with African-
American Muslims averaging $32,000 and Arab 
Muslims averaging $69,000.  He also noted that in 
Illinois, about 25% of the growth in the Muslim 
population was due to conversions and that about 41% 
of these new Muslims in Illinois and 61% in New 
York State leave Islam within a few years.  
 
What does this mean to producers?  Although the 
estimated population varies, based on this information, 
Muslim/Islam consumers should provide a significant 
consumer base for goat meat, particularly around 
major cities and metropolitan areas.  Income should 
keep the demand inelastic for many (price will have 
little effect on consumption).  Many of the 
Muslim/Islamic population, particularly those who are 
foreign born or raised in Muslim families, consume 
goat daily as their normal diet.  For those who are 
American converts, they may consume a variety of 
meats, with a preference for goat meat around 
holidays and religious periods.  Muslim holidays are 
based on the lunar calendar.  Ramadan is a month-
long holiday where families celebrate the beginning 
and end of Ramadan (Eid al-Fitr).  Festival meals take 
place each night since no food is consumed between 
sunrise and sunset.  Male or female kids less than one 
year old weighing 60 pounds is desired, but weaned 
kids between 60-120 pounds may be acceptable.  
Ramadan falls on the ninth of the Islamic calendar.  
For the past few years, Ramadan has coincided with 
September to November, the months when most kids 
are weaned and sold (during the period when monthly 
prices fall or “bottom” due to seasonal weaning and 

sales production pressures); however, for the next few 
years, Ramadan will be earlier (beginning on August 
11 in 2010 and moving earlier each of the next few 
years).  The seasonal movement of Ramadan toward 
summer and spring months may improve the prices of 
kids sold during this period.  This may warrant 
producers to target breeding and weaning for this 
market.  Undoubtedly, Ramadan in the fall has 
improved the “bottom” prices for kids that were sold 
in the fall when kid prices seasonally drop.  The 
Festival of Sacrifice (Eid al Adha) is a Muslin market 
for blemish-free yearlings, preferably uncastrated 
bucks.  Large kids weighing 60-100 pounds may be 
acceptable.  Unless unavailable or with special 
exception, all goats are to be slaughtered under Halal 
procedures.  Hindus celebrate the Dassi holiday with 
market whether kids preferred with the carcass size 
depending on the number of people being served 
(Geisler, 2009).  
 
Because Americans are becoming more familiar with 
goat meat and goat products, the rapid expansion of 
ethnic restaurants and foods, and the low-fat health 
aspects of goat meat, traditional American consumers 
are beginning to increase their consumption of goat 
products.  What does this mean for producers?  This 
should expand the market for goat meat products, 
particularly for 1) fresh products that are sized for 
individual or family portions, and 2) prepackaged and 
processed products, with family or individual-sized 
portions that follow the trends for low-fat, 
convenience, or easy-to-prepare foods.  Because many 
American consumers prefer naturally-grown, 
organically certified, grass-fed, locally-grown, or 
humanely raised and handled animals, these labels can 
be used as marketing tools to distinguish products.  
Around the traditional and Western Easter, many 
Christians, particularly Catholics, prefer lamb or goat 
meat.  Around the Eastern or Orthodox Easter, many 
Greeks prefer goat meat.   
 
The general demand for meat goats in the U.S. is 
inelastic.  U.S. market meat goats are sold primarily in 
the U.S. domestic market with a percentage exported, 
primarily to Mexico and Canada.  The population 
demographics show an expanding U.S. market for 
goat meat as noted earlier.  There is a steady 
consumption of goat meat by traditional goat 
consumers, with the Hispanic population being the 
primary consumers in the U.S.  “Special days,” such 
as holidays, festivals, and birthdays, make fresh goat 
meat in high demand by traditional consumers.  Goat 
consumption also increases significantly around 
religious holidays, such as Easter, Christmas, and 
Ramadan.  The most significant increases in goat 
consumption occur during the two weeks prior to the 
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traditional or Western Easter.  In earlier research, 
Pinkerton and McMillin noted that ethnic consumers 
tend to equate small carcass weights and lighter lean 
meat color with more tender meat from younger 
animals.  When conducting ethnic consumer sensory 
taste panels, the panelists could not significantly 
distinguish between the tastes of the meat between 
breeds, male or female kids, light (under 50 pounds) 
or heavy (over 50 pounds) kids, or among kids that 
graded prime, choice or grade (now graded as  
Selection #1, #2, or #3).  They noted that the grade 
yearling whethers (Selection #3 yearling whethers) 
were less tender, but not significantly.  The consumers 
stated preferences for carcasses that are “meaty” with 
thick, plump muscling, minimal fat, and “youthful” or 
light colored.  They preferred carcasses to be well 
muscled or “meaty” in the rear quarters and frontal 
areas with the live goats appearing to be wide, deep 
and thick in those areas.  Although the consumers 
state that they prefer fresh meat, they did not show 
taste preferences for fresh over frozen (Pinkerton and 
McMillin, 2010).  Gipson (1999) noted that Hispanics 
prefer young goats (25 pound carcasses or 50 pound 
kids, live-weight); Muslims prefer 35 pound carcasses 
(70 pound kids, live-weight), and Caribbean people 
prefer mature bucks.  When looking at the restaurant 
trade, restaurants preferred larger carcasses of about 
40-45 pounds.  Trencher and Parks (2005) found that 
Somalian immigrants eat goat meat one or two times 
daily.  They prefer fresh, not frozen, but normally 
purchase 69% frozen and 31% fresh goat meat.  They 
prefer grass-fed goat meat.  They could tell the 
difference between grain-fed and grass-fed goat meat 
by the smell as well as by the “greasier texture of 
grain-finished” meat.  They noted that frozen New 
Zealand and Australian goat meat was leaner and 
totally grass-fed like they prefer.  They indicated that 
as long as the price difference between fresh and 
frozen goat meat was reasonable, they would buy 
fresh.  The top factors that made their decisions to 
purchase goat meat difficult were:  the lack of 
availability of fresh meat (94%), the lack of 
information (about where to purchase goat meat, 80% 
for women and 70% for men), poor quality of the 
meat (26%), the meat was not processed by Halal 
procedures (12%), they did not have transportation to 
the source of goat meat or grocery stores (11%), they 
were uncomfortable going directly to farms (6%), and 
the price (1%).  Note that the price of goat meat was 
the least significant factor related to their difficulty in 
purchasing goat meat. 
 
Ajuzie (2002) found the demand for goat meat to be 
inelastic.  For traditional consumers of goat meat (i.e., 
the Hispanic and Mexican populations), goat meat is a 
regular part of their diet.  The amount of goat meat 

they consume stays relatively constant.  It is not 
significantly affected by the price.  For example, an 
increase in the price of goats or goat meat does not 
result in a significant decrease in the amount of goat 
meat demanded or purchased.  Likewise, a decrease in 
the price of goats or goat meat does not result in a 
significant increase in the amount of goat meat 
demanded or purchased.  Unlike most traditional 
American meat products which are elastic (where 
consumers chose between beef, poultry, and pork 
based on the price), goat meat is a staple in their diet 
and they rarely change to other meats.  With this 
inelastic demand, we can expect the amount of goat 
meat consumed to remain about the same on a per 
person/family basis, and to increase proportionally as 
the goat consuming population increases.  What does 
this mean to producers?  With an inelastic demand, 
producers have an economic incentive to increase the 
price of goat meat.  There are many marketing 
options.  Direct marketing including direct sales to 
consumers of live goats or goat meat, goat meat sales 
at farmers’ markets, and on-farm sales of live or 
processed (under state regulations) are good options.  
Keep in mind that immigrant women may need special 
introductions, transportation, or interpreters when they 
buy directly from producers.  Restaurant trade should 
be strong.  Traditional markets including livestock 
auctions, order-buyers, tele-auctions, packers, and the 
shipper trade should be good options for goat 
producers, particularly for those who produce 
Selection #1 and Selection #2 market kids.  
Cooperatives for marketing or purchasing inputs may 
be good options.  It may be beneficial for local 
producers to develop a relationship with Halal 
processors for direct sales of live or processed goats to 
consumers.  It may be beneficial for producers to 
contact local Mexican grocery stores, particularly 
larger stores that service broad areas, about the 
availability of local goats for sale.  It may also be 
beneficial to contact Catholic churches in areas with 
large Mexican populations for direct sales of live or 
processed goats. 
 
However, Ajuzie (2002) found goat production to be 
elastic.  Producers react to changes in prices, both 
changes in prices that they receive for their goats and 
changes in the costs of inputs.  Falling sales prices or 
rising costs of inputs put producers in a “cost-price” 
squeeze and they will cut back on production.  Rising 
sales prices or falling input costs will cause producers 
to increase production.  Breeding and production 
cycles, weather, and drought also influence production 
and sales decisions.  Because of the biology and 
length of the goat production cycle (2-3 years for a 
doeling to come into production), producers cannot 
immediately move into, or out of, the marketplace.  
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This, coupled with changing weather conditions such 
as droughts, often results in annual changes in the 
supplies of goat meat and the resulting price 
fluctuations. 
 
When you look at international trade and U.S. imports 
and exports of goat meat (source: USDA ERS), the 
U.S. was a net exporter of goat meat until the late 
1980s.  In 1990, the U.S. exported about 3.5 million 
pounds of goat meat.  But as the U.S. population 
changed, we became net importers of goat meat 
during the early 1990s.  The U.S. continues to export 
some goat meat each year, mainly to Mexico and 
Canada, but the amounts are relatively small 
compared to the goat meat sold in the U.S. domestic 
market.  In 2007, the U.S. imported nearly 23 million 
pounds of goat meat, with more than 90% coming 
from Australia.  Some 41,000 pounds were imported 
from Mexico.  Over 80% of the imported frozen 
(chilled) goat meat enters the U.S. through these ports 
of entry:  Los Angeles, Philadelphia and Miami. 
 
So how does this affect the marketplace?  Table 1 
summarizes the USDA ERS data for goat imports and 
exports and Table 2 summarizes the U.S. goat 
slaughter and annual changes in the availability of 
domestic product.  With the demand being relatively 
inelastic, and consumers wanting their staple goat 
meat diet, shortages or excesses in domestic (and 
imported) supplies will drive the prices up or down, 
with imports absorbing the differences in the volumes 
needed.  Even though consumers state their 
preferences are for fresh goat meat, taste tests do not 
show preference for fresh goat meat over frozen, and 
frozen imported products can readily substitute for the 
higher priced U.S. fresh products.  Prices tend to 
fluctuate annually based on the total availability of 
goat meat (including the imported frozen and the 
domestic fresh products).  Fresh products are a must 
for “special days” including holidays, birthdays, and 
religious periods.  Frozen products can substitute for 
daily meals, even though fresh is preferred.  When 
looking at the general annual price fluctuations, prices 
tend to respond to the availability (supplies) of goat 
meat to meet the relatively inelastic demand.  So why 
are 2010 prices so high?  The availability of goat 
meat, both domestic and imported, is down by 2%.  
Since the beginning of 2009, goat meat supplies in the 
U.S. have been down by 1-2% under 2008 supplies, 
while the demand and the number of consumers 
continue to expand rapidly.  Imports are down due to a 
100-year drought in Australia.  Domestic production is 
down due to adverse weather conditions; a Texas 
drought; lower prices in 2007-2008 which resulted in 
production cutbacks because the prices, or 
marketplace, did not meet producers’ expectations; 

and problems associated with overgrazing, parasites, 
and higher production costs (due in part to 2008’s 
record costs associated with energy and feedstuffs).  
Producers need about 2-3 years to gear-up for 
production, so with the 2010 goat meat shortage, 
prices reached record highs.  What does this mean to 
producers?  Producers can expect domestic 
production, and imports, to increase within the next 2-
3 years in an attempt to readjust the supply to the 
demand.  Because the demand continues to grow 
fairly rapidly, I would expect higher than normal 
prices to hold for the next 2-3 years, probably longer. 
 
Goats exhibit seasonal price and production patterns 
that trace back to data that is recorded since the 1940s.  
Within each year, seasonable prices usually cause a 
25% price difference, with the highest being in 
March-April and the lowest in October.  The biology 
of goat production leads to most kids being born in 
late winter to early spring and weaned in the late 
summer or fall.  This creates a market kid (hence fresh 
goat meat) shortage during the late winter-early spring 
months, and gluts the market during late summer and 
fall.  Coupled with that, Easter (the Western or 
traditional Easter) has the strongest goat meat demand 
in the U.S.  This forces market kid and goat meat 
prices to reach their peak just before the Western 
Easter (March-April), drop significantly during June, 
continue trending downward through October-
November, then begin rising toward the Christmas 
season (December).  Fresh goat meat shortages force 
the prices to continue upward until they peak again 
during the Easter season (March-April).  Prices tend to 
rebound (increase) or stabilize during Ramadan.  What 
does this mean to producers?  Producers may want to 
breed for fall-early winter kidding to take advantage 
of the improved late winter-early spring market.  They 
may also want to breed to sell market kids during the 
Ramadan season, particularly in the upcoming years 
as Ramadan moves to months that are earlier in the 
year when market kid prices are historically higher.   
 
Figure 1 shows the 2005-2006 Kentucky monthly 
market data for market kids, high and low price ranges 
(Andries, 2007).  Note that local producers vying for 
the Easter market caused a local glut during April 
which rebounded slightly during May.  Also note that 
the kid market generally peaks two weeks prior to the 
Western Easter in Kentucky, possibly due to the fact 
that most of the Kentucky market kids are shipped live 
to Pennsylvania to meet both the Eastern and Western 
Easter markets.  Note that the Easter dates for those 
years were: Western = 4/3/95 and 3/7/96; and Eastern 
= 4/23/95 and 4/14/96.  Nationally, April is the 
highest month due to the (Western and Eastern) Easter 
markets coupled with shortages of fresh goat meat. 
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Has the economic recession affected the goat 
industry?  With 2010 and late 2009 prices, it appears 
that it did not affect consumers of goat meat as much 
as it affected traditional American consumers who 
base their meat purchases on price.  However, 
preliminary data from a Kentucky goat meat 
marketplace study of Hispanic grocery stores 
(Andries, Hutchens, et al, 2010) shows a definite 
impact of the general economy and the high goat 
prices on goat meat consumption in Central 
Kentucky.  Frozen goat meat cuts were distributed to 
local and larger meat goat retailers in Central 
Kentucky (from Kentucky raised goats).  The results 
were interesting.  The larger markets showed 
continuing purchases of goat meat throughout the test 
period.  However, the smaller markets showed 
movement from the purchases of goat meat to 
chicken and less costly meat products during the fall 
(exhibiting an elastic demand).  It can be noted that 
goat prices in Kentucky began climbing earlier and 
higher than expected during November and 
December.  Furthermore, during the last quarter of 
2009, the smaller markets showed a complete shift of 
their customers from meat purchases to non-meat 
sources of protein.  This showed a strong elastic 
demand, or total inability to purchase more costly 
meat products due to the economic recession.  Given 
this was during the holiday season when goat meat 
purchases were expected to climb; it was most likely 
due to the economic recession and the lack of 
expendable income. 
 
 
CONCLUSIONS 
 
The U.S. has an expanding market for goat meat, 
particularly among new immigrants, religious groups, 
and the rapidly expanding population of Hispanics, 
Latinos and Mexicans who consume goat meat as a 
regular part of their diet.  American consumers are 
increasing their consumption of goat meat as a result 
of their exposure to ethnic foods and the low-fat, 
health aspects of goat meat.  Because the demand for 
goat meat is relatively inelastic among its traditional 
consumers, price changes do not significantly 
influence the consumers’ decisions to buy goat meat.  
 
Producers can target their production to follow the 
economic data and trends.  There is generally a 25% 
seasonal price adjustment (drop or increase) between 
the high months of March-April and the low month 
of October.  Producers can plan their sales to target 
holidays, festivals, and the observance of religious 
holidays and time-periods.  As producers plan for 
production and marketing, they may want to target 
sales and the size and age (maturity) of their goats for 

Christmas, New Year’s, Easter (Western and 
Eastern), Ramadan, Cinco de Mayo, and other 
festivals or “special” days.  Producers may want to 
target religious groups such as Muslims, keeping in 
mind that Ramadan follows the lunar year and Halal 
slaughter is preferred.  The largest numbers of this 
group tends to be in metropolitan areas.  Or 
producers may want to target new immigrants, such 
as Mexicans who reside across the U.S. in rural and 
metropolitan areas.  When working with new 
immigrants, it is important to understand their 
cultures, their holidays and “special days,” their 
language (an interpreter may be needed), and to 
assure a method of transportation, particularly for 
women.  
 
 

 
Figure  1.  Monthly Average Prices at Kentucky 
Goat Markets, 2005-2006, noting high/low price 
ranges.  Source:  Kenneth Andries, Kentucky 
State University Extension 
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Table 1.  U.S. Goat Imports and Exports 
 

Year Imports (1,000lbs) Exports 
(1,000lbs) 

1989   4,262.3 3,685.4 
1990   4,921.8 3,486.1 
1991   6,087.7 1,546.8 
1992   8,532.5 1,825.4 
1993   6,755.0    105.3 
1994   7,120.3      77.5 
1995   8,768.8      73.2 
1996   8,738.5      28.9 
1997 11,672.1    544.0 
1998 16,073.9    255.5 
1999 12,160.6    247.3 
2000 20,398.0    229.4 
2001 20,724.1    185.9 
2002 25,242.4    135.6 
2003 30,596.6    120.9 
2004 34,531.4    186.0 
2005 34,900.7 1,947.2 
2006 40,024.1 1,034.0 
2007 36,755.0    440.4 
2008 38,917.5    782.1 

   Source: USDA-ERS Data 
 
 

Table 2.  Annual U.S. Goats Slaughtered 
 
Year 1,000 Head Annual %Δ 
1990 229.6   0 
1991 207.9  -9.5 
1992 234.9 13.0 
1993 313.5 33.5 
1994 344.7 10.0 
1995 326.6  -5.3 
1996 401.7 23.0 
1997 394.8  -1.7 
1998 445.7 13.0 
1999 492.6 10.5 
2000 549.4 11.5 
2001 560.3 10.0 
2002 595.5   6.3 
2003 647.0   8.6 
2004 615.5  -4.9 
2005 702.8 14.2 
2006 749.4   6.6 
2007 827.3 10.4 
2008 865.8   4.7 
2009 757.1 -12.6 

   Source: USDA ERS Data 
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ABSTRACT 
 
Goats (Capra hircus hircus) offer an opportunity to 
more effectively convert pasture nutrients to animal 
products as milk, meat and fiber which are currently 
marketable and in demand by a growing segment of 
the U.S. population.  With the introduction of the 
Boer breed and the upgrading of meat-type goats 
with Boer genetics, research focusing on forage 
evaluation, feeding strategies and the development of 
economical grazing systems was urgently needed to 
meet the needs of this emerging industry.  The first 
part of this paper focuses on the description of 
grazing/browsing behavior of goats and grazing 
management, and grazing strategies such as control 
and strip grazing, differences between control and 
continuous grazing, forward creep grazing, limit 
grazing and co-grazing and multi-species grazing.  
The second part reports on results from research 
conducted at North Carolina State University, the 
objective of the program being the development of 
year-round grazing systems.  Studies were conducted 
with winter and summer annual forages, cool-season 
perennials in spring and fall, weaning age in spring 
on perennial forages, summer perennial forages 
including gastrointestinal parasite control, evaluation 
of fodder trees, and finally a demonstration with a 
volunteer stand of a mixture of a summer annual 
forage and a broadleaf plant.  
 
Key Words: Meat goat, annual and perennial 
forages, fodder trees, grazing systems. 
 
 
INTRODUCTION 
 
Feeding may be the highest expense of any meat goat 
operation.  Goats (Capra hircus hircus) raised for 
meat need high quality feed in most situations and 
require an optimum balance of many different 
nutrients to achieve maximum profit potential.  
Because of their unique physiology, meat goats do 

not fatten like cattle (Bos Taurus) or sheep (Ovis 
aries), and rates of weight gain are smaller, ranging 
from 0.1 to 0.8 lb/day.  Therefore, profitable meat 
goat production can only be achieved by optimizing 
the use of high quality forage and browse and the 
strategic use of expensive concentrate feeds.  This 
can be achieved by developing a year-round forage 
program allowing for as much grazing as possible 
throughout the year.  
 
Some people still believe that goats eat and do well 
on low quality feed.  Attempting to manage and feed 
goats with such a belief will not lead to successful 
meat goat production.  On pasture or rangeland, 
maximum goat gains or reproduction can be attained 
by combining access to large quantities of quality 
forage that allow for selective feeding. 
 
Goat Grazing/Browsing Behavior 
 
Goats are very active foragers, able to cover a wide 
area in search of scarce plant materials.  Their small 
mouth, narrow muzzle and split upper lips enable 
them to pick small leaves, flowers, fruits and other 
plant parts, thus choosing only the most nutritious 
available feed.  As natural browsers and given the 
opportunity, goats will select over 60% of their daily 
diet from brush and woody perennials (black locust 
[Robinia pseudoacacia], brambles [Rubus spp.], 
honeysuckle [Lonicera japonica], multiflora rose 
[Rosa multiflora], privet [Ligustrum vulgare], 
saplings, small deciduous trees, sumac [Rhus 
typhina], etc.), and broadleaf plants (dock [Rumex 
spp.], dog fennel [Eupatorium capillifolium], 
horseweed [Conyza Canadensis], lambsquarter 
[Chenopodium album], pigweed [Amaranthus spp.], 
plantain [Plantago spp.], poison ivy [Toxicodendron 
radicans], sedge [Carex aurea], etc.) over herbaceous 
species  such as bluegrass [Poa pratensis], tall fescue 
[Festuca arundinacea], orchardgrass [Dactylis 
glomerata], annual ryegrass [Lolium multiflorum], 
crabgrass [Digitaria sanguinalis], Bermuda grass 
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[Cynodon dactylon], cereal grains, and others. The 
ability to utilize browse species, which often have 
thorns and an upright growth habit with small leaves 
tucked among woody stems, is a unique characteristic 
of the goat compared to heavier, less agile ruminants.  
Goats have been observed to stand on their hind legs 
and stretch up to browse leaves from trees such as 
several oak species ([Quercus spp.], walnut [Juglans 
nigra], sweet gum [Liquidambar styraciflua]), etc. or 
throw their bodies against saplings to bring the tops 
within reach.  Goats even sometimes climb into trees 
or shrubs to consume the desired forage.  
 
Because of their inquisitive nature and tolerance of 
"bitter" or high tannin material, goats may eat 
unpalatable weeds and wild shrubs that may contain 
poisonous compounds, such as pokeweed 
[Phytolacca americana] or milkweed [Asclepias 
syriaca].  The absence or the severity of poisoning is 
related to the quantity of material consumed, the 
portion and age of the plant eaten, the season of the 
year, the age and size of the animal, whether the 
leaves are wilted or not as in the case of black cherry, 
and other factors.  Goats are often not affected by 
poisonous compounds or anti-nutritional factors if a 
sufficient number of other plant species are available.  
Because goats prefer to consume a very varied diet, 
the detrimental effects of poisonous compounds 
found in certain plants are diluted. 
 
In spite of their grazing preferences, goats can be 
grazed on pasture alone.  The feeding strategy of 
goats appears to be to select grasses when the protein 
content and digestibility are high, but to switch to 
browse when the latter overall nutritive value may be 
higher.  This ability is best utilized under conditions 
where there is a broad range in the digestibility of the 
available feeds, giving an advantage to an animal 
which is able to select highly digestible parts and 
reject those materials which are low in quality.  
 
In a pasture situation, goats tend to graze from the top 
to the bottom of plants and do not like to graze near 
the soil surface.  Therefore, goats will more 
uniformly graze a canopy than other ruminants.  This 
behavior results in even grazing and favors a first 
grazer-last grazer system.  This might consist of 
using a goat herd as the first group and cattle as the 
last group.  This management is most appropriate 
with lactating does or growing kids whose nutrient 
requirements are high. 
 
In summary, goats have been observed to: 

1. Select young grass over white clover 
[Trifolium repens]. 

2. Prefer browsing over grazing pastures, and 
eat more browse than do other domestic 
ruminants. 

3. Eat a wider range of plant species than do 
sheep or cattle. 

4. Prefer foraging on rough and steep land over 
flat, smooth land. 

5. Graze along fence lines before grazing the 
center of a pasture. 

6. Graze the top of pasture canopy fairly 
uniformly before grazing close to the soil 
level. 

7. Will travel longer distances in search of 
preferred forage than will other domestic 
ruminants. 

 
Explanation of Plant Terms  
 
Annual: A plant that germinates, grows, reproduces 
only by seed, and dies in one year or growing season. 
 
Perennial: A plant that persists for several years with 
new growth from a perennating part, and can live 
indefinitely.  Often a combination of diseases and/or 
insects will cause a perennial to be short lived. 
 
Cool Season Perennial: Perennial plant species that is 
usually seeded in late summer or early fall (may be 
seeded in late winter or early spring, resulting in less 
growth the year of establishment).  The major 
proportion of its growth is during the cool season in 
the spring with a lesser peak growth in the late 
summer and early fall.  For example, in the Piedmont 
of North Carolina a mixture of tall fescue-ladino 
clover will produce about 55% of its total production 
in March, April and May, and about 20% in August, 
September and October.  Cool season grasses usually 
flower profusely in mid-spring and, if permitted, 
seeds will mature by late spring.  Cool season 
legumes vary greatly in their periods of floral 
production.  For example, alfalfa [Medicago sativa] 
will usually produce some flowers after every 
harvest.  In the year of establishment, the seedling 
growth of perennials is less vigorous than winter 
annuals. 
 
Warm Season Perennial: Perennial plant species that 
is usually seeded or planted vegetatively in late 
winter or spring and produces the major proportion of 
its growth during the warmer months, June, July and 
August in the Piedmont of North Carolina.  For 
example, hybrid Bermuda grass will produce about 
70% of its total production in June, July and August 
in the piedmont of North Carolina.  Bermuda grass 
completely ceases growth at frost.  Warm season 
grasses vary greatly in their period of floral 
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production.  A warm season perennial legume such as 
sericea lespedeza [Lespedeza cuneata] produces a 
seed crop every year in early to mid fall. 
 
Warm Season Improved Grasses: Warm season 
grasses are often of tropical or subtropical origin and 
grow mainly during late spring, summer and early 
fall.  Frost will kill warm season annual grasses, 
whereas warm season perennial grasses become 
dormant and unproductive during the winter months.  
With adequate fertilization, some of the warm season 
grasses have very high forage yields.  However, 
forage quality of warm season grasses, especially 
perennials, is generally much lower than that of cool 
season grasses. 
 
What is a Good Stand?  In general, a good stand 
provides 90 to 100% ground cover and will produce 
high yields when managed properly.  The clover part 
of mixtures should make up to 30% of the stand on a 
weight basis for it to significantly contribute to the 
mixtures and forgo nitrogen fertilization. 
 
Grazing Management for Goats 
  
Grazing of forage generally provides the least 
expensive way of supplying nutrients to animals.  
Therefore, it is advantageous to develop a year round 
forage program which allows for as much grazing as 
possible every month of the year.  However, good 
pasture management involves much more than 
simply turning the animals to pasture.  The principles 
of controlled grazing of goats are similar to those 
used for cattle or sheep.  The primary goal is to have 
control of the animal's grazing pattern so that one can 
dictate the degree of defoliation and the frequency of 
defoliation.  To obtain efficient animal production 
over a number of years, the needs of the plants as 
well as the needs of the animals must be taken into 
consideration.  The development of a successful 
forage system/grazing management entails: 
1. Adjusting the number of animals grazing a 

certain area (stocking density) of pasture because 
some forage must be left at the end of the 
grazing period to maintain adequate plant 
production.  Otherwise, overuse will weaken the 
plants and regrowth will be slower.  Adjusting 
the stocking rate require experience because 
forage growth is not uniform throughout the year 
or from year to year. 

 
2. Harvesting ungrazed forages as hay or silage at 

an immature stage of growth when forage growth 
is more rapid than it can be grazed.  This will 
provide high quality feed when grazing is not 
available.  Cross fencing will keep animals 

concentrated on small areas while excess growth 
accumulates on other paddocks.  Under those 
circumstances, short duration rotational grazing 
through a series of paddocks, or strip grazing a 
rapidly growing pasture by allowing animals 
access to only enough forage to carry them for 
one day using a movable fence, are alternatives 
to consider. 

 
3. Overseeding Bermuda grass pastures with 

legumes, ryegrass, cereal grains, or brassicas 
such as turnip, mustard and rape, to extend the 
grazing season and to provide some high quality 
feed during the winter and spring. 

 
4. Restricting the use of high quality forage, when 

in short supply, for the supplementation of other 
low quality pastures, hay or silage.  This can be 
achieved by letting goats graze high quality 
forage a few hours at the end of each day, or by 
grazing the limited high quality supply every 
other day. 

 
5. When the aim is to kill or reduce the amount of 

unwanted vegetation, then greater severity and 
frequency of grazing is necessary.  Goats will 
actively select major weeds at particular stages 
of growth.  As a rule, effective control of 
unwanted vegetation can be achieved in two 
years.  Therefore, the advantages of the goat in 
feeding strategy must be weighed against its 
disadvantages.  Being a browsing animal, the 
goat stunts tree growth and prevents the 
regeneration of forests and thus should be 
managed carefully in areas desired for forests.  
Goats could be very useful, however, in areas 
where regrowth of brush and trees is not 
desirable. 

 
Grazing Strategies 
 
Control Grazing and Strip Grazing 
 
The basic principle of control grazing is to allow 
goats to graze for a limited time leaving a leafy 
stubble, and then to move them to another pasture or 
paddock (a subdivision of a pasture) or sub-paddock.  
Smaller paddocks are more uniformly grazed and 
surplus paddocks can be harvested for hay.  The 
pasture forage plants, with some leaves still attached, 
can then use the energy from the sun through 
photosynthesis to grow back without using up all of 
their root reserves.  Even brush will need a recovery 
time if it is being used as forage for goats.  Without 
this rest period, the goats can kill the brush through 
continuous browsing. 



 
 

76 
 

Under control grazing, legumes and native grasses 
may reappear in the pasture, and producers often 
report that the pasture plant community becomes 
more diverse.  Control grazing can be used to 
improve the pasture, extend the grazing season, and 
enable producers to provide higher quality forage at a 
lower cost with fewer purchased inputs.  Control 
grazing can also be useful in controlling internal 
parasite problems, if meat goat producers are careful 
to move the goats to a new pasture before the forage 
plants are grazed too short (less than about 4 inches).  
 
Strip grazing can be easily superimposed on control 
grazing in large paddocks by placing movable 
electric fences ahead and behind the goats, giving 
them sufficient forage for 2 to 3 days.  Strip grazing 
is very effective and results in high pasture utilization 
because otherwise goats will not graze soiled forage 
well.  Strip grazing results in high average daily gain, 
increased gain per acre, and in rapid improvement of 
body condition when pasture is vegetative and of 
excellent quality such as during cool weather when 
plant quality declines only slowly.  Strip grazing is 
very effective with stockpiled fescue during late fall 
and early winter.  Strip grazing is not recommended 
when pasture is of low quality because of reduced 
goat selectivity. 
 
Control Grazing Versus Continuous Grazing 
 
Control grazing allows the manager a better 
utilization of the forage at hand because this grazing 
method gives more control over grazing animals.  
During periods of fast growth, the excess forage can 
be harvested for hay.  Control grazing can stretch 
forage availability and the grazing season as spring 
forage growth slows during the hot summer months.  
It also slows the gradual predominance of less 
palatable and less nutritious plants because goats are 
forced to consume all plants before moving on. 
 
Another level of managerial control is achieved by 
having more than one pasture.  Under a control 
grazing system: a) goats are easier to handle and 
more docile because they are in frequent contact with 
humans when fences, water tanks and mineral 
troughs are moved, b) plants that are sensitive to 
close and continuous grazing will persist longer and 
produce better, c) less forage is wasted by trampling 
and soiling, d) urine and dung are distributed more 
uniformly, and e) producers’ managerial and 
observational skills will improve because goats will 
be observed more frequently, and pasture species and 
productivity will be evaluated more carefully. 
Conversely, control grazing may not be beneficial 
because of: a) unsatisfactory layout such as long, 

narrow paddocks or wet and dry areas within the 
same paddock, b) overstocked pastures, c) rest period 
is too long between grazing such that the available 
forage becomes mature and of low nutritive value 
with a lesser amount of young green leaves, and d) 
pastures will be dominated by low forage quality. 
 
Continuous grazing or stocking means that goats are 
maintained on one pasture for the entire grazing 
season.  Therefore, the goat makes the decision as to 
where to graze, when to graze, where to congregate 
and to selectively graze unless the stocking rate is too 
high.  Goats may overgraze the plants they prefer and 
undergraze other, less preferred plants if the stocking 
density is not adjusted as conditions change.  Forage 
availability may be ideal, too high or too low during 
different periods of the same grazing season.  
Therefore, adjusting the stocking density as needed 
greatly improves forage utilization.  Temporary 
fences can be used to fence off portions of the pasture 
and harvest surplus forage for hay.  Finally, certain 
forage species such as switchgrass [Panicum 
virgatum], gamagrass [Tripsacum dactyloides], big 
bluestem [Andropogon gerardii], indiangrass 
[Sorghastrum nutans] and johnsongrass [Sorghum 
halepense] are not suitable for continuous grazing 
unless the stocking rate is low enough to maintain a 6 
to 8 inch leafy stubble. 
 
Forward Creep Grazing 
 
Installing an opening in the fence with a small gate 
allows animals with the highest nutritional 
requirements such as kids, to have first access to 
fresh, high quality, ungrazed forage ahead of their 
mothers.  Forward creep grazing can be easily used in 
a control/strip grazing system. 
 
Limit Grazing or Supplementation with other Crops 
 
Limit grazing is a strategy used to meet goat 
nutritional requirements with grasses of differing 
nutritive values, or with a cool-season grass and 
legumes sown in separate pastures.  Adult does could 
be maintained on a low quality warm-season 
Bermuda grass or switchgrass pasture after frost, but 
allowed to strip graze a high quality winter annual 
forage such as cereal rye [Secale cereale], annual 
ryegrass, wheat [Triticum aestivum], or oats [Avena 
sativa] as a protein supplement for only a few hours 
each day or every few days.  The same principle can 
be used with a low quality cool-season grass grazed 
during the hot summer months, and warm-season 
legumes such as soybean [Glycine max] or the fodder 
trees black locust or mimosa [Albizia julibrissin].  
The foliage quality of these legume plants changes 
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little throughout the growing season, thus they are 
referred to as protein banks. 
 
Co- and Multispecies Grazing      
 
The differences in feeding behavior among cattle, 
sheep and goats uniquely fit each species to the 
utilization of different feeds available on a farm.  
These differences should be considered in 
determining the best animal species to utilize a 
particular feed resource.  Feeding behavior is also 
important in determining whether single or 
multispecies will best utilize available plant 
materials.  Most studies indicate greater production 
and better pasture utilization are achieved when 
sheep and cattle or sheep, cattle and goats are grazed 
together as opposed to grazing only sheep, goats or 
cattle alone.  This is especially true where a diverse 
plant population exists.  
 
Because of the complementary grazing habits, the 
differential preferences and the wide variation in 
vegetation within most pastures, one to two goats can 
be grazed with every beef cow without adversely 
affecting the feed supply of the beef herd.  The 
selective grazing habits of goats in combination with 
cattle will eventually produce pastures which are 
more productive, of higher quality, and with little 
weed and brush problems as a result of mixed-species 
grazing. 
 
Judicial mixed-species grazing can have additional 
benefits.  Because gastrointestinal parasites from 
goats or sheep cannot survive in the stomach of 
cattle, and because gastrointestinal parasites from 
cattle cannot survive in the stomach of goats or 
sheep, mixed-species grazing will decrease 
gastrointestinal parasite loads and slow resistance of 
gastrointestinal parasites to conventional dewormers.  
Several strategies can be used to one’s advantage.  In 
fields with a low parasite load, animals can be grazed 
together (co-grazing) or animals with the highest 
nutritional requirements can have access to the field 
first, followed by the animal species having lower 
nutritional requirements (first grazers, last grazers).  
A variation of co-grazing with nursing animals is to 
have openings in the fence giving forward access to 
ungrazed pasture to young stock.  Alternatively, in a 
field infected with a high load of goat or sheep 
parasites, cattle should be grazed first, followed by 
goats or sheep. 
 
 
 

FORAGE EVALUATION AND ANIMAL 
PERFORMANCE: RESULTS FROM NORTH 
CAROLINA  
 
This section focuses on research results from the 
NCSU Meat Goat and Forage Program toward the 
development of year-round grazing systems.  The 
methodology used is described in sufficient detail to 
guide producers interested in developing their own 
grazing systems or adapt what is presented herein to 
their own farm situation. 
 
Winter Annual Forages 
 
A 3-year study was conducted to evaluate the 
performance of crossbred (.5 to .75) Boer 
replacement does and castrated males control-grazed 
on cereal rye, annual ryegrass and triticale [Triticum 
secale], a cross between rye and wheat.  The forage 
species were sod-drilled in late September or early 
October and seeding rates averaged 109 lb per acre 
for cereal rye, 38 lb for annual ryegrass, and 108 lb 
for triticale.  All forages were fertilized each year 
with ammonium nitrate at a rate of 50 lb nitrogen per 
acre in November and February.  The grazing area 
consisted of a total of 4.5 acres, divided into 9 plots 
measuring 0.5 acre each.  Each forage species was 
seeded in 3 different plots.  Goats averaged 64 lb at 
the start of the study, and 6 goats were grazed in each 
plot.  Goats were moved to a fresh strip of grass 3 to 
4 times per week and back fenced immediately.  In 
addition, they had access to a free choice goat 
mineral, water and movable shelters.  Additional 
goats were used as put-and-take animals to keep up 
with forage growth.  
 
During the first year, grazing periods ranged from 28 
February – 19 May for ryegrass, 25 February – 14 
April for cereal rye, and 28 February – 21 April for 
triticale.  During the second year, grazing started on 
22 January for all 3 forages, and ended on 4 May for 
ryegrass, 8 April for cereal rye and 23 April for 
triticale.  During the last year of the study, grazing 
started from 9 to 28 December for each forage 
species.  All goats were removed from the 
experimental plots on 28 December due to lack of 
forage, with the exception of the ryegrass plots, on 
which three goats/plot were left grazing  until 18 
January.  For triticale, three goats/plot were grazed 
from 11 to 20 January, at which date 20 inches of 
snow fell in 24 hours.  Grazing resumed on each plot 
on 24 February and ended on 10 May for ryegrass, 31 
March for cereal rye and 20 March for triticale. 
 
Protein and cell-wall concentrations (Table 1) 
indicate that these forages were of excellent quality.  
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Protein concentrations were more than sufficient to 
meet the nutritional requirements of any class of goat 
from mature dry does, does in early gestation and 
mature bucks, to yearlings and weanlings and does 
lactating and in late gestation.  
 
Forage species had no effect on average daily gain 
but castrated males gained more weight than does.  
Total gain per acre was greater for ryegrass than for 
cereal rye or triticale because cereal rye and triticale 
were grazed for shorter periods and thus had  a lower 
number of total grazing days per acre.  In conclusion, 
growing goats achieved  satisfactory weight gains 
when fed only on these forages under controlled 
rotational grazing management, but  ryegrass resulted 
in superior per acre live weight gains. 
 
Summer Annual Forages 
 
An experiment was conducted over 3 summers and 
designed to evaluate grazing soybean, cowpea and 
pearl millet for summer grazing by weanling doe kids 
and to determine animal performance.  The grazing 
area consisted of a total of 1.53 acres, divided into 9 
plots measuring 0.17 acre each.  Each forage species 
was planted in 3 different plots.  All 3 forage species 
were no-till drilled and immediately cultipacked in 
mid-May.  Grazing soybean (variety Johnston) was 
seeded at 89 lb/acre, prostrate cowpea [Vigna 
unguiculata], variety Pinkeye Purplehull BVR) at 
115 lb/acre and pearl millet [Pennisetum 
americanum], variety Tifleaf II Hybrid at 21 lb/acre.  
The pearlmillet plots were fertilized with ammonium 
nitrate at a rate of 50 lb N/acre approximately one 
month after planting.  In year 1, grazing started 48 d 
after planting, and plots were grazed 34 d for cowpea 
and 57 d for pearlmillet and soybean.  In year 2, 
grazing started 39 d after planting, and plots were 
grazed 44 d for cowpea, 51 d for soybean, and 72 d 
for pearlmillet.  In year 3, grazing started 37 d after 
planting for pearlmillet and 56 d after planting for 
both cowpea and soybean, and all forages were 
grazed for 63 d.  The length of time from planting to 
the start of grazing and the length of grazing differed 
between forage species and years due to the large 
variation in rainfall. 
 
Doe kids (.5 to .75 Boer) used in this study were born 
in March-April and weaned at 10 weeks of age.  
Their average live weight at the start of the 
experiment was 35 lbs.  Each plot was divided into 6 
equal subplots and doe kids were controlled-grazed 
among the subplots.  Additional goats were used as 
put-and-take animals to keep up with forage growth.  
Water was available on each subplot, goats had 
access to a free-choice goat mineral but no shade was 

provided.  Goats were moved to a new subplot before 
they had eaten all the leaves of the soybean and 
cowpea plants to ensure faster regrowth.  Using this 
strategy, each soybean and cowpea plot was grazed 3 
times during the growing season.  Cowpea attracted a 
lot of bees, and kids and goat keepers were stung 
several times.  It is perhaps for that reason that doe 
kids grazed cowpea better once the pods developed.  
 
Protein and cell-wall concentrations (Table 2) show 
that these summer annual forages were of excellent 
quality, and more than sufficient to meet the 
nutritional requirements of any class of goat.  Forage 
species did not have a large effect on average daily 
gain.  Nevertheless, gains were low but were not 
unexpected as these doe kids were in a post-weaning 
slump, and were grazed in a rather hot environment.  
The number of grazing days per acre for the cowpea 
and the soybean were less than half and a third less, 
respectively, than for the pearl millet because pearl 
millet was stocked more heavily and in general had a 
longer grazing season.  Therefore, total gain per acre 
was greater for pearl millet than for cowpea and 
soybean.  Gain per acre for soybean, however, was 
only 50 lb less than pearl millet, because doe kids 
grazing soybean gained better.  
 
In conclusion, doe kid’s average daily gain was 
disappointing but not unusual when fed only on these 
forages under controlled rotational grazing 
management.  Nevertheless, total gains per acre were 
satisfactory.  Pearl millet and soybean should be 
considered as summer annual forages in year-round 
forage systems as they provide forage of excellent 
quality during a part of the year when perennial 
forages are usually of low quality. 
 
Volunteer Stand of Summer Annual Plants 
 
At times, producers should take advantage of 
opportunities that arise, even if that means grazing 
unconventional forages.  One dry spring followed by 
a very rainy period, 4.6 acres that were to be planted 
with pearlmillet for summer grazing became covered 
with a solid stand of volunteer crabgrass and 
pigweed.  As an environmentally-friendly alternative 
to using herbicides, the area was further partitioned 
into 11, 0.4 acre plots with 3 strands of braided wire 
and temporary posts, and grazed with 90 adult does 
from the NCSU breeding herd.  Grazing started when 
the forage had reached an average height of 10 to 12  
inches.  Each plot was for 1/2 to 3 days, depending 
on forage availability.  Grazing lasted 44 days for 3 
grazing cycles, meaning that each plot was grazed 
approximately every 12 or 13 days.  The strategy 
used in this instance was mob-grazing at a very high 
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stocking density (90 does in 0.4 acre paddock = 225 
goats/acre) for a short period with young plants of 
high quality.  Samples showed crabgrass averaged 
17+% protein and pigweed ranged from 20 to 27% 
protein.  Forage availability ranged from 900 to 3,000 
lb dry matter per acre.  Goats readily ate these two 
plant species, even young pigweed stems, even 
though pigweed is considered a poisonous plant to 
ruminants on some Web sites because it produces a 
toxin and oxalic acid. 
 
Cool-Season Perennial Forages 
 
A 3-year study was conducted to evaluate: a) the 
performance of suckling kids (.75 to 100% Boer) and 
nursing does in spring and b) the performance of 
replacement does in fall, control-grazed on 3 tall 
fescue cultivars, namely Kentucky 31+ endophyte-
infected, Jesup- noninfected, MaxQ, var Jesup novel 
endophyte.  In Kentucky 31+ endophyte-infected 
fescue, the fungal endophyte produces ergot alkaloids 
that can result in poor gains, unthrifty appearance, 
rough hair coat, reproductive problems, low milk 
production, and many other symptoms.  Nevertheless, 
no toxic effects have been observed in goats.  The 
forage species were sod-drilled in September at a 
seeding rate of 23 lb/acre corrected for germination.  
Lime was applied according to soil test and all 
forages were fertilized each February and early 
September with ammonium nitrate at a rate of 50 lb 
nitrogen per acre.  The grazing area consisted of a 
total of 4.5 acres, divided into 9 plots measuring 0.5 
acre each.  Each forage species was seeded in 3 
different plots.  Goats were moved to a fresh strip of 
grass 3 to 4 times per week and back fenced 
immediately.  In addition, they had access to a free 
choice goat mineral, water and movable shelters.  No 
additional animals were needed to keep up with 
forage growth. 
 
Spring Study 
 
Grazing periods ranged from 16 April to 26 May in 
year 1, 29 March to 25 May in year 2, and 4 April to 
16 May in year 3.  In year 1, we grazed 45 does and 
70 kids (56 days old and weighing 28 lb at the start), 
in year 2, 36 does and 63 kids (18 days old and 
weighing 16 lb at the start), and in year 3, 36 does 
and 72 kids (24 days old and 19 lb at the start).  All 
kids were mostly twins and a mixture of female and 
castrated males. 
 
Throughout the study, the number of infected stems 
and stems producing alkaloids averaged 97% for 
Kentucky 31+  and  2% for Jesup -, whereas for MaxQ 
novel endophyte, the number of infected stems 

ranged from 82 to 92%, but only 1% of those stems 
were producing alkaloids.  Protein and cell-wall 
concentrations averaged 20 and 56%, respectively, 
across cultivars, and available biomass (biomass 
when goats entered paddocks or sub-paddocks) and 
residual biomass (biomass left immediately after 
goats were moved to a new paddock or sub-paddock) 
averaged 1460 and 760 lb/acre across cultivars (Table 
3).  An average of 700 lb/a of residual biomass is 
considered a target to aim for that will promote fast 
regrowth.  Average daily gain was lower in suckling 
kids on Kentucky 31+, which resulted in lower total 
gains per acre (Table 3).  Nursing does on Kentucky 
31+ were unable to maintain body weight whereas the 
weight of does on Jesup- and MaxQ remained 
constant.  Loss of some weight while nursing kids is 
physiologically normal in meat goats and other 
lactating livestock.  As weaning takes place in early 
June, these does will have ample time to regain 
sufficient body condition before the start of the next 
breeding season in late September-early October if 
grazed on a medium quality pasture or woodlot 
during the summer.  Blood serum prolactin levels 
decreased 85% in does on Kentucky 31+, whereas 
levels increased by 23 and 31% in does on Jesup- and 
MaxQ, respectively.  In summary, these results 
indicate that suckling kids performed well although 
those on Kentucky 31+ gained less weight.  The 
dramatic decrease in serum prolactin levels observed 
in does grazing Kentucky 31+ could have important 
reproductive implications.  Nevertheless, we could 
not detect any differences in reproductive 
performance in those does bred the following fall.  
Does control-grazed on Jesup- and MaxQ fescue 
consumed most of the plant seed heads, and also 
portions of the stems, whereas close to 75% of the 
Kentucky 31+ plant seed heads remained untouched.  
As Jesup- and MaxQ are readily consumed by goats, 
these cultivars require a higher level of management, 
otherwise goats will graze them to the ground and 
drastically decrease stand persistence. 
 
Fall Study 
 
Grazing periods ranged from 8 November to 16 
January in year 1, 17 October to 2 December in year 
2, and 27 September to 30 November in year 3.  
Fescue was stockpiled before grazing in year 1 only.  
In year 1, we grazed 72 replacement does weighing 
65 lb at the start, in year 2, 45 replacement does 
weighing 67 lb at the start, and in year 3, 54 
replacement does weighing 57 lb at the start. 
 
Cell-wall concentrations averaged 50% across 
cultivars stockpiled in year 1, with similar values 
observed in years 2 and 3.  Conversely, protein 
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concentrations averaged 11% across cultivars 
stockpiled in year 1, but averaged 18 and 20% in 
years 2 and 3, respectively.  Average daily gain of 
replacement does control-grazed on Kentucky 31+ 
was almost nil (Table 3), and resulted in very poor 
total weight gain per acre, whereas gain of 
replacement does grazing Jessup- and MaxQ, 
although still low, were acceptable as those animals 
had already passed their peak growth rate period.  
The replacement does grazing Kentucky 31+  were 
very reluctant to consume Kentucky 31+ regardless of 
the grazing management strategies we tried, as 
evidenced by the residual biomass (Table 3).  This 
grazing behavior could be related to the levels of 
alkaloids produced in Kentucky 31+ in the fall. 
 
In another 3-year study, the performance of suckling 
kids (.75 to 100% Boer) and nursing does control-
grazed on MaxQ tall fescue and orchardgrass (variety 
Persist) were compared as the seed cost in $ per acre 
is more than double for MaxQ tall fescue ($64.20)  
than for orchardgrass ($30.80).  Seeding rates were 
14 and 15 lb/acre for orchardgrass and fescue, 
respectively.  Planting method, fertilization and 
grazing management were similar as in the previous 
experiment.  The grazing area consisted of a total of 
2.4 acres, divided into 6 plots measuring 0.4 acre 
each.  Each forage species was seeded in 3 different 
plots.  We started each season with 24 does and 48 
kids, all twins.  Depending on forage availability, we 
had to reduce the number of animals to 3 does and 6 
kids on certain plots.  Grazing periods ranged from 
10 April to 22 May in year 1, 25 March to 13 May in 
year 2, and 25 March to 10 May in year 3.  Protein 
and cell-wall concentrations averaged 21 and 57%, 
respectively.  Average daily gain for suckling kids 
control-grazed on orchardgrass and MaxQ fescue 
averaged .30 and .27 lb, total weight gain per acre 
263 and 232 lb/acre.  Nursing does maintained their 
weight during year 1 and 3 of the study, but lost an 
average of .26 lb/day during year 2.  
 
In summary, these two forages are excellent for 
spring grazing.  Nevertheless, producers should 
consider the following: a) goats grazed orchardgrass 
closer to the ground than MaxQ fescue and therefore 
orchardgrass requires a higher level of grazing 
management, 2) despite our efforts, one plot of 
orchardgrass did not subsist after 2 years due to a 
combination of being grazed too close to the ground 
and  3) excess water washing over the plot from the 
nearby road,  4) another plot has thinned considerably 
and is being colonized by other plants, 5) the third 
plot, which always produced more forage because it 
is located on better soil, still has a good stand, 6) 
orchardgrass persists better at higher elevations, 7) 

conversely, the MaxQ plots are still in good condition 
after 4 years of grazing and this factor could offset 
seeding costs in some situations. 
 
Effects of Weaning Age and Pasture Species on 
Weight Gain 
 
An experiment was conducted at the Mountain 
Research Station in Waynesville, located in the 
western mountains of North Carolina, to evaluate the 
effects of weaning age on kid growth rates when 
grazed on pasture.  A group of 52 halfblood Boer 
males and female kids were divided into four equal 
groups according to sex and type of birth.  Early-
weaned twins of the same sex were separated and 
grazed either on alfagraze alfalfa or Kentucky 31+ 
(endophyte infected) tall fescue.  Kids from 2 groups 
were weaned at 10 weeks of age (May 17, early 
weaning) and kids from the 2 other groups  grazed 
with their mothers until reaching 16 weeks of age 
(June 27, late weaning).  One group of early-weaned 
and 1 group of late-weaned kids (nursing kids with 
does) were controlled-grazed together on alfalfa 
using electronetting, and the 2 other groups (1 early-
weaned, the other nursing kids and does) were grazed 
together on  tall fescue.  Following weaning at 16 
weeks of age (June 27, late-weaned kids), all kids 
remained on their respective paddocks until reaching 
20 weeks of age.  
 
From weeks 10 to 16, kids grazed on alfalfa and 
weaned at 16 weeks of age gained more weight (0.43 
lb/day) than kids grazed on alfalfa and weaned at 10 
weeks of age (0.33 lb/day).  Conversely, weaning age 
had no effect on growth rate of kids grazed on fescue 
(late weaning: 0.29 lb/day; early weaning: 0.26 
lb/day) during that same period.  
 
From weeks 16 to 20 (late-weaned kids were weaned 
at week 16), early-weaned kids gained less (.34 lb/d) 
than late-weaned kids (.41 lb/d) while grazing alfalfa.  
These gains were similar to those reported for weeks 
10 to 16 above.  During that same period (weeks 16 
to 20), early-weaned kids grazed on fescue gained 
much less weight (0.08 lb/d) than late–weaned kids 
(0.29 lb/d), representing respective decreases of 69 
and 34% compared to gains reported for weeks 10 to 
16.  Protein and cell-wall concentrations for alfalfa 
and fescue averaged 29 and 49, and 19 and 74%, 
respectively, during the period of the study.  The 
fescue cell-wall concentrations did not fluctuate 
much, with a narrow range of 72 to 75%.  
Differences in cell-wall concentrations between 
fescue and alfalfa could account in part for gain 
differences.  The presence of fungal alkaloids in 
Kentucky 31+, however, could be mostly responsible 
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for the drastic decrease in gains observed in kids 
during weeks 16 to 20, as alkaloid levels increase 
during the summer months.  
 
Under the conditions of this study, late weaning 
offered some advantages, but the response differed 
according to forage species, linked to plant maturity, 
and thus plant quality.  If nursing does are grazing a 
good quality pasture in spring, and will have access 
to a summer pasture allowing them to regain 
sufficient body condition before the start of the next 
breeding season, it does not make sense to wean early 
because kids will achieve the highest growth rate of 
their productive life while suckling. 
 
Summer Perennial Forages 
 
In the hot and humid southeast, it is challenging to 
grow high quality perennial forage during the 
summer months for meat goats, especially for 
growing weanlings. 
 
Bermuda grass 
 
A study was conducted over two years to determine 
the influence of supplementation with pelleted 
soybean hulls (SBH) or whole cottonseed plus corn 
(WCS) on the post-weaning growth rate and carcass 
characteristics of Boer-cross wether kids grazed on 
Tifton-44 and Coastal  Bermuda grass pastures.  Kids 
were born mid-February to mid-March, and were 
weaned in mid-May at 10 to 14 weeks of age.  Five 
or six weaned kids weighing 46.7 lb at the start of the 
study were grazed on paddocks averaging 0.067acres 
each.  Each pasture was divided into 5 sub-paddocks 
and kids were rotated to a fresh paddock each 3 to 5 
days.  Pastures were clipped behind the kids as 
necessary to maintain forage quality.  Kids had free 
access to minerals, water and shade.  Kids were either 
not supplemented, supplemented with soybean hulls 
at 1% of their body weight, or supplemented with a 
grain mix (65% corn, 33% whole cottonseed and 2% 
limestone) also at 1% of their body weight.  
 
Average forage biomass was 3,220 lb/acre in year 1 
and 1,750 lb/acre in year 2.  Supplementation at 1% 
body weight improved post-weaning growth and 
carcass characteristics of kids grazing Bermuda grass 
pastures, but supplement type had little influence on 
growth or carcass characteristics.  Average daily gain 
increased from 0.11 to 0.19 g/day, carcass weight 
from 23 to 28 lb, dressing percent from 43.3 to 
47.4%, pelvic fat from 0.20 to 0.46 lb, and loin eye 
area from 1.20 to 1.5 square inch.   
 

In conclusion, gains were low even when kids were 
supplemented when compared to gains reported 
earlier in this article for weaned doelings control-
grazed on soybean, cowpea and pearlmillet without 
addition of concentrate.  Nevertheless, 
supplementation of weaned kids on Bermuda grass 
offers producers another alternative for the summer 
months. 
 
Sericea lespedeza 
 
A warm-season perennial legume that has elicited a 
lot of interest from researchers and meat goat 
producers because of its effect of gastrointestinal 
nematodes is sericea lespedeza.  Sericea lespedeza 
variety AU Grazer was no-till drilled at a rate of 35 
lb/acre on March 22, 2007.  Following emergence 
and a height of approximately 2 inches, annual weeds 
covered the entire field and shaded the young plants, 
followed by the severe drought of summer 2007.  The 
field was flailed off in October but surprisingly a 
very good stand emerged the following year.  Two 
studies were conducted in 2008 and 2009 to evaluate 
the effect of sericea lespedeza on natural 
gastrointestinal nematode infection in young 
weanling goats.  Each year, 81 weanling goats were 
strip-grazed on either sericea lespedeza or 
pearlmillet.  A third group of weanlings was switched 
from grazing sericea lespedeza to grazing pearlmillet 
and back to grazing sericea lespedeza every two 
weeks.  In 2008, fecal egg count of weanlings grazed 
on sericea lespedeza decreased from 1,479 to 490 
within one week and then progressively decreased to 
21 by day 49.  In 2009, weanlings grazed on sericea 
lespedeza started with a low fecal egg count of 255 
that stayed low throughout the study period, only 
averaging 194 eggs per gram of feces, while fecal 
egg count of weanlings grazed on pearlmillet 
increased from 178 on day 0 to 2,867 by day 46.  
Conversely, fecal egg count decreased from 2,855 at 
day 0 to 568 and 59 within 7 and 14 days of grazing 
sericea lespedeza, and then increased from 59 to 
1,065 and 1,967 within 7 and 14 days of being 
switched back to grazing pearlmillet.  Daily gains 
were similar across treatments averaging 0.22 lb/day 
in 2008 and 0.15 lb/day in 2009.  These results look 
very promising but additional research is warranted 
to determine optimal grazing strategies to control 
gastrointestinal parasites and simultaneously increase 
goat growth rate.  In 2010, the strategy used for the 
third group of weanlings is to give them free access 
to both sericea lespedeza and pearlmillet at the same 
time.  
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Switchgrass and Secondary Photosensitization in 
Grazed Goats  
 
A herd of 15 nursing Boer cross does and their 
respective 30 suckling kids were control-grazed on 
three Alamo switchgrass plots starting on April 26th, 
2001 to determine pre- and post-weaning 
performance.  Two other groups of does and their 
respective kids were control-grazed on either 
gamagrass or sericea lespedeza.  At weaning on May 
28th, the does were moved back to the breeding herd 
pastures while the weaned kids were kept on these 
same plots.  Fifty-one additional weaned kids from 
the breeding herd were added to the switchgrass plots 
on two separate occasions (May 22nd and June 11th) 
to control pasture growth.  As the switchgrass stubble 
(mainly stems) grew taller during the grazing season, 
it was cut to promote leaf growth.  The litter was left 
to decompose on the field.   
 
Following a period of rainy weather, 24 (30%) of the 
weaned kids developed swelling/thickening of the 
ears, and swelling around the eyes.  In some affected 
kids, the eyes would almost close shut overnight due 
to the swelling.  These first signs of 
photosensitization were followed by clinical signs of 
lethargy, poor body condition, and skin ulcerations 
with crusting on the face, ears, the dorsal midline, left 
and right flank, lateral aspect of the limbs, and dorsal 
pinnae, followed by the development of secondary 
infections.  Essentially all areas of skin exposed to 
sunlight, especially lightly pigmented areas, could be 
found to be affected.  Blood serum chemistry showed 
elevated levels of liver enzymes.  Other serum 
abnormalities included elevated blood urea nitrogen 
and total bilirubin.  The experiment was terminated 
on August 6, the weaned kids were removed from 
these plots, and the remaining forage was harvested 
as hay.  
 
Affected kids were kept out of the sunlight and 
secondary skin infections and pain were managed 
with appropriate therapy.  Six severely affected goats 
had to be humanely euthanized at the NCSU College 
of Veterinary Medicine.  Necropsies revealed hepatic 
and renal abnormalities as well as skin pathology.  
Hepatic lesion severity appeared to correlate with 
increased switchgrass exposure time. 
   
The following summer, the switchgrass hay harvested 
from the grazed plots was barn-fed once a day in the 
afternoon from July 8th to August 8th to a group of 
weanlings while another group of weanlings was fed 
fescue hay.  Both groups spent the entire day 
outdoors without having access to shade.  No animal 
of either group developed any problem of 

photosensitization.  During the same period, a third 
group of weanlings was grazed on the regrowth of 
one of the switchgrass plots grazed the previous year.  
The first cut had been harvested for hay, which meant 
that dead material was present in the field.  This 
group of animals did not develop any problem while 
the weather was dry.  But, approximately 10 days 
after several good rain showers, some weanlings 
started to show swelling/thickening of the ears and 
around the eyes and signs similar to those previously 
seen with the secondary photosensitization. 
 
Diosgenin and other steroidal sapinogens are 
believed to be the principle toxic agents present in 
Panicum species.  Ingestion of Panicum species, 
primarily Kleingrass, has been reported to be 
hepatoxic in sheep and horses but not cattle.  
According to Dr. Brownie from the NCSU College of 
Veterinary Medicine, a fungus growing on the 
decomposing switchgrass litter (hay, cut stubble, 
dead lower leaves of standing forage) during periods 
of wet weather, combines with diosgenin, the saponin 
found in switchgrass.  It has been suggested that the 
resulting complex apparently occludes the bile ducts 
and phylloerythrin cannot be eliminated into the 
digestive tract through the bile ducts.  Phylloerythrin 
is derived from the degradation of chlorophyll by 
microorganisms present in the gastrointestinal tract.  
As phylloerythrin accumulates in the blood plasma 
and reaches capillaries in skin areas unprotected by 
sufficient hair, it can absorb and release light energy, 
initiating a phototoxic reaction.  Older extension 
publications from Texas warned not to graze sheep 
on Kleingrass during periods of humid and hot 
conditions.  Our experience suggests that under 
certain conditions switchgrass can produce secondary 
photosensitization in grazed goats.   
 
Fodder Trees for Meat Goats 
 
As goats are selective feeders and have a strong 
preference for browse, efficient meat goat production 
systems in the southeastern United States must take 
advantage of regional pasture ecologies.  The 
inclusion of native or naturalized fodder tree species 
could contribute to system productivity and 
efficiency by supplying required nutrients during the 
seasonal production cycle (mid-late summer) when 
demand by growing or lactating animals is critical 
and availability of high quality forage is scarce. 
 
A long-term study was initiated at the Center for 
Environmental Farming Systems located near 
Goldsboro, North Carolina.  White mulberry [Morus 
alba] and three leguminous tree species, black locust, 
mimosa and honey locust [Gleditsia triacanthos] 
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were evaluated for growth, leaf biomass, nutritive 
value, and browsing preference by yearling crossbred 
Boer goats.  The site was first mowed and each row 
was subsoiled to a 30-cm depth.  Fodder trees were 
then planted in double rows (12 trees per row, 
planted 1 m apart within rows and 3 m apart between 
rows) in plots measuring 11 m by 3 m and spaced 6 
m apart.  One year old bare-root seedlings were 
planted in March 1995 in an endophyte-infested tall 
fescue Bermuda grass, Bahia grass [Paspalum 
notatum], crabgrass and white clover pasture.  Trees 
were cut back to a 50-cm height in February 1996, 
yearly thereafter, and are still being browsed in 
summer 2010.  After planting, a 5-strand high-tensile 
electrified fence was erected at the perimeter of the 
experimental site.  Based on data taken in September 
1997 and May 1998, black locust (500 and 1,330 lb 
dry matter [DM]/acre and mimosa (620 and 540 lb 
DM/acre) produced more leaf biomass than the two 
other species.  Mimosa did not produce as much 
herbage (217 and 230 lb DM/acre) as the other two 
species.  Although of good quality and readily 
consumed by goats, honey locust was judged to be a 
low value browse species due to its slow growth and 
low biomass production (88 and 156 lb DM/acre).  
Subsequent leaf production data of black locust by 
hand defoliation of the same trees twice during the 
growing season indicated that that species produced 
large amounts of herbage (June 2001: 1,500 lb 
DM/acre; August 2001: 3,626 lb DM/acre; June 
2002: 4,983 lb DM/acre; September 2001: 1,824 lb 
DM/acre). 
  
Goats exhibited an initial low preference for mimosa 
but readily consumed that species following 
defoliation of the other three tree species.  Crude 
protein and neutral detergent fiber concentrations, 
and in vitro DM digestibility of leaf samples 
averaged, respectively: 23, 31 and 96% for mulberry; 
23, 44 and 60% for black locust; 24, 33 and 84% for 
mimosa; and 18, 43 and 71% for honey locust.  
 
These results indicate that mimosa and mulberry, and 
especially black locust due to its aggressive growth 
habit, high biomass production, and very high 
survival (92% after 15 years) have high potential as 
silvopastoral species and could potentially play an 
important role in meat goat production systems as 
protein and/or energy banks during the summer.  In 
addition, tannins present in black locust may also 
offer a useful alternative to chemical dewormers to 
control gastrointestinal parasite loads in goats.  
Finally, preliminary observations from another study 
indicate that switchgrass planted between rows of 
black locust tolerates shade well, and seems to 

benefit from nitrogen fixation from black locust by 
producing large amounts of biomass. 
 
 
FINAL CONSIDERATIONS 
 
Year-round Grazing Systems 
 
Producers need to be aware that there is no one 
grazing plan that fits all situations and many factors 
need to be considered.  Soil types, topography, 
climatic conditions, type of livestock operation, labor 
resources, capital, available machinery, specific 
objectives, etc. will define the grazing system to be 
implemented.  Other factors such as control of 
gastrointestinal parasites of goats will also influence 
the choice of some forages to incorporate into the 
grazing system.  The seasonal distribution of cool-
season and warm-season perennial and annual 
grasses, cool-season perennial legumes and perennial 
browse is shown in Figure 1.  It can be easily seen 
that under southeastern conditions, cool-season and 
warm-season pastures complement each other.  As a 
rule of thumb, only 25% of pasture land should be 
dedicated to warm-season forages in any grazing 
system.  Grazing systems can include only perennial 
forages, only annual forages, or a mixture of 
perennial and annual forages.  In general, white 
clover is the predominant legume found in present 
grazing systems, but sericea lespedeza, because of its 
beneficial effect in controlling intestinal parasites of 
goats, is starting to play an important role in certain 
areas.  Nevertheless, sericea lespedeza is listed as an 
obnoxious, invading plant is some states. 
 
The seasonal patterns of growth of a fescue (cool-
season perennial) and hybrid Bermuda grass (warm-
season perennial) grazing system is depicted in 
Figure 2.  In Figure 3, the hybrid Bermuda grass was 
overseeded in the fall with a winter annual small 
grain forage (cereal rye or annual ryegrass or wheat 
or oats).  The winter annual forage will provide feed 
at both extremes of the Bermuda grass growth season 
with a small peak in November-December and 
another one in March-April when Bermuda grass is 
mostly dormant.  The winter annual forage, however, 
will reduce the productivity of Bermuda grass during 
the summer, but not necessarily of the combination 
Bermuda grass plus winter annual small grain. 
 
Browse should be used as a forage resource during 
the hot and humid summer months, preferably for 
goats having high nutritional requirements such as 
does in late gestation and does in early lactation with 
nursing kids and weanlings.  One of the beneficial 
aspects of browse is that it provides shade when the 
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heat index can be an environmental stressor.  
Keeping goats on browse as long as possible is 
another benefit as the higher the goat grazes/browses, 
the lower the level of internal parasites will be.  
Leaving trees in both cultivated pasture and cleared 
rangeland is important for the same reason.  In 
addition, browse foliage nutritive value can be very 
high and changes little throughout the growing 
season.  Nevertheless, additional research work is 
needed to assess the chemical composition and 
nutritive value of many browse plants. 
 
Establishing Mixed-Plant Communities as 
Pastures 
 
As mentioned previously, if given a choice, the daily 
ration of a goat is made up of 20% grasses, 20% 
“weeds” (many are forbs of very high quality) and 
60% browse.  Thus, plant diversity needs to be 
optimized to provide goats the forage quality and 
quantity necessary to meet their nutritional 
requirements.  One approach is to plant a community 
of high quality perennial forages (a mix of grass, 
legume and forbs such as orchardgrass or tall fescue 
with plantain, chicory [Chichorium intybus], 
perennial sericea lespedeza and birdsfoot trefoil 
[Lotus corniculatus]).  Plant species selection is 
important as different nutrients (amino acids, fiber 
and sugars, minerals and vitamins) can be optimized 
when goats have access to a wider array of plants, 
and thus will be better able to mount an effective 
immune response when necessary.  In addition, 
chemicals in certain plants such as condensed tannins 
have an effect on internal parasites.  So far, research 
conducted at North Carolina State University dealt 
with the evaluation of pure stands.  Future research 
will focus on the evaluation of mixed-plant 
communities for the following reasons: a) it should 
be obvious to anyone that pure stands do not stay 
pure for very long, not even one growing season, as 
other plants, both preferable and “weeds,” colonize 
empty spots until the plant community reaches an 
equilibrium, unless gross mismanagement and other 
circumstances lead to pasture degradation, b) due to 
their innate grazing/browsing behavior, goats prefer 
to consume a variety of plant species during a single 
meal, they prefer a “buffet” to meet their nutritional 
requirements, c) perhaps they also prefer to consume 
some plants considered weeds as they are not 
consumed by other livestock species,  because they 
may contain compounds that help the goat fight some 
parasites or diseases, an area we do not know much 
about besides the beneficial effects of tannins and d) 
inclusion of legumes in pastures will lessen the 
burden on the environment and decrease nitrogen 
fertilizer costs to producers.  

Renovation of pastures 
 
Goats are the most versatile of livestock in terms of 
the variety of plants consumed.  Many of these are 
considered weeds, although of extremely high 
quality, so assessing the plant community and its 
productivity is a “must” before considering and 
investing the total renovation of a pasture.  A pasture 
considered not sufficiently productive for beef cattle 
of horses because of “weeds” and brush invasion 
could be highly productive for goats.  Therefore, total 
pasture renovation should be considered a last resort 
alternative.  Drilling other forage species such as 
white clover, chicory, plantain or spreading crabgrass 
or prairie grass seeds on a very short stubble and 
incorporating them into the soil with a light 
implement should be sufficient in most cases to 
thicken a thin stand.  In addition, soil samples should 
be taken to determine chemical composition and 
possible remediation.  Under certain circumstances, 
adding lime to correct the pH is sufficient to alter the 
pasture plant community.  In other cases, strategic 
nitrogen fertilization, grazing and or bush-hogging to 
allow other plants to grow will alter the plant 
community satisfactorily.  
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Table 1.  Forage data and performance of crossbred Boer replacement does and castrated males 
control-grazed on annual ryegrass, cereal rye and triticale 
 
Item Ryegrass Cereal rye Triticale 
Forage quality    
 Protein, % 21.5 23.3 23.0 
 Cell-wall, % 40.3 42.2 41.8 
Forage biomass, lb/a 2,375 2,150 2,240 
Average daily gain, lb/d    
 Female 0.25 0.30 0.28 
 Castrated male 0.36 0.44 0.42 
No. grazing days/a 1,402 677 729 
Total weight gain/a, lb  365 186 187 
 
 
Table 2.  Forage data and performance of ½ Boer weanling doe kids control-grazed on pearlmillet, 
soybean and cowpea 
 
Item Cowpea Pearlmillet Soybean 
Forage quality    
 Protein, % 25 19 31 
 Cell-wall, % 30 59 35 
Average pre-grazing height, inch 13 28 25 
Average post-grazing height, inch 11 16 14 
Average daily gain, lb/d 0.17 0.15  0.20 
No. grazing days/a 1,010  2,205  1,435 
Total weight gain/a, lb  179  331 280 
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Table 3.  Forage data and performance of suckling kids and their dams and replacement does 
control-grazed on three cultivars of tall fescue. 
 
Item Kentucky 31+ Jesup- MaxQ 
Spring    
Available biomass, lb/a 1,453 1,441 1,472 
Residual biomass, lb/a 759 790 730 
Suckling kid average daily gain, lb/d .26 .31 .33 
Suckling kid total weight gain/a, lb 194 232 247 
Doe weight change, lb/d -.20 0.0 -.02 
Doe serum prolactin levels, ng/mL    
 Initial level (day 1) 118 124 128 
 Average level (day 28 + end) 18 152 168 
Tillers with seedheads following    
Grazing in mid-May, % 74 3 1 
Fall    
Available biomass, lb/a 1,800 1,600 1,700 
Residual biomass, lb/a 1,400 800 1,000 
Replacement doe avg daily gain, lb/d .04 .16 .17 
Replacement doe total gain/a, lb 24 105 106 
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Figure 1.  Seasonal distribution of growth (lb/acre/day) of cool- and warm-season plants 
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Figure 2. Seasonal growth patterns of a fescue-bermuda system
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Figure 2.  Seasonal growth patterns of a fescue-bermuda system 
 
 
 
 

Figure 3. Seasonal growth patterns of a fescue-bermuda system with the bermuda
overseeded with a winter annual forage during winter
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Figure 3.  Seasonal growth pattern of a fescue-bermuda system with the bermuda overseeded with a 
winter annual forage during winter 
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ABSTRACT 
 
Performance of goats in temperate and subtropical 
agroforestry systems has not been very well 
documented.  During the first year of a two-year 
(2005 and 2006) study on the stocking rate for goats 
in a silvopastoral system, 16 – 18 month old Boer (B) 
x Spanish (S) crossbred goats were grazed on a 
Bahaia grass pasture established under loblolly pines 
with wide spacing.  In the second year, 24 to 30 
months old B X S crossbred goats were utilized.  The 
experimental design was a split-plot with treatments 
randomly assigned to blocks in two replications.  The 
stocking rates for animals were 3 and 5 goats in 
paddocks of 0.155 ha in shaded (pastures between 
rows of planted pine trees) and unshaded (open 
pastures with no trees) areas respectively.  The goats 
were grazed on a 14-day cycle in each paddock.  Live 
weights (LW) were taken before and after grazing in 
both years. 
 
The results from the study indicated that goats in the 
low stocking rate (3 goats per 0.155 ha) performed 
better than those in the high (5 goats per 0.155 ha).  
High stocking rate caused weight loss in both years.  
Shade, on the other hand, did not significantly affect 
stocking rates of animals.  Although the goats were 
managed by regular deworming and nutrient 
supplementation, they grazed the Bahia grass 
effectively.  Overall, this study revealed the potential 
for a goat silvopastoral system with loblolly pines in 
southeastern United States.  This could serve as an 
alternative production system for sustainable 
agriculture and natural resource management. 
 
Key Words: Goats, silvopastoral, bahia grass, 
loblolly pines, stocking rate.  
 
 
INTRODUCTION 

 
Goat meat is said to be one of the most highly 
consumed meats in the world (Engle, et al, 2000).  
Meat goat production is increasing in the United 
States due to the economic and health values of 
goats, which are efficient converters of low quality 

forages into quality meat, milk, and hide products for 
specialty markets (Engle, et al, 2000).  According to 
the National Agricultural Statistics Service (NASS), 
there are approximately 60,000 heads of meat goats 
found in the state of Florida for 2007 (United States 
Department of Agriculture, NASS, 2007).  

 
The main reason for meat goat increase in the United 
States is the wide variety of ethnic groups that have 
settled in the United States who have a desire for goat 
meat, milk, and other goat products (Engle, et al, 
2000).  Another reason is that with limited resources 
a small herd of goats may be the only livestock that a 
small farmer can raise in self-sustainable enterprises 
(Engle, et al, 2000).   
 
Producers can use goats as brush control since goats 
tend to browse shrubs and trees more readily than 
grass (Mislevy, et al, 2000).  However, goats will 
graze well on improved grass pastures (Mislevy, et 
al, 2000).  Mature goats have a daily dry matter (DM) 
intake ranging from 30 to 50 g kg-1 of their body 
weight (Pinkerton, et al, 1991).  The quantity of the 
forage eaten by the animals per day is influenced by 
availability, DM concentration, digestibility, and rate 
of passage (Pinkerton, et al, 1991).   
 
Research data on the stocking rate of small ruminants 
for silvopastoral systems is not readily available 
(Gordon-Bradley, 2007).  With the increased influx 
of goat producers in Florida and other southern states, 
coupled with the need for tree maintenance for 
environmental benefits, this type of information is 
needed for the producers to decide upon an actual 
stocking rate using goats as the livestock component.  
The objective of this study was to determine an 
optimal stocking rate for Boer x Spanish crossbred 
goats for a silvopastoral system with loblolly pine 
trees.   
 
 
MATERIALS AND METHODS 
 
The site for this study is located at Florida A&M 
University Research, Education and Community 
Development Center, Quincy, Florida.  The property 
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lies west of State Road 267 and south of State Road 
272 at 30o36˝N latitude and 84o33˝W longitude 
(Clarke, 1999).  The major land cover includes pine, 
mixed hardwood/pines forests, agriculture, and non-
vegetative urban infrastructure (Darbyshire, 1993).   
 
The specific area used for the research consisted of 
loblolly pines that were planted in 1979.  The 
plantation was thinned in November 2001 from the 
original spacing of 1.2 x 2.4 m to a 1.2 x 12-m 
spacing (Whilby, 2004; Onokpise and Whilby, 2005).   
 
Experimental Design 
 
A split plot experiment laid out in a randomized 
complete block design was used for these studies.  
Treatments consisted of:  1) shaded pastures (existing 
under the established loblolly pines) and open 
pastures of Tifton 9 Bahia grass as main plots, and 2) 
two stocking rates, 3 and 5 goats in 0.155 ha of B x S 
crossbred goats as subplots.  The total acreage used 
for this research was 1.62 hectares of land; 0.8 ha 
shaded and 0.8 ha unshaded (Gordon-Bradley, 2007).  
Both the shaded and unshaded areas were divided 
into four 0.2-ha experimental units.   
 
Each experimental unit was then further subdivided 
into two 0.155 ha paddocks (Gordon-Bradley, et al, 
2008).  Each experimental unit consisted of two 
stocking rates of B x S crossbred goats.  There were 
two replications of each treatment.  Goats grazed 
paddocks using a rotational grazing method.  Goats 
were placed in each 0.155 ha paddock for 14-d then 
rotated to the second 0.155 ha paddock within that 
experimental unit for the next 14-d, that is, a 14-d 
grazing period followed by a 14-d rest period in each 
0.155 ha paddock.  Thus, there was a 28-d grazing 
cycle in all the experimental units.  Estimates of 
pasture performance are averaged for 28-d cycles  
(for Year 1, a 14-d grazing cycle was used and 
pasture estimates were averaged across the 14-d 
cycle).  
 
Management of Goats in the Study Area 
 
In Year 1, 32 18-month old animals were dewormed 
with cydectin at a rate of 1 cc per 9 kg animal weight.  
Iron (Ferrodex 5 ml/23 kg) was given to each animal 
one week before assignment to pastures.  For Year 2, 
the same deworming program was used; however, 
these animals were 24 to 30 months old.  The animals 
were bred at Florida A&M University Research, 
Education, and Community Development Center in 
Quincy, Florida.  Animals were assigned randomly to 
treatments but balanced for average weight of 
animals.   

For Year 1, the average initial weight of the animals 
was 23 kg (0.08 AU) (Pratt and Rasmussen, 2001).  
Animals were assigned to pastures on September 27, 
2005.  For Year 2, 32 animals were selected 
averaging 45 kg initial body weight (0.17 AU) and 
assigned in August.  Each paddock within each 
experimental unit was grazed by the assigned 
stocking rate of 3 goats/0.155 ha and 5 goats/0.155 
ha, Boer x Spanish crossbreds.   
 
Data Collection for the Goat Weights 
 
Live weight data was collected for goats during a 2 
year study.  For Year 1, initial weights of animals 
were collected before they entered into the grazing 
trial and another weight was taken 6 weeks later at 
the end of the grazing trial.  For Year 2, goats were 
weighed at the beginning and every 28 days after 
being introduced into the paddocks.   
 
Statistical Analysis 
 
Live weight data was used to calculate the average 
daily gain (ADG) and weight gain or loss of animals 
over the grazing period.  Average daily gain was 
calculated using the following formula: 
                       
ADG =          F W – IW 
                  # of grazing days 

 
Where ADG = Average daily gain, FW = final 
weight, IW = initial weight 
 
Animal performance responses were analyzed using 
the Proc Mixed of SAS at the 0.05 probability level.  
The treatments were shade (shaded versus unshaded), 
stocking rate [high (5 animals per 0.155 ha) and low 
(3 animals per 0.155 ha)] and dates in two 
replications.  Average weight for the animals over the 
entire grazing period was also analyzed using 
analysis of variance (ANOVA).  Regression analysis 
was also done on the weights collected for the 
animals during Year 2.   
 
 
RESULTS AND DISCUSSION 
 
For Year 1, there was no significant difference in 
ADG of the animals for the shade treatment (P = 
0.124) or stocking rate treatment (P = 0.673).  
Animals in the shaded area lost an average of 0.017 
kg d-1 while the goats in the unshaded area gained an 
average of 0.016 kg d-1.  Goats in the low stocking 
rate gained an average of 0.004 kg d-1 while the goats 
in the high stocking rate lost 0.005 kg d-1.  
Kallenbach, et al, (2006) indicated that ADG of 
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heifers was the same for animals in the shaded and 
unshaded pastures.  There were no significant 
differences for the average weight gain/loss for the 
animals during Year 1 among the treatments (Table 
1).  The animals basically maintained their body 
weight.  These results were expected since the 
grazing period was very short and also the animals 
were older compared to yearlings or six month old 
animals that are expected to have faster growth rate 
(Gordon-Bradley, et al, 2008).   

 
Table 1.  Mean weight gain/loss (kg) of Boer x 
Spanish crossbred goats by shade and stocking 
rate during Year 1 of a 2-year silvopastoral study 
 

 
Stocking 

Rate 9/27/2005 11/8/2005 

Shaded 

19 
goats/ha1 30 29.77 

32 goats/ha 30 30 

Unshaded 19 goats/ha 29.55 30.45 

32 goats/ha 30 30 

 
1Converted from 3 goats/0.155 ha and 5 goats/0.155 ha paddocks  
respectively. 

 
For Year 2, the results showed a significant effect of 
stocking rate (P = 0.003) on ADG.  The animals in 
the low stocking rate gained an average of 0.047 kg 
d-1 while the animals in the high stocking rate  lost an 
average of 0.011 kg d-1.  Goodwin, et al, 2004, 
reported goats reared in a grass-only pasture had an 
average daily gain of 27 g d-1.   
 
The results from the regression analysis for Year 2 
data indicated that the 3 goats in the shaded pastures 
had a significantly greater weight increase than those 
in the unshaded pastures (either 3 or 5 goats/0.155 
ha) (equivalent of 19 and 32 goats/ha or 10 and 16 
goats per acre) over the grazing period (Figure 1). 
 
The results obtained showed that lower stocking rate 
performed better than the high stocking rate in Year 
2.  This result could be due to increased availability 
of forage for the goats, which may have led to 
increased weight.  Other factors, which may have 
contributed to these results, could be the handling of 
the goats prior to being introduced into a 
silvopastoral environment.   
 

 
 
Figure 1.  Mean weight gain/loss of Boer x Spanish 
crossbred goats during Year 2 of a 2-year 
silvopastoral study.  Regression equations for the 
lines were 3 animals unshaded (♦ y= 0.024 x + 
0.022); 3 animals shaded ( ■ y= 0.093 x + 0.75); 5 
animals unshaded (● y= 0.071 x + 0.69); and 5 
animals shaded (▲ y= 0.071 x + 0.69) 

 
 
CONCLUSION 
 
High stocking rates for both years caused weight loss 
in the goats, thus indicating that the stocking rate 
may have been too high for the paddock sizes used in 
this study.  Overall, a low stocking rate was best for 
the B x S crossbred goats evaluated.  Preconditioning 
of goats prior to the study may have significant 
impact on the performance of goats used in the study.  
Because of the nonsignificant impact of shade on 
goats (Figure 2), the silvopastoral system could be a 
viable option for goat producers. 
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Figure 2.   Goats grazing Bahia grass in widely 
spaced loblolly pine trees 
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ABSTRACT 
 
The goat is an extremely agile, gregarious, and 
opportunistic creature.  Management, through 
innovation and creativity, can successfully use those 
characteristics for the enhancement of lands.  The 
management goal encompasses all ecosystems, 
biological and environmental, and success depends 
on flexible management plans and the ability to re-
plan.  To accomplish this, biodiversity must be 
maintained, the physiology of plants and soil 
understood, and man must make environmentally, 
economically, and socially sound decisions (Savory, 
1998).  Goats, under control, are being used to 
enhance land productivity and encourage vegetative 
biodiversity.  
 
 
INTRODUCTION 
 
The use of goats in vegetative management can take 
on many diverse avenues.  Goats can be used for 
noxious weed abatement, rejuvenation of abandoned 
and eroded lands, edging of woody and forb species, 
fire breaking and fuel load reduction, poisonous/toxic 
plant eradication, and enhancement of timber-
producing forests through silvopasture and 
agroforestry techniques eliminating competition of 
unwanted species.  Goats can stabilize stream banks 
and riparian areas, clean along irrigation ditches, 
minimize old fence lines, clear farm ponds, create 
flyways for ducks and geese along with landscaping 
around homes, and clean land in citrus orchards, nut 
farms, and vineyards. 
 
 
ALTERNATIVE USES 
 
A management criterion is to know the nutritional 
value of plants and vegetative regrowth, and 
encourage a change from regression plant 
communities to succession plant communities.  
Biodiversity of vegetation provides year-round 
selection for goats avoiding problems such as those 
associated with monocultures.  The goat is truly an 
opportunity for man to manage.  
 

Energy, in pastoral-type agriculture is universal and 
can be used, stored, concentrated, or spread with the 
primary source being the sun.  To use the natural 
energy flow efficiently, it is vital to control:  the time 
of grazing/browsing, the area to be grazed/browsed, 
the season of grazing/browsing, the plant species to 
be grazed/browsed and the goat(s) that are being used 
for land management applications (Smith, 1986).   
 
Along with all of the goats’ vegetative activities, they 
provide mankind with meat, milk, fiber, skins and 
many other products (soap, cheese, creams, drums, 
gloves, etc.) used to enhance our lives.   
 
There are many factors affecting the vegetation 
distribution that make up various plant communities.  
The integration of knowledge from separate 
disciplines (ecology, plant physiology, hydrology, 
climatology, forestry, soils, economics, animal 
science, sociology, and wildlife) equals the 
ecosystem foundation blocks (water and mineral 
cycles, succession and energy).    
 
The basic forces that act on an agricultural enterprise 
are small amounts of energy.  This input acts as an 
amplification factor, thereby increasing the amount of 
sunlight harvested, converted to a useable form, and 
marketed. 
 
The biotic component is that of living organisms, 
plants, and animals.  The herbivore, through 
browsing and grazing, affects frequency of plants 
grazed/browsed, the degree of vegetation removal, 
plant species selected, and the quality and quantity of 
vegetation grazed.  Other factors include pollination 
and seed scattering by animals.  Decomposition takes 
place through other organisms (earthworms, 
nematodes, protozoa, bacteria, actinomycetes) which 
consume dead material and render it useful. 
 
The abiotic component (nonliving environment and 
exchange materials) affects vegetative distribution.  
These factors include the topography, altitude, 
exposure, insolation, precipitation, evaporation, 
evapotranspiration, and soil.  The water cycle is 
driven by energy from the sun and its distribution 
affects vegetation more than any other single 
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environmental factor.  There is a continuum between 
the soil, plants, animals, and the atmosphere. 
 
Plant growth requirements are sunlight and the ability 
of the soil to provide moisture, support, protection, 
and nutrients.  Vegetation that develops in an area is 
determined by soil characteristics such as texture, 
depth, slope, organic matter, pH, and chemical 
composition.  These soil characteristics are 
determined by soil formation affected by climate, 
vegetation, parent material, topography, time, and 
soil organisms.   
 
There are many environmental factors that affect 
vegetation distribution in relation to pasturelands and 
rangelands’ management.  To be considered are 
topography, slope, precipitation, wind erosion and 
soil mineral content.  Important land enhancement 
management decisions are influenced by the plant 
community and the factors that influence those 
communities. 
 
Soil fertility can be enhanced by grazing/browsing 
management as it increases the amount of organic 
matter in the soil.  As the percent of organic matter 
by weight increases, the percent of water-holding 
capacity by volume increases as does the extensive 
root system of plants.  If a specific nutrient is lacking, 
it can be added to the goat’s free choice chelated 
loose mineral supplement.  Soil nutrients get into the 
soil from the weathering of parent material, cropping 
practices, rain, dust, and wind and are recycled by 
plant roots in the subsoil.  Livestock deposit mineral 
supplements in manure as they eat about 50 pounds 
of mineral per year with 90% passing through as 
dung and urine.  Livestock redistribute nutrients in a 
browsing system.  Of the variation in species 
browsed, so varies the depth of the root system of the 
different plants and their ability to uptake different 
mineral elements.  Therefore, use good rotation 
management (Gerrish, 1999).  Manure helps increase 
the physical characteristics of the soil (aggregation, 
friability, tilth, increases water infiltration and 
retention and decreases root-knot nematodes and 
other plant root pests).  Healthy pastures, healthy soil 
microorganisms equals high quality vegetation. 
 
The quality and quantity of vegetation produced in a 
given time is dependent upon the amount of sun 
energy a plant can capture and convert to tissue 
(Table 1).  Plants need a leaf area to photosynthesize 
but a canopy cover of more than 30% can decrease 
vegetation production.  As  plants are browsed, 
recovery time is dependent upon soil fertility, season 
of year, soil moisture content, temperature, degree of 

defoliation, time of removal, animal species browsing 
and residual dry matter.   
 
Residual dry matter is the forage dry matter 
remaining after a pasture/rangeland/woodland has 
been grazed or browsed.  Different plant species 
(grasses/forbs/shrubs/brush/trees) vary in recovery 
time and climate effects’ recovery time.  When using 
goats in vegetation management, there are many 
times when the available species are three-
dimensional.  The correct amount of residual is 
needed for rapid regrowth yielding higher quality 
forage so that livestock per acre can be increased as 
well as animal performance.  There is a point of no 
return, approximately 2,000 pounds of residual dry 
matter per acre.  High residual may also slow 
recovery rate, as sunlight is hard to capture, old 
leaves are less efficient producers than new leaves, 
the ratio of non-photosynthetic material to green 
material, and the leaf:  stem ratio is stressed.  As the 
amount of mature vegetation increases in a system, 
digestibility decreases, crude protein decreases and 
rumen turnover rate increases, all having a dramatic 
effect on body condition of the goats.  In lightly-
grazed paddocks with a high residual dry matter, a 
decreased rate of net photosynthesis available for 
new growth, the old leaves shade the new ones which 
decreases production.  Leaf Area Index (LAI) is a 
valuable tool for assessing plant health.     
 
The livestock used in a browsing regime must be 
under control – where they need to be, how long they 
are to be there and the number of animals that need to 
be there.  The rate of plant species’ removal will 
affect the species returning to take its place in the 
ecosystem.  Perennial vegetation should be 
encouraged due to depth of root zone, ability to 
absorb and store water and build organic matter.  One 
does not want to overbrowse the plant and deplete 
root reserves, nor over-rest the plants and decrease 
biodiversity.  Caution is warranted at all times to 
avoid erosion and the creating of hydrophobic soils.  
In browsing management, use of animal behavior and 
herd effect allows concentrated animal energy input 
into a small area for a short period of time.  Animals 
of the same physiological condition need to be 
foraged as a mob and the quality of feed on offer 
needs to satisfy their physiological requirements.   
 
The physiological and psychological effects of stress 
on the goat have a major impact on production 
performance and health.  It is therefore critical to 
have a basic understanding of goat behavior (social, 
nutritional, environmental, etc.) so as to enhance the 
welfare and well-being of the goat.  The stockman 
needs to be observant, patient and understand that 
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individual or small mob dynamics do not necessarily 
work with large commercial mobs; therefore, use 
caution when drawing conclusions. 
 
When using goats for ladder fuel reduction, fire 
breaking, weed abatement, or riparian area 
restoration, there are basic behavioral patterns that 
can be used to enhance utilization of the goats or to 
curtail problems before they arise. 
 
The selection of environmentally-adapted goats and 
goats in good physical condition with structurally 
correct conformation is conducive to success.  When 
placing goats into a new area (fenced with portable 
solar powered electric polywire, or netting, parked on 
horseback with herding dogs) let the livestock 
guardian dogs check out the area first.  As the dogs 
complete their rounds, then let the goats in.  Once in 
the new area, the goats will circle the fence line and 
check out the vegetation.  Then they will begin 
browsing.   
 
In plant selection, goats eat from the tip of the plant 
toward the base selecting the highest quality plant 
and plant part the first time around (Table 2).  They 
eat the seed heads from grasses and forbs and select 
flowers of thistles and some brush species.  Mobile 
lips and bipedal capabilities afford them the ability to 
select young buds, create a 6 to 8 foot browse line, 
and knock down larger diameter vegetation high in 
cellulose and lignin. 
 
When browsing, they are always on the move, 
nibbling on one plant but on the lookout for the next 
selection.  They consume vegetation from the outside 
perimeter toward the center of an area, cautious not 
to put themselves in a situation they cannot see out 
of.  This behavior relates back to the predator/prey 
concept they have evolved with.  Goats will turn, face 
an attacker, and become aggressive.  When herding 
on foot or with herding dogs, be cautious with the 
amount of pressure exerted as it forces them into the 
attack mode and they will attempt to escape.  If an 
escape happens, let the individual return to the mob 
on its own accord.  The goat is a social animal 
(bonded to the mob), wants to be part of a group and 
does not want to be out there alone.  The stockman 
needs to know why the individual left the mob and 
correct the situation immediately so as to not 
encourage others to escape.  Be conscious in rolling, 
hilly terrain to move goats uphill, or at an angle 
across a slope when coming downhill.  They 
naturally select the highest spot geographically for 
afternoon naps and night camps, it affords safety 
without obstruction. 

Be sure the goats are trained to an electric fence 
before expecting them to respect the fence.  Take into 
consideration when using “fencing” that browsing 
behavior, time spent browsing, rumination time, 
lounging time, and flow pattern of motion will 
change.  Fresh water needs to be provided at all times 
in smaller troughs with a high rate of recharge.  Goats 
can consume more than a gallon to a gallon and a half 
of water a day when it is hot, dry, and/or the 
vegetation is decadent, highly lignified, or fibrous.  
This consumption helps keep the rumen microflora 
colonized, increasing the digestion of cellulose and 
lignin.  If you are in a situation where night corralling 
is to be used, it is important to have on offer a 
supplement, preferable forage, as intake will be 
decreased and body condition score will decline; 
goats are continuous browsers.  They browse for 
several hours, chew their cud, and return to browsing. 
 
Goats have minimal subcutaneous fat and are 
susceptible to climatic changes of wet and cold.  
They will seek shelter during inclement weather so 
be sure a brush canopy, trees, or rock outcroppings 
are accessible.  If not, be responsible and creative 
with portable shelter.  Older goats with a high body 
condition score can manage about 48 hours of 
extreme weather but younger animals and goats in 
poor body condition can succumb to death in about 
12 hours.  They cope with heat and humidity quite 
well but change browsing patterns and time of 
browsing (including plant selection) as the 
temperature soars.  Trees and rock outcroppings 
afford some relief.   
 
There is a dominance structure within the mob and 
they will form small familial “groups” within the 
larger social structure of the mob itself.  This is very 
crucial for young animals as bonding teaches browse 
selection, establishes browsing territories, encourages 
various athletic habits, and increases survival rate 
(Kilgour and Dalton, 1984). 
 
Sensory capacity of the goat comprises smell, taste, 
sound (above the range of human hearing), vision 
(enhanced peripheral vision), vocalization, body 
language, touch, and group size. 
 
Time and patience is a virtue.  Goats can be taught to 
adapt to change:  herding on horseback or bicycle, 
loading readily into a stock trailer, decrease of social 
interacting space, and the ability to cope with 
individual stress for a short period of time.  
Temperament is not only a heritable trait (25%), but 
can be enhanced by imprinting at birth and creative 
insight of the herdsman.  Give the goats time to 
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assess the situation, they do make calculated 
decisions.  
 
Environmental stresses (heat and cold, weather – 
precipitation and humidity, nutrient density, quality 
of feed on offer, predation, travel – activity and 
topography) will cause economic loss.  The major 
losses are decreased reproductive performance of 
both males and females, inability to maintain body 
condition score, decreased growth rate of offspring, 
increased incidences of internal parasitism and a 
suppressed immune system. 
 
Before starting a land enhancement project with 
goats, a goal for the land is established based on site 
analysis, water catchment, and erosion consequences.  
Soil texture should be noted as it affects rainfall 
infiltration and soil percolation capabilities.  The 
final landscape goal is described along with the 
individual(s) owning the lands.  It is at this point in 
time when an experienced service provider will do an 
initial site survey analysis, stay in communication 
with the landowner, and make the final decision as to 
whether livestock are the best solution to attain the 
final landscape goal.  The management goal 
encompasses the use of all ecosystems with the 
success of the project centering around the flexibility 
of management plans and the ability to replan.  
 
As a service provider (owner of the livestock), you 
must be successful not only as a land and livestock 
production manager but also as a business manager.  
The most important first step of any business venture 
is a plan.  If you do not have a plan, how do you 
know in which direction to proceed and how do you 
know when you’ve gotten there?  And during the 
planning process, research is conducted and a lot of 
firsthand contacts made.  You need a financial plan 
so that enterprise evaluation can be incorporated into 
the business decisions.  With a financial plan, a profit 
and loss statement is generated indicating gross 
margin – gross income and variable and fixed 
expenses.  In the planning process, stock flow, stock 
allocation and the valuation of the different classes of 
stock are obtained in a “before and after” inventory 
assessment. 
 
Why bother to do a business analysis?  Since 
consistency and predictability of production 
management is the major goal, it will produce the 
gross revenue generated for each business faction 
within your plan.  The analysis will show the cost of 
generating the revenue and the net profit for each 
business segment.  The important factor is obtaining 
reasonable return for the time spent and the ability to 
consider your effectiveness and, if necessary, the 

information that might lead you to pursue other 
options. 
 
As you are progressing with your business plan, you 
will be developing goals and objectives for the 
business.  The goals you set should be realistic, 
attainable, and your production management land 
enhancement business sustainable.  You are 
developing a business that must be marketable, 
economically feasible and able to produce the results 
for prospective clients.  To successfully solicit the 
business, an understanding of many facets of “paid to 
graze/browse” are necessary (Peischel, 2006). 
 
A major determining factor to the success of the 
business is that innate ability of the provider to do a 
quality assessment of the environmentally adapted 
plant communities on site.  From this information 
will come a browse preference list including the time 
of year the livestock (and class of livestock) are most 
likely to select or prefer the vegetation in the water 
catchment area.  In the identification of vegetation 
composition and succession plant communities, 
poisonous plants and their toxins need to be 
identified along with the target plants.  Soil texture 
and rainfall factor into erosion consequences if the 
percolation and infiltration capabilities are not 
understood.  The sites need to be monitored, 
including an initial set of monitoring points.  
Vegetation monitoring can be through the use of 
photo points, transects, LandEKG (Orchard and 
Mehus, 2001), greenline vegetation composition 
measurements (USDI, 2000), water quality, the list is 
endless.  Within this monitoring process, basal and 
canopy cover are assessed as is ladder fuel and fuel 
continuity. 
 
The provider needs to know the amount or total of 
browsable/grazable biomass as part of costing out the 
project.  It is the provider’s responsibility to ask 
about the previous history of the site in question 
(previous livestock usage to reference disease 
potential, soil or water contaminants). 
 
A base map of the area and specific sites under 
consideration is required.  On this map, the perimeter 
is defined, ecological constraints and exclusions are 
noted and the topography detailed.  This equates to 
the understanding of fire ecology and identification 
of shelter for inclement weather.  Wetland(s) 
regulations need to be championed, EPA and NEPA 
requirements fulfilled, the ESP endorsed, Fish and 
Game Conservation corridors and zoning restrictions 
respected.  Neighbors and adjacent landowners need 
to be fully informed as to the intentions of the 
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landowner anticipating the use of livestock lands’ 
enhancement. 
 
Animal welfare and the issues related to the health 
and well-being of livestock are the first and foremost 
priority of the provider.  A health maintenance 
program should be in place, internal parasite 
assessment current and no known zoonotic diseases 
or other transmissible diseases present.  Body 
condition scoring (BCS) is a top priority before going 
into a browsing project and monitoring the condition 
of the goats throughout the duration.  The body 
condition of the goats at the initiation should be a 
BCS 6 (out of a possible BCS 9) and not drop below 
a BCS 4.  Healthy animals are an asset to a land 
enhancement endeavor. 
 
It is also important for the provider to select the 
correct species, breed, age, and class of livestock to 
be used in a prescribed herbivory venture.  Animals 
that are adapted to the environment, climax 
vegetation, and topography are an asset.  Those 
individuals or a mob that has experience working on 
previous projects is of great value (Provenza, 1992). 
 
Effective livestock guardians are of utmost value 
when working in an extensive, isolated, or predator-
infested habitat.  Remember that the most dangerous 
of all predators are domestic dogs that have joined as 
a pack to kill for the “thrill.”  The species and breed 
of the guardian required will be dependent upon the 
class of livestock to be protected, topography, and 
type of predator (nocturnal or diurnal).  Age, level of 
experience, and number of guardians needed is based 
upon species and aggression of predator, herd size 
and management practice (portable, solar powered 
electric fencing/herding).  A livestock guardian dog, 
less than two years of age, should not be asked to put 
their life on the line for livestock.  Let them have the 
time to gain experience from a successful, competent 
mentor and be used as visual backup until they are at 
least two years old.  As the number of guardians in 
use increases, each dog will find its niche in the 
working scheme of the mob.  Understand each dog’s 
duty within the mob before adding or deleting a dog 
from a functioning group.  Livestock guardian dogs 
will need to be fed a high energy, high protein food 
daily.  The dog food should not have ruminant animal 
protein as an ingredient.  Each dog requires its own 
feeder spaced to prevent squabbling at feeding time. 
 
Forest Management 
 
There are various tools that can be used to minimize 
the damage done by fire to grasslands, rangelands, 
forests, homes and personal property.  The tools 

range from mechanical (bulldozers, masticator 
machines), hand cleaning (Weed Eaters, chain saws), 
wildfire landscape design, herbicides (labeled for 
forbs/shrubs/woody species), prescribed burns and 
livestock.  Each tool has a specific use and place in 
management.  A vegetative survey analysis is done, 
and an assessment made for the use of each tool. 
 
Fire protection and mitigation is a factor that should 
be built into the management plan of ranches, farms 
(crops, trees, and livestock), subdivisions and 
secluded home sites but particularly the 
urban/wildland interface.  This interface (the I-Zone) 
has a policy for zoning and the establishment of 
subdivisions (Slaughter, 1996).  Self-help, 
neighborhood teamwork and an understanding of 
nature make for mitigation approachable.  The 
consequences of fire: erosion, floods, biological 
devastation (vegetative, wildlife) should be curtailed 
instead of accepted as the outcome of fire. 
 
Fire prevention (and minimizing the damage) 
encompasses selecting the correct home site, zoning 
ordinances that are respected, landscape planning and 
design with mixed plant species, fuel discontinuity, 
fuel load reduction and fire breaking.  All approaches 
must take into consideration climate, topography 
(slope, soil, elevation), vegetation (drought-tolerant 
plants, plants adapted to fire and plants that can be 
managed to minimize fire travel) and fire frequency 
in the area. 
 
Goats are only one in many management scenarios 
that can be used to curtail the devastating loss created 
by fire (Peischel, 2004). 
 
Fuel Load Reduction   
 
Fuel load reduction references a reduction and 
lowering of ladder fuels (through pruning) and 
minimizing down material (through removal or 
mulching).  Ladder fuel is vegetation growing under 
(understory, basal canopy) or in stands of trees that 
will ignite, travels up the tree and crown fire.  Crown 
fires can generate their own weather and consume 
thousands of acres.  They are extremely difficult for 
fire suppression teams to contain.  The reduction of 
down material can be accomplished by removing 
“snags” out of standing timber, firewood cutting of 
downed trees, the physical removal of downed trees, 
or the use of livestock to break down and mulch-in 
slash material. 
 
Goats used for fuel load reduction are managed to 
remove dense understory (brush, shrubs, and forbs) 
and lower branches to prevent “laddering.”  This 
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technique takes time, and time relates to the 
biological control of reduction and returning to sites 
being reduced.  On occasion, it can mean the 
supplementation of protein or energy for the goats 
(depending upon the class of goat used and time of 
year).  A free choice, loose chelated mineral mix 
needs to be available.  It is balanced based upon 
profiles of soil, vegetation and livestock analyses.  
Depending upon the vegetation, young tree 
plantations or older plantations, the management can 
be over several years.  Management includes a return 
maintenance program.  Depending on the vegetation 
type, sheep or beef cattle may need to be added to the 
regime. 
 
Eliminating the ladder fuel gradually prevents soil 
erosion, and enhances rainfall infiltration and even 
percolation through the soil interface.  As the goats 
work through an area, they are also working the 
understory – old pine needles and leaves, breaking 
lower branches and splitting apart old downed branch 
material.  Vegetation that returns can be perennial 
grasses, some annual grass species, evergreens, and 
many forb species. 
 
Fuel Discontinuity.  This management approach of 
fuels breaks the continuity of flammable cover.  The 
special distance of canopy cover between trees and 
shrubs is managed to keep a potential fire low and 
non-crowning.  The reduction (and/or removal) of the 
lower growing species can also be minimized.  The 
vegetation is managed to maintain a low profile, 
controllable so that backfiring is easier, or kept in a 
growth phase enhancing a higher water holding 
capacity within the plant.  Once an area has been 
brushed by the goats, it can be maintained to be 
a”living” green belt. 
 
Fire breaking.  Management of vegetation in an area 
to establish a firebreak is intensive both on the 
vegetation and livestock phases.  In a firebreak 
regime, the goal is to prevent a fire from going any 
further – not to cross or jump the break line, a 
controllable situation.  This technique requires an 
understanding of fire behavior to determine where the 
breaks need to be established. 
 
An assessment takes into consideration an evaluation 
of fuel flammability, heat intensity and duration, 
ignition temperatures (airflow and rate of heating), 
heat of ignition (fuel size distribution, live:  dead 
material ration, moisture content of fuel) and heat 
transfer (interaction with topography).  For example, 
tunnels and chimneys in canyon or saddle areas need 
completely different types of firebreaks than grass or 
rangelands. 

With the goats, the goal is elimination of vegetation 
to slow the oncoming fire down, decrease the 
intensity and allow a fire crew access to an area so 
they can successfully contain a fire.  Surveillance of 
goats to maintain a positive BCS is critical.  BCS 
cannot fall below a BCS 3 when using experienced 
wethers.  A good firebreak will help the “mop-up 
crew” coming in after a fire.  After the mop-up crew, 
a fire site analysis has to be completed, erosion 
containment planned, reseeding, replanting, wildlife 
habitat reestablished, water tested for quality and 
stream health assessed. 
 
Utilization of goats as a tool to assist in fire 
prevention, mitigation and/or control is not an 
overnight remedy.  Proper planning, site evaluation 
and working goats takes time.  The number one 
concern is maintaining the health, welfare and body 
condition score of the goats. 
 
Stream Bank Restoration 
 
In the process of restoring a dry stream to a perennial 
stream, ecological phases are changed slowly over 
time (Peischel, 2004).  The process can take from one 
to three years to approach the ephemeral stream 
phase depending on steepness of banks and density 
and type of vegetative species.  It may take another 
four years until the ephemeral stream begins to flow 
as a perennial stream.  The process is “in and out” 
throughout the seasons and over the years.  Factors 
taken into consideration are:  angle of the stream 
bank, soil type and structure, physical size and 
weight of the goats, time of year (erosion avoidance), 
the plants that need to be minimized and when the 
goats prefer to consume them, species of vegetation 
returning to stabilize the stream banks, rate of water 
flow, temperature of the water, and turbidity. 
 
Once the stream bank has become stabilized, it can 
be maintained by the management of vegetation with 
goats to keep the water flowing, minimize insect 
populations and improve the quality of the water.  It 
is advisable to not let goats consume water from 
streams or ponds but to provide access to fresh water 
daily. 
 
Eradication of Noxious Vegetation 
 
Before starting an eradication process, understand the 
physiology of the plant selected, the reason it is 
present within the area and the probable vegetative 
species that will take its place in the landscape 
mosaic.  It is at this point in time where class of goat 
becomes relevant (Peischel, 2004). 
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Yellow star thistle (YST, Centaurea solstitialis) 
consumes hundreds of thousands of acres in 
California and other western states.  It is an invasive 
plant that invites itself into over-grazed and under-
rested pastures.  Goats and sheep can be used to 
readily minimize the plant but it is not preferred by 
cattle.  YST does not handle browsing pressure and 
does not like shading; therefore, as the small 
ruminants graze it down and other vegetation begins 
to return, the YST minimizes.  Although, it is a high 
quality plant, under the right situation it can be used 
for weight gain on wean-offs and flushing does 
before breeding. 
 
Dog fennel (DF, Anthemis cotula) grows quite 
aggressively in shaded areas, has a rank odor and is 
preferred by young bucklings.  During a growing 
season, it can be eliminated from along old hedge 
rows and within Christmas tree plantings. 
 
Poison oak (PO, Toxicodendron pubescens) is very 
toxic to humans with an allergic reaction to the oils 
of the plant, whether touched or fumes from being 
burned.  Mature goats will eat the dead leaves and 
growing tips of the plant whereas the young kids will 
eat young buds and fresh young leaves.  Therefore, it 
is advantageous to run does with kids through an area 
where poison oak eradication is needed. 
 
Vinca (Vinca minor) is not readily selected by goats; 
they prefer to pass it by when cruising an area for 
browsing.  The plant cannot tolerate trampling and 
can therefore be pugged (intentional walked on) out 
in a short period of time.  If pugging is done before 
flowering, the process will be more successful. 
 
Ferns (consisting of hundreds of genera and 
thousands of species) are very abundant in woodlands 
of the eastern and western regions of the U.S., 
therefore it is pertinent that identification be obtained 
before engaging in land enhancement.  Some ferns 
are toxic, others have anthelmintic properties and 
some are hematologic.  Goats can be used to 
minimize ferns in the understory of forests but only 
after identification, knowledge of toxic element and 
exact time to browse the plant.     
 
It should be noted, as a browsing plan is put into 
place, that for every 400 feet in elevation, there is a 
4-day delay in plant physiology. 
 
 

CONCLUSION 
 
The most important concept to remember is that 
sustainability through biodiversity must persist over 
generations and flexibility enhanced.  Renewable 
resources are to be used wisely with pollution rate 
kept to a minimum.  Brush, range and pasture 
management is based on the physiology of the plant 
and the ability of man to make social, environmental 
and economically-sound decisions. 
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Table 1.  Chemical Composition of Various Plants Browsed by Goats (%) 
 

Browse Type  Crude Protein Neutral Detergent 
Fiber 

Calcium Phosphorus 

Multiflora Rose 
Rosa multiflora 

18.8 34.5 0.99 0.32 

Honeysuckle 
Lonicera 

12.8 34.5 1.12 0.30 

Brambles 
Rubus 

15.9 24.5 0.23 0.84 

Black Locust 
Robinia pseudoacacia 

23.0 44.0 1.26 0.21 

Privet 
Ligustrum 

18.0 26.8 0.89 0.34 

Green Briar 
Smilax 

17.0 39.5 0.60 0.18 

Trumpet Creeper 
Campsis 
 

16.7 
 

43.1 0.42 
 

0.22 
 

 
 
Table 2.  Browsing Calendar (based on the goat) 
 

Species Preferred Time Not Preferred Notes 
Yellow Star Thistle 
Centaurea solstitialis 

Leaf phase through 
seedhead production 

Cane heads are dead 
and empty 

All ages and classes select 
first at various growth 
phases 

Scotch Broom 
Cytisus scoparius 

Before flowering and 
after fall dieback 

Flowering Caution using young 
doelings and pregnant 
does 

Chamise 
Adenostoma fasciculatum 

Fall, winter, spring Mid to late summer  

Buckeye 
Aesculus californica 

Fall as leaves dieback 
and seeds drop 

Green and productive Toxic when green 

Tamarisk 
Tamarix 

New shoots and young 
branches 

Old decayed plants Continuously barking and 
trampling 
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INTRODUCTION 
 
The single most significant variable cost in any 
livestock operation is feed cost.  It averages 45% of 
the variable cost of an operation including labor costs 
or is about 64% of the variable cost of an operation 
excluding labor.  Any management practice that can 
reduce feed cost will significantly improve profit.  In 
this technical paper, the major points in the nutrition 
of goats are discussed to help you understand the 
digestive system, feeds and feeding of goats. 
 
 
THE DIGESTIVE SYSTEM OF RUMINANTS 
 
The goat belongs to a group of animals called 
ruminants that have a 4-compartment stomach (Fig. 
1) and a unique ability to digest roughages containing 
relatively large amounts of cellulose.  Cellulose is the 
chief part of the cell walls of plants and a potential 
source of energy for ruminant animals.  The digestive 
system of ruminants contains millions of bacteria and 
protozoa that can digest and manufacture a variety of 
nutrients. 
     

 
 
Figure 1.  Goat’s stomach 
 
The first compartment of the goat’s stomach 
representing about 80% of the total stomach area.  It 
is the main site of fermentation.  Bacteria and 
protozoa provide enzymes that can break down fiber 
and other parts of ingredients.  Volatile fatty acids, a 
major source of energy to ruminants, are produced 
and absorbed there.  Rumen microbes can also 
manufacture most of the vitamin B complex, vitamin 
C, and vitamin K. Bacteria and protozoa themselves 
are sources of protein (microbial protein) for the 
animal.  The reticulum is the “honey comb” or 

second stomach.  It is located below the entrance of 
the esophagus to trap any heavy metals entering the 
rumen.  It is also called the hardware stomach.  The 
omasum is the third stomach.  It has many hanging 
layers of tissue, which gives it the name “many 
plies.”  The major function of the omasum is 
absorption of water.  The abomasum is the true 
stomach.  It contains acids and enzymes that break 
down feed material just as in single stomach animals. 
 
 
REQUIRED NUTRIENTS 
 
Nutrients in feed are divided into six classes: protein, 
carbohydrates, fat, vitamins, minerals, and water.  
Carbohydrates and fats provide energy.  Protein is a 
source of nitrogen that is required by the body for 
muscle growth, milk production, disease resistance, 
reproduction, and body maintenance.  Protein is the 
most expensive part of the ration and usually it varies 
between 12-16% of ration dry matter depending on 
two major factors: (1) physiological stage of the 
animal (pregnant, lactating, and growing) and (2) 
forage quality.  Urea and other non-protein nitrogen 
can be utilized by the microorganisms of the rumen 
to produce microbial protein, which is a source of 
nitrogen for the host animal.  
 
Energy requirements of ruminants mostly come from 
the fermentation of fibrous carbohydrates in the 
rumen and the rest comes from starch and fats.  
Energy is measured by total digestible nutrients 
(TDN), digestible energy (DE), and the net energy 
(NE) system.  TDN accounts only for loss of energy 
in feces, whereas net energy accounts for energy lost 
in feces, urine, gases, and the work of digestion.  
Energy is required for maintenance, growth, 
production, and reproduction.  
 
Vitamins are very important nutrients in the diet.  All 
of the vitamin B complex and vitamin K are 
produced in the rumen, and the body manufactures 
vitamin C.  Therefore, only vitamins A, D and E are 
of concern in ruminant nutrition and should be 
supplemented in the ration.  
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Minerals of major concern are calcium, phosphorus, 
and sodium chloride (salt).  It is recommended that 
these minerals be mixed with the concentrate mix.  
The calcium to phosphorus ratio in the ration should 
be kept at 2:1.  A good mineral mix will contain 
equal parts of salt and dicalcium phosphate.  Trace 
mineralized salt may be used for trace mineral 
supplementation at .5% of grain mix.  Certain trace 
minerals such as copper and selenium should be 
supplemented not only for their nutritional 
contributions to the animal, but also for enhancing 
the immune system in goats.  
 
Water supply is critical for livestock, either in 
confinements or on pasture.  Clean water should be 
available in each pen indoors or on each paddock or 
pasture outdoors.  The water intake of goats may vary 
depending on the season of the year or ambient 
temperature.  Goats, like other livestock, require 
more water during the warm season compared to 
other times of the year.  The average daily intake 
varies between 1.5 to 2 gallons, and it may increase 
to 2 to 3 gallons in hot weather.  While in the pasture, 
the water source should be located ideally within 700 
to 900 feet walking distance for goats.  Drinking 
water provided through surface water sources such as 
ponds and creeks should be free from bacteria and 
pesticides (cropland runoff) that are potential hazards 
for goats.  The water quality of wells and springs can 
also be a problem due to cross contamination with 
bacteria and nitrates from septic tanks and milk house 
wastewater.  Good, clean water should be provided to 
the animals at all times. 
 
Feeds 
 
A ruminant’s diet consists of roughages and 
concentrates.  Since 45% to 64% of the cost of 
production is feeding, good feeding management can 
reduce the cost of production significantly.  
Roughages are included in the diet, especially in 
small ruminants such as goats to reduce the risk of 
digestive disturbances.  Foraging preferences of goats 
encompass a wider spectrum of plants than for other 
ruminants. 
 
Goats are inclined to forage or browse from the top 
downward on a plant; therefore, consider making it 
an effective biological herbicide for controlling many 
undesirable plants and/or shrubs.  As selective 
browsers, their grazing behavior facilitates their 
ability to survive under more harsh semi-arid 
conditions than either sheep or cattle. 
 
Goats are good browsers and can selectively utilize a 
wide variety of shrubs, woody plants, weeds, and 

briars.  Depending on the management system, you 
may use pastures, dry forage (hay), and silage or 
haylage.  Silage and haylage in moderation and along 
with other roughages are very good sources of 
roughage for goats.  Very young goats (up to 5-6 
months of age) should not be fed silage.  
 
Goats have a special interest in garden products and 
they can be effectively incorporated into their diet.  
Rape, kale, or beets commonly are added to the diet 
of the animals.  Under controlled feeding, these 
animals adapt well to by-products and surplus feeds 
including discarded produce.  Some surplus or 
damaged produce like carrots, artichokes, and turnips 
should be used with caution.  
 
Cabbage contains goitrogens, which may interfere 
with thyroid hormones and should be limited to 30 
percent of total dry matter intake.  Beets are very 
palatable to goats and up to 1 kg DM per day can be 
consumed without any problems.  Avoid feeding 
clippings from rhododendron or prunings from 
cherry, apricot, or peach trees because when wilted, 
they may be toxic to goats.  Sweet potato forage and 
its mixture with grasses provide an inexpensive 
source of nitrogen in the diet of growing goats. 
 
Pastures 
 
A pasture is the lowest cost feed if grazing is 
permitted.  There is no need for harvesting, storage, 
or feeding.  However, pastures need to be limed, 
fertilized, and clipped on a routine basis.  Utilizing 
pastures as a major portion of the forage feeding 
program reduces the cost of meat goat production 
significantly. 
   
The soil and climate in most southeastern states, 
California, and the Midwest are favorable for growth 
of a wide range of productive, high quality grasses 
and legumes suitable for grazing.  Pastures can be 
grazed either continuously or rotationally.  
 
Under a continuous grazing system, animals are 
allowed to graze the pasture throughout the grazing 
season, and the number of animals grazing per acre 
(grazing intensity) is predetermined to allow 
sufficient regrowth.  Under-stocking and 
overstocking may alter the output in terms of animal 
production.  Under-stocking will result in more 
mature plant stands in the pasture having higher fiber 
content, low protein, and energy content.  Under-
stocking is also associated with low digestibility, 
thus, lower quality pastures.  Also, trampling 
associated with under-stocked pastures results in 
herbage waste.    
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Overstocking reduces available forage per animal and 
may not sustain optimum animal production.  In 
addition, parasite management is intensified under 
the overstocking system of grazing.  Thus, the 
parasite burden may be increased if proper measures 
are not practiced for parasite management.  Producers 
should be aware that the proper stocking rate in terms 
of maximum animal gain usually is not the same as 
maximum gain per acre.  Higher stocking rates may 
reduce individual average daily gain (ADG) but 
increase maximum gain per acre, as indicated in 
Table 1.  
 
Table 1.  Goat performance on ryegrass pastures 
 

(Bransby, et al, (2006)) 
 
Rotational grazing, or controlled grazing, is an 
economical way to provide forage for goats; 
however, it requires careful planning, fencing, and 
intensive management.  This system allows goats to 
rigorously graze a pasture and be rotated either to a 
rest paddock or to another similar pasture.  This 
permits plants to regrow on the grazed pasture.  The 
timing of animal rotation is based on the growth 
characteristic of the forages in the pasture and 
sometimes may depend upon the parasite cycle that 
prevails in that environment.  Perimeter fences are 
required to hold animals in pastures and protect them 
against predators; however, rotational or controlled 
grazing requires temporary or interior fencing to 
subdivide the pasture into paddocks for rotation.  For 
proper fencing and subdividing the pasture, see Gay, 
et al (2003). 
 
Dry Forages 
 
Dry forages added to high concentrate diets can 
increase rumen buffering capacity and, therefore, 
optimize rumen fermentation and improve animal 
performance.  Dry forages are hays, pelleted forages 
and some by-products such as straws and hulls. 
 
Grass hay usually is of a lesser quality and feeding 
value than legume hay.  Goats tend to eat pelleted 
and chopped hay more than long hay.  The stage of 
maturity of forage cut for hay can influence its 
feeding quality.    
 
Legumes (alfalfa, clover) and grass (Bermuda and 
Bahia) are good sources of hay for goats; however, 

endophyte-infected fescue should be used with 
caution.  Feeding better quality hay allows lowering 
the protein content of the grain mix fed and, thus, the 
feed cost.  Factors influencing quality of hay include: 
1) date of the harvest; 2) leafiness; 3) lack of seed 
head; 4) absence of coarse stems; 5) lack of foreign 
material and 6) green color. 
 
Straws, most hulls, and stovers are of lower quality 
(digestibility) but not necessarily of low value in 
mixed feed.  Cottonseed hulls have higher 
palatability and feeding value than peanut hulls and 
oat hulls.  Soybean hulls (an exception) in 
combination with hay are excellent forages for goats. 
 
Browse 
 
Goats prefer foliage from trees and shrubs.  These 
novel dietary ingredients are rich in nutrients, 
although they often contain high levels of plant 
toxins and anti-nutritive factors.  A possible collateral 
benefit of browse materials containing secondary 
compounds is in reducing internal parasite 
infestations.  Goats select strongly for tree foliage, 
shrubs, forbs, flowering parts, seeds, and nuts when 
they are available.  Available browse can serve as a 
supplement in pastures with declining forage quality 
help and sustain grazing animal performance.  
Conversely, use of predominant browse pastures can 
be improved by supplementation with conventional 
feeds (e.g., barley) to reduce secondary compound 
overload and provide limiting nutrients. 
 
Concentrates 
 
In addition to the roughage, grain mixes are required 
in the diet of growing and nursing goats.  This is the 
most expensive part of the diet.  Concentrate mixes 
are made of high energy or high protein feeds.  High-
energy feeds are all cereal grains, some root crops, 
flour mill and bakery by-products, and other food 
manufacturing by-products such as beet pulp and 
citrus pulp.  Vegetable oil or animal fats are also used 
to increase energy density of the diet; however, more 
than 7-8 percent fat in the diet may have a negative 
impact on rumen fermentation and depress fiber 
digestion. 
 
When forages or browse is low in energy, 0.5-1.0 lb. 
shelled corn or whole cottonseed (WCS) can be used 
as energy concentrates.  Whole cottonseed contains 
high levels of both protein (20 to 24 percent) and 
energy and requires no processing, which makes it a 
very desirable by-product feed.  Most of the energy 
in WCS is from fat.  Whole cottonseed also contains 
gossypol, a polyphenolic yellow pigment.  Research 

Stocking rate (n/acre) 8.0 10.4 13.6 16.4 
 

Total weight/acre (lbs.) 430 558 730 881 
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has indicated that WCS could have deleterious effects 
on male reproduction if consumed at higher than 15-
20% of the diet (McCrary, 1998).  
 
High protein feeds are alfalfa hay, alfalfa meal or 
cubes, and other high protein concentrates such as oil 
seed by-product meals (cottonseed, peanut, soybean, 
etc.) that may be more economical, especially for 
mixed rations.  Corn gluten meal has a poor balance 
of amino acids, whereas fishmeal and heat-treated 
soybean meal provide a good and beneficial source of 
protein.  Urea is a non-protein nitrogen that is 
efficiently used by microorganisms of the rumen 
during fermentation and protein synthesis.  When 
used correctly in goat feeds, urea can provide an 
excellent, cost-effective source of nitrogen.  Urea 
feeding should be limited to not more than 25 percent 
of required protein in the ration of nursing does.  
Urea does not provide energy in the ration; therefore, 
it should be included only with adequate soluble 
carbohydrates.  A ratio of N (nitrogen) to S (sulfur) in 
the diet should be monitored and maintained at 10-
12:1 when feeding urea.  Its use with low quality 
forages is not recommended unless adequate time for 
adaptation and other sources of readily available 
energy, such as molasses, are provided.  Also, it 
should not be included in the rations of young 
ruminants when the rumen is not fully functional.  
Ammonia toxicity can occur when a large amount of 
urea is introduced in the ration or the ration 
containing urea is improperly mixed.  
 
According to the developing Meat Goat Quality 
Assurance program, protein derived from ruminants 
and poultry litter (potential contamination with 
ruminant-derived protein) should not be fed to goats.   
 
There are numerous varieties of commercial protein 
supplements available such as by-product meals 
(most common in ration formulation), cubes or 
pellets, liquid supplements and blended and cooked 
products. 
 
Protein is the most expensive part of the diet; 
therefore, cost comparison, presence of other dietary 
components, palatability, feeding facilities, labor 
cost/convenience, and uniformity of intake must be 
considered.  Several commercial grain mixes are 
available for meat goat production; however, to 
reduce the cost of feeding, one should prepare his/her 
own grain mix.  Formulas for different grain mixes 
are available in this publication or upon request from 
many university extension personnel or by contacting 
a goat nutritionist in your area.  Grain mixes can be 
prepared according to the formula at different feed 
mills for volume production.  Trace mineral 

supplements should be provided at all times and 
should be ideally formulated specifically for your 
area. 
 
 
FEEDING PRACTICES 
 
Herd Sires 
 
Pre-breeding Season 
 
The majority of meat goat breeds are year-round 
breeders; however, breeding season may differ 
according to your breeding management.  A herd sire 
should be maintained on a balanced diet year-round 
for maintenance and growth.  Good quality hay, ad 
libitum, can supply these requirements.  The buck’s 
activities during the off-breeding season are limited, 
but as the breeding season approaches, necessary 
measurements should be taken to prepare the buck 
for his active season.  Depending on the condition of 
the animal and his prior plane of nutrition, good 
quality hay - free choice - and l to 2 lbs. of 14-16% 
protein mix will be sufficient. 
 
Supplementation should start as early as six to seven 
weeks or as late as two weeks prior to the breeding 
season, depending on the prior nutrition of the buck.  
This is because production of fertile sperm is initiated 
40 to 60 days before its deposition in the female 
reproductive tract.  Grain supplements should include 
a sufficient amount of vitamins and minerals.  Trace 
mineralized salt should be provided free of choice 
and preferably in loose form. 
 
Breeding Season 
 
In the breeding season, (which usually starts in 
August and lasts through December for seasonal 
breeders), activities of a herd sire are increased.  
During the breeding season, males engage in fighting 
other bucks and in breeding does, and may devote 
little time to feeding.  They draw heavily on body 
reserves.  Sometimes, they stop eating during the 
mating season and lose up to 17% of their body 
weight between August and October.  Breeding 
males may serve does up to 20 times a day and 350 
services seems to be possible in a limited breeding 
season. 
 
Providing good quality hay and 2 lbs. of concentrate 
mix containing 14-16% protein and adequate 
amounts of minerals and vitamins is essential.  The 
grain mix should contain 2,000 to 3,000 IU of 
vitamin A and 600 (IU) of vitamin D. Plenty of water 
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and trace, mineralized salt in loose form should be 
provided ad libitum. 
 
Post-breeding Season 
 
The herd sire should be removed from the herd no 
later than mid-January unless you are breeding year-
round.  You may start reducing his allowance from 
two to one pound of grain mix per day as early as 
November, depending on the animal’s condition.  If 
good quality hay is provided, the animal does not 
need an additional supplement mix.  However, if hay 
is of poor quality, provide one pound of grain (16% 
crude protein) for maintenance requirements. 
 
Kids 
 
The first three days after birth are the most critical 
days in the life of a newborn kid.  You may separate 
the kids from the doe immediately, or you may leave 
the kids with the mother.  If you separate the kids, 
you should make sure that they receive colostrum for 
the first three days of their life.  Colostrum is the very 
first secretion of the mammary glands.  It is very 
nutritious and contains high levels of protein, milk 
solids, globulins, fats, and vitamin A.  Most 
importantly, it contains antibodies against the 
diseases to which the doe has immunity.  It is critical 
to feed colostrum for the first three days for 
maximum protection against disease because the 
absorption of these antibodies stops after three days. 
 
Kids should nurse as long as possible or until 
weaned.  If a mother rejects the kid, colostrum should 
be fed three times a day, a total of 2 to 3 pints daily.  
Try to find a nursing doe to adopt the kid as soon as 
possible.  After three days, feed the orphan kid milk 
or milk replacer twice daily, not to exceed three pints 
per day.  When using a milk replacer, follow the 
directions for feeding.  Increase the milk replacer 
gradually if used.  Feeding milk or milk replacer 
could continue up to 8-12 weeks or up to the time 
kids are weaned or are able to consume .5 lb. of grain 
mix daily.  Provide a grain mix (kid starter, Table 2) 
containing high levels of protein (16%) and high 
levels of fiber (11%) as well as good quality hay to 
encourage rumen development. 
 
Yearlings 
 
Yearlings require nutrients for maintenance and 
growth if they are going to be replacement does.  
After weaning up to 6 months, continue feeding with 
kid starter .5 to 1 lb. /day and plenty of good quality 
forage and pasture.  Do not feed silage and non-
protein nitrogen at this age.  Fresh water should be 

available at all times.  Macro and micro minerals 
should be incorporated in the grain mix or provide a 
loose mineral mix. 
 

At 6 months of age up to the breeding age (9-10 
months), animals may require 1-1.5 lbs. of grain mix 
with at least 14% protein (grower mix, Table 3), 
minerals, trace minerals, and vitamins A, D, and E.  
Do not feed more than 1/4 of the protein requirement 
as non-protein nitrogen.  When yearlings are bred, 
they can be placed with pregnant does. 
 
Table 3.  Grower ration 
___________________________ 
Ingredient       % of ration  
Corn         50.0 
Alfalfa meal     15.0 
Oats           17.0 
Soybean meal      12.0 
Molasses       3.0 
Trace mineral salt       1.0 
Vitamins ADE       1.0 
Dicalcium phosphate       0.5 
Limestone       0.5 
Protein                         14 - 15 % 
 
Pregnant Does 
 
Meat goats require a little more attention at least 4-6 
weeks prior to the next kidding.  A good pasture, hay 
or silage as well as .5-1 lb. of 12% protein grain mix 
will be sufficient.  Do not use alfalfa as a sole source 
of forage during this period.  Alfalfa contains a high 
calcium-to-phosphorus ratio, which is not desirable 
for late pregnant does.  Does should be kept in good 
flesh but not fat during this period.  
 
 
 
 
 
 

Table 2.  Kid starter grain mix   
____________________________   
Ingredient            % of ration    
Cracked corn         29.0   
Crushed oats          29.0   
Wheat bran          29.0   
Soybean meal          11.5   
Trace mineral salt          0.5   
Dicalcium phosphate          0.5   
Vitamins ADE           0.5        
Protein                              15 - 16%   
Fiber (minimum)                     10%   
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Nursing Does 
 
During the first few months of lactation, animals 
should consume enough to meet their needs for milk 
production for nursing kids.  It is desirable to feed 
high quality legume or grass hay and a grain mix 
containing 16% protein and balanced for vitamins 
and minerals.  Nursing does should be fed properly to 
produce maximum milk and heavier weaned kids.  
Good pasture, browse, and garden products including 
root crops can be helpful.  Grain intake should be 
increased if needed to optimize kid growth.  Grain 
mix should be supplemented with 6 million IU of 
vitamin A and 3 million IU of vitamin D per ton. 
 
Table 4.  Grain mixes for nursing or lactating does 
(NRC, 1981) 
___________________________________________  
              Protein content % 
Ingredient %   14    16     18   
Corn Grain    37    35     32 
Oats grain    34    32     29 
Wheat bran    16    14     15 
Oil meal (soybean, linseed)  9.0   15     20 
Molasses    2.5   2.5    2.5 
Dicalcium phosphate   0.5   0.5    0.5 
Trace mineral salt   0.5   0.5    0.5 
Vitamins A, D, E   0.5   0.5    0.5   
 
 
FEEDING ACCORDING TO THE 
REQUIREMENTS 
 
For proper feeding management, herd should be 
divided into groups, such as growing kids, pregnant 
does, nursing does, and herd sires.  Also, having an 
average BW of each group will help to determine 
their average maintenance requirements.  Additional 
nutrients are needed for growth, pregnancy, and milk 
production. 
 
Growing goat kids require energy, protein, vitamins, 
and minerals for optimum growth and profitability.  
Determining quantities of these nutrients needed will 
enable you to determine how much of grain mix and 
hay should be used to support maintenance and 
growth.  Table 5 lists nutrients required for 
maintenance according to BW (NRC, 2006).  For 
additional weight gain, animals also need nutrients 
for growth.   
 Additional 0.55 Mega calories (Mcal) are needed 

for every 100 g gain/d.  It is less (0.48 Mcal) for 
local breeds. 

 Additional 57 g protein (CP) is needed for every 
100 g gain/d.  It is less (42 g) for local breeds. 

 Additional 2.8 g calcium (Ca) is needed for 
every 100 g gain/d.  It is less (2.7 g) for local 
breeds. 

 Additional 1.3 g phosphorus (P) is needed for 
every 100 g gain/d.  It is less (1.2 g) for local    
breeds. 

 Additional nutrients are needed for pregnancy 
depending on single, twin, or triplets. 

 Additional nutrients are needed for nursing and 
milk production depending on number of kids 
nursing. 

 
Pasture, hay or grain mixes used for feeding should 
be tested for moisture, energy, protein, and fiber 
content.  
 
Table 5.  Nutrient requirements for maintenance 
________________________________________ 
BW  Energy   CP       Ca      P      A     E 
(lbs.) (Mcal)  (g)  (g)     (g)   (RE)   (IU) 
22  0.61   25  0.9     0.5   1000   100 
33 0.82   33  1.0     0.6   1500   150 
44 1.02   41  1.1     0.7   2000   200 
55 1.21   49  1.2     0.8   2500   250 
66 1.38   56  1.3     0.9   3000   300 
77 1.55   63  1.4     1.0   3500   300 
88 1.72   69  1.5     1.1   4000   400 
 
To determine total feed required, maintenance and 
growth requirements must be added.  For example, if 
a group of kids has average BW of 44 lbs. and they 
are expected to gain 100 g per day, according to 
Table 5, they need on average 1.02 + 0.55 = 1.57 
Mcal energy and 25 + 57 = 82 g of protein per day.  
You may feed up to 2% of BW (44 x 0.02) or .88 lbs. 
of hay.  If hay contains 0.5 Mcal/lb. energy and 12% 
crude protein, it can provide (0.88 x 0.5) 0.44 Mcal 
energy and (0.88 x 0.12) 0.106 lbs. or 48 g protein 
when fed.  Animals will need additional (1.57-0.44) 
1.13 Mcal energy and (82-48) 34 g of protein.  Corn 
grain contains about 0.85 Mcal/lb. energy and about 
9% crude protein.  Therefore, (1.13/0.85) 1.3 lbs. of 
corn grain will satisfy energy and protein 
requirements (1.3 x .09 = 0.117 lbs. or 53 g protein) 
of this group of animals.  The higher quality of hay, 
the less grain mix is needed.  If animals are expected 
to gain more than 100 g/day, intake is limited, 
therefore, higher concentrated energy and protein 
diets maybe needed.  
 
 
PRACTICAL NOTES ON FEEDING GOATS 
 
• Goats usually consume 3-4% of their body 

weight in dry matter. 
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• Younger growing goats as well as lactating does 
may require higher levels of nutrients in the diet 
and may consume higher amounts.  Mature and 
maintaining animals may require fewer nutrients 
in the diet and consume lower amounts. 

• Overfeeding grain mixes is expensive and not 
healthy for goats. 

• Corn can replace oat or wheat. 
• Wheat should not exceed 25% of the grain. 
• Wheat bran can be replaced by soy hulls or 

cottonseed hulls. 
• Soybean meal can be replaced by other oil meals. 
• To increase the protein in the ration, increase oil 

meal and reduce corn, wheat, or oats. 
• Grain mixes should be fed with good quality 

roughages such as pasture, hay, browse, or 
silages. 

• With lower quality roughages, animals should be 
fed higher protein in the grain mix. 

• In all rations make sure each animal receives:  
o Vitamin A, 2000-4000 RE/day  
o Vitamin D, 330-500 IU/day  
o Vitamin E, 200-300 IU/day 

• Make sure that animals receive at least 15 ppm 
copper in their diet. 

• Check for upcoming revision of the publication 
on Nutrient Requirements of Goats for adequacy 
of other minerals and trace minerals. 

 
 
OTHER FACTORS CONSIDERED IN 
FEEDING GOATS 
 
Goats can consume large amounts of forages by 
grazing; however, intake may be higher at the trough 
with cut and carry feeding systems.  Chopping green 
forage increases the ease of handling but may reduce 
intake.  On heterogeneous resources (browse and 
graze), goats are more selective and choose a diet of 
higher quality than that offered in the trough.  Goats 
have more preference for legumes than grasses; for 
alfalfa than red clover; for Italian ryegrass, corn, and 
sorghum than orchard grass and fescue hay.  The 
voluntary intake can vary depending on the stage of 
plant growth; maximum consumption is generally 
observed 1-2 weeks before ear production with 
grasses and 1 week before budding with legumes.  In 
the case of garden produce, when dry matter is less 
than 10-12 percent, forage wetness may limit intake.  
Refusal allowance is another factor to be considered 
in feeding forages to goats.  Goats will eat more 
forage (depending on the type of forage) with more 
refusal allowance having selection opportunity.  
Mixed green forages or green forages along with dry 
forages may be preferred over single forage giving 
them a chance for selection. 

Silages are partially fermented grain/grass or legume 
forages and should be produced free of molds.  
Feeding silage to goats has been associated with 
metabolic and other problems and should be 
gradually introduced in the goat’s diet.  Goats tend to 
eat less silage when compared to green or pelleted 
forages.  Supplying hay with silage is advisable to 
reduce digestive and metabolic problems and 
improve intake. 
 
Many factors can influence supplement consumption 
by individual animals including supplement type and 
delivery methods such as trough space, supplement 
allowance, supplement form, and formulation.  
Trough space allowance per animal can influence 
competitiveness and variation in supplemental 
feeding.  A feeding space of 10 to 12 linear 
inches/kid and 15 to 20 inches/adult goats will be 
adequate for proper feeding.  Providing space less 
than that will increase aggressiveness and 
dominance/submissive behavior.  However, as in 
some cases with cattle, when excessive space was 
provided, dominant animals tended to exhibit more 
aggressive behavior such as fighting and chasing 
other cows.  Most importantly, infrequent feeding 
and changes in feeding times along with limited 
space can cause more dominant animals to overeat, 
possibly resulting in grain engorgement 
(enterotoxemia) and weaker animals not eating at all.  
 
More supplemental allowance encourages selectivity 
and more consumption; however, it may induce more 
wastage.  Animal-related factors are exposure time, 
previous experiences, and social interactions.  With 
more frequent feeding, goats will consume more.  
They will readily consume familiar materials.  
Dominant animals will consume first.  Forage 
consumption will depend on its availability. 
 
To improve fertility, flushing is a practice of feeding 
supplemental protein or energy to breeding does 30 
days prior to and after the introduction of the herd 
sire (buck), especially for dairy goats.  This may not 
be necessary for meat-producing animals if the 
quality and quantity of available forage is ample. 
 
Creep feeding is not a common practice in meat goat 
production but may become profitable with changes 
in goat marketing strategies that promote premium 
prices for larger, more highly finished kids.  
Lightweight goats that are in poor condition or have 
had a long stressful haul, may be reconditioned 
through a controlled grazing scheme and with no or 
limited grain feeding. 
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Generally, most of the male kids, and those female 
kids that are not used for replacement herds, either 
are sold as weaned kids or are fed for meat 
production.  On most farms, all male kids are 
castrated as soon as possible for easy handling and 
docility of the animal.  However, if kids are fed for 
the meat market, castration will stunt their growth, 
reduce the average daily gain, and increase the length 
of time needed for goats to reach their market age.  
Research has indicated that intact buck kids gained 
on average 0.3 lbs. per day whereas castrated wether 
kids gained on average only 0.15 lbs. (Solaiman, et 
al, 2006a).  With this practice, you lose almost 50% 
of the potential gain.  It is recommended for 
commercial meat production that bucks be kept 
separate from does to eliminate the cost of castration 
and let intact bucks gain weight as fast as they can; 
however, it will depend on your management 
practices (Figure 2). 
 

 
 
Figure 2.  Comparing buck vs. wether average 
daily gains on ryegrass pastures 
 
 
A NOTE ON COPPER AND SELENIUM 
REQUIREMENTS OF GOATS 
 
Soils in many areas of the U.S. are deficient in 
copper, resulting in copper deficient feeds produced 
in these areas.  However, adding a mineral 
supplement to the diet that has an adequate amount of 
copper can eliminate most symptoms of deficiency.  
In fact, copper deficiency is sporadic throughout the 
country.  All coastal areas on the west (including 
California) and east coasts, the Southeast and major 
parts of the Midwest are deficient in copper.  
Generally, animals raised in Western states had lower 
serum copper than those raised in Southeastern and 
Midwestern states.  In some states copper levels in 
soil may be sufficient; however, other minerals such 
as molybdenum or sulfur may reduce its availability.  
Also soil copper levels may vary from location to 

location within a state.  Therefore, it is recommended 
to check your soil mineral level for copper, 
molybdenum, and sulfur.  
 
Copper deficiency symptoms vary depending on the 
severity of the condition.  Symptoms may be 
exhibited as frequent staph lesions on the body, a thin 
and faded hair coat, bald tail tips, twisting and 
bending of the front legs, spinal cord injuries or even 
anemia.  Generally, the immune system breaks down 
due to hypocupric conditions and animals become 
vulnerable to diseases and parasites.  Although most 
symptoms of copper deficiency may be reversible by 
feeding adequate copper, other symptoms in young 
kids such as swayback (caused by deficient pregnant 
does) and spinal cord injuries are not reversible.  
Research on feeding high levels of copper to goats 
has indicated that goats are much more tolerant to 
high levels of copper than sheep or cattle (Solaiman, 
et al, 2001).  Feeding levels as high as 100 mg. 
copper per day actually improved daily weight gain 
and immune functions in goats (Table 5, Solaiman, et 
al, 2004), and these findings confirm previous 
recommendations of other producers and goat 
experts. 
 
Table 6.  Effect of Cu (mg) supplementation on 
growth performance of goat kids 
_________________________________________ 
Days        0 Cu      100 Cu      200 Cu     P-value 

(Average Daily Gain, g) 
_________________________________________ 
28   156.6       144.5        167.7          0.61 
42   147.6       156.6        134.1          0.39 
56   137.4       149.6        129.9          0.19 
70   134.9       153.1        119.2          0.02 
84   131.7       147.6        116.6          0.01 
981     29.2       147.3        122.5          0.04 
_________________________________________ 
 
Pat Coleby (2001) in her book Natural Goat Care 
repeatedly has recommended feeding copper as 
copper sulfate at the level of 1 teaspoon per week per 
animal for continuous supplementation in feed or 
water to goats.  In addition, copper has been shown to 
improve herd health and production.  Internal 
parasites can also contribute to copper deficiency and 
in turn, parasites can be more prevalent in copper 
deficient animals.  Thus, parasite infestation can be 
appropriately managed when animals are kept at high 
copper status.  Ms. Coleby recommends a higher 
copper sulfate dosage of 1/2 teaspoon per animal per 
day when they have parasite infestation.  Feeding 
high levels of sulfur (> 0.35% of diet dry matter), 
molybdenum (> 2 ppm molybdenum in feed or ratios 
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of copper: molybdenum < 5:1), iron (more than 250 
ppm), calcium, zinc, manganese and cobalt can 
reduce copper absorption and deplete liver copper.  
Soils heavily limed or high in pH may cause copper 
to be unavailable.  
 
The level of copper in the liver can accurately 
determine copper status; however, liver biopsy 
samples are needed.  Safe procedures are in place for 
cattle for liver biopsies; however, similar procedures 
in goats are questionable.  The secondary 
measurement that can determine copper status of 
goats is plasma or serum copper; however, liver can 
be dramatically depleted before plasma or serum 
copper drops. 
 
Copper can be supplemented through mineral mixes 
that are high in copper.  Do not feed mineral mixes 
that are labeled for both “sheep and goats” to goats.  
Sheep are more sensitive to high copper levels; 
therefore, mineral mixes appropriate for sheep will 
not have adequate copper for goats or may have high 
levels of molybdenum.  It is recommended copper 
levels to be as high as 20-30 ppm in the diet 
(Solaiman, et al, 2006b).  The lower level is advised 
when copper is not deficient in the area.  Many 
producers follow Coleby’s recommendation of 1 
teaspoon of copper sulfate per goat per week on a 
regular basis.  Copper also can be supplemented 
through slow release copper wire needles as copper 
boluses (0.625 to 1.35 grams) given early to kids (2-4 
weeks of age) or 1 gram copper oxide in bolus form 
per 22 pounds of weight every 5-6 months in copper 
deficient areas.  These needles are deposited in goats’ 
stomachs and release copper slowly.  Some feeds 
such as alfalfa, wheat, barley, and oats are low in 
copper and some, like alfalfa, are high in 
molybdenum.  Applying 1.5 to 3 pounds of copper 
per acre as organic compounds such as copper 
EDTA, copper lignisulfonates, or copper 
polyflavonoids can increase soil copper levels for a 
long time.  
 
Selenium also can be deficient depending on the 
region of the country.  The Dakotas are rich in 
selenium and selenium toxicity may occur; however, 
most other places, including California and the 
southeast, may be selenium deficient.  Selenium 
injections are used for pregnant does toward the end 
of the pregnancy and young kids at birth.  For dosage 
and directions, a veterinarian should be consulted, as 
selenium or copper can be toxic if overdosed. 
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 PARASITE CONTROL AND INNOVATIONS 
 
 

Goat Deworming Protocols 
 

D.G. Pugh 
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P.O. Box 26, Waverly, AL   
 
 
 
INTRODUCTION 
 
Internal parasitism is the most significant health 
concern affecting goat production in the world.  It 
can result in significant economic losses for 
producers.  Economic losses are a result of decreases 
in growth, decreased feed conversion, decreased milk 
production, weight loss, diarrhea, anemia, ventral 
edema (bottle jaw), midline edema, fiber production, 
increasing treatment, and prophylaxis costs and 
death.  The major gastrointestinal nematodes that 
parasitize pastured sheep and goats are the 
Haemonchus, Ostertagia, Trichostrongylus, 
Cooperia, Nematodirus, Oesophagostomum, and 
Bunostomum species.  All of these parasites can 
potentially result in disease, but Haemonchus is the 
most devastating, particularly in more temperate 
regions. 
 
Goats infected with gastrointestinal parasites quickly 
contaminate pastures through their manure.  Other 
goats then become infected as they graze on the same 
pasture.  Goat production systems that use grazing 
without pasture rotation, particularly in areas of high 
rainfall and ground moisture, are more likely to have 
infected animals.  Droughts, inclement weather, or 
lack of adequate forage (or pasture) may result in 
increased animal concentration, which can also 
equate to an increase in parasitism.  Very high 
environmental temperatures result in shorter 
survivability of some stages of infective larvae.  Most 
of the larvae have adapted to the ability to 
overwinter, but can survive only for short periods 
outside the host during spring.  
 
Diagnosis of GI parasite infestation can be made by 
examining the feces for nematode eggs.  Although a 
direct fecal smear can be examined, the mere 
presence of parasite eggs is not helpful in 
determining the parasite load of an animal or animals.  
Quantifying of the EPG of feces is the best way of 
estimating parasite loads, e.g., McMaster’s, Stohl’s, 
etc.).  Because of the increase in parasite egg 

production and fecal contamination around late 
pregnancy/early post-lambing, breeding flocks 
usually experience more gastrointestinal parasite 
problems than mature non-breeding animals.  This 
periparturient rise in nematode egg output in ewes’ 
feces can readily lead to pasture contamination and 
an increased risk of infection in lambs living, or 
weaned, on a heavily contaminated pasture.   
 
Feeding practices which increase stocking rates but 
also increase pasture contamination with nematode 
parasite eggs magnify internal parasite infection in 
grazing goats.  Care should be taken to minimize 
intake of infective nematode parasite larvae when 
feeding goats.  Animals with limited nutrient intake 
or those offered diets deficient in one or more 
nutrients are more likely to suffer losses from internal 
parasitism than those fed a balanced diet. 
 
Given the complicated nature of parasite control and 
recent documentation of widespread resistance to 
deworming compounds in North America, goat 
producers should take a multi-pronged approach to 
parasite control: 
• Employ husbandry and feeding practices that 

minimize parasite infection, 
• Use novel deworming practices that maximize 

endectocide efficacy and minimize parasite 
resistance, and  

• Consult with your local veterinarian and/or a 
state agricultural extension specialist. 

 
 
STRATEGIC DEWORMING 
 
Strategic deworming is an effective control regimen 
if reinfection from pasture grazing is minimal.  Using 
a strategic program, producers should deworm 
animals: 
• Just before they are placed on dry lot feeding 

prior to winter or feedlot management, 
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• During winter when freezing conditions kill 
infective parasite larvae, lowering the incidence 
of reinfection from pasture grazing, 

• Prior to the peripaturient rise in parasite eggs 
(one month pre-lambing).   

 
After deworming, goats can be moved to a pasture 
with a low level of infective parasite larvae to help 
minimize the potential of reinfection.  However, if 
targeted deworming strategies are implied, the 
practice of post-deworming pasture rotation is 
controversial.  Those pastures are typically used for 
small grain or hay production, and are grazed by 
horses, cattle, or animals other than goats.  Treating 
young animals at weaning and moving them to a 
“safe pasture” is also a form of strategic deworming.  
Anthelmintic effectiveness can be determined by 
comparing a fecal egg count (McMaster’s) on the day 
of deworming with one taken 7 to 14 days later.  If 
less than a 90% drop in EPG is found, anthelmintic 
resistance exists and another class of dewormer used. 
 
 
TACTICAL DEWORMING 
 
• Using a tactical program, a dewormer is 

administered during the period of greatest 
pasture contamination.  For example, animals are 
treated 10-14 days following a rain, especially if 
it follows a drought. 

• Tactical deworming can also be used in response 
to an increase in fecal egg counts.  Systems such 
as the McMaster’s fecal flotation quantify the 
number of nematode parasite eggs per gram of 
feces, allowing producers to identify and address 
parasitic infections before they become serious. 

• Strategic and tactical regimens may also be 
combined, 

 
 
SUPPRESSIVE DEWORMING 
 
While suppressive deworming programs may be 
appropriate in certain situations; many goat 
operations face other challenges as a result of using 
this regimen.  
• Suppressive programs call for deworming at 

regular intervals, usually two weeks to three 
months apart, which is expensive, labor 
intensive, and fails to use or take into account the 
animal’s natural resistance to parasites.  

• If all animals are dewormed routinely, without 
regard to weather or production status, goats 
with some natural resistance to internal parasites 
cannot be identified, and parasite resistance to 
deworming compounds is magnified.   

• With the exception of strategic and tactical 
deworming, routine deworming should be used 
cautiously, as it may result in animals building 
resistance to anthelmintics more rapidly.  

 
 
OTHER MANAGEMENT TOOLS 
 
• Salvage deworming programs are used solely to 

save animals that are badly parasitized.  It is 
important to note, however, if animals are 
dewormed only after signs of parasitism (e.g., 
bottle jaw, anemia, weight loss, etc.), flock 
productivity will suffer.   

• Identify and remove animals from pasture that do 
not appear to be resistant to internal parasites.  
Culling these animals, while keeping and 
breeding goats that appear to perform better in 
the face of parasites, will enhance a flock’s 
overall production on a farm where parasites are 
a major problem.   

• Ensure proper nutrition to help sheep naturally 
ward off internal parasites and recover from 
parasite-induced damage after deworming.  
Providing good     forages and meeting protein, 
energy, mineral, and vitamin requirements is 
critical to maximizing flock or individual goat 
production and reducing dependence on 
deworming agents.   

• Rotate pastures, allowing goats access to 
condensed tannin and/or protein rich forages, use 
proper pasture fertilization techniques, and 
properly administer effective anthelmintics in 
order to maximize herd production while 
minimizing the harmful effects of internal 
parasites.   

 
 
MINIMIZING RESISTANCE TO 
ENDECTOCIDES  
 
• Ensure adequate intake of all deworming 

products by weighing each animal, avoid 
administering an “average body weight” dose, 
and properly use administration equipment.   

• Dosing or administering a dewormer based on 
average body weight will result in under-dosing 
some goats (ineffective control of parasites), 
while others are overdosed (increased costs, 
possible toxicity).   

• Identify goats that need deworming and only 
treat them to help diminish resistance to 
dewormers and slow the onset of dewormer-
resistant parasite populations on farms.   

• A new management tool is the use of 
FAMACHA©, which identifies individual 
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members of the flock that are anemic because of 
heavy parasite burdens and would benefit from 
deworming.  FAMACHA© may also be 
effective in reducing the long-term use of 
dewormers, increasing flock performance, and 
lowering the incidence of parasite resistance to 
deworming agents.   

 
 
CONCLUSION 
 
Effective parasite control and minimizing resistance 
to endectocides are important issues for all goat 
operations.  Ensure effective control of the most 
economically significant parasites infecting goats.  
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ABSTRACT 
 
The expanded popularity of meat goat production has 
led to increased interest in reliable methods to boost 
production and improve desirable traits via 
reproductive technology.  Controlled management of 
reproduction in goats allows for a more steady supply 
of goat meat, milk and other products throughout the 
year.  Natural mating and artificial insemination have 
allowed us to effectively select and improve 
economically important traits in goats.  However, 
additional advances in goat reproductive technology 
provide many more opportunities to produce animals 
that are better adapted to market and environmental 
needs.  This paper discusses current methods of 
estrus synchronization, advancements in artificial 
insemination, embryo transfer, and in vitro 
fertilization as well as advances in the cloning of goat 
embryos.   
 

 
 
Figure 1.  Meat goats on pasture 
 
 
INTRODUCTION 
 
Small ruminants are important for limited resource 
farmers who manage their animals for multiple 
purposes, including meat and milk.  The expanded 
popularity   of   meat   goat   production   has   led   to  

 
 
increased interest in reliable methods to 
synchronize/induce estrus in goats.  With this 
technology, producers are able to more efficiently use 
complementary techniques for reproductive 
management, including artificial insemination (AI) 
and embryo transfer (ET), so that genetic material is 
more easily obtained or transferred domestically and 
internationally (Wildeus, 1999).   
 
Manipulation of the reproductive cycle of domestic 
animals has long been of interest to livestock 
managers seeking to improve efficiency and 
profitability.  The primary advantage of AI is that it 
permits the extensive use of outstanding sires to 
maximize genetic improvement.  In addition, once 
you have the necessary equipment, frozen semen is 
much less expensive than paying a breeding fee or 
buying expensive bucks.   
 
Goat ET is gaining in popularity and is mainly used 
in the exchange of genetic material internationally.  
In addition, biotechnology has led to advances in 
both in vitro fertilization and cloning of goat 
embryos.  These advances in biotechnology 
potentially increase our ability to improve production 
as well as increase product quality.   
 
 
SYNCHRONIZATION OF ESTRUS  
 
Estrus synchronization allows for parturition at 
suitable times to take advantage of niche markets, 
feed supplies, labor, and rising price trends.  Methods 
of synchronization in goats include techniques such 
as hormonal synchronization of estrus (progestogen, 
melengestrol acetate, and prostaglandin), and 
manipulation of social or environmental inputs (i.e., 
the buck effect – lighting/photoperiod manipulation).  
 
Progestogen Use 
 
In efforts to extend the life span of the corpus luteum 
for synchronization, various forms of progestogens 
and different methods of administration have been 
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used in cycling does, as well as in seasonally anestrus 
does, to induce or synchronize estrus (Amoah and 
Gelaye, 1990; Wildeus, 1999).  Although alternative 
methods are available during the breeding season, it 
is commonly accepted that a progestogen is required 
for induction or synchronization outside of the 
normal breeding season.  Administration of a 
progestogen simulates pregnancy and hormone 
removal results in the doe demonstrating estrus in a 
predictable time frame (24-36 hrs).  Progestogen 
administration has been used with or without 
accompanying treatments such as gonadotrophin or 
prostaglandin analogs.  In the United States, there are 
no FDA-approved progestogen products being 
manufactured for use in goats.  However, a controlled 
internal drug-releasing device (CIDR®) in the form 
of a silicone intravaginal progesterone insert was 
recently approved for use in sheep, a similar species, 
and is currently available for purchase in the U.S.  
This product has become especially important in the 
development of effective estrus synchronization 
protocols for AI in goats.    
   
Progestogen sponges containing fluorogestone 
acetate and methyl acetoxy progesterone (MAP; 
Rathbone, et al, 1998) have been used in the 
synchronization and induction of estrus (Whitley and 
Jackson, 2002).  Routine synchronization protocols 
typically combine vaginal sponges inserted for 
approximately 11 days, together with prostaglandin 
and equine chorionic gonadotrophin (eCG) injections 
2 days before sponge removal (Leboeu, et al, 2000).  
The additional use of gonadotrophin and 
prostaglandin analogs assists in further tightening 
synchronization.  This technique has been 
demonstrated to efficiently induce and synchronize 
estrus and ovulation during the breeding as well as 
the non-breeding seasons.  In studies comparing these 
two progestogen sponges with the CIDR®, results 
indicate that CIDRs® are equally effective in 
synchronizing estrus, but more effective (by 3-5 hrs) 
in advancing the onset of estrus (Motlomeo, et al, 
2002).   
 
An alternative method of administering progestogens 
might be through oral dosing in feeds.  Melengestrol 
acetate is a synthetic progestogen that was first used 
in dairy heifers for the suppression of estrus and to 
improve feed efficiency and rate of gain (Bloss, et al, 
1966; O’Brien, et al, 1968).  It has also been used to 

synchronize estrus in beef and dairy heifers along 
with prostaglandin F2 alpha (Chenault, et al, 1987).  
MGA has also been used widely as a growth-
promoting feed additive in cattle breeding in the USA 
and other non-European countries (Hageleit, et al, 
2000).  The use of melengestrol acetate (MGA) to 
induce estrus in seasonally anestrus ewes (Wildeus, 
1999; Daniel, et al, 2001; Whitley, et al, 2003) and 
goats (Jackson, et al, 2002; Wildeus, 1999; Eierman, 
et al, 2009) has been well documented and proven to 
be effective.  MGA is typically fed at a rate of 0.25 
mg per doe per day for 8-14 days alone or in 
combination with the buck effect.  As with other 
progestogens, the use of gonadotrophins and 
prostaglandin analogs may assist in further tightening 
synchronization when feeding MGA.  The primary 
consideration with this method is assuring that 
individual animals obtain the correct dose during 
group feeding.  Individual feeding would prevent this 
from occurring.   
 
Prostaglandin  
 
Prostaglandin has been shown to be effective in 
synchronizing estrus in cycling females and offers a 
flexible, economical method for synchronization to 
shorten the breeding season in a natural mating 
situation.  A typical prostaglandin protocol includes 
two injections 11 days apart.  Two injections are 
necessary because an active corpus luteum is required 
for prostaglandin effectiveness.  The second injection 
ensures an increased chance of lysing the corpus 
luteum to allow the doe to return to estrus.  The most 
commonly available prostaglandin is 
dinoprosttromethamine (Lutalyse®; Pharmacia and 
Upjohn Co., Kalamazoo, MI).  However, it should be 
noted that prostaglandin will cause abortions if 
administered to a pregnant female.   
 
Buck Effect 
 
Exposure to males after a period of isolation can be 
used for induction and synchronization during the 
breeding and non-breeding season without additional 
treatments in goats.  Research has shown that this 
sudden introduction of the buck to females separated 
from the male for a period of at least 3 weeks will 
result in a surge in luteinizing hormone and a rise in 
progesterone concentrations within 5-7 days in a high 
proportion of does (Haibel, 1990).   
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Figure 2.  Buck wearing marking harness with 
does 
 
The male-induced estrus usually produces 
synchronized estrus with ovulation occurring within 
2-3 days following stimulation (Wildeus, 2003, 
Jackson, et al, 2002).  In ewes, the male effect has 
been used extensively in order to achieve lambing 
during the fall of the year.  Similar use of the male 
effect has been used during the prepubertal period, 
lactational anestrus, as well as the breeding season.  
 
It has been suggested that pheromones from the male 
result in an increase in LH pulse frequency, thereby 
inducing estrus or ovulation in seasonally anestrous 
sheep and goats (Over et al, 1990).  It has also been 
indicated that the pheromones from one species could 
be active in the other (Over et al, 1990).  However, 
during the non-breeding season, the male effect is 
more effective in conjunction with other treatments, 
such as exogenous hormone and/or photoperiod 
treatments.   
 
 
ARTIFICIAL INSEMINATION IN GOATS 
 
During AI, semen is deposited into the female 
reproductive tract via artificial techniques rather than 
by natural means.  The primary advantage of this 
technique is that it permits the extensive use of 
outstanding sires to maximize genetic improvement.  
Semen is available from many high quality bucks, 
including National Champion bucks, and sires and 
siblings of National Champion does.  It is possible to 
quickly improve the quality of your herd using such 
techniques.  Due to this, many goat producers are 
utilizing or want to utilize this technique to produce 
high quality breeding stock to sell to commercial and 
show stock breeders as well as animals that will do 
well at local, state, and national livestock shows.  
However, the success of the actual insemination 
depends to a large degree on the appropriate timing in 

relation to estrus and ovulation (Wildeus, 2003).  The 
success of AI is also dependent on the ability to 
efficiently collect and cryopreserve spermatozoa 
from quality bucks for use on does from generation to 
generation.  In addition, the seasonality of goat 
reproduction hinders a consistent supply of goat meat 
and other products.  The beef cattle industry now 
almost completely involves timed AI in its 
reproductive protocols and this has led to many 
improvements in genetics and consistency in the 
market.  Similar results can be achieved as soon as 
this technology is mainstream in the goat industry.  
More research needs to be conducted on appropriate 
fixed, timed AI protocols to enable a more practical 
and producer-friendly method of genetic 
improvement and thus increased reproductive 
efficiency in herds.   
 
Two AI methods are currently used in the goat 
industry.  Cervical insemination involves deposition 
of sperm in the cervix while the second method, 
laparoscopic insemination, involves the use of a 
laparoscope and manipulating probe to aid in 
depositing fresh or frozen-thawed sperm directly into 
the uterine horns. 
 
Cervical Insemination 
 
Cervical AI is not only a less invasive procedure for 
AI, but it is also more cost-effective and practical for 
the producer when compared to laparoscopic AI.  
Cervical insemination involves deposition of sperm 
in the cervix and removes any need to cut into the 
animal for access to the uterine horns.  This method 
is therefore less invasive and reduces the likelihood 
of infection and pain to the doe.   
 
Conception rates using cervical AI range from 50 to 
70% during both the breeding and non-breeding 
season (Leboeuf, et al, 2000; Lopez-Sebastian, et al, 
2007).  Research has indicated that conception rates 
are lower during spring and summer months and is 
most likely due to reduced sperm motility in fresh 
semen collected during this time (Tuli and Holtz, 
1995).  A solution to this could be the photoperiod 
treatment of bucks during the spring and summer 
months since this has been shown to produce semen 
of similar quality as that seen during the fall breeding 
season (Delgadillo, et al, 1995). 
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Figure 3.  Cervical insemination in a doe 
 
Laparoscopic insemination 
 
Laparoscopic insemination involves the use of a 
laparoscope and manipulating probe to aid in 
depositing fresh or frozen-thawed sperm directly into 
the uterine horns.  This technique is an invasive 
procedure and therefore requires the technical skills 
of a licensed and trained veterinarian or technician 
who has been trained in this technique and procedure.  
Therefore, in addition to being more invasive, the use 
of trained personnel makes this procedure more 
costly when compared to cervical AI that can be 
performed by the trained producer.  Despite its 
requirement for a trained veterinarian or technician 
and it being invasive, there are advantages of using 
this procedure.  This includes increased fertilization 
and conception rates.  The advantage of laparoscopic 
insemination is that the semen is deposited closer to 
the site of fertilization.  Therefore, conception rates 
of over 80% can be achieved when it is used (Amoah 
and Gelaye, 1990).  
 
 
SUPEROVULATION AND EMBRYO 
TRANSFER 
 
Embryo transfer in goats is a very expensive venture 
due mainly to the variability of results combined with 
the need for surgical techniques for the recovery and 
transfer of embryos.  Variability in embryo recovery 
rates is due primarily to differences in donor response 
to superovulation.  In addition, the need for surgical 
embryo recovery can lead to postsurgical 
complications and also limits repeated use of the 
technique in valuable donors.  There have been 
reports of detrimental effects following repeated 
surgical embryo recoveries due to adhesions and 
reduced fertility in donor females.  Therefore, this 

limits the usefulness of this reproductive technology 
for reproductive improvements in goats.  This risk 
has led to the development of nonsurgical techniques 
for embryo recovery including transcerivical flushing 
(Bondurant, et al, 1984; Pereira, et al, 1991; Flores-
Foxworth, et al, 1992).  In addition to problems with 
embryo recovery, the process of embryo freezing, 
transfer, and recipient synchrony can affect success.  
The first successful cryopreservation of goat embryos 
was reported in the mid-seventies (Bilton and Moore, 
1976) and since then, larger numbers of goats have 
been successfully produced after transferring 
embryos that have been recovered and cryopreserved 
(Chemineau, et al, 1986; Tsunoda, et al, 1987; Baril, 
et al, 1989).  
 

 
Figure 4.  Kids sleeping 
 
Superovulation 
 
Superovulation protocols include the use of hormone 
treatments to result in multiple ovulations in the doe, 
which ultimately accelerates genetic improvement in 
this species.  It is an important part of an embryo 
transfer program and has the potential to increase the 
reproductive performance of selected donors and 
breeds in high demand.  Embryo transfer in small 
ruminants is limited to the natural breeding season 
because of the effects of the season on reproductive 
activity.  For instance, research has indicated that 
some goat breeds have the highest ovulation rate and 
embryo yields during the natural breeding season and 
the lowest during the non-breeding season 
(Gonzalez-Bulnes, et al, 2003).  Even during the 
breeding season, variation in ovulation rates and 
embryo recovery seems to be a major issue of 
concern.  It is suspected that the presence of a 
dominant follicle at the onset of superovulation can 
decrease ovarian response in small ruminants 
(Rubianes, et al, 1995).  
 
In order to achieve superovulation, an exogenous 
follicle-stimulating gonadotrophin is administered 
that mimics the effect of follicle-stimulating hormone 
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(FSH) near the end of the luteal phase of the cycle (9-
11 days) or around 48 hrs before the end of the 
synchronizing treatments (Rahman, et al, 2007).  The 
major commercial products applied to induce 
superovulation include equine chorionic 
gonadotrophin (eCG) or pregnant mare serum 
gonadotrophin (PMSG) and FSH.  PMSG appears to 
be the more available, practical, and cost-effective 
hormone to administer for superovulation when 
compared to FSH (Amoah and Gelaye, 1990).  
However, FSH offers superior results when compared 
with PMSG protocols, because research has indicated 
that PMSG can cause over-stimulation of the ovaries, 
thereby resulting in an overly large number of eggs 
being released.  Other problems associated with 
PMSG-induced superovulation include a high 
number of non-ovulated follicles, early regression of 
CL, short or irregular estrous cycles and potential risk 
of embryo expulsion (Amoah and Gelaye, 1990).  In 
addition to PMSG and FSH, a combination of eCG 
and human chorionic gonadotrophin (hCG) has also 
been used in the superovulation of does (Medan, et 
al, 2003).  However, FSH appears to be the best 
choice of hormone for superovulating does as it 
provides an effective superovulatory response.  Once 
the superovulating hormone has been administered, 
insemination of the donor doe should be performed 
within 12-24 hours after behavioral estrus is 
exhibited.  This can be achieved via natural mating or 
by AI.    
 
Embryo Flushing 
 
Embryo flushing can be accomplished surgically as 
well as trans-cervically.  When conducted surgically, 
does are first sedated 6-8 days following 
insemination after being off feed for 24 hr before 
surgery.  Laparoscopy is first used to determine the 
degree of ovarian response to the superovulation 
treatment.  If enough ovulations have taken place, 
then a flushing media is used to flush the embryos via 
a catheter inserted into the uterine horns.  After 
collection of the embryos, the process is repeated in 
the second horn.  As mentioned previously, the 
disadvantage to the surgical procedure is its 
invasiveness and reports of detrimental effects 
following repeated surgical embryo recoveries due to 
adhesions and reduced fertility in donor females.  In 
addition, this method requires high technical skills 
and requires someone who has received extensive 
training in this procedure.   
 
The occurrence of postsurgical adhesions has 
prompted the development of embryo recovery by 
trans-cervical flushing.  During this procedure, a 
speculum is introduced into the vagina and the 

external lip of the cervix is grasped and carefully 
pulled caudally with the aid of two forceps (Lima-
Verde, et al, 2003).  A flushing catheter is then 
inserted through the cervix into the uterus and a 
flushing medium is then infused.  This process is 
repeated multiple times and recovered effluent is then 
inspected under a stereomicroscope to identify and 
classify structures.  Embryos are then classified into 
categories in accordance with the guidelines of the 
International Embryo Transfer Society (IETS).  
 
Embryos can then be transferred fresh or 
cryogenically frozen and stored for later use.  
Pregnancy rates from the transfer of frozen embryos 
have been found to be less than rates obtained with 
freshly harvested embryos.  
 
Embryo Transfer 
 
As stated previously, embryos can be transferred 
fresh or frozen into the recipient doe.  As with 
flushing, embryo transfer is accomplished via an 
invasive surgical technique.  It is extremely important 
that the corpus luteum in the recipient is at a stage 
suitable to that of the embryo and this is determined 
prior to transfer into the uterine horn or oviduct.  
Similarly, a laparoscope procedure could be used to 
determine the stage of the corpus luteum prior to 
transfer of embryos into the uterus.   
 
In the case of transferring fresh embryos into 
recipients, embryos of lesser quality and grade can be 
used.  A factor that is critical to the success of 
embryo transfer is that the corpus luteum should be 
as similar in development as possible to that of the 
donor doe.  The number of embryos transferred  
depends on the number of corpus luteum present on 
the recipient’s ovary and the embryos are typically 
placed on the side that has the corpus luteum present.   
 
 
IN VITRO FERTILIZATION (IVF) 
 
In 1991, Younis and colleagues successfully initiated 
pregnancy in goats by embryo transfer after in vitro 
maturation and fertilization of goat oocytes.  It was 
just a few years later that it was possible to achieve 
development to term after transfer to recipient 
females of blastocysts produced completely in vitro 
(Crozet, et al, 1993; Keskintepe, et al, 1994).  The 
major problems associated with this technology 
appear to be the specific processes affecting the in 
vitro production of blastocysts.  In order for 
blastocysts to be produced, oocyte maturation, sperm 
capacitation, fertilization, as well as early cleavages 
and development to the blastocyst stage have to occur 
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in culture (Chemineau, et al, 1996).  Today, with the 
continued refinement of culture techniques, success 
rates of IVF continue to improve.  
  
 
CLONING OF GOAT EMBRYOS  
 
Cloning can be done by removal of cells from 
fertilized embryos at the 2- to 8-cell stage and placing 
cells in emptied eggs (or splitting 2-cell embryos).  
Since the successful production of Dolly, the first 
cloned sheep, in 1997 there have been multiple 
studies conducted looking at the most promising cell 
lines that allow embryos to be developed.  In vitro 
transfection of cultured cells combined with nuclear 
transfer has proven to be an effective means of 
producing transgenic animals (Yuan, et al, 2009).  
However, to improve the production of transgenic 
cloned animals, a superior type of donor cell needs to 
be identified and there is research currently being 
undertaken to determine this.   
 
 
IMPLICATIONS AND CONCLUSION  
 
Advances in reproductive technology have opened 
the door to greater possibilities for genetic exchange 
and improvements.  Techniques such as artificial 
insemination and embryo transfer have serious 
implications for producers since these provide faster 
means for genetic improvement.  Quality meat, milk, 
and other goat products can be produced cheaply now 
since producers are more equipped to meet these 
demands.  The benefits of in vitro fertilization and 
cloning will continue to promote faster improvements 
and meet consumer demands in the industry.  In 
addition, with improvements in many production 
traits possible from advances in gene transfer, the 
possibility of the goat industry developing into a 
profitable successful enterprise is more promising 
than ever.   
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ABSTRACT 
 
Reproduction efficiency is one of the most important 
economic traits in terms of livestock production.  
Maintaining good reproductive functions in the herd 
is pivotal to the success of any livestock production 
system.  Productivity and profitability in the herd is 
measured by ovulation rate, conception rate, the 
number of kids born, the number of kids weaned and 
the frequency in which they are produced.  
Theoretically, a gestational period (pregnancy) of 
five months should support more than one kidding 
interval per doe per year (Bearden, et al., 1984).  
However, the seasonal breeding behavior of goats in 
the U.S. has seriously limited the ability of the 
producer to increase herd productivity and to access 
markets that bring the highest economic returns.  In 
recent years, estrus synchronization has become a 
valuable reproductive tool for controlling and 
manipulating the breeding period in seasonal and 
anestrous does.  
 
The objective of this study was to determine the 
efficacy of three different treatment regimens on 
inducing cyclic heat in seasonal and anestrous does.  
In this study, 80 does were randomly assigned among 
three treatment groups and a control group.  
 
Cyclic heat was observed in all of the does in 
treatment groups B (CIDR® (Controlled Internal 
Drug Releasing) + PGF2@) and C (CIDR® + PG600) 
between 24.90 + 4.23 hours and 25.25 + 10.27 hours 
respectfully in trial 1.  However, heat was not 
induced in all of the does within the same time 
interval in trial 2 that were given the same treatment 
regimen, but all of the does in the study had higher 
pregnancy, kidding and weaning weights in both 
trials compared to the control group and treatment 
group D (Buck Effect).  The findings of this study 
indicated that CIDR® in conjunction with Lutalyse or 
PG600 can induce estrus successfully during the 
breeding and out-breeding season period compared to 
the does in the control group or the does exposed to 
the teaser buck.  
 

Key Words: Goats, estrus, synchronization, CIDR®, 
lutalyse, PGF2@ and PG600. 
 
 
INTRODUCTION 
 
There are approximately 455 million goats in the 
world (Sinn, 1986).  Two to four million goats are in 
the U.S. California is the leading state in dairy goats 
and Texas has the largest population of fiber and 
meat goats.  Today, meat goat production has become 
the fastest growing livestock industry and has proven 
to be a profitable enterprise for many farm families in 
the U.S. (Spencer, 2008).  Persistence among ethnic 
consumers (i.e., Latinos, Hispanics, Muslims and 
Africans) in maintaining their religious or cultural 
practices has increased demand for goat meat.  It is 
estimated that the U.S. population will increase to 44 
million by 2025 due to immigration.  The need for 
consumers to maintain their ethnic identity will 
continue to play a major role in the consumption of 
goat meat.  At this time, the strongest demand for 
goat meat is coming from the eastern U.S. coast, 
southern California, Detroit, Florida and the 
northwest corridor stretching from Washington to 
Boston (Morrison, 2001). 
 
These facts have created a myriad of opportunities 
for small and limited resource farmers as a means for 
generating an alternative source of income.  
However, the lack of a consistent supply of uniform 
goat carcasses is one of many factors that have 
seriously delayed increases in consumer demand for 
domestically produced goat meat.  Perhaps the single 
most influential factor affecting availability of 
domestically produced goats is the inability of the 
doe to breed year-round.  To compete successfully in 
the meat goat industry, producers must have access to 
new reproductive tools that will enable them to 
increase herd productivity, increase product 
accessibility and plan breeding programs around 
specialty or niche markets when demand and price 
paid per head are higher.  Thus, producers will be 
better able to provide consumers with greater access 
to a healthier red meat while enhancing their farm 
income. 
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Research has shown that estrus synchronization can 
be used effectively in controlling or manipulating the 
estrous period in goats.  With this technology, the 
females can express heat around the same time and 
therefore be bred and kid in close proximity to each 
other.  Synchronization of estrus can also enable 
producers to explore other reproductive techniques 
such as artificial insemination and embryo transfer to 
enhance the genetic improvements in their herds.  
The most commonly used synchronization methods 
in goats during the traditional breeding season 
include MAP (methyl acetoxy progesterone) or FGA 
(fluorogestone acetate) vaginal sponges (Whitley and 
Jackson, 2004).  
 
In one study, does treated with MAP (60 mg) 
combined with PMSG (pregnant mare serum 
gonadotropin) exhibited heat 32.2 + 0.50 hours after 
the synchronization treatments had ended while does 
treated with MAP in combination with eCG (equine 
chorionic gonadotropin) or saline began to show 
signs of heat (estrus) 34.5 + 11.9 to 42.9 + 19.6 
respectively after the treatment had ended (Whitely 
and Jackson, 2004).  Furthermore, all of the does 
(100%) treated with MAP in combination with eCG 
or saline solution exhibited heat while 93.1% of the 
does in the study that were given the MAP and 
PMSG showed signs of estrus.  In a study conducted 
by Bitaraf et al. (2007), onset of estrus was reported 
at 25.6 + 0.5 hours for the does that were treated with 
CIDR®, 26.2 + 0.5 hours for the does given FGA and 
26.0 + 0.4 hours for the does treated with 
Cloprostenol.  Therefore, the present investigation 
was conducted to compare the efficacy of the teaser 
buck (buck effect), CIDR® in combination with 
PGF2@ or PG600 on estrus response and subsequent 
fertility in seasonal and anestrous does.  
 
 
MATERIALS AND METHODS 
 
The site for this study was located at Florida A&M 
University (FAMU) Research and Extension Center 
in Quincy, Florida.  The center is located 10 miles 
west of Tallahassee, Florida on State Road 267. 
 
Experimental Design 
 
This experiment was arranged as a 2 x 4 factorial 
complete randomized block design.  The factors in 
this experiment were breeding season (traditional vs. 
non-traditional breeding periods) and synchronization 
methods (control, buck effect and pharmaceuticals).  
This experiment was conducted to determine the 
influence of synchronization methods on estrus 

response and conception and pregnancy rates in does 
during two breeding trials (September and May). 
 
 
METHODOLOGY 
 
Two breeding trials were conducted during this 
study.  The first trial was initiated during September 
(traditional breeding period) and the second trial 
began in May (out-of-season breeding period).  In 
both trials, 80 2 to 3-year old Boer crossbred 
multiparous does and four breeding bucks were 
selected for the study.  Selection was based on body 
condition scores (BCS), age, prior reproduction 
performance and the animal’s general health.  The 
does were randomly assigned among three different 
treatment groups and one control group.  Each group 
consisted of 20 does.  Animals in all treatment 
regimens were maintained on the same plane of 
nutrition throughout the duration of the study.  
 
Control Group A 
 
Does in group A (n=20) were the control group.  At 
the initiation of the study, the does were exposed to 
an intact male (not castrated).  The buck was 
harnessed with a ball and chin marker and the does 
remained with the buck for three estrous cycles (63 
days).  The ball and chin marker were used to 
indicate when the does exhibited heat and when they 
were serviced by the buck.  The does were observed 
for signs of heat (i.e. wagging the tail frequently, 
mucous discharge, swollen vulva).  The harness 
markers where changed with a different color every 
15 days to indicate which estrous cycle (1st, 2nd 3rd) 
the does were in heat.  Blood samples were collected 
on day 0, day 10, day 15 and day 21 of the first, 
second and third estrous cycles of each doe.  The 
samples were sent to the Rocky Mountain 
Instrumental Laboratories in Fort Collins, Colorado 
to analyze serum progesterone concentrations using 
radio immunoassay (RIA) tests.  The RIA tests were 
used to confirm conception and therefore pregnancy 
rates in the experimental does.  

 
  
 
 
 
 
 
 
 
 

Figure 1.  Mucous Discharge 
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Treatment B 
 
Does in treatment B (n=20) were inserted with a 
CIDR® device containing 0.3 grams of progesterone 
and they were given an intramuscular (IM) injection 
of PGF2@ (1ml) on day 17 of the study.  The CIDR®  
 

 
Figure 2.  CIDR® Device 
 
devices were removed on day 18 of the study and the 
does were placed with the buck for 63 days (3 estrous 
cycles).  The buck in this group was harnessed with a 
ball and chin marker to indicate when the does 
exhibited heat and when they were serviced.  The 
does were continuously observed for signs of heat 
(i.e., swollen vulva, mucous discharge, standing in 
heat) throughout the duration of the project.  The 
harness markers where changed with a different color 
every 15 days to indicate which estrous cycle (1st, 2nd 
3rd) the does were in heat.  Blood samples were 
collected on day 0, day 10, day 15 and day 21 of the 
first, second and third estrous cycles of each doe.  
The samples were sent to the Rocky Mountain 
Instrumental Laboratories in Fort Collins, Colorado 
to analyze serum progesterone concentrations using 
radio immunoassay (RIA) tests.  The RIA tests were 
used to confirm conception and therefore pregnancy 
rates in the experimental does.  
  
Treatment C 
 
Does in treatment B (n=20) were inserted with a 
CIDR® device containing 0.3 grams of progesterone 
and they were given an intramuscular (IM) injection 
of PG600@ (1ml) on day 17 of the study.  The 
CIDR® devices were removed on day 18 of the study 
and the does were placed with the buck for 63 days (3 
estrous cycles).  The buck in this treatment group was 
harnessed with a ball and chin marker to indicate 
when the does exhibited heat and when they were 
serviced.  The does were continuously observed for 
signs of heat (i.e., swollen vulva, mucous discharge, 

standing in heat) throughout the duration of the 
project.  The harness markers where changed with a 
different color every 15 days to indicate which 
estrous cycle (1st, 2nd 3rd) the does were in heat.  
Blood samples were collected on day 0, day 10, day 
15 and day 21 of the first, second and third estrous 
cycles of each doe.  The samples were sent to the 
Rocky Mountain Instrumental Laboratories in Fort 
Collins, Colorado to analyze serum progesterone 
concentrations using radio immunoassay (RIA) tests.  
The RIA tests were used to confirm conception and 
therefore pregnancy rates in the experimental does.  
  
Treatment D 
 
Does in treatment D (n=20) were exposed to a teaser 
buck (vasectomized) for three weeks prior to the 
breeding season for the purpose of synchronizing the 
females into heat.  After the teaser buck was removed 
from the herd, the does were exposed to an intact 
male for three estrous cycles (63 days).  The buck in 
this treatment group was harnessed with a ball and 
chin marker to indicate when the does exhibited heat 
and when they were serviced.  The does were 
continuously observed for signs of heat (i.e., swollen 
vulva, mucous discharge, standing in heat) 
throughout the duration of the project.  The harness 
markers where changed with a different color every 
15 days to indicate which estrous cycle (1st, 2nd 3rd) 
the does were in heat.  Blood samples were collected 
on day 0, day 10, day 15 and day 21 of the first, 
second and third estrous cycles of each doe.  The 
samples were sent to the Rocky Mountain 
Instrumental Laboratories in Fort Collins, Colorado  
to analyze serum progesterone concentrations using 
radio immunoassay (RIA) tests.  The RIA tests were 
used to confirm conception and therefore pregnancy 
rates in the experimental does.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Doe with red harness marker on her 
rear area 
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Statistical Analysis 
 
The data was analyzed using the analysis of variance 
procedure (ANOVA) as outlined by Steel and Torrie 
(2006).  A multiple comparison tests were used to 
compare means at the 5% level of probability.  
 
 
RESULTS AND DISCUSSION 
 
Trial 1 (Traditional Breeding Season – September) 
 
The results from the first breeding trial are shown in 
table 1.  Overall all of the does (100%) in group B 
responded to the CIDR® and PGF2@ synchronization 
treatments.  The does were checked continuously (1 
hour in the morning and 1 hour in the evening) for 
signs of heat the day after the synchronization 
treatments ended.  All of the does in group B 
exhibited heat (estrus) during the first estrous cycle 
(1 to 21 days) after the CIDR® devices were removed.  
 
Table 1.  Estrus Response in Seasonal Does 
Treatment N1 1st 

Estrous 
Cycle 
(1-21 
days) 

2nd 
Estrous 
Cycle 
(22–42 
days) 

3rd 
Estrous 
Cycle 
(43–63 
days) 

Control  20 15% 22% 63% 
CIDR® + 
PGF2@  

20 100% 0% 0% 

CIDR® + 
PG600  

20 100% 0% 0% 

Buck Effect  20 45% 50% 5% 
1Number of does in each experimental group. 
 
The mean interval to heat (the average time heat was 
first observed) was 24.90 + 4.23 hrs, (Table 2).  
Onset of heat was also exhibited in all of the does in 
treatment group C (CIDR® and PG600) during the 
first estrous period after the devices were removed.  
Signs of heat included mucous discharge, swollen 
vulva and standing heat.  There was no significant  
 
Table 2.  Mean Interval until Estrus 

1 The number of does that responded to heat during the first estrus 
period after the synchronization treatments ended for the study. 

difference in the time heat was initially observed 
between the goats in both treatment groups (B and 
C).  In light of these findings, five does conceived 
during the first estrous cycle from group B and 15 
conceived during the second estrous period (22-42 
days after the CIDR® devices were removed).  
Similar results were observed in the does from group 
C. Nine does conceived during the first estrous cycle  
while the remaining does conceived either during the 
second or third estrous period (between 24 – 63 
hours) after the synchronization treatments had 
ended. 
 
Forty-five percent (n=9) of the does that were in 
treatment group D (Buck Effect) showed heat during 
the first estrous period while only 15% (n=3) of the 
does in the control group (A) showed signs of heat 
during this same time period (Table 1).  Most does in 
the control group began to show signs of heat 25-38 
days after being exposed to the buck.  In general, the 
mean interval until the first heat was significantly 
(P>.078) shorter for the does in treatment groups B 
and C compared to the does in group D and the 
control group (37.55 + 3.39 hrs.) as shown in table 2.  
 
 
 

a,b,c  Any two means with the same superscript are not 
significantly different at the 5% level of probability. 
 
The mean progesterone serum concentration was 
significantly higher (P<.034) among does in the 
treatment groups B (6.75 + .10ng/ml) and C (6.88 + 
.02 ng/ml) compared to the does in the control group  
 (4.37 + .09 ng/ml) and treatment group D (5.33 + .08 
ng/ml) as shown in table 3.  Does with serum 
concentration levels equal to or greater than 1.5 ng 
(nanograms)/milliliter and showed non-return to 
estrus were considered pregnant.  Pregnancy rates for 
animals in groups A, B, C and D were 90 + 2.44, 100 
+ 3.43, and 100 + 1.47 respectively and the highest 
pregnancy rates were found among the does in 
groups B and C.  Furthermore, there were more 
single birth kids born from the does that were in the 

Treatment No. of 
Does1 

Interval to Estrus 

Control  3 37.55 + 3.39hrs.a 
CIDR® + 
PGF2@   

20 24.90 + 4.23hrs.b 

CIDR®+ 
PG600  

20 25.25 + 10.27hrs.b 

Buck Effect  9 30.37 + 1.45hrs.c 
P Value --- P<.078 

Treatment N1 Mean  
Progesterone 

Concentration 
(ng/ml) 

Pregnancy 
Rates (%) 

Control  20 4.37+ .09a 90 + 2.44a 
CIDR® + 
PGF2@   

20 6.75 + .10b 100 + 3.43c 

CIDR® + 
PG600  

20 6.68 + .02b 100 + 1.47c 

Buck Effect  20 5.33 + .08c 95 + 2.01b 

P Value --- P<0.034 P<0.04 

Table 3.  Progesterone Levels and Pregnancy Rates 
in Seasonal Does          
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control group (n=6) while twins births were common 
among all treatment groups in the study (Table 4).  
Does in treatment C (CIDR® and PG600) were the 
only females to give birth to triplets. 
 
 

1Number of kids born as singles, twins and triplets. 
 
Kidding rates were also significantly higher (P<.091) 
among does that were treated with the CIDR® 

synchronization regimen, but lower among the does 
from the control group and group D (Table 5).  
Weaning rates from the kids born during this study 
ranged from 88 + .47 to 97 + .33. 
 

1Number of does in the study.  a,b,c  Any two means with the same 
superscript are not significantly different at the 5% level of 
probability. 
 
 
Trial 2 (Non-Traditional Breeding Season – May)  
 
The results from the second breeding trial are shown 
in table 6.  Signs of heat were detected during the 
first estrous cycle following the removal of the 
CIDR® device in 25% of the does in treatment group 
B (CIDR® and PGF2@)) and 43% of the does in 
treatment C (CIDR® and PG600).  Does from 
treatment group D did not show any signs of heat the 
following the first 24 hours after the synchronization 
trials had ended.  Thirty-five percent of the does from 
 

 
 

Treatment N 1st 
Estrous 
Cycle 
(1-21 
days) 

2nd 
Estrous 
Cycle 
(22–42 
days) 

3rd 
Estrous 
Cycle 
(43–63 
days) 

Control  20 0% 35% 65% 
CIDR® + 
PGF2@  

20 25% 42% 33% 

CIDR®+ 
PG600  

20 43% 30% 27% 

Buck 
Effect  

20 0% 35% 65% 

1Number of does in the study. 
 

this treatment group began to show signs of estrus 
22-42 days after the teaser buck was removed from 
their pen while the remaining does (65%) came into 
heat 43 – 54 days after the teaser buck was removed 
from the breeding pen.  Does in the control group 
begin showing signs of heat 38 – 60 days after they 
were exposed to the intact buck.  
 
The mean interval until heat was 25 + 2.79 (group B) 
and 26 + 8.37 (group C) hours after the 
synchronization trials had ended (Table 7). 
 

Treatment No of 
Does 

Interval to 
Estrus 

Control  0 ----------- 
CIDR ®+ PGF2@   20 25.25 + 2.79hrs.a 
CIDR® + PG600  20 26.00 + 8.37hrs.a 
Buck Effect  0  
P Value --- ---------- 

1 The number of does that responded to heat during the first estrus 
period after the synchronization treatments ended for the study. 
 
The mean progesterone concentrations were 1.97 + 
0.04 ng/ml for the control group, 3.91 + 0.29 ng/ml 
for group B, 4.28 + 0.33 ng/ml for group C and 2.67 
+ 0.09 ng/ml for group D.  Furthermore, the mean 
progesterone serum concentration was significantly 
lower (P<.03) for the does in the control group 
compared to the does in the other groups. 
 
 
 
 
 
 
 

Treatment N1 Single 
Births 

Sets of 
Twins 

Sets of 
Triplets 

Control  34 2 16 0 
CIDR® + 
PGF2@   

37 1 18 0 

CIDR®+ 
PG600  

42 1 16 3 

Buck Effect  34 6 14 0 
No. of Kids 
Born 

147 10 128 9 

     

Treatment N1 Gestation 
Length  
(days) 

Kidding 
Rates 

Weaning 
Rates 

Control  20 148 +1.9a 170+1.8a 88 + 47 a 
CIDR® + 
PGF2@   

20 150 +2.0a 185+2.0b 97 + .33 b 

CIDR®+ 
PG600  

20 148 +2.7a 210+1.3c 88 + .78 a 

Buck Effect  20 144 +3.9a 170+ 5.7a 94+.02 b 
P Value --- P>.75 P<.091 P<.027 

Table 7.  Mean Interval until Estrus  

Table 4.  Number of Single Births, Twins or Triplets   

  Born 

                

                

Table 6.  Estrus Response in Breeding Does 

Table 5.  The Gestation Length, Kidding and 
Weaning Rates of the Experimental Does   
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a,b,c  Any two means with the same superscript are not 
significantly different at the 5% level of probability. 
 
The results from the study also showed that there was 
no significant difference (P>.12) in gestation length 
between the does in the study, but pregnancy rates 
(P<.04), kidding (P<.08) and weaning rates (P<.05) 
were significantly lower for the does in the control 
group compared to the does in treatment group B and 
C as shown in tables 8 and 10.  Does in treatment B 
and C had significantly higher pregnancy rates, 
kidding and weaning rates than the does in the other 
groups.  Single births (n=9) were the highest among 
the does in the control group and group D (n=6).   
 
However there were no single birth kids born to any 
of the does in group B or C.  Does in both of these 
treatment groups gave birth to more twins and five 
does gave birth to triplets during this breeding season 
(Table 9). 
 

1 Number of kids born as singles, twins and triplets. 
 
 
 
 
 
 
 

 
Table 10.  The Gestation Length, Kidding and 
Weaning Rates of Experimental Does 
 

1 Number of does in the study.  a,b,c  Any two means with the 
same superscript is not significantly different. 
 
 
CONCLUSION 
 
In this study, the CIDR® synchronization treatments 
that were used in combination with PGF2@ or 
PG600 were both proven very effective in inducing 
estrus in seasonal (September breeding trial) and out-
of-season breeding does (May breeding trial).  
Acceptable heat response was also obtained in the 
does that were exposed to the teaser buck during the 
traditional breeding season.  However, this was not 
found true for the does exposed to the buck during 
the out-of-season breeding period.  Does treated with 
the CIDR® synchronization drugs were also more 
than likely to exhibit signs of heat within the first 24 
hours after the treatment had ended for both 
experimental trials, thus proving that CIDR® 

treatments can be used effectively to induce heat in 
seasonal or anestrous does. 
 
In the case of the does exposed to the teaser buck, 
there was a definite inconsistency in estrus response 
for both breeding trials.  Most does responded to 
estrus treatments between the first 42 days after the 
treatment ended in the September trial while 65% of 
the breeding does in the May trial began to show heat 
43-63 days after the treatment ended, thus the results 
are showing that the teaser buck may be more 
effective in inducing heat in seasonal does than does 
that were bred out-of-season.  Other results of this 
study have shown that most of the does that did not 
receive any synchronization treatment (control group) 
exhibit heat much later compared to the does in 
treatment groups B, C, and D.  However, most does 
were in heat after the first 43 – 63 days after being 
exposed to the breeding buck in both breeding trials.  
 
 
 

Treatment N Mean  
Progesterone 

Concentration 
(ng/ml) 

Pregnancy 
Rates  (%) 

Control  20 1.97+ .05a 75 + 1.97a 
CIDR® + 
PGF2@   

20 3.91 + .29b 90 + 3.11b 

CIDR® + 
PG600  

20 4.28 + .33b 95 + 5.50c 

Buck Effect  20 2.67 + .09c 70 + 4.69c 
P Value --- P<0.03 P<0.04 

Treatment N    Single     
   Births 

  Sets of    
 Twins 

Sets of 
Triplets 

Control  21 9 6 0 
CIDR® + 
PGF2@   

38 0 16 2 

CIDR®+ 
PG600  

41 0 16 3 

Buck Effect  22 6 8 0 
No. of Kids 
Born 

12
2 

15 92 15 

Treatment N Gestation 
Length  
(days) 

Kidding 
Rates 

Weaning 
Rates 

Control  20 150 + 3.0a 105 + 1.8a 90+47a 
CIDR® + 
PGF2@   

20 150 + .01a 190 + 2.0b 97+ .33b 

CIDR®+ 
PG600  

20 151 + 1.5a 205 + 1.3b 95+ .78b 

Buck Effect  20 150 + 1.9a 110 + 5.7a 90+ .02a 
P Value --- P>.12 P<.08 P<.05 

Table 8.  Progesterone Levels and Pregnancy Rates 

Table 9.  Number of Offspring Single Births, Twins 
or Triplets Born 
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Figure 4.  A Doe and her Newborn Kid  
 
In terms of fertility rates, conception rates, pregnancy 
rates, kidding rates and the weaning rates were 
significant higher for the does in treatment groups B 
and C compared to the does in the control group and 
treatment group D for both breeding trials.  Single 
births kids were also more common in the goats in 
the control group and treatment group D during the 
May breeding trial compared to the does from the 
September breeding trial. 
 
The results of this preliminary study seem to indicate 
that using synchronization treatments during the 
traditional and out-of-season breeding period could 
significantly enhance conception and pregnancy rates 
in breeding does, thus providing producers with an 
effective tool for increasing herd productivity and 
targeting markets (i.e., Ramadan, Thanksgiving) that 
can bring a higher economic return. 
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ABSTRACT  
 
Understanding the anatomy (structures) and 
physiology (function) of the reproductive system of 
the male and female can contribute significantly to 
the understanding of success and deficiencies in the 
production efficiency of the breeding goat herd.  
Topics of importance to understand include the 
primary reproductive structures of the buck and doe, 
the reproductive hormones produced in each sex and 
the physiological functions controlling reproduction.  
This knowledge will aid the producer’s success at 
resolving problems encountered during the 
reproductive life of production animals.   
 
 
INTRODUCTION 
 
Reproduction plays a critical role in the success of a 
goat production farm.  In order to optimally manage 
reproductive activity on a goat farm, an 
understanding of anatomy and physiology is 
recommended.  This understanding can play an 
important role in getting optimum reproductive 
performance from the breeding herd.  In addition, 
deficiencies in reproduction can be identified for 
selection of animals, understanding anatomical parts 
and their respective function.  Therefore, the 
objective of this review is to summarize the 
reproductive structures of the buck and doe and their 
physiological functions. 
 
 
ANATOMY AND PHYSIOLOGY OF THE 
REPRODUCTIVE SYSTEM OF THE BUCK 
 
The anatomical structures of the buck include 
primary and secondary organs as well as accessory 
sex structures (see Figure 1).  The physiological 
functions include the manufacturing of sperm and the 
associated fluid that combines to form semen.  The 
accessory sex organs include the scrotum, sheath and 
penis.  The primary sex organs are the paired 
testicles.  They are responsible for producing the 
sperm cells (spermatozoa) within the seminiferous 
tubules and also produce the male hormone, 
testosterone, within the Leydig cells.  Once 

spermatozoa are completely formed anatomically, 
they are initially released from the testicles and are 
transferred from the tubules to the epididymis where 
they complete their maturation process, are 
concentrated and stored in its tail until released 
during ejaculation.  During ejaculation, they next 
travel through the vas deferens, urethra, and various 
parts of the penis.  The penis can be subdivided 
according to the sequence through which the semen 
passes.  They are: the body, sigmoid flexure, shaft, 
glans penis and the urethra process.  The semen then 
leaves the body of the buck.   
 

The accessory sex structures include the scrotum, the 
skin and related structures housing the testicles 
outside the body.  In order to permit spermatogenesis 
to take place, the testicles must be 4-5o F cooler than 
the body temperature (101o F) of the buck.  When the 
environmental temperature becomes either too cool 
or too warm, the male has temperature regulatory 
mechanisms (i.e., pampiniform plexus, tunica dartos, 
and the cremaster muscle) that assist with 
maintaining optimum testicle temperature (96o F).  
The scrotum is responsible for housing and protecting 
the paired testicles outside the body cavity.  The 
circumference around the scrotum at the widest area 
is directly related to the total amount of sperm it can 
produce.  The sheath is responsible for housing and 
protecting the penis (the organ of copulation) when it 
is not erect. 
 

Figure 1.  Anatomy of the buck’s reproductive 
tract  
 



 
 

128 
 

Figure 3.  Schematic diagram showing the 
anatomy of the doe’s reproductive tract 

 

Regulation of reproduction in the male and female is 
primarily controlled through hormonal inputs from 
the hypothalamus and pituitary gland in the brain.  
Gonadotropin releasing hormone (GnRH) from the 
hypothalamus and gonadotropins from the pituitary 
gland (follicle stimulating hormone, (FSH) and 
luteinizing hormone (LH)) determine the occurrence 
and regularity of reproduction in the male.  Follicle-
stimulating hormone stimulates the seminiferous 
tubules to support spermatogenesis.  LH stimulates 
the Leydig cells housed between the tubles to 
produce testosterone.  Testosterone is the male 
hormone that stimulates male sex drive (libido), 
secondary sex characteristics, growth performance, 
and development of the male reproductive system. 
 
Disturbance in the anatomy or physiology of the 
reproductive system can lead to a number of 
irregularities and disease conditions in goats that can 
lead to production failure.  Understanding the 
reproductive system can assist goat producers in 
overcoming these problems by determining how they 
can best put management strategies into place to 
prevent its problems in the future.  Problems with 
reproductive function in the buck may result in 
lowered performance by the female (low conception 
rate, low pregnancy rate, and low litter size), though 
most is due to the female. 
  
 
ANATOMY AND PHYSIOLOGY OF THE 
REPRODUCTIVE SYSTEM OF THE DOE 
 
The anatomical structures of the doe include primary 
and secondary organs as well as accessory sex organs 
(see Figures 2 and 3).  The primary sex organs are the 
ovaries.  They are responsible for making and 
housing ova (eggs) within grape-like structures called 
follicles which also produce the female hormones 
estrogen and progesterone.   
 
The secondary female sex organs include the tubular 
structures that connect the ovary to the vulva which is 
the entrance into the reproductive system of the doe.  
These tubular structures include:  

a. Paired oviducts (see Figure 3), which are 
small tubular structures that connect each 
ovary with the remaining parts of the 
reproduction system.  The oviduct is the site 
at which the sperm and egg unite by a 
process called fertilization, which begins the 
gestation period.   

b. The uterus is composed of two horns and a 
small connecting body.  Early on, the 
embryo has the ability to move within the 
uterine horns by intrauterine migration.  

Near the time the embryonic cells start to 
differentiate (change), the embryo will 
attach itself to the uterine wall by a process 
referred to as implantation.  The fetus will 
not move anymore and will remain at this 
site until it separates from the uterus for 
delivery at kidding.  Implantation of the 
embryo often occurs on the same side as the 
ovary that ovulated the egg. 

c. The cervix is a thick walled structure that 
separates the uterus from the vagina and 
controls what enters and exits the uterus. 

d. The vagina is the copulatory organ and site 
of semen deposition. 

e. The vestibule marks the original 
demarcation of the internal structures of the 
reproductive system.  It contains the clitoris 
and is separated by the urethral orifice. 

f. The vulva are the folds of skin (labia minor 
and labia major) that mark the external entry 
into the female reproductive system.  They 
are frequently observed to swell and be 
covered with mucus as indication of estrus 
or approaching parturition. 

Figure 2. Schematic diagram showing 
the approximate positions of the doe’s 
reproductive organs 
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The broad ligament is the connective tissue that 
supports the entire reproductive system as it “hangs” 
within the pelvis of the body cavity. 
 
Abnormalities in the anatomy of the reproductive 
system have been associated with polled (hornless) 
animals, a condition sometimes associated with 
hermaphrodites (animals with both male and female 
sex organs).  However, not all naturally polled goats 
are hermaphrodites; careful examination of the 
external organs and structures can give a clue to their 
condition. 
 
The physiology of the reproductive system of the 
female is complex.  It includes estrous cycles that 
begin at puberty and continue at regular intervals 
throughout the animal’s reproductive life.  Goats are 
typically considered to be seasonal breeders.  Most 
breeds of goats breed during the short daylight hours 
of the year (fall and winter) and are thus referred to 
as short day breeders.   
 
As daylight hours decrease, the fertility of goats 
increases.  The beginning of the breeding season, 
when a growing percentage of does begin to exhibit 
estrus, is considered the transitional season.  The 
period when all does exhibit estrus (and cyclicity 
continues regularly unless bred) is considered the 
breeding season.  The reverse occurs at the end of the 
breeding season.  Factors that influence the length of 
the breeding season include breed, genetics, 
geographical location, nutrition, health, and 
management. 

 
Figure 4. The stages of development of a fertilized 
egg 
 
Goats are classified as seasonally polyestrous.  Estrus 
marks the beginning of the estrous cycle when she is 
receptive to mating (24-48 hours, averaging 36 

hours).  She releases her egg during ovulation shortly 
after estrus.  If she mates during estrus, pregnancy 
starts when sperm that are deposited in the vagina 
travel up the tract until they meet and fertilize the 
ovum in the oviduct.  Subsequently, the conceptus, 
referred to as an embryo at this time, will leave the 
oviduct by days 2-3 (see Figure 4).  
 
The embryo/embryos then implant in the horn of the 
uterus around days 15-20 of pregnancy (already said 
this, could leave out of previous site).  The free-
floating embryo attaches and becomes a fetus.  It will 
continue to develop until the fetus matures and 
signals birthing by initiating labor at the end of the 
150 day pregnancy (see Figure 5).  

 
Figure 5.  Cross-section of the doe’s abdomen 
showing the normal position of the fetus 
 
During the last portion of pregnancy, mammary 
gland development and associated milk production 
takes place.  Goats will resume estrous cycles 
approximately 45-60 days after kidding (postpartum) 
if it is during the breeding season.  Otherwise, they 
will cease cycling, reproductive hormone levels will 
be low, and they will enter a phase referred to as 
anestrous which will continue until the environment 
(season) again triggers the breeding season.  
Anestrous also occurs immediately after kidding and 
that period of time can be extended due to heavy 
lactation and low nutrition.  
 
Like the male, hormones from the hypothalamus and 
pituitary gland in the brain control reproduction in 
the doe.  Gonadotropin releasing hormones (GnRH) 
from the hypothalamus and the gonadotropins (FSH 
and LH) from the pituitary gland determine the 
occurrence and regularity of reproductive events in 
the female.  Hormone levels do not reach significant 
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levels until the brain matures enough to produce 
these hormones and subsequently stimulates the 
ovaries at what  is considered puberty.  After the 
reproductive system has been primed due to 
stimulation by the reproductive steroids, the 
reproductive organs grow and develop.  The age 
and/or weight when a female exhibits her first estrus 
and puberty, occurs normally at 5-10 months of age, 
depending upon her season of birth.  She should not 
be mated, however, until she reaches approximately 
75% of her adult weight when she reaches sexual 
maturity.  When she reaches sexual maturity, she is 
more likely to successfully mate, carry a pregnancy 
to term, deliver her offspring unassisted, and nurse 
her young.  Difficulty in any of these stages can be 
expected if females are bred at puberty rather than 
permitting a number of estrous cycles to take place 
and body weight to be gained before first mating. 
 
 
THE UDDER, MAMMARY SYSTEM, AND 
MILK PRODUCTION  
 
The goat has two mammary glands with two nipples, 
a nipple for each gland (see Figure 6).  The milk- 
 

 
Figure 6.  Section through the udder of a doe  
 
producing capacity of the udder is related to its size 
and volume.  The quality of milk is influenced by 
diet, genetics, breed, health, stage of lactation and 
other contributing factors.  Milk production peaks 
around 6-8 weeks after kidding.  Lactation will 
steadily decline until the kids are weaned and milk 
production will normally cease shortly afterward.  
The length of lactation can be influenced by breed, 

length and timing of nursing, nutrition, peak milk 
production, and management, among other factors. 
The structure of the udder is very important to the 
longevity and productivity of a doe.  A doe must have 
a sound udder in order to repeatedly raise kids year 
after year until weaning and therefore be profitable.  
A doe’s udder should have good form and at-
tachment.  The udder should be well rounded and the 
floor of the udder should not hang below the hocks of 
the doe (Figure 7). 
 
Genetic defects are associated with abnormalities in 
organ structure and function.  Information about birth 
defects in goats is scarce.  At least 32 genetic 
abnormalities have been reported to impact the 
anatomy and physiology of livestock.  Specific 
studies in goats will aid in selection of the best 
animals for breeding.  For example, observation of 
the occurrence of structural anomalies that prevent 
proper nursing by the kids can be used as selection 
criteria for replacement doelings in a breeding 
program.  Structures graded during scoring of udders 
include size, shape, suspension and number of teats.  
 
The figures below are from goats noted for having 
abnormal teat size.  

 a    b 
 

 c    d 
 
Figure 7.  Udder structure (a) Example of a 
normal goat udder.  Pictures (b-d) abnormal 
udders (N.C.  A&T S.U) 
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CONCLUSION 
 
An understanding of the structures and function of 
the reproductive system can play an important role in 
understanding and managing for optimum 
reproductive performance in the breeding herd.  
Disturbance in anatomy or physiology can lead to a 
number of irregularities and disease conditions in 
goats that can lead to production failure.  
Understanding reproductive anatomy and physiology 
can assist goat producers in planning how to 
overcome related production problems and put into 
place management strategies to prevent future 
occurrences. 
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ABSTRACT 
 
This paper discusses how nutrition needs to be 
adjusted to the stage of production, provides thoughts 
on setting up a mating schedule, describes options for 
managing bucks for breeding, and explains steps 
involved in effective kidding.  Procedures that can be 
applied to control reproduction and the estrus/estrous 
cycle in goats, such as the use of the buck effect, 
changing day length, and synchronizing estrus are 
also included.  Finally, management tools are 
mentioned that can be integrated into a goat 
production system that includes semen collection and 
preservation, artificial insemination and the use of 
pregnancy testing. 
 
 
INTRODUCTION 
 
Goats are multiple ovulators with a seasonal breeding 
pattern and a relatively short gestation period.  These 
characteristics provide an opportunity to apply a 
number of management techniques to optimize 
reproductive performance.  Reproduction should be a 
vital component of the overall herd management 
scheme and closely integrated with nutritional and 
herd health.  Reproductive diseases are not 
widespread in goats in the U.S.; however, goats need 
to be maintained in good health (dewormed and 
vaccinated) to ensure proper reproductive function.  
Meat-type does should be capable of giving birth and 
raising their offspring unassisted, but occasional help 
may need to be provided when there are 
complications during parturition  or when does do not 
accept the newborn.  Records should be collected on 
kidding and weaning performance (litter size and 
weight) to be used for overall herd management and 
selection of breeding stock.  
 
 
REPRODUCTIVE MANAGEMENT BASICS  
 
Producers need to develop a strategy for reproductive 
management that matches environmental and climatic 
conditions with available labor and feed inputs as 

well as production potential of the breed resource to 
set  realistic goals and marketing options. 
 
Feeding and Reproduction 
 
Diets and feed levels have to be adjusted to account 
for the physiological stage of production of the goat, 
particularly in the female (lactation, gestation).  
There is some discussion as to the effectiveness of 
“flushing” in goats, a technique commonly used in 
sheep.  For flushing, does should be placed on a 
gaining plane of nutrition prior to breeding (2-3 
weeks) to stimulate higher ovulation rates.  The 
mechanism accounting for this improvement in 
ovulation rate is not fully understood, but likely 
involves some change in follicle-stimulating 
hormone.  It is also not clear if improvements are 
linked more directly to changes in energy or protein 
intake, but changes are more pronounced in females 
in which the improved diet results in changes in body 
condition. 
 
During the early stages of gestation, the nutritional 
demands of does are moderate and only in later 
stages of pregnancy, at the time of accelerated fetal 
growth, should the plane of nutrition be increased.  
Inadequate nutrition during late gestation can result 
in abortion, stillborn, and weak kids, and may limit 
availability of colostrum for the newborn kid.  Late 
pregnant does should have access to high quality 
roughage, and moderate levels of concentrate feed, as 
undernourished or overly fat does are prone to 
pregnancy toxemia (ketosis) during the late stages of 
gestation. 
 
Does nursing their kids are nutritionally challenged 
and usually require supplemental feed if pastured to 
ensure an adequate milk supply for multiple kids.  
During early stages of lactation, a higher level of 
crude protein (18%) is desirable, whereas protein 
levels in mid-lactation can be reduced to 12-14%.  
Does with a high level of milk production that do not 
receive adequate supplemental feed can develop 
lactational ketosis. 
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Options in Mating Schedules 
 
The traditional mating system for goats is once-a-
year, annual mating, with does bred in the fall during 
the natural breeding season for spring kidding.  This 
approach ensures the greatest likelihood of 
pregnancy, and optimal ovulation rates.  There is 
some flexibility as to breeding dates, as the breeding 
season will usually extend from August to January 
for most breeds in the continental U.S.  This range 
allows breeding to be adjusted for favorable climatic 
conditions during kidding and optimal forage quality 
for lactating does.  Scheduling a breeding season 
should also take marketing opportunities for kids into 
account.  Duration of mating will impact the length 
of the kidding season, and associated labor 
requirements.  A 40-45 day breeding season will 
afford each doe at least two opportunities to breed. 
 
A gestation length of 150 days presents goats the 
opportunity to kid twice per year or three times in 
two years.  A decreased kidding interval 
(“accelerated mating”) utilizes facilities and labor 
more effectively, while increasing the annual kid 
crop and providing for more continuous production 
of kids.  However, this theoretical potential is 
restricted by seasonal anestrous, and the need for 
uterine involution, while requiring additional inputs 
in management and feed.  In general, postpartum and 
lactational anestrus are not of similar significance in 
goats, as they are in cattle.  Systems that have been 
proposed usually involve mating at approximately 8 
month intervals, with one mating at the peak of 
seasonal breeding (i.e., November), and followed by 
matings during the transitional periods in July and 
March.  Success of such a system is dependent on the 
ability of a breed to conceive during the transitional 
periods.  To account for failure to conceive, it may be 
necessary to maintain two breeding herds with 
alternate breeding cycles, and allow open does to be 
transferred between herds to avoid extended open 
periods.  Such a system would produce a kid crop in 
4-month intervals for semi-continuous production, 
but labor and management inputs would be high. 
 
Under extensive conditions, continuous mating is 
sometimes practiced, and bucks are maintained with 
the doe herd throughout the year.  In such a system, 
only limited supervision can be provided during 
kidding, and care is required to routinely remove 
offspring from the herd to avoid dam x son and sire x 
daughter matings.  Although buck exposure is 
continuous, kidding under continuous mating will 
eventually follow seasonal breeding patterns.  
 
 

Managing the Breeding Season  
 
Bucks, because of their size, odor, and sometimes 
temperament, often require special management 
considerations and experience in handling.  Pens and 
structures need to be adequate to contain bucks when 
not used for breeding.  Bucks used for breeding 
should possess characteristics that will advance the 
production potential of the herd in which he is used, 
but must also be able to successfully mate to transmit 
these characteristics. 
  
Spermatogenesis is susceptible to outside influences 
such as elevated temperature, season of year and 
nutrition, and breeding males need to be evaluated for 
reproductive soundness 3-4 weeks prior to the mating 
season.  Part of such a ‘breeding soundness 
examination”  is an evaluation of the overall 
condition of the buck and includes his health history, 
physical soundness, particularly of feet and legs, and 
examination (palpation and visual inspection) of the 
external genitalia (scrotum and scrotal content, sheath 
and penis) for signs of infections and other 
abnormalities.  There are currently no age and breed 
standards for testis size (scrotal circumference) in 
meat-type breeds, but the testis should be of adequate 
size (20-25 cm scrotal circumference) and have firm 
tone.  
 
The second part of the examination involves the 
collection and evaluation of an ejaculate.  In trained 
bucks, this is achieved using an artificial vagina, but 
in some instances an electroejaculator has to be used.  
The method of collection has some effect on the 
ejaculate characteristics, with a larger volume in an 
electroejaculate.  The ejaculate is immediately scored 
for motility under low (mass motility) and medium 
magnification (percentage motile sperm) of a light 
microscope on a pre-warmed slide.  Morphological 
abnormalities and viability can be determined from 
stained semen smears.  In the final part of the 
examination, bucks are allowed access to estrous 
does to evaluate libido and mating behavior.  Bucks 
deficient in any part of the examination should be 
considered questionable, and retested after several 
weeks.  A second failed test would indicate 
reproductive deficiencies and such a buck should not 
be used in mating. 
 
The buck : doe ratio for breeding will depend on a 
variety of factors, including age of buck, terrain, and 
pre-breeding management (i.e., synchronization of 
estrus).  Accepted buck : doe ratios for pasture 
conditions range from 1:25 to 1:50.  This ratio is of 
less importance if multiple sires are used; however, 
the use of multiple sires with a single group of does 



 
 

134 
 

presents problems with fighting, establishment of 
dominance, and the inability to establish parentage.  
A smaller buck : doe ratio (1:5 to 1:10) is needed if  
does are estrus synchronized to ensure adequate 
fertility.  An alternative approach to breeding 
synchronized does is the use of “hand-mating” where 
access to the doe is restricted to one or two controlled 
matings 12 hours apart.   
 
A useful management tool for mating is the use of a 
marking harness.  Although most harnesses available 
on the market are designed for rams, adjustments can 
be made for their successful use in larger bucks.  
Harness marks will provide an instant confirmation 
of the breeding activity of a buck, establish mating 
dates (and subsequently, projected kidding dates), 
and will provide an estimate of breeding success by 
indicating non-return to estrus.  A change of crayon 
colors in 15-20 day intervals throughout the breeding 
season will facilitate identification of repeat breeders.  
In multiple sire mating groups, alternative color 
crayons will provide an indication of mating activity 
of individual bucks. 
 

 
Figure 1.  Use of marking harness 
 
Pregnancy and Kidding 
 
Embryonic losses early in pregnancy are usually 
much higher than fetal losses at later stages of 
gestation, and can be as high as 20-30% due to the 
complexity of events associated with fertilization and 
implantation.  Embryo mortality is also influenced by 
extrinsic factors such as doe age, and environmental 
and nutritional stress.  Abortions during the early 
stages of gestation can usually not be readily 
differentiated from failure to conceive.  During these 
early stages of pregnancy, the embryo is sensitive to 
a variety of drugs and mineral deficiencies.  
 

In goats, in contrast to sheep, the placenta does not 
provide sufficient progesterone, and is dependent on 
secretions from an active corpus luteum to support 
pregnancy.  Hence, spontaneous (noninfectious) 
abortions resulting from luteal insufficiency are more 
common in goats.  Undernutrition, vitamin and 
mineral deficiencies, toxic plants, and certain drugs 
can contribute to later stage noninfectious abortions.  
Multiple late-term abortions (“abortion storm”) 
usually suggest an infectious cause for the abortion, 
of which chlamydiosis and toxoplasmosis are the 
most common source.  To properly diagnose the 
cause of an infectious abortion, the fetus, portions of 
the placenta and a blood sample from the doe should 
be collected for testing. 
 
Parturition can be divided into three stages.  During 
the first stage, the uterine content is pushed toward 
the cervix, causing it to dilate in a process that may 
last up to 12 hours.  In the second stage, contractions 
increase and the kid(s) move in the birth canal and 
are expelled in a process that may take up to two 
hours.  In the third stage, the placenta is expelled and 
uterine involution commences.  Parturition can be 
induced in goats through the use of prostaglandin, 
which regresses the corpus luteum and removes the 
primary source of progesterone.  Does treated with 
prostaglandin will usually deliver their kids between 
30 to 35 hours after injection, and no further ill 
effects such as retained placenta and subsequent 
fertility are generally observed.  Dexamethasone is an 
alternative effective pharmacological means to 
induce parturition in goats. 
 
Kidding generally should not require human 
assistance.  However, assistance may be needed when 
a fetus is not presented properly for delivery, or the 
cervix is not sufficiently dilated to accommodate a 
large kid (dystocia).  Intervention should be 
considered once the second stage of labor exceeds 
two hours.  In case of failure of the cervix to dilate 
properly (ringwomb), cautious manual stretching and 
calcium and estrogen treatment can be applied.  
Continued failure to dilate may require Cesarean 
section to deliver the kid.  The normal presentation of 
a kid for delivery is with the head positioned between 
the front legs facing up.  Presentation of the hind legs 
first may also allow the kid to be born without further 
assistance.  However, abnormal presentations such as 
the head and leg(s) facing back, and multiple kids 
entangled during birth, will require manual 
repositioning of the kids.  Once a kid is positioned 
correctly, assistance may be provided by pulling the 
legs. 
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Membranes covering the kid will usually rupture 
during birth and are removed through cleaning by the 
doe.  If membranes cover mouth and nose, and are 
not attended to by the doe, they need to be removed 
manually, breathing should be stimulated, and the 
kid(s) dried off.  Newborn kids should be nursing 
within a couple hours of birth to ensure that the 
proper amount of colostrum is consumed.  The udder 
of the doe can be checked to ensure that milk is 
present and can be expressed.  The navel of the 
newborn kid should be dipped in 7% iodine.  In 
general, handling of newborn kids and does should be 
limited to allow the proper bond between dam and 
offspring to form. 
 

 
Figure 2.  Doe delivering triplets 

 
 
CONTROLLING REPRODUCTION 
 
The utilization of reproductive management 
techniques can be a useful tool to improve 
performance of a more closely managed herd.  
Additional inputs may be needed in labor and 
handling facilities and in nutritional management to 
implement techniques to control reproduction.  
 
Using the Buck Effect 
 
Exposing anestrous females to intact males or 
testosterone-treated castrates, following isolation, has 
been demonstrated to induce estrus and ovulation in 
the doe.  The physiological basis for this response is 
partly pheromonal and partly neurological, with 
neither aspect completely accounting for the 
response.  Sudden buck exposure will elicit a 
pulsatile LH release sufficient in length and 
magnitude to initiate the ovulatory process.  The 
male-induced estrus is usually synchronized, with 
ovulation occurring within 2-3 days of stimulation.  

The response to male stimulation can be quite 
variable and is influenced by breed, completeness of 
prior isolation, "depth" of anestrus, nutrition, and 
stage postpartum.  Unless male-induced cyclic 
activity is initiated preceding the natural breeding 
season, the response is transient in nature.  Hence, the 
practical application of the “male effect” lies 
primarily in inducing an early breeding season, or in 
combination with some pharmacological out-of-
season breeding manipulation. 
 
Manipulating Day Length 
 
Artificial lighting, either by itself or in conjunction 
with melatonin and/or the male effect, can provide 
effective manipulation of the breeding season in 
goats.  Goats generally respond more favorably to 
out-of-season breeding using the male effect, and 
artificial lighting than sheep.  Differences have been 
attributed to the higher and more variable 
endogenous nighttime melatonin levels in sheep 
compared to goats.  
 
Artificial lighting under practical conditions is mostly 
employed for “long day” simulation.  Long days are 
usually administered as 16 hours of daylight to 8 
hours of darkness.  To simulate long days, it is not 
necessary to provide the entire 16-hour light period, 
but treatment can be divided into the natural daylight 
period followed by an appropriately timed 1-hour 
light stimulus at the time of desired dusk.  Goats will 
distinguish between a gradual decrease in day length 
as opposed to a sudden shift from short to long days. 
 
To achieve year-round breeding in goats, a system of 
light control  that subjects animals to alternating 
short-day and long-day periods in 2-month cycles has 
been proposed.  This system has been experimentally 
validated, and results indicated that the period of 
cyclic activity was extended.  However, periods of 
acyclicity remained and a lack of continuity in cycles 
developed.  Most practical systems have focused on 
the extension of the natural breeding season, 
combining a period of long days followed by 
melatonin treatment for short day simulation.  Use of 
controlled lighting requires the availability of a light 
proof barn to house the goats. 
 
Synchronizing Estrus  
 
Approaches towards synchronizing estrus in livestock 
have to focus on either the manipulation of the luteal 
or the follicular phase of the estrous cycle.  In the 
doe, the window of opportunity is generally greater 
during the luteal phase, which is of longer duration 
and more responsive to manipulation.  Different 
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approaches have been concerned with either 
extending the luteal phase by supplying exogenous 
progesterone or with shortening this phase through 
removal of the corpus luteum.  Successful techniques 
must not only establish synchrony, but also ensure a 
reasonable level of fertility in the synchronized cycle.  
 
Prostaglandins are commercially available both in 
natural form (i.e., Lutalyse®) and as an analog (i.e., 
Estrumate®), effective at much lower doses.  
Prostaglandin is limited in its application for use 
during the breeding season because a functional 
corpus luteum is required for its application.  If the 
stage of the estrus cycle is not known, a two injection 
protocol 10-11 days apart is needed to ensure the 
presence of a functional corpus luteum at the time of 
the second injection.  Regression of this corpus 
luteum will result in induced estrus 48 hours after 
prostaglandin injection.  Estrus induced by the use of 
prostaglandin is usually not as fertile and tightly 
synchronized as the response to a progestagen 
protocol.  
 
The treatment of choice for estrus synchronization 
and also out-of-season breeding in goats has been the 
intravaginal sponge, impregnated with 45-60 mg of 
synthetic progesterone.  Although this approach finds 
widespread application internationally and 
standardized protocols have been developed, these 
products are not currently commercially available for 
small ruminants in the U.S.  In these protocols, 
sponges are widely used in conjunction with pregnant 
mare serum gonadotropin (PMSG), to more tightly 
synchronize estrus and induce ovulation, but again 
this product is not currently available for use in the 
U.S.  An alternative means of supplying continuous, 
exogenous progesterone is the intravaginal pessary 
(CIDR® (Controlled Internal Drug Releasing)) 
developed in New Zealand.  The CIDR® has recently 
been approved for sheep in this country, and is 
readily available at livestock health supply places.  
The CIDR® device is constructed from progesterone 
impregnated medical silicone elastomer molded over 
a nylon core.  In large-scale trials with cashmere 
goats in Australia, CIDR® devices were as effective 
as intravaginal sponges in controlling ovulation and 
fertility following artificial insemination (A.I.).  
 
A number of synchronization systems for goats have 
been evaluated under research conditions in the U.S. 
that are based on the extra-label use of compounds 
approved for other species and/or applications.  
Melengestrol acetate (MGA) is an orally-active, 
synthetic progestagen, approved for use in feedlot 
cattle that can be used for the induction and 
synchronization of estrus in does.  During the 

anestrous season, the product would need to be used 
in conjunction with the buck effect or a source of 
gonadotropin.  PG-600® is a combination product of 
PMSG and human gonadotropin (2:1) approved to 
accelerate the onset of cyclic activity in pubertal and 
postpartum sows that can serve as a source of 
gonadotropin in an estrus synchronization protocol 
for goats.  These products will need to be used as part 
of a valid veterinary-client relationship. 
 
The application of estrus synchronization schemes 
requires an increased level of management either 
through the utilization of A.I. or the proper 
management of bucks.  With a larger number of 
females showing estrus at the same time, the male:  
female ratio should not exceed 1:7, or alternatively, 
timing of the induced estrus should be staggered (i.e., 
spreading the removal of the progesterone source 
over several days).  Hand-mating of males, as a 
modification of A.I., can also be used.  Fertility of the 
synchronized estrus is generally high, but responses 
to PMSG and prostaglandin co-treatment have at 
times been variable.  
 
 
REPRODUCTIVE MANAGEMENT TOOLS 
 
Assisted reproductive technologies are finding more 
widespread use as the goat industry expands.  
Techniques such as A.I. and ultrasonic pregnancy 
detection may not be suitable or applicable to the 
majority of farms, but deserve consideration for seed 
stock producers and producers pursuing specifically-
defined management strategies and production 
objectives.  
 
Semen Collection and Preservation 
 
Semen collection and processing are usually not of 
great concern to producers, unless bucks are collected 
on the farm.  Semen processed for A.I. is usually 
collected from bucks trained to serve an artificial 
vagina, adjusted to the appropriate temperature and 
pressure.  Once a collection schedule is initiated, 
bucks can be collected 2-3 times daily on alternate 
days.  Semen is immediately evaluated for quality 
(motile and morphologically normal sperm) after 
collection and sperm concentration is determined.  
The semen is then diluted in a medium usually 
containing egg yolk, sugars and buffer to provide an 
insemination dose ranging from 20 million (frozen, 
laparoscopic intra-uterine A.I.) to 300 million (fresh, 
vaginal A.I.) spermatozoa, dependent on the intended 
insemination technique.  When semen is intended for 
frozen use, glycerol is included in the diluent as a 
cryoprotectant.  
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Buck semen contains an egg yolk-coagulating 
enzyme, and egg yolk levels in the extender need to 
be reduced compared to ram semen, or egg yolk can 
to be replaced by skim milk.  A further alternative is 
to remove the seminal plasma (via centrifugation) 
before the extender is added.  Semen in the U.S. is 
usually packaged and stored in 0.5 cc or 0.25 cc 
straws that are labeled with the sire information, and 
frozen using liquid nitrogen vapor.  An alternative 
approach is to freeze semen as a pellet, using an 
engraved block of dry ice.  Once frozen in liquid 
nitrogen, semen can be stored for extended periods of 
time.  
 
Artificial Insemination 
 
The success of the actual insemination depends to a 
large degree on the appropriate timing in relation to 
estrus and ovulation.  Does must be observed closely 
for the onset of estrus (flagging, restlessness, frequent 
urination, vaginal swelling and mucus discharge), or 
can be synchronized, and should be inseminated 12-
18 hours after the onset of estrus.  Timed 
insemination without detection of estrus can be 
applied in association with certain estrus 
synchronization protocols; however, options are 
limited in the U.S. due to the lack of available 
pharmacological products.   
 
For transcervical insemination, semen is deposited in 
the restrained doe in either the cervix or the uterine 
body, using an insemination pipette and speculum.  
For intrauterine insemination, the semen is deposited 
into the uterus through the abdominal cavity via an 
insemination pipette guided through a laparoscope.  
When using this technique, the doe is restrained in a 
cradle in a ventral position.  Though laparoscopic 
insemination is more involved, fertilization rates are 
high, even when using small doses of frozen semen.  
 
Pregnancy Detection 
 
The early determination of pregnancy can be a useful 
management tool to identify open females for culling, 
and will allow the separation of pregnant and open 
females for differential management.  When fetal 
numbers can be determined as part of the pregnancy 
diagnosis, different feeding regimes can be applied to 
single and multiple litter-bearing females to optimize 
nutritional management.  To be most useful to the 
producer, pregnant animals need to be identified as 
early as possible in gestation.  
 
The most practical approach to pregnancy testing is 
the observation of mating activity during the breeding 
season to identify repeat breeders.  This can be 

extended beyond the scheduled breeding season 
through the use of a sterile harnessed teaser male to 
identify does that are returning to estrus.  The 
effectiveness of this approach is dependent on the 
accuracy with which observations are made and the 
libido of the male.  Other techniques have either 
focused on the detection of physical changes 
resulting from pregnancy (fluid accumulation and 
presence of a detectable fetus) through palpation and 
ultrasound, or been concerned with the identification 
of maternal and fetal physiological signals 
(progesterone, uterine proteins) associated with 
pregnancy. 
  
The most versatile technique currently available for 
pregnancy diagnosis in the goat is the use of real-time 
ultrasound scanning.  The arrival of lower cost, 
portable veterinary scanners, combined with the 
advantages of their use (fetal number determination, 
minimal animal restraint, high throughput), has made 
the application of this technology economically 
feasible on the farm level.  Abdominal 
transcutaneous scanning (sector scanner) allows 
reliable pregnancy diagnosis as early as 35 days of 
gestation, whereas transrectal scanning (linear array 
probe) is effective as early as 20 days.  Using 
ultrasonography, fetal dimensions can be measured to 
allow aging of the fetus and predict time to 
parturition.  Guidelines for fetal aging have been 
developed for the goat based on biparietal (skull) 
diameter.  In view of the versatility and benefits 
provided by the real-time ultrasonography, the use of 
A- and B-mode and Doppler sound ultrasonic devices 
is no longer common in  a commercial setting.  
 
Techniques based on hormonal or metabolic signals 
(progesterone, estrone sulfate, pregnancy-specific 
protein B) have not found widespread use in small 
ruminants, but are available through commercial 
laboratories through submission of the appropriate 
specimen.  With the introduction of animal-side 
testing for blood and/or milk progesterone by enzyme 
immunoassay and the validation of these techniques 
for goats, the turnaround time for laboratory analysis 
has been reduced.  Success  in predicting litter size 
from progesterone and estrogen concentrations 
(based on the premise that a larger number of corpora 
lutea are secreting a larger amount of progesterone) 
has only been moderate (around 60%) and is 
confounded by breed differences.  
 
 
CONCLUSION 
 
Appropriate reproductive management is vital to a 
successful meat goat enterprise.  Much of the profit 
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to be realized will depend on the frequency with 
which litters are produced, the size of litters and the 
survival to weaning of multiple litters.  A number of 
the reproductive techniques described here may not 
have an immediate application for the producer of 
goat meat, but any success in meat goat production 
will require sound knowledge of the reproductive 
biology of these animals.  Since goat meat production 
in the U.S. as a primary enterprise is still in its 
beginnings, much of the germplasm evaluation and 
multiplication, completed for many other livestock 

breeds, will still have to take place.  The application 
of reproductive technology (i.e., A.I. and embryo 
transfer) will form an important part of this process. 
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ABSTRACT 
 
Many challenges face today’s sheep producer.  
Fortunately, many of these can be managed or 
overcome utilizing nutrition and animal husbandry.  
Matters that range from as simple as an inadequate 
water supply to as complex as urinary calculi can all 
hamper profits in the modern sheep industry.  
Management issues such as abrupt ration changes and 
housing sheep and goats together are by no means 
new to the industry, yet still require education and 
attention to detail.  Diseases such as enterotoxemia 
and pregnancy toxemia are more nutritional disorders 
than actual diseases.  The fine line of providing 
enough, but not excessive copper to sheep and lambs 
to the use of white salt as the only source of mineral 
supplement are very real tribulations of the modern 
sheep industry.  For as long as mankind has utilized 
sheep and goats as a source of food, clothing, 
possibly shelter, and income, various challenges have 
existed and added to the difficulty of small ruminant 
production.  This manuscript identifies ten common 
challenges associated with sheep production in the 
United States during modern times.  A discussion of 
overcoming these challenges through nutrition and 
management accompanies each one.  In most cases, 
sound animal husbandry and common sense nutrition 
aid producers on the road to profitable and enjoyable 
sheep production.   
 
Key Words: Sheep production, lambs, challenges, 
nutrition, management. 
 
 
INTRODUCTION 
 
Small ruminant animals, especially sheep and goats, 
have a well-documented history of aiding mankind.  
Biblical references to shepherds and their flocks are 
numerous.  Even more notable is the role of small 
ruminants in improving the quality of life for 
mankind throughout history.  More recently, numbers 
of sheep and goats have increased dramatically in 

many countries (Bocquier and Gonzalez-Garcia, 
2010).  The benefits of raising small ruminants are 
many, as are the challenges encountered in their 
production.  Parasitism, disease, predation, injury, 
and improper or inadequate nutrition are among those 
difficulties.  This manuscript will identify, describe, 
and outline preventions and solutions for 
fundamental challenges related to modern sheep and 
lamb production.  
 
 
CHALLENGES 
 
Inadequate Water Supply 
 
Water is far and away the most essential nutrient for 
all livestock.  Therefore, water delivery and 
availability is an important consideration.  Many 
times, small ruminants have less than adequate 
trough space, may run out of water, or be forced to 
drink from less than desirable sources.  Many factors 
influence the water intake of small ruminants 
including stage of production, environmental 
temperature, salt consumption, and moisture content 
of their total ration.  For example, a sheep or goat 
consuming a high concentrate diet during the summer 
will likely drink more water than when consuming 
lush, spring pasture.  In general, goats and sheep will 
drink from 0.75 to 1.5 gallons of water daily.  
Decreased dry matter intake, increased susceptibility 
to disease, and a general lack of thrift are among the 
symptoms of inadequate water intake.  Providing a 
continuous supply of fresh, clean water and adequate 
trough space will help assure that performance and 
productivity of sheep and lambs does not suffer. 
 
Pregnancy Toxemia (Twin Lamb Disease) 
 
The increased demand for energy by growing lambs 
during the last few weeks of pregnancy may cause 
the onset of a condition called pregnancy toxemia, 
ketosis, lambing paralysis, or twin lamb disease.  The 
rapid growth of offspring increases energy 
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requirements of the dam while physically reducing 
rumen capacity.  These two factors dictate that the 
energy density of the ewe’s ration be increased, else 
she becomes ketotic.  Ewes carrying a single 
offspring are not often affected by this condition, thus 
the moniker, twin lamb disease.  Symptoms include 
lethargy, decreased appetite, weakness, depression, 
and loss of muscle and balance.  The weakness and 
loss of muscle control can lead to some affected 
females being unable to rise after lying down.  In 
order to help prevent females from relying on body 
fat reserves as an energy source and potentially 
becoming ketotic, the amount of concentrates in the 
diet should be increased during the last few weeks of 
pregnancy.  Along with high quality forage, feeding 1 
to 2 lbs of a high-energy concentrate beginning about 
6 weeks prior to parturition will help prevent 
pregnancy toxemia.  The concentrate portion of the 
ration may need to be increased further if ewes or 
does are larger than average.  Protein should remain 
at a sufficient level throughout pregnancy; however 
increased protein has not been shown to alleviate the 
potential for pregnancy toxemia.  While an “ounce of 
prevention is worth a pound of cure” in regard to 
pregnancy toxemia, treatment does exist.  Drenching 
with 2 to 3 ounces of propylene glycol may help as 
will inducing labor or delivering early by caesarean 
section.  Prevention via proper nutrition is definitely 
preferable.  Be sure to make any ration changes 
gradually and strive to keep females in optimum 
body condition as overweight females are more prone 
to metabolic problems.   
 
Enterotoxemia (Overeating Disease) 
 
Enterotoxemia, or overeating disease, is one of the 
most commonly occurring and most costly diseases 
affecting growing lambs.  While toxins produced 
from bacteria that are inherent to the ruminant 
digestive tract cause the disease, it is associated with 
high concentrate feeding and abrupt dietary changes.  
Changes in the rumen environment cause C. 
perfringens type C & D to reproduce rapidly or 
“bloom.”  The bacteria produce toxins, and in 
increased quantities have a toxic effect on livestock.  
Often, the faster growing, better-doing lambs and 
kids are affected, thus the name “overeating disease”.  
Vaccinations with C. perfringens toxoid may help 
prevent the disease, but are not always effective.  
Likewise, treatment consisting of C. perfringens 
antitoxin injections, alleviation of pain, and 
intravenous fluids, is not always effective.  As with 
many disorders and diseases affecting sheep, 
enterotoxemia is best prevented by making ration 
changes slowly and gradually.  
 

Making Abrupt Ration Changes 
 
One recurring cause of health problems in small 
ruminants is abrupt change in amounts, ratios, or 
ingredients of rations.  By nature, small ruminants are 
herbivorous range animals that consume a wide 
variety of forages and browse.  Small ruminants have 
relatively fast metabolisms compared to larger 
ruminant livestock and tend to eat more often than 
cattle.  Therefore, a large meal once or twice daily 
consisting of a large concentration of grain is 
somewhat unnatural and makes small ruminants 
susceptible to metabolic diseases.  Though forages 
and some browse are preferable, sheep and goats are 
not “tin can eaters” as often portrayed in urban and 
even rural legend.  Conversely, the digestive systems 
of small ruminants are sensitive and require time to 
adapt to changes in rations.  When dietary changes 
are made, doing so over time allows the microbial 
populations in the rumen to shift and adapt to the 
type of feedstuff being offered.  As outlined in the 
proceeding topic, a rapid shift to a high grain ration 
may cause enterotoxemia, cause animals to refuse 
feed, or induce diarrhea or other digestive upset.  
Though forages are a more natural diet constituent, 
when a small ruminant that is accustomed to 
consuming a high grain ration is suddenly introduced 
to a forage-only diet, the rumen microbes are unable 
to digest the fibrous portions of the diet effectively.  
An animal may seem to starve while standing “knee-
deep” in quality forage.  Until the rumen environment 
is properly adapted, small ruminants may be very 
inefficient at gleaning nutrients from the ration 
offered.  Abrupt ration changes may be the most 
often occurring fundamental challenge faced by small 
ruminant nutritionists.  Changing rations gradually 
and allowing time for adaptation cannot be stressed 
enough.  Furthermore, research has shown that some 
small ruminants do not gain at a significantly higher 
rate on a high concentrate diet compared to a forage-
only diet.      
 
Toxicities 
 
Excess copper, urea, toxic plants, and nitrates may be 
present in feed, hay, pasture and stored forages.  
While any or all of these substances can be toxic 
when ingested in high enough quantities, with proper 
management they do have to present a problem.  The 
total diet dry matter copper requirement for goats and 
sheep is 7 to 10 ppm.  The maximum tolerable level 
of copper for sheep is 25 ppm and, though not as well 
established, 50 ppm has been unofficially adopted for 
goats as well.  More recent research has shown that 
goats may be able to tolerate much more copper than 
previously thought and may also be somewhat 
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dependent on breed.  However, copper is not 
generally added to sheep diets due to the narrow 
range between requirement and toxic level, but goats 
seem to tolerate some added copper.  Care should be 
taken to keep total diet copper at no more than 18 
ppm for sheep and for goats and sheep if housed and 
fed together.    
 
Urea toxicity may occur if urea is fed at high levels.  
Most cases of urea poisoning are due to poor mixing 
of feed or errors in calculating the amount of urea to 
add to the ration.  Accidental overconsumption of 
urea-containing supplements also has resulted in 
some cases of urea toxicity.  If the proper level of 
urea is added to the ration and it is mixed uniformly, 
no problems should arise.  Assuring that diets are 
sufficient in energy from carbohydrates will also help 
assure that toxicities do not occur.  
 
Toxic plants and weeds most often cause problems 
when small ruminants are forced to consume them 
due to pasture or hay shortages.  To help prevent this, 
pasture management practices such as clipping and 
spraying can eliminate the availability of undesirable 
plants.  Using pastures at below their animal carrying 
capacity will also help alleviate the potential, as 
sheep will have options other than to consume weeds 
and other non-forage plants.  Another word of 
caution deals with wilted wild cherry (Prunus avium) 
leaves.  In times after storms, when trees in or near 
pastures may blow over or in instances that they are 
cut down for other reasons, the potential for toxicity 
to small ruminants exists.  Cherry leaves contain 
cyanogenic compounds and, when wilted, are known 
to be toxic to cattle and small ruminants.  Be mindful 
of this and do not allow livestock access to wilted 
cherry leaves. 

 
Nitrate accumulation occurs in forages when the 
uptake of soil nitrates continues even as plant 
photosynthesis and carbohydrate and protein 
synthesis cease.  Factors that contribute to the 
accumulation of nitrates in plants include drought 
(more so in mild drought conditions), frost, low light 
intensities, low temperatures, soil nutrient 
deficiencies, excess nitrogen fertilization, and some 
plant diseases.  Nitrates will accumulate to varying 
levels within the plant with the lower portions 
generally containing the highest concentrations.  
When conditions exist that may lead to 
accumulations of nitrates in forages, they should be 
tested for nitrate concentrations.  Testing should be 
performed before the first use of the forage to avoid 
potential problems.  Some concentrations of nitrates 
are acceptable to be fed to certain classes of 
livestock.  In general, forages with nitrate levels of 

less than 4,400 ppm are safe to feed to all livestock.  
Nitrate concentrations of 9,000 or greater should not 
be fed at all, while forages with nitrate concentrations 
of 4,400 up to 9,000 ppm may be used in some cases 
as a portion of the total diet.  Forages should be 
tested annually and whenever there is a change in 
harvesting dates.  Conditions that add to nitrate 
accumulation could have occurred between 
harvesting dates, resulting in different nitrate levels.  
 
Forage Quality Variation 
 
While forages often provide the base for sheep 
production systems, hay and pasture quality and 
quantity will vary greatly from year to year and even 
from field to field.  Forage species, the fertilization 
program, date of harvest, and storage method have a 
great influence on forage quality (NRC, 1996).  This 
concept was well illustrated by a forage quality data 
set complied by the University of Tennessee 
Extension Service and Tennessee Farmers 
Cooperative in mid 2006.  Crude protein percentages 
among 72 forage samples from across Tennessee 
ranged from 6.69 to more than 19%.  With this great 
degree of variation, forage testing becomes more and 
more important.  It would be a literal “shot in the 
dark” to try and balance a ration or design a 
supplementation program for forages without a 
defined starting point.  Forages should be tested often 
and supplementation programs be designed to 
complement them.  This will allow producers to 
provide more targeted nutrition and reap the benefits 
of improved efficiency.   
 
Feeding Goats and Sheep Together 
 
Over the years, small ruminant animals have often 
been housed and fed together, especially in small 
farm or backyard settings.  Sheep and goats have 
somewhat different nutritional requirements and 
tolerances.  One glaring example of this is copper.  
Many commercial sheep feeds and mineral mixtures 
contain added molybdenum to bind copper.  Goats 
are not as sensitive to copper so the added 
molybdenum is not only unnecessary, it may cause a 
copper deficiency.  When goats consume feeds and 
supplements designed for sheep, after time a copper 
deficiency may appear.  Furthermore, lambs perform 
quite well consuming high concentrate diets in 
feedlot situations, while goats may not perform much 
better than on forage-based diets.  Supplements, such 
as tubs or pressed blocks, may be labeled for goats 
and sheep, but the nutritional package may not be 
optimal for either species.  In range settings, sheep 
are more exclusively grazers, while goats prefer more 
browse and often go to great lengths to obtain leaves, 
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twigs, and forbs.  Managing groups of like kinds of 
livestock is a basic principle of animal husbandry.  
Therefore, when possible, house and feed goats and 
sheep separately.  An improvement in feed efficiency 
and overall performance will likely result and some 
potential for copper toxicity or deficiency may be 
diminished.      
 
Urinary Calculi (Water Belly) 
 
Another often-mentioned disorder, directly related to 
nutrition, is water belly or urinary calculi.  Mineral 
deposits form in the urinary tract and are referred to 
as uroliths or urinary calculi.  These deposits occur in 
males and females of all breeds of sheep and goats.  
But, generally a blockage of urine flow occurs in 
wethers and intact males.  The blockage and 
subsequent buildup of urine may cause the bladder to 
burst, fill the peritoneal cavity with urine, and 
ultimately cause death.   
 
The condition may occur in feedlot and range 
conditions.  When lambs are fed high concentrates, 
urinary calculi are often seen when phosphorus 
content of the diet is high and the calcium to 
phosphorus ratio is less than 2:1.  By formulating 
diets to maintain a calcium to phosphorus ratio of 
greater than 2:1 and adding ammonium chloride at 
0.5%, the incidence of urinary calculi can be greatly 
reduced, if not eliminated.  For range animals, 
consuming forages with high silica content tends to 
increase the occurrence of urinary calculi.  Provision 
of salt at 4% or more in the total diet also tends to 
reduce the incidence (NRC, 1985).  Increased salt 
content in the diet will increase water intake.  
Assuring a continuous water supply is essential to 
minimizing urinary calculi problems as well as 
overall animal health.   
 
White Salt as the Only Mineral Supplement 
 
Lack of a proper mineral-vitamin supplementation 
program in many small ruminant production systems 
represents a fundamental challenge for today’s 
producers.  White salt is still offered as the only 
mineral supplement in countless situations.  As 
outlined in previous sections, the mineral content of 
forages and browse varies greatly by season, by year, 
and certainly from operation to operation.  Sampling 
pastures and stored forages and submitting them for 
determination of mineral content will allow 
producers to determine the type of mineral 
supplementation needed to balance rations for goats 
and sheep.  However, it is rare that the same 
supplement will fit for both species. 
 

Generally speaking, forage-based diets will be 
adequate in calcium and require supplemental 
phosphorus, while grain-based diets will likely need 
fortification with calcium.  Most forages grown in the 
Southeast and much of the nation are deficient to 
marginally deficient in copper, zinc, and selenium.  
Therefore, supplementation is needed to bring total 
diet concentration of these minerals to 7 to 11, 20 to 
33, and 0.1 to 0.2 ppm, respectively (McDowell, 
2003).  Iodine, cobalt, iron, magnesium, and 
manganese along with vitamins A, D, and E are often 
added to commercial mineral-vitamin mixtures.  
Offering white salt as the only source of mineral 
supplementation makes a flock susceptible to 
nutritional deficiencies.  Clinical or acute toxicities 
are visible and give producers at least a chance to 
correct them.  It is deficiencies of the subclinical 
variety that are both the most costly and the most 
difficult with which to cope.  They often go 
unnoticed and unrectified, yet they may result in poor 
gains, decreased feed efficiency, or impaired 
reproduction.  Provision of proper mineral-vitamin 
supplementation can alleviate many of these potential 
problems and allow small ruminant livestock to be 
much healthier and efficient at little cost to the 
producer.   
 
Feeding Livestock Guardians 
 
One or more guard dogs often accompany sheep 
flocks to provide protection against predators.  
Providing food to these dogs raises a challenge for 
their owners.  Since the ban on feeding protein 
products of ruminant origin back to ruminants in 
1997, the consumption of many kinds of dog food by 
a small ruminant would be a direct violation of the 
law.  Though some commercial dog foods do not 
contain restricted use proteins, they are not currently 
well known or available in all markets.  However, an 
“on farm” solution does exist.  It has been suggested 
that sheep will not enter a dark, cavernous space 
(Niver, 2007).  Therefore, placing dog food in the 
end of a six-foot section of culvert or large drainpipe 
will allow access to the guard dogs, while reducing 
the chance that dog food will be consumed by sheep. 
 
 
CONCLUSION 
 
Given the numerous fundamental challenges 
described in this manuscript and the derivations 
thereof, a tremendous opportunity exists for 
improving the performance of sheep in the United 
States through nutrition.  Producers should be closely 
aligned with their local extension agent for assistance 
with basic animal husbandry, their veterinarian for 
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herd health issues, and their farmers’ cooperative or 
input supplier to source products and services at 
sustainable prices.  Livestock market managers and 
marketing alliance directors can aid producers in 
offering large numbers of sheep and goats of like 
size, age, and quality for sale at one time.  This 
should help realize the true value of small ruminant 
livestock.  Also, it is paramount that producers take 
advantage of any cost-share programs being offered 
by the state departments of agriculture or USDA.  
Finally, in an ever-competitive marketplace, sheep 
producers should stay abreast of industry trends in 
order to increase marketing opportunities and glean 
the highest possible returns.  With their efficiencies 
and ability to be managed on small acreages, it seems 
that small ruminants may replace swine and become 
the modern day “mortgage lifters.”   
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ABSTRACT  
 
Biosecurity is a set of management steps taken to 
prevent the introduction of infectious agents into a 
herd or flock.  Biosecurity is important for three main 
reasons:  food safety, animal welfare and the 
economic viability and stability of the farm.  
Biosecurity requires a risk analysis customized to 
each farm and disease of concern.  The risk analysis 
activity can be broken down into several discrete 
steps, which include:   

1. Risk assessment:  in-depth analysis of the current 
status of the flock health, management and 
facilities and defining disease risks to target. 

2. Risk management:  creating a plan and 
procedures aimed at key critical control points to 
break the cycle of disease transmission or 
introduction.  

3. Risk communication:   informing everyone in 
contact with the animals what the plan is and 
enforcing the plan to minimize security breaks.  

The management plan must address the areas of 
isolation/quarantine, resistance/health, sanitation, and 
visitor/traffic control.  No plan will be effective if 
any of these areas is inadequately addressed.  This 
customized plan must truly minimize risks and be 
practical, efficient, effective, simple, and easy to 
follow.  Biosecurity plans are not static creations.  
Not all biosecurity practices are feasible or necessary 
for every operation.  The success of a biosecurity 
program is dependent on the participation and 
compliance of all persons who enter the farm.  By 
establishing and maintaining strict biosecurity, we 
can ensure that herds are healthier, farming is more 
profitable, and food is safer.  

Key Words:  Biosecurity, risk analysis, quarantine. 
 
 
INTRODUCTION 
 
Biosecurity is a set of management steps taken to 
prevent the introduction of infectious agents into a 
herd or flock from the farm level all the way up to 
our national borders.  Biosecurity involves disease 
risk analysis and mitigation procedures to control and 

prevent diseases, thereby ultimately improving the 
health, productivity, and welfare of the animals.  
Biosecurity broadly describes the process and 
objective of managing biological risks associated 
with food and agriculture in a holistic manner.  The 
Food and Agricultural Organization of the U.N. 
regards biosecurity as a “holistic concept of direct 
relevance to the sustainability of agriculture, food 
safety and the protection of the environment, 
including biodiversity” (FAO, 2003).  An associated 
term, biocontainment typically refers to management 
tools utilized to prevent infectious agents from 
spreading between animal groups on a farm or 
leaving the farm.  These may be similar but include a 
slightly different set of management practices.  
 
Producers are familiar with biosecurity programs.  
Many have been involved with programs organized 
or mandated by governmental agencies like 
tuberculosis, brucellosis, hog cholera, pseudorabies, 
Scrapie or Johne’s.  All of these programs contain 
elements of a biosecurity program.  Much effort in 
the USA is directed at keeping foreign animal 
diseases out of our livestock.  The pictures of burning 
pyres of animals destroyed in the Foot and Mouth 
Disease outbreak in the UK in 2001 are imprinted in 
the minds of all who saw them.  The estimated 
impact on agriculture economy was $10 billion U.S. 
(Hutchinson, et al) with an equivalent loss in tourism 
and other markets.  In addition, the irreparable 
emotional and societal impacts on farm families, 
veterinarians, and agriculture professionals and the 
suffering and destruction of four million animals left 
long-standing wounds to people and the rural 
economies. 
 
Biosecurity can be likened to Hazard Analysis & 
Critical Control Point (HACCP).  HACCP is a 
management system in which food safety is 
addressed through the analysis and control of 
biological, chemical, and physical hazards from raw 
material production, procurement, and handling, to 
manufacturing, distribution, and consumption of the 
finished product.  Other programs that contain 
elements of biosecurity that can be applicable to 
small ruminant flocks are the Pork Quality Assurance 
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Programs (PQA™ Plus) (site assessment), Johne’s 
(risk analysis) and the Scrapie eradication program. 
Biosecurity is important for three main reasons:   

 Food Safety 
 Animal Welfare 
 Economic Viability & Stability  

 
Good husbandry and management practices have 
always tried to prevent introduction of disease into 
herds.  No one ever intentionally brought home a new 
disease to their flock.  But being cognizant of the 
risks and having a plan in place to prevent disease 
introduction are now more important than ever.  
People and animals travel greater distances - show 
animals criss-cross the country.  People buy and sell 
livestock across the nation, and people move and take 
their herd with them.  Unknowingly bringing a new 
organism in is easier when herd sizes are increasing - 
animals may be purchased from a sales barn with 
unknown history and several sources may be put 
together.  Disease can spread easier as animals are 
brought into intensive housing situations.  In a 
growing and developing industry like meat goats, 
diseases are often brought by novices who do not 
know any better, and people are more reluctant to 
cull a valuable animal. 

There is an increasing concern over farm animal 
welfare and food safety.  Animal welfare is 
increasingly important to consumers.  Opponents of 
animal agriculture are looking for any reason to sling 
mud at the industry and examine all aspects of the 
industry to find talking points to argue against their 
point of view.  Biosecurity is an essential aspect of 
on-farm food safety programs to keep our food 
wholesome and of highest quality.  The overall goal 
is to keep animals healthier and productive achieving 
greater efficiency and profitability for the producer.   

The benefits to producer of a strong biosecurity 
program include the reduction of costly disease 
problems, enhancement of productivity and 
profitability, the ability to document risk reduction 
steps taken and the ability to step into new markets 
that may arise.  The cost of disease to the producer is 
not only the dead animal, which is just the tip of the 
iceberg.  Sick and treated animals are on the 
“temporarily disabled” list and incur costs associated 
with veterinary fees, medications, housing, feed, and 
labor.  There is lost productivity due to lower weight 
gain, reproductive loss or delay or premature culling 
in the future.  Often animals will never catch up, they 
will be poor performers forever, and have lower 
slaughter weight, increased trimming and carcass 
condemnation, and a lower grade.  The farm may 

experience a loss of markets if selling a natural or 
organic due to the animal being treated or they may 
lose on-farm slaughter sales.  Their reputation may be 
tarnished and the ability to sell breeding stock 
diminished.  A loss of pride and job satisfaction can 
envelop the farmer. 

We need to adopt a more holistic approach to keeping 
our herds and flocks healthy.  Fears of human 
antimicrobial resistance, anthelmintic-resistant 
parasites, and concerns over environmental 
contamination with drugs and hormones may lead to 
restrictions and ineffectiveness of our current 
cupboard of treatment options.  We need to 
concentrate on the other components of disease 
control that we can affect with smart management 
practices and reducing risk of disease introduction.  

The task of developing a herd biosecurity protocol 
can seem overwhelming.  Breaking the risk analysis 
activity down to several discrete steps and utilizing 
resources available helps make the process more 
manageable.  Borrowing from other industries that 
already have risk analysis tools in place provides the 
framework for characterizing the process.  The three 
main steps are:   
 

1. Risk assessment:  defining what your 
disease risks are and which ones will be 
targeted for control. 

2. Risk management:  creating a plan and 
procedures aimed at the diseases targeted. 

3. Risk communication:   letting everyone who 
may have contact with your site or animals 
know the plan to minimize security breaks. 

 
 
RISK ASSESSMENT 

The initial step of any risk analysis is to assess the 
goals and key concerns of the farm and perform a 
thorough assessment of the present status of the 
flock, farm facilities, and capabilities of the 
shepherds.  Start by defining the disease risks of the 
farm - what is present and what is not and what is 
unknown.  A fundamental need for assessing the 
flocks’ overall health status is that individual and 
group health records are being kept.  Examine your 
herd’s health records and determine if any animals 
have been affected with signs of chronic weight loss, 
neurological disorders, abortions, or arthritis.  If 
possible, screen the herd for diseases such as Johne’s, 
Caseous Lymphadenitis (CLA), Ovine Progressive 
Pneumonia / Caprine Arthritis Encephalitis 
(OPP/CAE), Scrapie, chlamydiosis, 
campylobacteriosis, toxoplasmosis, brucellosis, and 
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mycoplasmosis.  This aids in determining the 
presence, distribution, and severity of a given disease 
on the farm.  Then determine what infectious agents 
are important for this farm to target for 
prevention/eradication and create a prioritized list.  
Evaluate the feasibility of determining if the targeted 
disease is present:  do we have a test for this disease 
which is affordable, interpretable, timely, and useful 
as a screening tool?  Testing as appropriate for each 
target disease can give a snapshot of the status of the 
herd.  How clear or fuzzy that snapshot is depends on 
how good of a test we currently have.  Knowledge 
about the sensitivity/specificity of the test is required 
to understand and evaluate the results and screen for 
false negatives/false positives. 

Understanding the pathways of transmission for the 
target diseases will aid in determining what activities 
are the riskiest and which routes of transmission are 
most likely in the particular farm setting.  Analyze 
the likelihood, scope, and severity of any problem 
due to the target disease and weigh the cost of 
preventing versus not preventing.  Acceptable levels 
of risk for a farm can be determined by analyzing 
what products are sold from the farm now and 
potentially in the future typically meat, milk, 
breeding animals, embryos, fiber, etc., and then 
asking how does the target disease affect the ability 
to market each product.   

With the target diseases prioritized, a comprehensive 
risk assessment of the facilities and management 
procedures can occur to find the intervention points, 
i.e., the critical control points.  Many worksheets and 
charts have been developed for livestock operations-
mainly cattle and pork - that are easily adaptable to 
the sheep or goat herd with a little creative tweaking.  
There is no need to reinvent the wheel.  A good 
example is the Johne’s Risk Assessment tools.  Many 
university extension sites also have good biosecurity 
assessment tools available.  Activities targeted 
include stock movements/purchases, sanitation, 
animal health, and visitor control.  The worksheets 
are detailed and will get the producer thinking about 
many farm activities within a new framework of 
disease control and prevention.  Veterinarians can be 
a resource to assist in the risk assessment by 
providing these worksheets, evaluating the facilities 
and practices with a fresh and impartial eye, and 
assist in determining the key critical control points. 
 
 
RISK MANAGEMENT 

The second step of the process is risk management 
and development of the biosecurity plan.  A critical 

evaluation of methods to prevent disease from 
entering the herd can identify the key areas, called 
critical control points, where interventions are most 
effective in breaking the cycle of transmission.  This 
requires knowledge about each disease and how it 
spreads, methods to reduce spread, infectivity, and 
how to avoid the disease outright.  Many of these 
critical control points will be similar for different 
diseases due to similarities in how they are 
transferred - oral-fecal route and fomites, aerosols, 
lambing time, etc.  Each plan is a customized risk 
analysis for an individual operation.  There is no “out 
of the box,” one-size-fits-all biosecurity plan.  Each 
producer has his own set of goals and concerns and 
different perceptions of risk.  Each operation had a 
unique geographic location, size, number of animals 
and time and labor inputs available to harness in 
addition to having its own unique windows of 
vulnerability.  Each set of animals is different: body 
system, age, condition, stage of production as well as 
each disease agent is different.  The best plans fit the 
farm, the animals, and the producer.   
 
Development of management plans can involve the 
herd veterinarian, extension or university personnel, 
and the producer.  The goals of the farm, 
characteristics of specific pathogens, and the 
prevalence of disease on the farm will be combined 
to formulate a unique site-specific plan. 

This customized plan must truly minimize risks and 
be practical, efficient, effective, simple, and easy to 
follow.  Since not all animal groups are equally 
susceptible and not all human activities are equally 
risky, groups and activities should be classified 
according to risk level.  High-risk groups and 
activities will then be targeted for attention.  
Categorization should be simple and easy to 
understand, even by visitors.  One example uses 
stoplight colors:    

Green = low risk, i.e., farm office 

Yellow = moderate risk, i.e., milk house on dairy 
farm 

Red = high risk, i.e., lambing/kidding areas 

Biosecurity plans are not static creations.  Risks and 
objectives may change and plans will require annual 
review and updating following a diagnosis of a new 
problem.  No plan is absolute.  Nothing can guarantee 
preventing introduction of a new disease.  
Customized plans need to address several common 
areas - isolation/quarantine, resistance/animal health, 
sanitation, and visitor/traffic control.  No plan will be 
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effective if any of these areas is inadequately 
addressed. 

Isolation 

The most common biosecurity risk is the purchase of 
new animals.  Farm-to-farm movement of infected 
livestock is the most effective means of spreading 
animal diseases.  Closing a flock to any new 
additions will require input of new genetic material at 
some point.  A closed flock could only add new 
material by the use of artificial insemination or 
embryo transfer, which may not be a practical 
solution for most sheep producers.  A.I. is a much 
easier option in goats.   

Buy the minimum number of animals possible.  If 
possible, purchase new animals from their home farm 
directly, not a market or sales barn so you can see 
and evaluate the premises and other animals.  
Transport new animals in your own vehicle.  Limit 
the practice of leasing or sharing of rams or bucks.  

New additions should be carefully physically 
inspected and screened and tested preferably prior to 
purchase.  Often, much useful and insightful 
information comes out in just a “walking and talking” 
tour and examination of animals.  Specific questions 
to ask of the source herd: 

- What diseases do you test for? 
- What diseases do you have? 
- What diseases do you not have? 
- What diseases do you vaccinate for? 
- If the herd does not test, then they do not 

know what diseases they have – i.e., status 
unknown.  

- Any abortions, lameness, chronic poor 
doers, deworming protocols? 

 
Serological testing of potential purchases might 
include: OPP/CAE, Johne’s, CLA, along with a 
quantitative fecal egg count or a fecal egg count 
reduction test to screen for resistant parasites.  Check 
feet and interdigital spaces, teats and teeth of 
potential purchases.  An adequate source herd history 
and careful screening and testing will help LIMIT the 
addition of animals with an unwanted condition but is 
no guarantee that something won’t accompany the 
new animals.  Veterinarians and agricultural 
professionals should be utilized to provide sound, 
scientific judgments on risk.  The price paid for 
screening is a bargain compared with dealing with 
long-term consequences of disease introduction.  
“Bargain” animals are usually no bargain in the long 
run!  

Quarantine 
 
Quarantining for infectious diseases is necessary 
because apparently healthy animals could still be in 
the prepatent or carrier state of infection.  They may 
be shedding or harboring an infectious agent but 
appear perfectly normal.  When stressed or housed 
next to susceptible animals, these silent carriers can 
spread infection to other animals.  Additionally, the 
new flock may be infected with a disease that the 
new animals have never been exposed to before.  No 
matter if it is the new ram or buck every few years, to 
multiple additions routinely, to the show animal 
returning home, all of these animals present a risk of 
introducing something new to the resident herd.  Any 
sick animal should be removed and isolated from the 
flock, effectively placed in its own quarantine until 
well or determined not to be infectious. 

New animals should be completely quarantined for 
60 days ideally, but minimally four weeks.  This may 
necessitate separate pens and housing outside of your 
normal animal areas.  Most acute diseases run their 
course in two to three weeks and any animal who 
becomes sick needs a thorough workup and treatment 
or culling.  If an animal dies in quarantine, a 
complete necropsy should be preformed.  Additional 
testing like fecal egg count reduction tests or other 
serological test/retest can be performed during this 
time frame.  Appropriate action if a positive test 
result is obtained would include returning the animal 
to herd of origin, treatment, and further isolation and 
retest, or slaughter.  At the midpoint of the period, 
complete a careful physical exam including the feet 
to make sure the animals are free of physically 
obvious disease and new livestock should be 
vaccinated according to the protocol established for 
the resident herd.  All four feet should be examined 
of every new animal and hoofs trimmed and treated 
with a preventive footbath as needed. 

Quarantine requires setting up a mini-farm on the 
premises.  It should be treated as a completely 
separate entity from the resident flock.  It should be 
isolated as much as possible: spatially, work/traffic 
flow and mentally in the minds of all workers.  The 
quarantine facility should be a holding facility that is 
physically separated from the rest of your herd.  It 
should have no fence line contact, no potential 
aerosol flow, no manure or urine runoff, and no 
potential spread for fomites or vectors.  Farm traffic 
flow patterns should be arranged to prevent 
contamination from traveling with workers between 
areas.  Consider the isolation facility manure a 
“hazardous waste” and do not dispose it on pasture 
that is to be grazed within 12 months. 
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Separate equipment is necessary to limit potential 
contamination.  Separate feeding carts, waterers, 
manure handling equipment, clothing, and footwear 
are needed.  Separate or disinfected supplies like 
taggers, hoof trimmers, thermometers, etc., should be 
available.  Trucks or trailers used should be cleaned 
of all organic material and power-washed before and 
after hauling the new animals. 

Work and traffic flow into the quarantine area should 
not be intermixed into the normal workday flow.  
Ideally, it would only be entered after all chores are 
completed for the resident flock, with only a visual 
check in the A.M.  This is not always possible, but 
the quarantine area should be outside of the main 
work traffic patterns - you don’t want to have to walk 
through/by to reach other animals.  To decrease risk 
of transmission of disease, attention to footwear and 
outerwear is required.  Completely separate footwear, 
disposable booties, or footbaths/disinfectants are 
required for all who enter and leave the area.  
Isolation area-specific coveralls or outerwear, 
including hats, gloves, jackets, etc., should be left in 
the quarantine area.  

Shows and fairs are high-risk activities that can 
expose resident animals to a whole host of diseases.  
Deciding to attend a show or fair should include a 
cost benefit analysis.  It may be the sole purpose for 
the animal or necessary to build a reputation to sell 
stock or just a “tradition.”  A herd that goes to shows 
or fairs is not a closed herd, even if no other new 
animals are brought onto the farm.  Any animal that 
goes to a show or fair should be treated as a NEW 
ADDITION when returning to the herd and undergo 
similar quarantine periods and examination as a new 
animal.  Careful planning and practices at fairs and 
shows should be undertaken to minimize exposure 
risk of your animals.  If multiple shows/fairs occur, 
the show string could be housed separately for the 
entire show season and then quarantine and test at the 
end of season before reintegrating into the main 
flock.  You don’t want to bring any unwanted 
“prizes” home! 

Resistance/Husbandry 

A healthy, well cared for animal will be able to better 
resist disease.  The agriculture and veterinary 
communities have long relied on the availability of 
effective vaccines and therapeutics.  We have become 
reliant on “disease control that comes in a bottle” as 
opposed to concentrating on other components of 
disease control (Dargatz, 2002).  Changing ideas and 
regulations about antibiotic use and availability, as 
well as limited new pharmaceuticals in the pipeline, 

dictate that we won’t have the options of newer and 
better drugs and dewormers appearing as we need 
them.  We need a more holistic view of disease 
control that incorporates all aspects of animal care 
and management, as well as judicious use of 
antibiotics and dewormers, and more emphasis on 
supporting the innate ability of animals to resist 
disease.  The bonus:  such overall improvement 
typically increases productivity as well as promoting 
good animal health.  

A flock needs a sound management and nutritional 
program to promote overall good health and growth.  
An animal will perform best when the nutrition and 
environmental needs are met.  We can ensure that our 
animals have the best ability to fight disease by 
starting at birth - making sure their moms were 
healthy, and that they got plenty of colostrum.  
Getting the lamb and kid off to a healthy beginning is 
the first step in a productive life.  Good nutrition, 
quality feed and supplements, clean and plentiful 
water are all basic necessities.  Environmental needs 
vary from season to season and farm to farm.  Some 
places will require shade and heat protection; others 
will need protection from extreme cold.  Everyone 
needs adequate ventilation - even at below freezing 
temperatures.  The microenvironments we expect our 
stock, especially the youngest, to live in will affect 
them their entire life.  An environment that 
minimizes stress will promote an animal’s overall 
resistance to disease. 

We can also stack the cards in our favor by breeding 
appropriately - if there is a genetic disposition that 
reduces the animal’s susceptibility, we should breed 
toward that.  An example of this is Scrapie 
susceptibility and the huge strides made in the gene 
pool in reducing the Q allele prevalence.  Other 
things to look for with regard to breeding programs 
are finding animals with greater internal parasite 
resistance/tolerance or resistance to other diseases.  
Selecting breeds appropriate to the geographic 
location of the farm may increase profitability.   

Immunization programs should be customized to 
flock and farm to be cost effective and designed to 
complement the animal groups and risk of exposure.  
One size does NOT fit all and more is NOT always 
better.  Vaccines are not a substitute for good 
management.  They are only effective in preventing 
certain diseases in sheep and goats and cannot 
prevent infection in the face of overwhelming 
challenge.  They are never 100% effective and must 
have proper storage, administration, and boostering 
to maximize effectiveness.  Judicious, responsible 
antibiotic use has its place in animal care and the 
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Table 1: General facts about Disinfectants (Wolfgang) 

treatment of disease.  Professional veterinary input 
should be used as the basis for all medication 
decisions.  Use should not be indiscriminate and 
should follow the current rules and regulations of the 
FDA. 

Sanitization 

Environmental cleanliness and waste disposal are 
critical for preventing transmission of disease.  
Sanitation and disinfection are key factors in 
minimizing spread and limiting the course of 
infectious disease.  It includes identification, 
removal, or eradication of persistently infected or 
carrier animals, disinfection of any potentially 
contaminated equipment and facilities and 
eliminating any infected material. 

The quarantine facility and sick pen should be 
thoroughly cleaned and disinfected between groups 
of new or sick animals.  Once animals are cured or 
removed, remove as much contaminated material as 
possible by shoveling, skidding, or hand scrubbing.  
Power-washing is an effective way to remove debris, 
but may also act to spread surface contamination 
further due to aerosolization.  Many disinfectants are 
inactivated in the presence of organic material.  
Disinfect partitions, floors and any objects (buckets, 
feeders, scratchers) that can serve as fomites or 
harbor pathogens.  Wood is porous and can be 
difficult to adequately disinfect, consider sealing or 
painting to improve cleanability.  Chipped and 

peeling paint can provide hiding places for organisms 
to thrive and multiply.  Failure to adequately clean 
and disinfect can allow the infectious agent to reenter 
the herd.  As good practice, it is recommended to 
have separate manure and feed-hauling equipment, 
whether it’s two wheelbarrows or carts, two shovels 
or two buckets for a skid loader.  Special attention 
should be paid to feeding equipment and waterers.  
Milk delivery systems (buckets, bottles, and nipples, 
etc.) for young stock should be kept as clean as 
possible and replaced if any severe outbreak of 
diarrhea or soremouth has occurred.  Any 
health/medical equipment used on sick or injured 
animals, obstetrical equipment, show/fair equipment, 
and trucks or trailers that visit multiple farms, 
stockyards, shows, and fairs should all be disinfected 
before being used on the next animal.  Disinfect 
reusable equipment including tattooer, ear 
taggers/notchers, and hoof trimmers between 
animals. 

Fomites are the next biggest threat to bringing new 
diseases onto the farm.  Employees, owners and 
visitors can carry organisms in without knowing.  
Contaminated clothes, boots, vehicles, agriculture, 
and other equipment effectively carry organisms 
from one premises to another.  Don’t forget 
outerwear, jackets, hats, and gloves especially in a 
climate where these are a workday necessity and 
lambs and kids love nothing better than exploring the 
fingers and sleeves of any human nearby.  Clearly, 
veterinarians and agricultural professionals can act as 
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carriers if strict biosecurity measures are not 
employed. 

The most dangerous fomite is footwear.  Boots that 
have been around livestock in the last week and not 
cleaned and disinfected are a threat.  A supply of 
disposable boots should be available for people 
whose footwear cannot be adequately disinfected.  
The ability to clean and disinfect boots must be 
available and convenient for all employees and 
visitors alike.  Separate pairs of boots might be 
designated to specific areas of the farm and one pair 
for off-site use to prevent cross-contamination.  
“Boot cleaning stations” need to replace the common 
tub of brackish, foul sludge that many footbaths 
become.  To be properly disinfected, all visible 
organic matter must first be removed from footwear.  
A boot-cleaning station should include a water hose, 
boot scrapers and scrub brushes as well as a handy 
stool or pole to lean on so that a thorough cleaning 
job can be accomplished.  The footbath should be 
free of any organic material and be changed as often 
as needed.  A contaminated footbath can actually 
increase the contamination of boots during the 
cleaning process.  Simply walking through or dipping 
unscrubbed boots in a footbath does not provide 
effective boot disinfection.  Scrubbing of the boots 
prior to disinfection is required - the type of 
disinfectant is irrelevant if visible organic matter is 
not removed.  Some disinfectants require a certain 
amount of contact   time - Roccal-D® (Pharmica & 
Upjohn, Kalamazoo, MI)  requires a 5-minute soak 
after cleaning for adequate disinfection to occur 
(Amass, 2000).  Virkon S® generally has a 
recommended 10-minute contact time for disinfection 
of surfaces.  A study using pig manure showed that 
just stepping through a boot bath or standing in a 
boot bath of 1% Virkon S® for 2 minutes without 
first removing organic matter from the boots did not 
disinfect them.  Disinfection was accomplished when 
visible manure was removed while standing and 
scrubbing in a boot bath of 1% Virkon S®, and when 
visible manure was first removed with water 
followed by dipping boots in 1% Virkon S®.  
Removal of all visible organic material from boots 
using a hose and brush and then dipping manure-free 
boots in a boot bath of 1% Virkon S® can provide an 
economical and practical alternative for effective use 
of boot baths on farms.  (Amass, 2001).  Sinks for 
hand-washing and hand sanitizers should be 
available. 
 
The choice of disinfectant should be based on 
efficacy, cost, ease of use and environmental 
friendliness.  Some disinfectants such as phenols 
(One Stroke Enviro®, Steris Corp. St. Louis, MO) 

are more effective in the presence of organic 
material.  Best practice is to clean and disinfect all 
protective and outer clothing, footwear, equipment, 
vehicles, etc., before and after the contact with the 
other livestock.  Reserve “farm specific” footwear 
and outerwear for home use only, even just casual 
trips into the barn or livestock area.  Do not wear 
these items onto other farms or to fair/show events. 
 
It is important to understand the life span of 
pathogens, which can vary greatly between 
organisms.  This is important if pens or pastures have 
become contaminated.  Sunlight, humidity and 
temperature all affect how long an organism can 
survive, it is usually short outside of the host in an 
unprotected environment, just hours to days, but can 
be greatly expanded if protected in organic material.  
Some can survive months to years in organic 
material, which also inactivated most disinfectants.  
Thorough cleaning and removing organic material 
will eliminate 95% of most pathogens. 
 
A plan for disposal of manure, dead animals, and 
tissues from infected animals should be in place.  
Necropsies of any animals that die on the farm will 
aid in diagnosing disease material, but they are more 
likely to cause irritation with skin contact for humans 
and animals.  Bleach, chlorhexidine, and quaternary 
ammonium-based products are less irritating, but they 
are more easily inactivated.  Vikron S® is a newer 
peroxygen compound that comes in tablet form and is 
mixed with water before use.  It is active against 
many viruses and bacteria, and can be used on variety 
of equipment.  Common bleach can be a good 
disinfectant for clean, non-porous surfaces with little 
uses present on the farm.  Control insect populations 
and the access of wildlife, rodents, birds, and 
domesticated animal populations to the farm because 
they can carry infectious organisms.  Use water 
mains rather than natural water sources whenever 
possible and move gather point like feeders around 
pastures to avoid pathogen buildup. 
 
Visitors/Traffic Flow 
 
General guidelines for all visitors: Control who is 
present and where they go.  Minimize cross-
contamination from one part of the farm to another.  
Everyone, visitors and employees, should follow 
these general rules for the order of work: 
• Clean to dirty 
• Young to old 
• Healthy to sick 

 
Control the flow of traffic by having a single, clearly-
marked farm entrance for all visitors.  Gates and 
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barns should be kept closed and locked and have 
good perimeter fencing.  Locate a visitor parking area 
away from livestock, feed delivery areas, and manure 
handling routes.  Keep a visitor log to record who 
was on the farm and when.  People who go out to see 
your livestock should have a real reason.  “Because 
they are cute” can be a valid reason but sick or 
quarantined animals aren’t cute and should not be on 
the visitor circuit.  Know all people who come and 
go, including consultants, salespeople, delivery, 
maintenance workers, and vets and keep them 
informed of your biosecurity protocol.  Clearly mark 
and restrict access to all high-risk areas with signs 
and locks.  If possible, have a separate entrance for 
any vehicle that visits multiple farms such as the feed 
truck, agricultural service people, veterinarians, etc., 
who are not in the normal flow of work and animal 
travel.  Only the farm’s vehicles should be allowed in 
livestock handling, housing, and feed storage areas. 

Agricultural professionals need to be conscious of 
their potential for spreading disease.  It is their 
professional responsibility to not spread 
contamination between farms.  They should carry 
clean coveralls and disinfectable/disposable booties 
and schedule their day from cleanest farms to less 
clean.  It is a producer’s duty to enforce biosecurity 
cleanliness standards for all visitors.  Farmworkers 
need to be conscientious about their own clothing and 
footwear.  They should not wear any “home farm” 
apparel or footwear to visit another farm or anywhere 
livestock is present.  Don’t forget hats, jackets, 
gloves, and mittens, which should be changed and 
washed before being worn between farms.   

Biosecurity can range from absolutely nothing to the 
extremely high biosecurity such as is present in 
confinement hog operations.  Visitors are 
discouraged and barns are shower in, shower out.  
Visitors must disrobe, shower, dress in protective 
clothing and boots provided by the unit, and then 
shower out.   
 
 
RISK COMMUNICATION 
 
The biosecurity plan needs to be written out in 
complete detail so everyone knows exactly what is 
expected of them.  This set of detailed instructions 
could take the form of an SOP (Standard Operating 
Procedure).  SOPs will cover all of the risk 
management interventions in enough detail to guide 
people who are not familiar with the plan to 
appropriate action.  It should be written in such a way 
that relative sections can be delivered to those who 
need, i.e., feed truck drivers do not need to know the 

whole isolation program, rather which entrance they 
should enter by, where to park, who to contact, etc.  
The plan must be clear, concise, and simple enough 
to understand.  All family and employees must be in 
compliance with all aspects of the plan.  The plan 
should be accessible for easy reference in the barn or 
facilities, not stuck only in a desk drawer or computer 
file in the house. 
 
Implementation of the plan is the responsibility of 
each and every person who lives, works, or visits the 
farm.  Everyone participates - all employees, family, 
friends, and farm visitors (for any reason).  Any 
foreign visitors or those who have visited other 
countries require special consideration.  A minimum 
of 5 to 7 days since leaving the foreign country with 
no animal contact is recommended, as well as if the 
person is from an endemic FMD area not allowing 
them on the farm.  Groups of visitors will require 
special preparation including pre-visit 
communication, planning, and supplies.  Frequent 
visitors and infrequent visitors like package, feed, 
and fuel delivery, veterinarians, shearers, and sales 
reps must be able to clearly understand what is 
expected of them.  Controlling the on-farm traffic of 
visitors - letting them know where they can go -
requires diligence and some trust.  Sign-in sheets, 
signs, posters and items for compliance (disposable 
booties, boot wash stations, etc.)  should be readily 
available and understandable to all.  For employees 
and frequent visitors, copies of your biosecurity SOP 
should be made available.  When introducing new 
procedures, a letter or e-mail to those visitors whom 
it may affect will provide the information needed to 
comply with your biosecurity plan. 
 
 
CONCLUSION 
 
Biosecurity requires a risk analysis customized to 
each farm and area of concern.  Detailed risk 
assessment can lead to a detailed management plan 
being developed.  The management plan must 
address the areas of isolation/quarantine, 
resistance/health, and sanitation and visitor/traffic 
control.  Implementation includes communicating 
and enforcing the plan.  
 
Not all biosecurity practices are feasible or necessary 
for every operation.  Producers must assess their 
risks, facilities, needs, and abilities when deciding 
which diseases to target and practices to adopt.  
Employ common sense and science to create a 
customized program.  Break biosecurity concepts 
down into understandable and simple steps that can 
be consistently remembered, practiced, and easily 
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communicated to everyone who works or visits the 
farm.  The success of a biosecurity program is greatly 
dependent on the participation and compliance of all 
persons who enter the farm.  This requires acceptance 
and buy-in for achieving the goals of the program.  
Education and communication regarding the 
importance of biosecurity, the goals, and the plan are 
critical for success.  
 
In short, by establishing and maintaining strict 
biosecurity, we can ensure that: 
• Herds are healthier,  
• Farming is more profitable, and 
• Food is safer.  
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ABSTRACT 
 
Pounds of lamb marketed per ewe exposed for 
breeding is the primary determinant of profitability of 
a sheep operation.  A producer’s management of 
ewes and rams prior to ram introduction has a 
significant impact on the number of lambs born.  
There is only a moderate increase in costs of 
production in maintaining ewes that produce twin 
lambs compared to those that produce singletons, but 
there is double the income from the ewe that 
produces twins.  Management of pregnant ewes has a 
significant impact on the number of lambs born alive 
and lamb survival. 
 
Key Words:  Sheep, reproductive management. 
 
 
INTRODUCTION 
 
Managing your ewes and rams to achieve your 
flock’s reproductive performance goals takes careful 
planning and recording of events such that results can 
be evaluated relative to specific management actions.  
Most of these management steps are producer-driven.   
 
Effect of Body Condition 
 
A primary management focus area for both ewes and 
rams is ensuring adequate body condition at the start 
of breeding.  Both ewes and rams should be body 
condition scored (BCS) six to eight weeks prior to 
breeding.  You will need this amount of lead time to 
adjust body weight if indicated by BCS. 
 
If ewes are too thin at breeding, they could 
experience decreased ovulation; whereas, if ewes are 
too fat, their extra condition results in decreased 
implantation rate.  The optimal BCS for a breeding 
ewe is 2.5-3.5 using a scale of 1-5 (Pugh, 2001).  
Ovulation rate sets the upper limit on prolificacy and 
is affected by genetics, environmental and 
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If rams are too thin, decreased fertility can result.  
Thin rams that fail a breeding soundness evaluation 

often pass once they reach a body condition score of 
three.  A body condition score of 3-4 is optimal. 

Ram Evaluation 
 
Prior to selecting breeding rams, producers should  
examine each ram for physical normalcy and also 
evaluate the ram’s reproductive tract including 
palpation of testicles, epididymes, and prepuce 
(sheath).  Both testicles and epididymes should be 
symmetrical in size and firmness.  The testicles 
should be freely movable in the scrotum.  The scrotal 
circumference (SC) should be measured at the widest 
distance around the testicles.  SC of rams over 1 year 
old should measure greater than 30 cm.  Testicular 
width as indicated by scrotal circumference is 
correlated with sperm production.  During breeding, 
libido should also be observed with the realization 
that many rams in warm climates do much of their 
breeding at night.   
 
In addition to good body condition and normal 
reproductive tracts, rams should also have sound feet, 
legs, eyes, muzzle, and nose.  Ahead of the breeding 
season, rams should be housed where they can 
become physically fit and not in small pens.  If 
concerns are found, then it is best to have fertility of 
the ram in question checked by your veterinarian.  
 
Normal parameters for semen evaluation include:  
 Normal sperm concentration equal to 3 

billion/ml. 
 Motility: 30-70% sperm motility is satisfactory 

and greater than 70% sperm motility is excellent.  
 Microscopic examination: a ram is rated as 

satisfactory when 50-80% of the sperm is 
normal, and a ram is rated as excellent  if greater 
than 80% of the sperm is normal. 

 Infection is indicated where there are greater 
than 5 white blood cells per high power field 
(Schoenian, 2010). 

 
Remember that the time it takes to produce new 
viable sperm is 46-49 days, which is the reason for 
performing an initial assessment on potential 
breeding rams 6-8 weeks ahead of breeding. 
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Ram Management 
 
A satisfactory mature ram should be able to breed a 
minimum of 50 ewes during a 34-day period in the 
natural breeding season.  If using a ram lamb, one 
ram lamb can be expected to breed 15-20 ewes 
during the same time frame When ram lambs are 
used, they are best introduced into the breeding flock 
in small pastures or pens so that ewes in estrus can 
easily seek out the virgin ram lambs.  The 
recommended ram to ewe ratio is decreased to 1:10-
15 if the ewes are synchronized.  In large flocks, the 
addition of more rams 10 days after the first rams 
were introduced will keep the lambing period tight.  
Anecdotally, many rams older than 5 years of age 
have structural or reproductive problems thus making 
them poor choices for single sire mating.   
 
Research conducted at the U.S. Sheep Experiment 
Station in Dubois Idaho determined that there were 
high and low libido rams which they termed “studs” 
and “duds.”  To assess if you have a stud, their work 
suggests penning the ram of unknown status with 
ewes in estrus and evaluating the number of mounts 
per unit time.  A “stud” ram is defined as one that 
mounts greater than 3-5 ewes per 15 minute time 
frame (Perkins, Fitzgerald, et al, 1992). 
 
In order to detect breeding, rams should wear a well-
fitting marking harness or have their briskets painted 
when put with ewes.  New paint will have to be 
applied every 2-5 days if using brisket paint.  
Harnesses are an inexpensive investment but need to 
be monitored so they do not shift, causing rubbing or 
pinching of the ram thus creating sores.  Harness 
crayons come in 6 colors and are made for 3 different 
temperature ranges.  Crayon colors should be 
changed every 14 days, switching from light to dark 
colors.  Use of breeding paint or crayons permits 
rapid identification of low libido or “dud rams.”  
They also provide feedback if ewes are marked with 
multiple colors, i.e., rebred at each heat cycle, 
suggesting that there is a ram fertility problem.   
 
Use of Teaser Rams 
 
Another management technique for a tighter lambing 
period is to use teaser rams for 2 weeks prior to the 
breeding season.  The teaser rams stimulate ewes to 
cycle and show stronger heats when fertile breeding 
rams are added to the group.  The net effect appears 
to be a tighter lambing period, which can be ideal 
from a labor and observational needs standpoint.  
This synchronization of breeding and lambing allows 
for 85% of the ewes lambing in a 2-week period 
which should be considered if indoor lambing 

facilities are not large enough to handle that number 
of animals.  Theoretically, the effect of using a teaser 
ram is greatest when applied early in the breeding 
season, but may also have a positive effect even 
when used later in the breeding season.  For 
biosecurity reasons, it is advisable to have your 
veterinarian vasectomize or epididymectomize a ram 
lamb from your own sheep flock to create a teaser 
ram.  Be sure to remove the teaser ram when the 
fertile rams are joined to the ewes. 
 
Abortion Management 
 
At-risk ewes can be vaccinated against certain 
abortion diseases prior to the breeding season, i.e., 
just prior to introducing the teaser ram.  Flocks in 
which routine anti-abortion vaccines are 
recommended include those that regularly introduce 
new breeding ewes, flocks that have had 
Campylobacter or Chlamydial abortions in the past 5 
years, and those for which the owner is more 
comfortable using this risk-reducing approach.  
Check the label of the anti-abortion vaccine being 
used to determine if a booster vaccination should be 
given in mid-pregnancy, i.e., close to day 90 of 
gestation.  Control of Toxoplasma abortion is best 
achieved through maintaining a healthy cat 
population through spay and neuter to avoid 
producing kittens, and avoiding cat feces in sheep 
areas, i.e., fresh bedding and feedstuffs.  The use of 
litter boxes for farm cats has been shown to reduce 
the incidence of Toxoplasmosis abortions in goats 
(Patton, Johnson, et al, 1990).  Inclusion of 
decoquinate in pregnant ewe feed is also effective but 
expensive, so some producers only feed it for the last 
2 months of pregnancy even though toxoplasmosis 
can infect pregnant ewes and cause fetal loss at any 
stage of gestation (Buxton, Henderson, 1999).  Some 
flock owners add chlortetracycline to the feed during 
the last 6-8 weeks of pregnancy to control 
Chlamydial infections.  But the public’s expectation 
is that animal agriculture endeavors to minimize the 
use of feed-grade antibiotics. 
 
Pregnant Ewe Management 
 
Another general recommendation for optimal 
reproductive management is to minimize stress 
experienced by potentially pregnant ewes during the 
first 30-50 days of gestation.  Stressors include 
handling or transportation, high heat combined with 
high humidity, and predation.  Also, avoid dramatic 
changes in diet.  Ewes should be maintaining body 
weight during the first trimester as placental growth 
occurs up until day 90 of pregnancy. 
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Ultrasound pregnancy detection conducted by an 
experienced person between 50-70 days of pregnancy 
or approximately 45 days after the rams are pulled 
from the breeding flock is recommended.  Late in the 
afternoon prior to ultrasounding, remove hay and 
grain from access by the ewes.  Ultrasound benefits 
include diagnosing pregnancy, thus having the option 
to sell open ewes or ewe lambs, fetal counting, fetal 
aging, and diagnosing an impending abortion storm.  
 
Once you have your ultrasound results, you are able 
to manage animals accordingly.  You can feed for 
best fetal and lamb survival, feed to avoid metabolic 
disease in late pregnancy, and save money by not 
feeding your open ewes and by not overfeeding your 
ewes that are carrying singletons thus also reducing 
the risk of difficult births.  
 
It is important to feed a good quality trace mineral 
iodized salt throughout pregnancy to promote 
newborn lamb viability as well as periparturient ewe 
immune function.  Pregnant ewes should be carefully 
handled approximately one month before the 
anticipated start of lambing to be shorn, vaccinated 
against Clostridium perfringens types C and D and 
tetanus, and sorted for body condition score.  It is 
recommended to give this vaccine under the skin in 
the neck region using of a 5/8 inch sterile needle.  
Triplet-bearing ewes and aged ewes tend to be less 
competitive when eating.  Recommended preventive 
management is to put them in their own small group 
on plentiful, high-quality feed. 
 
Approximately 75 percent of fetal growth and nearly 
100% of mammary development occurs in the last 4-
6 weeks of pregnancy.  It is imperative to feed late 
gestation ewes appropriately to avoid low birth 
weight, poor vigor lambs and also very high birth 
weight lambs which are often accompanied by 
difficulty lambing resulting in fetal hypoxia and 
trauma to the reproductive tract. 
 
Lambing Management 
 
Lambing facilities need to be prepared ahead of time 
so you can pay attention to periparturient ewes and 
newborn lambs while lambing.  Active anti-predation 
plans need to be in place.  Young livestock protection 
dogs (under the age of two years) may need to be 
kept away from newborn lambs until the lambs are 
approximately one month old.  While supervised 
lambing often equates to lambing in buildings or dry 
lots, this creates a risk for an increased incidence of 
disease unless these areas can be cleaned weekly and 
kept dry.  Another approach is to rotate the pregnant 
ewes to new lambing areas to reduce fecal and birth 

fluid buildup.  Ewes and lambs should be penned in a 
lambing jug after lambing for bonding and 
management purposes.  Ideally, ewes are not lambing 
in the jug as birth fluids saturate the ground, thus 
making an unsanitary environment for newborn 
lambs and lactating ewes.  Whenever possible, 
lambing jugs should be cleaned between families.  
The number of available jugs should be 10-20% of 
the number of pregnant ewes at the start of lambing 
with a few jugs constructed larger than standard for 
triplet or quadruplet litters, weak ewes, or ewes and 
lambs that need to spend longer than 24-48 hours in a 
jug (most commonly due to milk supply problems or 
weak lambs). 
 
Pasture lambing requires less in terms of facilities 
and labor costs, is often associated with reduced 
incidence of disease, but may be associated with 
increased death losses due to less observation, 
weather stress and predation. 
  
 
CONCLUSION 
 
Optimal reproductive output occurs when a 
combination of practices has been well managed 
during the production cycle.  Attention to the details 
of reproductive management begins at least seven 
months prior to the birth of your first lamb of the 
season.  Records that track your lambing percentage, 
periparturient ewe and neonatal lamb problems and 
weaning percentage are valuable in determining the 
effectiveness of your management practices.   
 
 
REFERENCES 
 
Buxton D., D. Henderson.  1999. Infectious abortion in 

sheep.  In Practice.  21:360-368. 
 
Patton, S., S.S. Johnson, K. Puckett.  1990.  Prevalence 

of Toxoplasma gondii antibodies in 9 populations 
of dairy goats: Compared titers using modified 
direct agglutination and indirect hemagglutination.  
J Parasit 76: 74-77. 

 
Perkins A., J.A. Fitzgerald, and E.O. Price.  1994. 

Sexual performance of rams in serving capacity 
tests predicts success in pen breeding.  J Anim Sci 
70: 2722-2725.  

 
Pugh, D.G.  2001.  Feeding and Nutrition.  Sheep and 

Goat Medicine.  41-42. 
 
Schoenian, S.  2010.  

http://www.sheep101.info/201/ramrepro.html Sheep 
201. 



 
 

156 
 

 

TECHNOLOGY TRANSFER AND DELIVERY 
 
 

eXtension Goat Industry Information on the Web 
 

David Kiesling, Lincoln University, Jefferson City, MO and Steve Meredith,  
College of Agricultural and Natural Sciences, Lincoln University, Jefferson City, MO 

 
 
 
ABSTRACT 
 
The eXtension Web site provides research-based 
information in eight resource areas:  Alerts, 
Community, Disaster Issues, Energy, Family, Farm, 
Pest Management, and Youth.  Under each resource 
area are Communities of Practice (CoP).  The Goat 
Industry Web site (http://www.extension.org/goat) is 
a specific community of practice on the eXtension 
site that provides scientifically-based information for 
goat producers, extension educators and consumers.  
Currently, this site contains   announcements, a 
glossary of terms, a meat goat management tool and 
instructional videos.  Additionally there is 
information on breeds, genetics, health, marketing, 
management, nutrition, reproduction, pastures and 
forages, predator control and vegetation management.  
Resources are continuously being added to the site to 
benefit the people interested in learning more about 
goats.   
 
Key Words:  eXtension, goat industry, Web site. 
 
 
INTRODUCTION 
 
eXtension is a Web site that provides research-based 
information on topics as diverse as horses, fire ants 
and energy conservation.   
 
In developing a Web site on eXtension, a first step is 
for a group of people with a common interest, such as 
goats, to come together, forming a Community of 
Interest.  Once they are approved by eXtension and 
begin developing and placing information on the 
eXtension Web site about a topic such as goats, they 
are now a Community of Practice.  Communities of 
Practice (CoP) are formed under one of eight 
resource areas (Table 1).  At the time that this article 
was written, there were 33 published Communities of 
Practice in eXtension.  Table 1 shows the current 
CoPs under the resource areas that can be found on 
the eXtension Web site. 
 

Information found in the Communities of Practice is 
developed by extension specialists and researchers 
from land grant universities, veterinarians, and 
numerous specialists from various USDA agencies 
across the United States.  eXtension, therefore, is 
considered to:  1) offer credible expertise, 2) provide 
reliable answers based upon sound research, 3) have 
connections to the best minds in American 
universities, 4) provide creative solutions for today's 
complex challenges, 5) supply customized answers to 
specific needs,  6) offer trustworthy, field-tested data  
and  7) provide dynamic, relevant and timely answers 
to questions.  More details about eXtension can be 
found at http://www.extension.org/main/about. 
 
Community of Interest in Goats 
 
Recently, members of the 1890 land grant 
universities took the lead in developing a Community 
of Interest in goats and eventually Community of 
Practice on the goat industry.  It was felt that this was 
important to place on the eXtension Web site because 
of their growing importance in the U.S.  In the United 
States, goats are used mainly for meat, milk and fiber 
production.  More than 83% of goats in this country 
are meat goats, 10% are dairy goats and 7% are fiber 
goats (USDA-NASS, 2007).  
 
Goat numbers have increased in the U.S. more than 
5% annually from 1985 to 2007 (USDA-NASS, 
2007) as determined by the National Agricultural 
Statistics Service which has been conducting 
extensive goat surveys since 2005.  The January 
2007, inventory indicates that there are 
approximately 2.4 million meat goats in the United 
States, up 3% from 2006 (USDA-NASS, 2007).  
 
The number of U.S. dairy goat farms increased by 
45%, and dairy goat numbers increased by 52.5% 
from 1997 to 2002 (USDA-NASS, 2007).  For more 
information about the goat industry trends and 
outlook go to the following Web site: 
http://www.extension.org/pages/Goat_Industry_Outl
ook#Trends_in_the_U.S._Goat_Industry.  
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Producers, in all phases of production (meat, dairy 
and fiber), have expressed a need for current, correct 
information on how to raise goats and produce 
wholesome products in demand by the public.  
Information is needed in all areas, from basic housing 
and management to nutrition, breeds, herd health, 
reproductive issues, marketing, product safety, and 
value-added products. 
 
With this in mind, the objective was to develop an 
eXtension Web site designed to meet the educational 
needs of goat producers, extension educators and 
farmers.  The goals were : 1) To provide information 
from basic housing and management to nutrition, 
breeds, herd health, reproductive issues, marketing, 
product safety, and value-added products to goat 
producers;  2) To provide learning opportunities that 
are science-based and peer-reviewed; 3) To create 
collaboration among goat industry professionals 
resulting in a resource that provides valuable 
educational materials benefiting the user; 4) To 
highlight goat industry resources;  and 5) To provide 
answers to frequently asked questions (FAQs).  
 
 
MATERIALS AND METHODS 
 
Development of Goat Industry CoP Leadership 
 
The CoP leadership team consists of a USDA 
Program Leader, a CoP Administrative Advisor, and 
a core leadership administrator.  The core team will 
not exceed 12 members.  The core leadership team 
consists of members from 1890 institutions shown in 
Table 2. 
 
Making the Goat Industry CoP National in Scope  
 
The national team of experts includes state goat 
extension specialists, research and teaching faculty, 
veterinarians, regional educators and professionals at 
education centers.  The Community of Practice 
membership currently includes 14 of the 18 1890 
land grant universities, 25 of the 1862 land grant and 
state universities, the Western Maryland Research 
and Education Center and the USDA Agricultural 
Research Service.  Total membership is 66.  
Members continue to be added to this list as the 
community of practice develops and will include 
additional 1862 universities, other institutions, and 
professional organizations and societies.  It is 
anticipated that   marketing efforts through 
presentations at regional and national scientific 
meetings throughout the nation and through word-of-
mouth will increase the awareness of the goat 
Community of Practice.  These experts will be 

recruited as they are identified.  Institutions of 
members are shown in Table 3. 
 
Communication, Meetings and Continued 
Productivity 
 
Year 1 included an organizational meeting for 
developing this proposal and occurred on January 31-
February 1, 2007.  A meeting was planned for June 
23-24, 2007, just prior to the eXtension training 
conference.  At this meeting, we began adding 
content to the CoP.  The committee convened during 
the National Animal Science meetings held July 7-
12, 2007, in Indianapolis, Indiana, and one or two 
additional meetings were scheduled as the need 
arose.  Web-based calls were held among the CoP 
leadership during year 1.  It is anticipated that data on 
the number of visits to the Web site, interaction with 
ask the experts, and increased number of 
certifications will continue.   
 
It is also expected that some of the universities will 
likely incorporate interactions with eXtension into 
the normal duties of extension professionals.  Once 
this activity becomes a component of the evaluation 
and promotion process, continued productivity of a 
Community of Practice is assured. 
 
Content on Goat Industry Web site 
 
Currently, the site contains information on breeds, 
genetics, health, marketing, management, nutrition, 
reproduction, pastures and forages, predator control 
and vegetation management.  In addition to the above 
information, there are also announcements, a glossary 
of goat terms, a meat goat management tool and 
instructional videos.  Resources are continuously 
being added to the site to benefit the people interested 
in learning more about goats.   
 
Top Frequently Asked Questions 
 
This section of the site was developed by eXtension 
so questions asked by experts or producers can be 
published that would benefit the audience interested 
in goats.  Presently, there are 118 questions on the 
live site.     
 
Ask an Expert 
 
If a person has a question about goats, they can go to 
the site and ask the questions and within 48 hours, the 
person will have an answer from one of our experts. 
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Analytics for the Goat Industry Web site 
 
To determine how the Goat Industry Web site is 
doing, eXtension provides Google Analytics (Google 
Analytics, 2010) to determine the Web site traffic and 
marketing effectiveness. 
 
 
RESULTS  
 
Initial Start of the Goat Industry CoP  
 
The Goat Industry started as an eXtension CoP in 
March 2008.  The CoP was launched to the live site 
of eXtension one year later in March 2009.  
Resources continue to be added to the Web site.  
 
Analytics for the Goat Industry Web site 
 
The following Google Analytics reflect the first year 
of the goat industry since the launch of the Web site 
(March 2009- March 2010).  During the first year, 
visitors viewed 55,453 pages of the top content of 
eXtension and these were viewed a total of 4,321,995 
times.  Of all content viewed during this time on  
eXtension,  Goat Breeds was 51st  and the Goat 
Industry Web site was 53rd out of the top 100 
contents viewed.  Goat Breeds were viewed 5,955 
times while the Goat Industry Webpage was viewed 
5,899 times.  
 
Top Content of the Goat Industry 
 
The top content had a total of 1,224 pages viewed 
112,342 times.  Goat Breed pages and the eXtension 
Goat Industry Web page were viewed 5% of the time.  
Goat Pastures & Forages was second with 4% of the 
time viewed.  The top content (top ten) that was 
viewed and number of times these pages were viewed 
are shown in Table 4. 
 
Top Frequently Asked Questions 
 
Questions are continually being added to the site.  
The FAQs that were visited the most during the first 
year are shown in Table V.  
 
Ask an Expert 
 
During the first year, the number of   questions asked 
was 293.  Questions that were resolved were 270 

answered and 15 rejected.  Eight questions could not 
be answered due to a lack of expertise available in 
the area.  The majority of questions asked ranged 
from genetics, health, reproduction to predator 
control and pasture management. 
 
 
DISCUSSION 
 
The Goat Industry provides basic information for the 
producer, consumer and extension personnel.  This 
Web site provides opportunities for persons 
interested in learning more about goats to find the 
information, and if it is not there, they can ask an 
expert and receive an answer within 48 hours.  
Presently, there are 118 frequently asked questions 
(FAQs) that are published on the live site.  These 
questions were asked by individuals or were 
questions put together by experts in the Goat 
Industry.      
 
Although most information that is presently on the 
live site is for meat goats, more scientific-based 
material will be added as the site continues to 
expand.  The following content will be added to the 
curriculum in the future: dairy goats, fiber 
production, basic goat facilities, basic herd health 
procedures and biosecurity, crossbreeding, farm 
business planning and budgeting, legal issues, 
organic goat production, risk management, 
economics of goat production, business plans and 
enterprise budgets, and disaster preparedness  
 
Eventually, the Goat Industry Web site 
(http://www.extension.org/goat) will be a one-stop 
source for goat information. 
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Table 1.  eXtension Communities of Practice

 
Alerts 
Financial Crisis 
Community 
Diversity Across Higher Education 
Entrepreneurs & Their Companies 
Gardens, Lawns & Landscapes  
Geospatial Technology 
Imported Fire Ants 
Planning and Zoning 
Disaster Issues 
Agro Security and Floods 
Oil Spill 
Wildfire 
Energy 
Farm Energy 
Home Energy 
Wood Energy 
Family 
Child Care 
Families, Food and Fitness 
Family Care Giving 
Food Safety 
Military Families 
Parenting 

 
Farm 
Animal Manure Management 
Bee Health 
Beef Cattle 
Corn and Soybean Production 
Cotton 
Dairy 
Goats 
Horses 
Organic Agriculture 
Small Meat Processors 
Pest Management 
Pest Management In and Around Structures 
Wildlife Damage Management 
Youth 
Science, Engineering, and Technology for Youth 
 
 
 
 
 
 

Personal Finance 
 
 
 
Table 2.  Institutions of Leadership Members of the Goat Industry Community of Practice 
       

        Institution                                                     State Located 
 
Alabama A & M University     AL 
Alcorn State University      MS 
Cooperative Extension Program at Prairie View   TX 
Delaware State University      DE 
Florida A & M University      FL 
Lincoln University      MO 
Langston University      OK 
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Table 3.  Institution of Goat Industry Members 
 
 
 1890            Institutions     
Alabama A & M University 
Alcorn State University 
Cooperative Extension Program at Prairie View 
Delaware State University 
Florida A & M University 
Fort Valley State University 
Kentucky State University 

Langston University 
Lincoln University in Missouri 
North Carolina A & T State University 
Tennessee State University 
Tuskegee University 
Virginia State University 
West Virginia State University 

 
1862 Institutions 
Auburn University 
Clemson University 
Colorado State University 
Louisiana State University 
Michigan State University 
North Carolina State University 
Ohio State University 
Oklahoma State University 
Purdue University 
Rutgers, State University of New Jersey 
Tennessee University 
Texas Agri Life Extension Service 
University of California 

University of Delaware 
University of Florida 
University of Georgia 
University of Kentucky 
University of Maine 
University of Maryland 
University of Minnesota 
University of Missouri 
University of Nevada Reno 
University of Wyoming 
Virginia Polytechnic Institute and State University 
Washington State University 
 

 
Other Institutions and Agencies 
Missouri State University 
USDA 
Western Maryland Research & Education Center 
 
 
 
Table 4.  Number of Times Top Ten Content Viewed on Goat Industry Web site During the First Year* 
 
                                                                 Number of Times                    Percent of Total 
      Top Content Viewed                                    Pages Viewed                         Time Pages Viewed (112,342) 
 
Goat Breeds 5,955    5% 
Goat Web page     5,822    5% 
Goat Pastures & Forages    4,335    4% 
Goat Reproduction     3,123    3% 
Goat Nutrition     2,485    2% 
Goat Breeds Alpine    2,156    2% 
Goat Reproduction Puberty Sexual & 
Maturity      1,900    2% 
Goat Vegetation Fencing    1,864    2% 
Goat Breeds LaMancha    1,740    2% 
Goat Breeds Boer     1,623    1% 
      
* A total of 1,224 pages viewed 112,342 times during the first year 
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Table 5.  Top Frequently Asked Questions Viewed During the First Year 
 
          Question                                                                                                   Number of Times Viewed 
Which plants are poisonous to goats?       566 
What minerals do goats require?        339 
What are the recommended planting dates for ryegrass, rye and oats in North Florida?  335 
What is the female goat called?        213 
What is a male goat called?        193 
What are the recommended seeding rates for oats, rye, wheat and ryegrass?   182 
What are some diseases goats can transmit to humans?     165 
How much water do goats need daily?       162 
Where can I find market information for sheep and goats?     152 
How long is the gestation (pregnancy) length for goats?     142 
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POSTER SESSION ABSTRACTS 
 
 

Embryonic and Fetal Loss in Goats: Characterization of Amount, Timing, and Factors 
Associated with Losses 

 
C. Baumbach1*, C. Cave1, B. Hollingsworth1, C. Clifford-Rathert1, E. K. Inskeep2, and A. K. Wurst, 1 

Department of Cooperative Research, Lincoln University, Jefferson City, MO, 
Division of Animal and Nutritional Sciences, West Virginia University, Morgantown, WV 

 

 
Embryonic and fetal mortality are large sources of economic loss in the livestock industry.  Although average 
ovulation rates are sufficient, a significant economic loss results from a large percentage of those oocytes not 
resulting in live offspring.  Recent research in ewes has shown that embryonic and fetal losses occur relatively 
evenly throughout pregnancy.  Although current estimates of embryonic and fetal wastage in goats are similar to 
those found in early sheep studies, detailed real-time evaluations of pregnancy loss have not been conducted.  The 
objective for this study is to determine if embryonic and fetal loss patterns and rates are similar among small 
ruminant species and to determine possible causes of loss.  This project involves real-time ultrasonographic 
examination of pregnant does throughout gestation in order to discover how much embryonic and fetal loss occurs in 
goats and when loss occurs.  Bred does in multiple herds were scanned on approximately days 25, 40, 60 and 110 
post-breeding (Day 0 = buck introduction) by transrectal or transabdominal ultrasonography.  At kidding, 
owners/managers of the respective herds recorded the doe number, kidding date, and number of kids born, along 
with comments on abnormalities or difficulties with the pregnancy or birth.  For the 2009 to 2010 breeding season, 
there was a total of 284 does in 9 herds ultrasounded through day 110.  Herds were primarily composed of Boer and 
Boer-crosses, with one herd including French Alpine, Angora, and Saanan does.  Initial pregnancy rates of does 
within herds were good, and averaged 89% at first scanning.  No abnormalities or dystocia were reported in the 
kidding records from producers.  A total of 24.6% of does pregnant at first scanning had some pregnancy loss (either 
partial or total), with 12.3% showing total pregnancy loss, and 12.3% showing partial loss of embryos or fetuses.  
However, within-herd losses varied considerably, from one herd having 50% of pregnant does showing loss, to one 
having only 10% of does showing loss.  Interestingly, most (98.6%) losses occurred past day 60 in does studied.  
These results suggest that embryonic and fetal wastage in goats may be a significant problem for some herds.  
Further, preliminary data suggests that these losses occur at a different rate than those found in sheep, and that losses 
seem to primarily occur relatively late in pregnancy. 
 
Key Words: Goat, pregnancy, ultrasound, pregnancy loss. 
 

 
 

 

Identifying Factors that Determine the Demand for Goat Meat in Florida 
 

Nordian Brown, Angela McKenzie-Jakes, and Gilbert Queeley, 
Florida A&M University, College of Engineering Sciences, Technology and Agriculture, Tallahassee, FL 

 
 
Goat production has become one of the fastest growing livestock industries in the U.S.  This is evidenced through 
the two-fold increase in demand for goat meat over the past two decades.  However, despite the increase in demand, 
U.S. producers are still unable to match production with the demand for goat meat.  Currently, most of the goat meat 
consumed in the U.S. is imported from New Zealand but research has shown that opportunities exist for U.S. 
producers to fill this gap.  Consumption of goat meat among non-traditional consumers is still relatively low at this 
time.  The demand for goat meat in the United States comes mostly from ethnic groups that include Asians, 
Africans, Latin Americans, and the Caribbean.  Most of these groups buy goat meat wherever they can find it, and 
are willing to pay premium prices for higher quality meat.  The purpose of this study is to identify factors that affect 
the demand for goat meat in the state of Florida.  A marketing survey using 500 participants as a representative 
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sample of the American population is being conducted.  The study will focus primarily on the relationship between 
certain qualitative parameters such as cultural and religious practices, breeding programs, marketing age, weight, 
and sex classes of animals, income categories and the ethnic backgrounds of current and potential consumers of goat 
meat.  These parameters were chosen since previous research has shown that they were linked to the demand for 
goat meat.  A chi square analysis was done to test the null hypothesis of no association between ethnicity and goat 
meat consumption.  The results indicated no significant association (p < 0.05) between ethnicity and goat meat 
consumption so this hypothesis could not be rejected.  Contrary to popular belief, the results indicated that black 
Americans are the primary consumers of goat meat, followed by Europeans and Hispanics.  Further research will be 
done using a larger sample to reexamine this hypothesis as well as to determine whether there is any association 
between the other qualitative factors and ethnicity with regards to the demand for goat meat.  This information could 
be useful in identifying marketing opportunities for small and limited resource goat farmers in the state of Florida.  
 
Key Words:  Goat marketing, ethnic consumers, availability, accessibility, Florida goat market. 
  
 
 
Fecal Gastrointestinal Parasite Egg Counts in Post-Parturient Does Fed Sericea Lespedeza 

(Lespedeza cuneata) 
 

Laura Carter, Warren Wilson College; Niki Whitley, North Carolina A&T State University, 
Dean Kahl, Warren Wilson College; Tom Terrill, Fort Valley State University; Jim Miller, Louisiana State 

University 
  
 
Sixteen late gestation Saanen dairy goats on a local North Carolina farm were used to determine the influence of 
sericea lespedeza on fecal gastrointestinal parasite egg counts.  Goats being fed a commercial dairy goat ration with 
ad libitum mixed species (grass and legume) hay were allocated to two treatment groups (n=8/group) based on age, 
potential production status and genetic background.  Animals were group housed with access to pasture but 
individually fed pelleted diets of 75% sericea lespedeza (SL) at 1 lb/day or a control alfalfa-based diet (CON) at 1.5 
lb/day beginning at parturition (=day 1).  The difference in amount of diet fed was unintentional.  Diets were 
completely pelleted and mixed to be isonitrogenous, averaging 15.1% CP with similar digestible energy content.  
Rations were split into two feedings and provided twice daily.  Doe intake was monitored visually, with all animals 
except one (SL) fully consuming the ration (but all goats were included in the study).  After feeding, animals were 
returned to the group.  Kids remained with dams throughout the study and does were not milked.  Fecal samples 
were collected directly from the rectum of each animal on day 1 and every 5 days thereafter for 20 days.  The 
Modified McMaster’s technique (Whitlock, 1948) was used to measure fecal egg counts (FEC) with 1 egg counted 
representing 25 eggs per gram of feces (epg).  Pooled fecal samples from CON animals for larval identification were 
also collected at the beginning of the study.  Data were analyzed using SAS (SAS Institute, 2002, Cary, NC).  The 
FEC were log transformed (ln (FEC + 1)) and analyzed using a mixed model analysis of variance for repeated 
measures data (data was reported as untransformed LSMEANS ± SEM) with initial FEC included as a covariable.  
Multiple regression analysis was conducted with treatment, day after parturition and calendar date in the model.  
Larval speciation indicated that larvae hatching from fecal eggs in this study were 86% Haemonchus contortus and 
14% Trichostronglyus.  There was no effect of SL feeding on FEC (averaging 1069 ± 261 epg for CON and 1023 ± 
261 epg for SL for the entire study period) at the noted feeding levels, however, there was a significant (p < 0.001) 
relationship between FEC and calendar date, as would be expected.  Although no differences were found in this 
study, additional research should be conducted using diets fed at similar levels. 
 
Key Words: Goat, sericea lespedeza, parasites. 
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Adding Value to the Small Ruminant Product through the Transfer and 
Commercialization of Production Technologies 

 
Albert Fearon, Caribbean Agricultural Research and Development Institute, Kingston, Jamaica; Francis Asiedu, 

Caribbean Agricultural Research and Development Institute, St. Augustine, Trinidad & Tobago, Norman Gibson, 
Caribbean Agricultural Research and Development Institute, St. Augustine, Trinidad & Tobago 

 
 
CARICOM has identified the development of several commodities including small ruminants as the focus for the 
region’s food and nutritional security. Technology transfer is a broad concept that includes the efficient transfer of 
agricultural innovations to the farmer and the provision of prerequisites needed to make adoption possible.  Over the 
past 15 years, CARDI has developed, adapted and transferred small ruminant technologies that improved production 
and productivity, employing methods such as improved forages, supplemental feeds, improved housing, improved 
breeds, breeding management, record-keeping, improved husbandry practices and farmer group strengthening.  The 
manufacture of commercial feeds dedicated to small ruminants and the availability of dedicated veterinary products 
for small ruminants were some of the outcomes of this technology transfer process.  Some key productivity 
coefficients in goats were improved over the years (from 1992) with kid mortality reduced from over 26% to 11%, 
and birth and weaning weights improved from 2.35 to 3.09 kg and 11.2 to 17.1 kg, respectively.  Preweaning 
average daily gains (ADG) also increased from 96.8 to 155.6 g over the same period while post-weaning ADG 
moved from 75.7 to 120.5 g.  In Jamaica, R&D on post-partum management showed that lambs individually penned 
with the dams grew significantly (P<0.01) faster (96.94 g/day) and weaned earlier (99.4 days) than lambs 
maintained with the dams in a general flock (70.68 g/day and 127.6 days, respectively.  Trials conducted in 
Barbados indicated that daily weight gain of lambs in intensive systems (148.6 g) was significantly (P<0.05) higher 
than those in semi-intensive (107.5 g) and extensive (109.2 g).  The establishment and strengthening of Goat and 
Sheep Farmers Associations was an important factor in the recorded growth and commercialization of the small 
ruminant sector with goat and sheep moving from 250,000 and 5,000 to 600,000 and 40,000 heads, respectively, 
over the period.  In addition to specialized meat cuts from local small ruminants there are also value-added products 
such as soup mix, jerk goat and sheep, sausages, lamb mince, goat’s milk and cheese and leathercraft.   
 
Key Words: Preweaning, post weaning, average daily gains, value added. 
 
 
 

 

Kids and Calves Grazing Together and Separately under Continuous and Rotational 
Grazing Systems 

 
Sebhatu Gebrelul, Southern University Ag Center, Baton Rouge, LA  

Lisa D. Gray, Southern University Ag Center, Baton Rouge, LA  
 

 
A mixed-grazing project was designed to determine the performance of calves and kids grazing together and 
separately.  In a 3x2 factorial, 100 Spanish goats and 28 Brangus cows were randomly assigned to continuous or 
rotational grazing systems (every 7d) and three grazing schemes: goat-alone (4 ha), cattle-alone (11 ha) or mixed (16 
ha).  Data from 300 goats and 84 calves were available for analysis.  Body weights, condition scores (BCS), 
FAMACHA© scores (FS), fecal egg counts (FEC), packed cell volume (PCV), fresh (FFY) and dry (DFY) forage 
yields, plant height (PHT), crude protein (CP), acid (ADF) and neutral (NDF) detergent fibers, and dry matter (DM) 
were obtained every 28 d for 3 yr.  Data were analyzed using mixed procedure of SAS and stepwise regression.  
Chi-square analysis was used for BCS and FS.  All fixed effects were significant (P < 0.05) sources of variation for 
kid measurements.  Kids in mixed grazing weighed more (16.9 ± 0.3 vs. 13.2 ± 0.3 kg, P < 0.01) than kids grazing 
alone.  PCV values were negatively correlated with FS (P < 0.05) but positively correlated with BCS.  BCS had a 
high negative correlation with FAMACHA© scores (-0.54, P < 0.01) and FEC (-0.23, P < 0.01).  Kids that grazed 
alone on rotational pastures had higher PCV percentages (30.1%) than those grazing on continuous pastures (27%).  
Kids grazing alone averaged 2.03 ± 0.03 in BCS while those in mixed averaged 2.36 ± 0.04 (P < 0.01).  Calves 
grazing alone were heavier (171.8 ± 2.6 vs. 156.0 ± 2.6 kg) than those grazing mixed with kids (P < 0.10).  Calves 
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grazing alone under continuous grazing were similar in weight (170.2 ± 3.5 vs. 173.4 ± 3.8 kg) to those in rotation, 
but both were heavier (P < 0.05) than calves in mixed grazing in continuous (162.5 ± 3.8 kg) or in rotation (149.4 ± 
3.4 kg).  For calf weight, the order of variables that entered the regression model at P < 0.05 were ADF, PHT, NDF, 
FDY, and CP; and PHT, DFY, FFY and NDF for kid weights.  Results indicated that calves required more time to 
adjust and perform when mixed with kids, but kids could graze with calves to efficiently utilize available forage 
resources.  More information is needed to evaluate mixed grazing systems under Louisiana conditions.  
 
Key Words: Mixed grazing, goats, calves, continuous and rotational grazing. 

 
 
 

Comparative Reproductive Characterization of Four Crossbred Groups of Hair 
Sheep Prolificacy 

 
W. R. Getz, S. Mobini, and S. Gelaye 

Fort Valley State University, Fort Valley, GA 
 
 

The use of hair or shedding breeds of sheep in commercial lamb production systems appears to be increasing in 
Georgia and the Southeast.  Profitability from these enterprises is influenced to a large degree by the number of 
lambs born and sold.  Reproductive rates have been shown to be influenced by breed and type of sheep.  Over a six-
year period, prolificacy data were collected from 145 ewes in four breed groups.  Data included 248 parturitions 
obtained over a six-year period including 103 parturitions from crossbred ewes composed of Dorset, Hampshire, 
Suffolk or western dual-purpose heritage; and three groups of ewes of hair sheep heritage.  The hair sheep data 
included 28 parturitions from halfbred or ¾-bred Katahdin ewes, 26 parturitions from halfbred or ¾-bred Dorper 
ewes, and 91 parturitions from 50% white Dorper x 50% Katahdin composite ewes.  Number of lambs born per ewe 
across all breed groups was 1.71±.0359.  Wool crossbred ewes = 1.67±.0607 lambs; Dorper-cross ewes = 
1.69±.0923 lambs; Katahdin-cross ewes = 1.71±.0869 lambs; and Dorper x Katahdin composite = 1.76±.0592 lambs 
per parturition.  Differences among the individual breed groups were minimal.  These data suggest that in either of 
the breed groups would be equally prolific in commercial lamb production systems in middle Georgia.   
 
Key Words: Hair sheep, reproduction, prolificacy, katahdin. 
 
 
 

Integration of Meat Goats into Loblolly Pines in West Alabama 
 

N. Gurung, Department of Agricultural and Environmental Sciences, Tuskegee University, AL; R. Lawler, 
Department of Agricultural and Environmental Sciences, Tuskegee University AL; M. Goodman, Department of 

Agronomy and Soils, Auburn University, AL; and O. Bolden-Tiller, Department of Agricultural and Environmental 
Sciences, Tuskegee University, AL 

 
 
Little is understood about how meat goat production can be included as a value added product to high value saw log 
production in pine silvopasture.  Understanding animal-plant interactions in these systems is key to their sustainable 
management.  The objectives were to determine the optimum stocking rates of Boer cross wethers goats on recently 
thinned and pruned loblolly pine plantation.  Three stocking rates (SR) at 0.20 animal unit equivalent (AUE)/acre 
(low), 0.30 AUE/acre (medium), and 0.50 AUE/acre (high) (equivalent to 4, 6, and 8 goats/acre, respectively) were 
evaluated in a randomized complete block design at the Federation of Southern Cooperatives, Epes, AL. Goats were 
weighed at 30 d intervals over a 90-d period to determine average daily gains (ADG).  Available plant biomass 
quality and quantity were determined before and after the grazing period.  Blood samples were collected to assess 
blood urea nitrogen (BUN).  The ADG were higher (P<0.05) for the low SR compared to the medium and high SR 
while no differences were observed (P>0.05) between the latter two treatments.  The BUN concentrations were not 
different among treatments during the first 30 days (P>0.10), but as the season progressed, goats on higher SR 
tended to have higher BUN values (P<0.08), particularly at d 60 and 90.  At the start of the trial, average plant 
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biomass was 955, 769, and 921 lbs dry matter (DM)/acre for low, medium, and high SR, respectively.  
Corresponding values at the end of the trial were 1,289, 500, and 725 lbs DM/acre.  The control paddocks contained 
an average of 904 lbs DM before and 1,652 lbs DM at the end of the trial.  Biomass DM declined at a faster rate on 
plots with higher SR; percentage changes were +82.8, +35.0, -35.1, and -21.3 for the control, low SR, medium SR, 
and high SR, respectively.  Nutrient composition of plant biomass, measured as crude protein, neutral detergent 
fiber, acid detergent fiber and acid detergent lignin did not differ (P>0.05) among treatments.  The very preliminary 
results observed for changes in herbaceous biomass over the grazing period suggest that, from the standpoint of 
browse maintenance, 0.3AUE/acre may be a reasonable initial stocking rate in this system.  [This study was partially 
supported by Alabama Agricultural Land Grant Alliance and George Washington Carver Agricultural Experiment 
Station, Tuskegee University, Tuskegee, Alabama 36088]. 
 
Key Words: Goats, silvopasture, stocking rate. 
 
 
 

Pastures for Dairy Goat Milk Production 
 

Steve Hart, Langston University, Langston, OK 
 
 
Pastures have typically been underutilized for milk production with dairy goats.  However, pastures offer potential 
for reducing feed costs and have good potential for reducing the cost of organic milk production.  The purpose of 
this study was to investigate the level of milk production supported by pasture alone and to compare the effect of 
different levels of grain supplementation on milk production of grazing goats.  Four treatments used in the study 
were: A) Control group confined in barn and fed alfalfa hay supplemented with 2/3 lb of a grain supplement for 
every lb of milk over 3.3 lbs; B) Grazed on pasture and supplemented with the above level of supplement; C) 
Grazed on pasture and supplemented with half the above level of grain; D) Grazed on pasture alone with no grain 
supplementation.  Does kidded in mid-March to early April and initially grazed wheat pastures with Berseem clover.  
As the pastures matured, goats were rotationally grazed on sudangrass-crabgrass pastures.  Pastures were managed 
to maintain plants in a vegetative growth phase with high nutritive value.  Goats grazed until September when the 
study was terminated.  Pregrazing pastue averaged 13.5% CP and 85% in vitro organic matter digestibility.  Alfalfa 
hay averaged 16.5% CP and 72% in-vitro organic matter digestibility.  Milk production (lbs/day) was significantly 
(P<.05) lower for does receiving pasture alone, and pasture with the high level of grain as compared to the two other 
treatments 8.9, 8.1,9.2 and 7.7 lbs/day for treatments A, B, C and D, respectively.  Goats on pasture alone produced 
90% of the milk as the two grain supplemented pastured groups.  Milk fat% (3.23, 3.16, 3.11, 2.99), protein% (3.18, 
3.07, 3.01, 2.80) and lactose% (4.16, 4.24, 4.19, 4.00) for treatments A, B, C, and D, respectively were lower 
(P<.05) for goats grazing pastures with no supplementation.  Goats supplemented with either the high or low level of 
grain produced comparable levels of milk to confined animals with similar milk composition.  Goats grazing pasture 
alone produced slightly less milk of a lower composition than goats receiving grain supplementation.  High levels of 
goat milk production can be achieved by using high quality pastures.  With high forage quality, grain 
supplementation can be reduced without affecting milk production.  Organic milk could be produced from pasture 
alone without purchasing expensive organic grain. 
 
Key Words: Pastures, goat milk production, supplementation, milk composition.  
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Knowledge Gained from Marketing Goat Meat through Six Central Kentucky Hispanic 
Grocery Stores 

 
T. Hutchens1, N. Calix2, K. Andries2, S. Wesley1, L. Meyer1, and G. Rentfrow, 1 

1University of Kentucky, Lexington KY, 2Kentucky State University, Frankfort, KY 
 
 
The Hispanic population in Kentucky (KY) is growing rapidly.  There is evidence that Hispanic consumers prefer 
locally produced and processed goat meat (GM).  In order to test these assumptions 6 central KY cities were 
selected to participate in a Hispanic grocery store GM research project.  These 6 cities were selected based on the 
size of their Hispanics population.  Each participating store, (n=10) was initially given 30 lbs of bone-in GM cut into 
stew meat.  Each 2-lb package was labeled and vacuumed packed.  Previous GM marketing work conducted in 
central KY indicated that Hispanic consumers are exceedingly price sensitive.  Therefore, the GM test cuts were 
taken from adult female goats produced and processed locally.  The test period was 9/1/2009 through 1/31/2010.  
GM sales were similar for the initial store sites (Table-1) for Sept.-Oct. totaling 212 and 200 lb respectfully.  
However, GM sales for the Nov.-Jan. period declined rapidly as winter and the holiday season approached.  Newly 
recruited stores beginning on or after Oct. resulted in low sales throughout the test period.  All stores initially priced 
GM at $2/lb for the first 2-weeks and increased it to $2.39/lb thereafter; prices were not increased further due to low 
sales volume.  However, one exception occurred in a Frankfort KY store exhibiting the 2nd highest volume of sales 
for the study (Table-1).  The GM was sold for $3/lb precooked as an eat-in or carry-out dinner.  The complete dinner 
was priced at $8/lb and was purchased predominately by young Hispanic men working away from their families 
residing in Mexico.  That particular grocery business was sold near the end of Oct. Table-2 illustrates the diversity 
of the clientele purchasing the GM. GM purchases were dominated by customers of Mexican origin and made-up 
78% of the total customer base, African background at 10%, followed by European origin customers at 5%, 
Dominican Republicans 3% and Egyptians 1%.  A likely reason for reduced sales late in the year may relate to the 
drastic downturn in the local economy reducing labor and service based employment in agriculture, construction and 
domestics.   
 
Key Words: Hispanic, meat marketing, goat meat. 
 
 
 

Estrus and Mating Response in Meat Goats Following Estrus Synchronization Protocols 
 

Dahlia Jackson-O’Brien, Delaware State University; Jodi Lynn Eierman, Delaware State University; Elizabeth 
Crook, Delaware State University; Kwame Matthews, Delaware State University;  and Niki Whitley, North Carolina 

A&T State University 
 
 
The objective was to examine the effectiveness of using a controlled internal drug releasing device (CIDR®) 
containing progesterone in combination with the buck effect and PMSG, when compared to no hormonal priming 
before buck introduction in synchronizing estrus during the breeding season in goats.  Forty-six Boer and Boer–
crossbred meat–type does and 2 bucks located at Delaware State University were used in the experiment in June 
2009.  To facilitate the use of the buck effect, males were removed from sight, sound and smell of females for 3 wk 
prior to the beginning of the study.  All goats were housed in dry lot areas and separated into 2 groups.  Both the 
control (CON; n = 22) and CIDR® (n = 24) groups received a similar feeding regime including hay and a 
commercially pelleted 15% CP meat goat feed ration.  The CIDR® contained 0.3 g progesterone.  On d –9, CIDRs® 
were inserted vaginally into females in the CIDR® group.  At CIDR® removal (d 0), does received 300 IU of 
PMSG i.m. and all females were grouped for mating with 2 mature bucks wearing marking harnesses for 14 d. 
Females were checked four times daily for mating and number of does marked was recorded to determine day to 
first mating and percentage mated.  Data were analyzed using the FREQ and GLM procedures of SAS with similar 
results.  As appropriate, means were separated using LSMEANS.  There was an effect of treatment on percentage of 
females mated, with more (P < 0.02) females in the CIDR®-treated group (100%) mated than females in the CON 
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group (77.3 ± 0.1%).  In addition, of the females mated, the CIDR®-treated does (40.0 ± 7.9 h) came into heat faster 
(P < 0.001) than the CON (116.6 ± 9.0 h) does.  In conclusion, under the conditions of this study, the hormonal 
estrous synchronization protocol used was more effective when compared to no hormonal priming prior to buck 
introduction in synchronizing estrus during late spring. 
 
Key Words: Goats, boer, CIDR®, PMSG, estrus synchronization. 
 
 

 

  
Previous Anthelmintic Use and Integrated Parasite Management on 

Gastrointestinal Nematode Resistance on Sheep and Goat Farms in the Mid-
Atlantic U.S. 

 
Dahlia Jackson-O’Brien, Delaware State University, Elizabeth Crook, Delaware State University; Niki 

Whitley, North Carolina A & T State University; Bob Storey, University of Georgia, Sue Howell, 
University of Georgia, and Ray Kaplan, University of Georgia 

 
 
Gastrointestinal nematodes (GIN) from 33 farms (20 goat; 13 sheep) located in DE (10 farms), MD (10 farms), VA 
(3 farms), WV (4 farms), and PA (6 farms) were evaluated for resistance to benzimidazole (BZ), ivermectin (IVM), 
moxidectin (MOX), and levamisole (LEV) using the DrenchRite® Larval Development Assay (LDA).  Fecal 
samples were collected rectally from at least 10 animals on each farm, labeled and shipped to the University of 
Georgia for LDA analysis.  Completion of a questionnaire to determine specific farm characteristics and practices 
including previous anthelmintic use and integrated parasite management strategies employed was required of 
farmers participating.  On all farms tested, BZ was ineffective and GIN were resistant to IVM on 79% (26/33) of 
farms.  The IVM-related anthelmintic, MOX, was ineffective on 48% (16/33) of farms tested; however, LEV was 
only ineffective on 27% (9/33) of farms tested.  On tested farms, rotational grazing, FAMACHA©, fecal egg counts, 
or mixed species grazing were strategies utilized to help control parasitism on 62%, 48%, 14%, and 7% of farms, 
respectively.  The most common anthelmintic previously used by producers was a combination of BZ and 
macrocyclic lactones (IVM, MOX) on 72% of farms.  Overall, 90%, 79%, and 31% of producers had previously 
utilized macrocyclic lactones, BZ and LEV, respectively.  In terms of multiple anthelmintic use, 86% of producers 
had utilized two or more classes of anthelmintics while 17% of producers had utilized all three classes of 
anthelmintics.  Most participants either utilized selective drenching techniques (41%) or used anthelmintics one to 
three times per year (41%).  The remaining 17% treated with anthelmintics four or more times per year.  Of the 
participating farms, 48%, 21%, 10%, and 21% had 0-50, 50-100, 100-150, and over 150 animals, respectively.  All 
goat farms raised Boer and Boer crosses (95%), with the exception of one Kiko farm (5%).  Sheep farms tested were 
diverse, including such species as Katahdin and Katahdin crosses (21%), Suffolk and Suffolk crosses (29%), Dorper 
and Dorper crosses (21%), and other breeds (Dorset, Polypay, Romney, Tunis; 29%).  The results of the present 
study indicate that although anthelmintic resistance in GIN is a serious problem on small ruminant farms in the mid-
Atlantic region of the U.S., producers are employing some form of integrated parasite control strategies to extend 
the efficacy of available anthelmintics.  

 
Key Words: Goats, sheep, gastrointestinal nematodes, parasite resistance, FAMACHA©. 
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Coccidiosis of Goats in Florida 
 

Tyrell Kahan and Ellis Greiner, University of Florida, Gainesville, FL 
 
 

As the goat (Capra hircus) industry continues to grow in Florida, the need to more completely understand 
coccidiosis, one of the major disease constraints to the industry, is becoming more critical.  The purpose of this 
project was to determine the prevalence and intensity of the multiple species of Eimeria that affects goats in Florida.  
Fecal samples from 277 goats on 11 farms in Florida were examined during the period of May-July 2008.  The 
number of oocysts per gram of feces (OPG) was determined by the modified McMaster’s technique.  The 
identification of the oocysts was done following sporulation.  Eimeria oocysts were found in 98% of the fecal 
samples of goats.  Goats less than one year of age shed significantly more oocysts than goats greater than one year 
of age (P < 0.01).  Goats of the Nubian breed had the highest OPG counts when compared to Boer, Boer-Spanish 
crosses, and Saanen breeds.  Nine Eimeria spp. were identified.  Eimeria arloingi (91%), E. ninakohlyakimovae 
(82%) and E. alijevi (79%) were the most prevalent species.  Other species present were E. caprina (60%), E. 
christenseni (60%), E. hirci (46%), E. caprovina (29%), E. aspheronica (15%), and E. jolchijevi (9%).  Favorable 
climatic conditions and intensive production systems in Florida have lead to the development and subsequent 
exposure of goats to high numbers of infective Eimeria oocysts.  Therefore, Florida producers will need to adopt 
effective management practices to decrease the impact of coccidiosis on their herds. 

   
Key Words: Coccidiosis, Eimeria spp., goats, Capra hircus, Florida. 
 
 
 
Brief Pre-Partum Supplementation Increased Colostrum Production in Maiden Cashmere 

Does 
 

U. Karki1, The University of Western Australia; I. Williams, The University of Western Australia; J.T.B. Milton, 
The University of Western Australia; L. McCann, The University of Western Australia  

1Presently at Tuskegee University, 201 Morrison-Mayberry Hall, Tuskegee, AL  
Presently at the University of Missouri, Columbia 

 
 

Use of a certain percentage of maiden does to replace older and less productive does is unavoidable to maintain a 
breeding herd.  However, maiden does may not produce enough colostrum and milk to fulfill the requirements of 
newborns.  This research tested a hypothesis that peri-partum supplementation of maiden does would increase 
colostrum and milk production.  Maiden Cashmere does with a single fetus were fed either only the basal diet [air-
dry matter (ADM) at 2.5% of live weight (LWt)] (control, n=17) or basal diet (2.5% LWt) plus lupin (ADM at 1.5% 
LWt) (treatment, n=18) for one week before kidding.  Basal diet consisted of oaten chaff (48%), barley grain (25%), 
lupin (25%), and mineral mix (2%).  Crude protein (CP) concentration was 2.02 ounces/lb and metabolizable energy 
(ME) was 4.29 MJ/lb in the basal diet.  Lupin supplement consisted of 5.12 ounces/lb CP and 5.76 MJ/lb ME.  After 
kidding, each group of does was allocated into two subgroups, and supplemented with either lupin (4.96 ounces/lb 
CP, 5.72 MJ/lb ME) or canola meal (4.98 ounces/lb CP, 4.85 MJ/lb ME) for four weeks.  The rate of supplement 
was at 0.5% LWt in the first two weeks, 0.44 ounces/d in the third week and 0.53 ounces/d in the fourth week.  
Then, all does were fed the basal diet and observations were taken up to 10 weeks of lactation.  Daily feed intake, 
colostrum and milk production (measured by hand milking), body weight, and condition score of does were 
measured.  Similarly, kid birth weight, growth rate, and milk intake (measured by weigh-suckle-weigh method) 
were measured for 10 weeks, after which kids were slaughtered for assessing capretto quality and quantity.  Does 
supplemented pre-partum consumed more feed than control does (36.5 ± 1.65 ounces/d vs. 30.3 ± 1.15 ounces/d) 
before kidding and produced more colostrum at the point of kidding (13.5 ± 1.97 ounces vs. 9.5 ± 0.98 ounces).  But 
there was no difference in milk production of does and kid performance among different groups.  Brief pre-partum 
supplementation of maiden does would be beneficial in field condition where nutrients may be limiting for 
colostrum production; this needs to be tested.  

 
Key Words: Canola meal, capretto, lupin, milk.  
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The Effect of Mixed Species grazing on the Determination of Gastrointestinal 
Infections of Haemonchus contortus in Spanish Does 

 
Renita W. Marshall, Southern University Ag Center, Baton Rouge, LA, 

Lisa D. Gray, Southern University Ag Center, Baton Rouge, LA, 
Sebhatu Gebrelul, Southern University Ag Center, Baton Rouge, LA  

 
 

The objective of this study was to evaluate the effects of mixed species grazing of cattle and goats on fecal egg 
count (FEC), FAMACHA© scores, and packed cell volume (PCV) in Spanish does.  In a 2x2 factorial, 100 Spanish 
does and 28 Brangus cows were randomly assigned to continuous or rotational grazing systems and two grazing 
schemes: goats (n = 25) alone (4 ha) or cattle (n = 7) and goats (n = 25) mixed (16 ha).  The pastures were stocked at 
a stocking rate of 2.5 au per ha.  Pastures consisted of various grasses, primarily Bermuda grass (Cynodon dactylon) 
and ryegrass (Lolium).  Goats and cattle were allowed to graze alone or grazed mixed with each other.  The 
rotational pastures were divided into four paddocks and each paddock was grazed for 7 days and allowed to rest for 
21 days.  Every 28 days from May to October, researchers determined weights, body condition scores (BCS; 1=thin 
and 5=fat), FAMACHA© scores (1=red and 5=white) and collected blood and feces from a group of animals 
selected randomly to determine packed cell volume (PCV) and fecal egg counts (FEC).  Random fecal samples (n 
=10) from each grazing regime were analyzed for FEC.  The data was statistically analyzed with analysis of variance 
(ANOVA).  FAMACHA© scores and PCV were negatively (-0.44, P<0.001) correlated (when PCV decreased, 
FAMACHA© scores increased).  PCV had a positive correlation (0.36, P<0.001) with BCS.  BCS had a high 
negative correlation with FAMACHA© scores (-0.54, P<0.01) and FEC (-0.23, P<0.01).  Goats that grazed alone on 
rotational pastures had higher PCV percentages (30.1%) than those grazing on continuous pastures (27%).  Goats 
mixed with cattle grazing on continuous pastures had higher PCV mean (31.3%) and lower FEC (492) than mixed 
goats on rotational pastures (27.0%) and (876).  In summary, influences of mixed species grazing on gastrointestinal 
infections with Haemonchus contortus can vary with continuous or rotational grazing schemes.  Overall the cattle 
and goats mixed grazing scheme of this study reduced fecal egg counts in goats.  As a result of the reduction in FEC, 
FAMACHA© scores were reduced and there was an increase in BCS and PCV values.  Further projects will be 
designed to study integrated sustainable methods of parasite management in small ruminants.   
 
 

 
The Effects of Synchronization Treatments on Estrus Response in Seasonal Does 

 
Angela McKenzie-Jakes, Godfrey Nurse, and Gerry Bryant, Florida A&M University, Tallahassee, FL

 
 

Reproduction efficiency is one of the most important economic traits in terms of livestock production.  Maintaining 
good reproductive functions in the herd is pivotal to the success of any livestock production system.  Productivity 
and profitability in the herd is measured by ovulation rate, conception rate, the number of kids born, the number of 
kids weaned and the frequency in which they are produced.  Theoretically, a gestational period (pregnancy) of five 
months should support more than one kidding interval per doe per year.  However, the seasonal breeding behavior of 
goats in the U.S. has seriously limited the ability of the producer to increase herd productivity and to access markets 
that bring the highest economic returns.  In recent years, estrus synchronization has become a valuable reproductive 
tool for controlling and manipulating the breeding period in goats.  Studies have shown that differences exist in 
onset and duration of the breeding season between various breeds of goats and even among individuals within the 
same breed.  The objective of this study was to determine the efficacy of different treatment regimens on inducing 
cyclic heat in breeding does.  Sixty does were randomly assigned among three treatment groups.  Goats in group A 
(n=20) were the control group (no treatment).  Does in group B (n=20) were synchronized using  CIDR® 
(Controlled Internal Releasing Device) in combination with lutalyse (1 ml) and goats in group C were exposed to a 
vasectomized buck for 21 days.  Blood samples were collected after the does were observed in standing heat.  
Immunoassay tests were used to determine serum progesterone concentrations in the experimental does.  Cyclic heat 
(progesterone<1ng/ml) was observed in 85% of the does within 24 hours after the implants were removed (treatment 
B), 55% of the does were in heat 24 hours after the vasectomized buck was removed from the pen (treatment C) and 
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40% of the does were in heat in the control group 24 hours after being exposed to an intact buck.  The findings also 
indicated that CIDR® in conjunction with lutalyse or PG600 significantly (P>.05) increased the time the does 
exhibited heat compared to the does in the control group or the does exposed to a vasectomy buck.  
 
Key Words: Does, synchronization, estrus, lutalyase, CIDR®, PG600.
 
 
 

Stocking Rate Trials with Boer X Spanish Goats for a Loblolly Pine Silvopastoral System 
in North Florida 

 
Oghenekome U. Onokpise and Nadine M. Bradley, 

College of Engineering Sciences, Technology, and Agriculture, Florida A&M University, Tallahassee, FL 
 
 
Goat meat is one of the most highly consumed meats in the world.  In the United States, it has gradually gained 
increased dietary significance because it is considered a more healthy meat and the increased immigrant populations 
in states like Florida.  For a sustainable agricultural production system, 16–18 month old Boer X Spanish goat 
crossbreeds were introduced into a Tifton-9 Bahia grass pasture established under widely-spaced loblolly pine trees 
and in an adjacent open space with no trees for comparison during the 2005 growing season.  A different set of 24–
30 month old Boer X Spanish goat crossbreeds were utilized for the same experiment in 2006.  Grazing in 2005 was 
conducted between September and November, while that for 2006 was done between August and November.  The 
experimental design was a split plot design with treatments randomly assigned to blocks in two replications.  The 
stocking rates for animals in both years were 3 and 5 goats respectively, per 0.15 hectares (ha) in shaded and un-
shaded areas respectively.  Life weights (LW) of goats were determined every 14 days before grazing (BG) and after 
grazing (AG) prior to being rotated within and across fenced paddocks.  Herbage yield for Tifton-9 Bahia grass in 
each paddock was determined BG and AG for 2005 and 2006.  Life weights (LW) of goats were higher for 3 
animals per 0.15 ha compared to 5 animals per 0.15 ha.  For the higher stocking rate, LW declined or remained the 
same, while for the lower stocking rate, LW increased until they became constant and then declined.  Paddocks 
containing more goats, had higher herbage yield compared to those with fewer goats contrary to expectation.  Mean 
herbage yield for each paddock was higher BG than immediately AG.  Overall, our results indicate that low stocking 
rates were best for this silvopastoral system. 
 
 
 

Forage Quality of Bahia Grass Evaluated for a Meat Goat Agroforestry System 
 

Oghenekome U. Onokpise and Nadine M. Bradley, 
College of Engineering Sciences, Technology, and Agriculture, Florida A&M University, Tallahassee, FL 

 
 
Following the evaluation of two cultivars of Bahia grass (Paspalum notatum Flugge) and two cultivars of Bermuda 
grass (Cynodon dactylon) in widely spaced loblolly pine trees, Tifton -9 Bahia grass was selected for a meat goat 
agroforestry system.  The study site was a loblolly pine plantation, which was planted in 1979 and thinned in 2001 
from the original spacing of 1.2 m x 2.4 m. to 1.2 m x 12 m. Tifton-9 Bahia grass, and was established from seeds in 
2004.  The experimental design was a split plot laid out in a randomized complete block.  In addition to growth 
performance, Bahia grass was evaluated for forage quality (crude protein – CP; neutral detergent fiber (NDF) and 
total digestible nutrients (TDN)).  Ten hand-grab samples were taken randomly by clipping at a height 
approximately 15 cm above ground level.  The samples were dried and prepared for analysis using a Near Infrared 
Reflectance Spectroscopy procedure.  The results indicated that herbage disappearance did not vary with the 
treatments for either of the 2 years.  The crude protein content was not affected by the interaction between shade and 
sun period.  It was concluded that an agroforestry system with Bahia grass grown in the alleys of planted pine trees 
will provide adequate forage for goats at a stocking rate  of  3 goats per  0.15 ha, averaging 34 -45  kg body weight.  
Additional data collection is underway in order to better understand forage quality of the forage species, which 
exhibits tolerance to shading from widely-spaced trees in an agroforestry system with meat goats.
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Impact of Integrated Parasite Management and FAMACHA© Training in the 
United States 

 
Niki Whitley, North Carolina A&T State University; Maegan Perdue, University of Maryland Eastern 
Shore; Susan Schoenian, University of Maryland Extension; Ray Kaplan, University of Georgia; Bob 

Storey, University of Georgia; Tom Terrill, Fort Valley State University; Joan Burke, USDA-ARS 
Booneville, AR; Seyedmehdi Mobini, Fort Valley State University; and Jim Miller, Louisiana State 

University  
 

 
The objective was to determine the impact of integrated parasite management training conducted in the U.S. from 
2003-2008 on sheep and goat producers’ ability to control gastrointestinal parasites on their farms.  Surveys were 
mailed or e-mailed to over 2,000 producers who had previously attended Integrated Parasite Management training 
(including FAMACHA©) across the U.S.  The survey was also accessible online through SurveyShare© with the 
link to the survey also provided in the mailing.  Multiple responses were appropriate for some questions.  Only 
online responses were available for reporting at this time.  Respondents (220) were from the Southern (45%), 
Northeastern (45%), Midwestern (8%) and Western (2%) regions of the country.  The respondents (94%) felt that 
FAMACHA©/Integrated Parasite Management training made a difference in their ability to control or monitor 
parasitism in their flock.  Of those producers responding, 74% indicated they had less of a problem with parasites 
after the training.  When asked if they were using the FAMACHA© eyelid color chart to make worming decisions, 
87% answered yes.  Of those using the chart, 59% scored their animals once or twice a month, 4% three or more 
times a month and 37% scored their animals irregularly.  Only 4% of respondents dewormed their animals more 
often after training, 23% dewormed their animals the same amount and 73% dewormed their animals less often.  
The majority (88%) of producers indicated that they saved money in the first year after training, citing reasons such 
as reducing drug treatments or experiencing fewer animal deaths from gastrointestinal parasites among others.  The 
most popular practices respondents adopted after the training included incorporating rotational grazing (69%) and 
genetic selection (50%), increasing height of plants being grazed (47%), and using grain supplementation on pasture 
to improve nutrition (42%).  Other practices adopted included multi-species grazing (38%), reducing stocking rates 
(32%), deworming around the time of parturition (31%), fecal egg counting (26%), weighing animals before dosing 
(26%) and switching to oral dosing (24%).  Of those responding to the survey, the majority (71%) had less than 50 
animals, 6% had 50-75 animals, and 23% had greater than 75 animals.  Overall, producers in the United States have 
clearly benefited from FAMACHA©/Integrated Parasite Management training. 

 
Key Words: Parasites, FAMACHA©, integrated parasite management, sheep, goats. 
 
 
 
Intake, Growth and Carcass Characteristics in Boer- and Kiko-Sired Crossbred Kids Fed 

Hay-based Diets 
 

Stephan Wildeus and Joni Rae Collins, Virginia State University, Petersburg, VA 
 
 
South African Boer and New Zealand Kiko goats have the potential to serve as sire breeds for market kid 
production.  Boer goats have been extensively crossbred, but no equivalent information is available for the Kiko 
breed.  Three experiments evaluated the growth and carcass characteristics of F1 Boer- and Kiko-sired crossbred 
kids from Myotonic and Spanish dams.  Kids were produced by single sire matings of Boer and Kiko bucks (8 per 
breed) with Spanish and Myotonic does during different breeding seasons, weaned at 9 weeks of age, and assigned 
to pen feeding at 4 months of age.  In Experiment 1, 32 male kids were either left intact or castrated, and allocated to 
8 pens (4 per sex class) balanced by breed type.  Animals were fed a moderate quality grass hay (10.6% CP) free 
choice and a corn/whole cottonseed supplement (15.5% CP) at 2% body weight.  Feeding was partitioned into two 
periods, before (days 1-50) and after effective control of gastrointestinal parasites (days 51-120).  In period 1, daily 
gain (0.134 lb/d) was not affected by either sire breed or sex class,  while in period 2, daily gain was higher (P<0.01) 
in intact than castrated males (0.200 vs. 0.156 lb/d) with no effect of sire breed.  In Experiment 2, 24 buck kids were 
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allocated to 6 pens (3 per sire breed) and fed the same diet as described for Experiment 1.  Animals were slaughtered 
after 177 days on trial.  Hay intake decreased during the trial (1.77 to 1.14% of body weight) but was similar for sire 
breeds.  Daily gain (0.231 lb/d) and final weight (76.5 lb) was also similar for sire breeds, while back fat and live 
grade, but not rib eye area, were higher (P<0.05) for Boer-sired kids.  In Experiment 3, 32 buck kids were fed fescue 
hay (13.5% CP) free choice, with corn/soybean meal/whole cottonseed supplement (CP 16%) at 2 and 3% body 
weight (3 pens per supplement level).  Hay intake was lower (P<0.01) at 3% than 2% supplementation (0.79 vs. 1.46 
% body weight), but daily gain (0.302 vs. 0.222 lb/d) and final weight (62.2 vs. 55.1 lb) were higher (P<0.01).  
There was no effect of sire breed.  In contrast, live grade was not and effect of supplement level, but higher (P<0.05) 
in Boer than Kiko-sired kids.  Results suggest an effect of sire breed carcass traits and live grade, but not growth 
performance.  

 
Key Words: Boer, kiko, growth, carcass. 

 
 
 

Reproductive Performance of Three Hair Sheep Breeds under an Accelerated 
Mating System 

 
Stephan Wildeus, Virginia State University, Petersburg, VA 

 
 

Increasing the frequency of lambing has the potential to generate a larger annual lamb crop.  Success of such a 
mating strategy hinges on the ability of sheep breeds to breed out-of-season and regain body condition supportive of 
rebreeding.  This experiment was designed to evaluate the reproductive performance of three hair sheep breeds 
(Barbados Blackbelly, Katahdin and St. Croix) managed under an 8-month accelerated mating system.  Mixed-parity 
ewes (~25/breed) were pen-mated to rams of like breeds in 30-d breeding periods in November, July, and March, 
using two single-sire mating groups per breed.  Pregnancy was determined via transrectal ultrasound on days 1 and 
25 after the end of each breeding season, and ewes lambed on pasture with limited assistance.  Ewes were 
maintained on forage-based diets (native pasture grazing and hay) with limited concentrate supplementation based 
on stage of production, and forage quality and availability.  Data were collected for two, 2-year production cycles.  
Pregnancy rates were higher (P<0.01) during the November mating period (97.5%), coinciding with the peak of the 
natural breeding, than the March (82.8%) and July mating periods (83.2%).  St. Croix ewes had lower (P<0.05) 
overall pregnancy rates (79.3%) than Barbados Blackbelly (94.0%) and Katahdin (89.6%) ewes.  Reduced 
pregnancy rates in the transitional mating season (July and March) were largely the result of replacement ewes (11 
months of age), with especially St. Croix and Katahdin failing to conceive.  In line with the higher pregnancy rates, 
litter size (lambs/ewe lambing) at birth was higher (P<0.01) following November (1.91), than July (1.63) and March 
(1.52) matings, and higher (P<0.05) in St. Croix (1.85) than in Barbados Blackbelly (1.56) and Katahdin (1.66).  The 
three breeds performed well under the accelerated system, with no decline in reproductive performance from the 
first to the second production cycle.  However, there were differences between breeds in litter size.  A constraint of 
the accelerated mating system appears to be the limited ability of replacement females to breed in the transitional 
breeding seasons. 

 
Key Words: Hair sheep, accelerated mating, lamb crop.
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Indicators of Gastrointestinal Parasitism in Meat Goat and Hair Sheep Breeds 
Grazing Naturally Infected Pasture 

 
 Stephan Wildeus, Virginia State University, Petersburg, VA; and Anne M. Zajac, Virginia-Maryland 

Regional College of Veterinary Medicine, Blacksburg, VA 
 
 

This project assessed indicators of gastrointestinal parasitism in a multi-breed, mixed hair sheep/meat goat herd, and 
evaluated differences between species (goat vs. hair sheep), and breeds within species, and effects of grazing 
management.  Does and ewes (n=88; 11 animals/ breed/management system), confirmed pregnant to a March 
mating, were randomly selected for monitoring.  The hair sheep breeds included Barbados Blackbelly and Katahdin 
sheep, and goat breeds Myotonic (Fainting), Nubian, Pygmy and Spanish.  Most animals continuously grazed on 
native pasture (n=66), while a subset of Myotonic and Spanish goats (n=22) rotationally grazed 1 acre fescue 
pastures.  Fecal and blood samples were collected in 14-day intervals throughout the grazing season from mid-May 
until October from the animals selected for monitoring.  Deworming (ivermectin, sc, 0.3 mg/kg) was done on a 
breed basis when breed group composites (five animals per breed) in the general herd exceeded 1,00 eggs/g.  Data 
were analyzed with repeated measures analysis with the animal as an experimental unit to determine the effect of 
species, breed within species, and grazing management (using the two goat breeds present in both systems).  Hair 
sheep had lower mean FEC (376 vs. 669 eggs/g; P<0.01) and higher mean PCV (31.9 vs. 26.5%; P<0.001) than the 
goats, and a longer deworming interval (133 d vs. 33 days; P<0.01).  Within the hair sheep, Katahdin had lower FEC 
(242 vs. 518 eggs/g; P<0.01) and a longer deworming interval (242 vs. 41 days) than the Barbados Blackbelly.  In 
the goats, Nubian and Spanish (1035 and 865 eggs/g, respectively) had higher (P<0.01) mean FEC than the 
Myotonic and Pygmy breeds (413 and 359 eggs/g, respectively), with deworming intervals of 26, 27, 44, and 32 
days, respectively.  The two systems of grazing management were not different in FEC, but deworming intervals 
were longer (P<0.01) under rotational (75 days), compared to continuous grazing (35 days).  Hair sheep appeared to 
be more resistant to parasites than goats, however, observations are confounded by considerable breed variation 
within species.   

 
Key Words:  Meat goat, hair sheep, parasites, breeds.
 
 
 
Comparative Performance of Meat Goat Kids and Hair Sheep Lambs Fed Hay-based Diets 

 
Stephan Wildeus and Joni Rae Collins, Virginia State University, Petersburg, VA  

 
 

Ethnic markets generally prefer smaller and leaner carcasses than those generated for traditional lamb markets, and 
can be targeted by goat and hair sheep producers.  Meat goats and hair sheep are suited for similar production 
environments, and are often both found on small scale, part-time farms with novice operators.  There is currently 
limited information comparing the performance of meat goats and hair sheep under the same production conditions.  
Two experiments were conducted that evaluated forage intake, growth, live grade and carcass characteristics of three 
meat goat and three hair sheep breed types.  In Experiment 1, 18 buck kids equally representing Boer cross, 
Myotonic and Spanish goats, and 18 ram lambs equally representing Barbados Blackbelly, Katahdin and St. Croix 
hair sheep  were allocated to 6 pens (3 pens/species) at 3.5 months of age, and fed moderate quality fescue hay 
(10.6% CP) free choice and a corn/whole cottonseed/soybean meal supplement (15.5% CP) at 2% body weight for 
168 days.  Forage intake was higher (P<0.05) in the sheep than the goats (1.49 vs. 1.36% body weight), and sheep 
had higher (P<0.01) starting (47.8 vs. 36.6 lb) and final body weight (99.9 vs. 73.9 lb), and daily gain (0.32 vs. 0.24 
lb/d).  Sheep also graded higher (P<0.01) and had more back fat and a greater rib eye area.  In Experiment 2, the 
same number and breed types of goats and hair sheep were used in a 98-day feeding trial.  Animals were allocated to 
8 pens balanced by species and breed, and either fed fescue hay (13.5% CP) or alfalfa hay (16.3% CP) free choice (4 
pens/forage type), and a corn-based supplement (16% CP) at 2% body weight.  Forage intake was higher for alfalfa 
at the beginning, but similar for the two hay types at the middle and end of the trial.  Again, daily gain was higher 
(P<0.01) for hair sheep than goats (0.36 vs. 0.23 lb/d), and for alfalfa- than fescue-based diets (0.34 vs. 0.26 lb/d) 
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regardless of species.  Live grade was higher (P<0.01) in sheep than in goats, and for alfalfa than fescue hay-based 
diets.  Results indicate that hair sheep have higher growth rates than goats, and that improving forage quality will 
increase growth rate regardless of species. 

 
Key Words:  Goats; hair sheep; growth; carcass. 

 
 
 

Growth Performance of Lambs of Three Hair Breeds Fed Pasture or Hay-based 
Diets 

 
 Stephan Wildeus, Virginia State University, Petersburg, VA  

 
 

Two experiments in separate years evaluated growth of mixed-sex Barbados Blackbelly, Katahdin, and St. Croix 
hair sheep lambs raised on pasture or hay-based diets with moderate levels of supplementation.  In experiment 1, 
ewe and wether lambs (n=36, 100 d of age) were allocated to pasture or pen feeding balanced by breed and sex in 
May.  Pasture animals were maintained as one group on a native, predominantly tall fescue pasture (4 acres; 12-17% 
CP), subdivided into three units for rotational stocking.  Pen animals were allocated to 6 pens, and offered ad lib 
chopped alfalfa hay (16.6% CP).  Both groups were supplemented with a corn/soybean mixture (16.5% CP) at 
0.75% of body weight.  In experiment 2, 72 mixed-sex lambs were allocated to pen and pasture groups in April.  
Animals were supplemented at 1.5% of body weight with either a 12 or 18% CP supplement.  Pasture animals were 
allocated to the same pasture area as experiment 1, divided into two 2-acre units to facilitate feeding of the two 
supplements.  Pen animals were allocated to 6 pens (3 pens per supplement type), and fed ad lib chopped mixed 
grass hay grass (15.1% CP).  Animals remained on trial for 168 d and 180 d in experiments 1 and 2, respectively.  In 
experiment 1, starting body weights were higher (P < 0.01) in Katahdin (69.2 lb) than St. Croix (49.6 lb) and 
Barbados Blackbelly (54.0 lb).  Daily gain was not significantly different between Katahdin (0.185 lb/d) and St. 
Croix (0.165 lb/d), but both were higher (P < 0.01) than in Barbados Blackbelly (0.123 lb/d).  Daily gain was higher 
(P < 0.05) in pens (0.170 lb/d) than on pasture (0.148 lb/d).  In experiment 2, starting and final body weights again 
reflected the differences in mature weight of the three breeds with Katahdin (50.3 and 93.7 lb, respectively) heavier 
(P < 0.05) than St. Croix (38.4 and 72.5 lb), and St. Croix heavier than Barbados Blackbelly (34.8 and 63.9 lb).  
Growth rates were higher in experiment 2 than in experiment 1, and were higher (P < 0.05) in Katahdin (0.240 lb/d) 
in St. Croix (0.190 lb/d) than in Barbados Blackbelly (0.161 lb/d).  There were no effects of forage base or 
supplement type on growth.  Growth rates in both trials were moderate and lambs achieved a size suitable mostly for 
the ethnic markets.   
 
Key Words:  Hair sheep, pasture, growth.
 
 
 

Effect of Semen Collection Method on Ejaculate Characteristics in Meat Goat 
Bucks and Hair Sheep Rams 

 
Stephan Wildeus, Virginia State University, Petersburg, VA; and Steven Meredith,  Lincoln University, 

Jefferson City, MO 
 
 

The mode of semen collection can have a significant effect on semen quality.  The use of artificial insemination is 
likely to increase to maintain high levels of on-farm biosecurity, and reduce the movement of live animal 
germplasm.  Semen collection in a small farm setting, to process either for cryopreservation or short-term liquid 
storage, will become more relevant.  This experiment evaluated the effects of semen collection by artificial vagina 
(AV) or by electroejaculation (EE) on ejaculate characteristics.  Ten mature bucks and 10 mature hair sheep rams 
were used in a switch-back experiment performed at the end of the natural breeding season in March.  Samples were 
collected in random order by either AV or EE on consecutive days.  Males had been trained previously for collection 
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with an AV.  Upon collection, samples were scored for motile sperm on a warmed microscope stage (37ºC) and 
nigrosin-eosin stained smears were used to determine % live sperm.  Aliquots (5 µl) of freshly collected semen were 
fixed in PBS-glutaraldehyde (0.25%) for determination of sperm concentration by spectrophotometry.  Data were 
analyzed as paired comparisons as one data set using SAS.  Ejaculate volume was lower (P<0.01), but sperm 
concentration higher (P<0.001) in samples collected with AV (0.6 ml and 3.06 billion/ml, respectively) than with EE 
(1.3 ml and 1.51 billion/ml, respectively).  Motile (66.1%) and live sperm (84.6%) were not different between 
collection methods.  There was a lower (P<0.05) percentage of normal spermatozoa in AV samples (80.1 vs. 
89.2%), due to an increase in tail abnormalities and protoplasmic droplets.  Differences in ejaculate quality between 
collection methods were more pronounced in bucks than rams.  The percentage of live sperm was higher (P<0.05) in 
second day than first day collections (80.9 vs. 69.3%).  In conclusion, collection method affected both ejaculate 
volume and concentration and should be considered when preparing semen for cryopreservation. 

 
Key Words:  Bucks; rams; semen quality; semen collection. 
 
 
 

Factors Influencing Pregnancy Rate after AI with Fresh and Chilled Semen in Meat 
Goats Treated with Melengestrol Acetate 

 
Stephan Wildeus, Virginia State University, Petersburg, VA  

 
 
Artificial insemination (AI) is routinely used in the U.S. dairy goat industry, but this technology has not found 
widespread application in meat goat production.  This experiment evaluated factors influencing pregnancy rate in 
primi- and multiparous Spanish and Myotonic goats (n=57) inseminated with extended semen during the breeding 
season (September).  For estrus synchronization, does were group-fed once daily a corn/soybean meal supplement 
(16% CP) providing 1.13 µg/kg BW/d melengestrol acetate (MGA) for 12 d.  At the end of feeding, sterile 
harnessed bucks were placed with the does and estrus marks recorded twice daily (AM/PM).  Does were 
inseminated by the AM - PM rule, approximately 12 h after first estrus marks with either fresh (within 2 h of 
collection) or chilled (stored at 4 C for 24 h) semen extended in one step in a Tris-egg yolk-fructose diluent at 200 
million sperm/ml and packaged in 0.5 cc straws.  The site of semen deposition was recorded.  Pregnancy rate was 
determined by transrectal ultrasound 25 d after AI.  The effect of semen type (fresh vs. chilled), breed, site of 
deposition, days after MGA feeding, and time of insemination (AM vs. PM) on pregnancy rate was determined by 
Chi-square analysis.  MGA feeding resulted in 95% of does displaying estrus within 120 h of last MGA feeding, 
with a peak activity between 84-96 h (57%).  Pregnancy rates were higher (P<0.01) in does inseminated with fresh 
(65%) than chilled semen (29%), and were higher for semen deposited in the uterus (70%), than in the cervix (43%), 
cervical os (42%), or posterior vagina (40%).  Pregnancy rates were also higher (P<0.01) for PM (65%)  than for 
AM (28%) inseminations, and tended to decrease (P<0.1) from 75% to 48% to 29% for inseminations on d 3, 4 and 
5 after last MGA feeding, respectively.  There were no differences between Myotonic (58%) and Spanish (44%) 
does.  Results demonstrate a considerable decline in fertility of extended chilled semen after 24 h of storage and 
suggest the need to penetrate the cervix to achieve satisfactory pregnancy rates in a meat goat AI system. 

 
Key Words:  AI, goats, liquid semen.
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Intake, Performance, and Blood Parameters in Young Goats Offered High Forage 
Diets of Lespedeza or Alfalfa Hay 

 
Stephan Wildeus, Virginia State University, Petersburg, VA; Ken Turner, USDA-ARS, Beaver, WV  

 
 

July-born F1 Boer x Spanish (Boer cross), Nubian, and Spanish buck kids (n=18) were used in an experiment to 
evaluate the use of Lespedeza hay in goat diets.  Bucklings were weaned at 60 d of age and maintained on pasture 
and in pens, before being assigned to the experiment at 6 mo of age.  Kids were randomly assigned to 6 pens and 
stratified by breed.  The two diets were ad libitum: 1) Sericea lespedeza (Lespedeza cuneata [Dum.-Cours] G. Don; 
11.2% CP, 28.5% IVOMD) hay, or 2), alfalfa (Medicago sativa L.; 18.7% CP, 52.3% IVOMD) hay.  All animals 
received a 16% crude protein (CP) corn/cottonseed-based supplement offered at 0.5% of body weight per head/d.  
Total dry matter intake (DMI) was higher (P<0.001) for lespedeza-based (4.2% of body weight/d) than for alfalfa-
based (3.8% body weight/d) diets, and increased with time on trial for lespedeza, but not alfalfa (diet x time 
interaction: P<0.05).  Bucks offered alfalfa had higher average daily gain (0.227 vs. 0.123 lb/d; P< 0.01) and final 
body weight (69.2 vs. 40.8 lb; P<0.05) than those offered lespedeza.  Initial body weights were higher (P< 0.001) 
for Nubian (54.5 lb) compared to Boer cross (40.8 lb) or Spanish (43.4 lb) which were similar.  This same trend was 
observed for final body weights (P<0.05; Nubian 73.6 lb; Boer cross 57.1 lb; Spanish 60.2).  There were no breed 
differences in daily gain (mean 0.174 lb/d).  Bucks offered the alfalfa-based diet had higher (P<0.001) plasma 
concentrations (mg/dl) of blood urea nitrogen (21.1 vs. 10.7) and glucose (67.7 vs. 59.5) and lower (P<.001) 
creatinine (0.53 vs. 0.62 mg/dl) compared to kids offered the lespedeza-based diet.  There was a breed x diet 
interaction for blood urea nitrogen in that the magnitude of difference between Spanish goats maintained on 
lespedeza or alfalfa was not as great as the magnitude of difference in Boer cross and Nubian offered lespedeza or 
alfalfa.  Blood glucose concentrations were highest (P<0.001) for Nubian (66.3 mg/dl) and lowest for Boer cross 
(60.9 mg/dl); Spanish was intermediate (63.6 mg/dl).  Higher condensed tannin concentration in lespedeza did not 
affect palatability and intake, but weight gain was lower compared to alfalfa, likely as the result of lower crude 
protein and IVMOD.  

 
Key Words: Goats, lespedeza, intake, growth.

 
 
 

Effect of Forage Type on Growth Rate and Carcass Characteristics in Boer Goats 
Fed Hay-Based Diets 

 
Stephan Wildeus, Virginia State University, Petersburg, VA; Jean-Marie Luginbuhl, North Carolina State 

University, Raleigh, NC; Ken Turner, USDA-ARS, Beaver, WV  
 
 

The introduction of the Boer goat has had a tremendous impact on meat goat production in the U.S.  Information is 
needed on the performance of the breed in different production environments.  The use of mixed grass and alfalfa 
hay as forage for finishing Boer and F1 Boer cross goats was evaluated here.  Ten-month old wethers (n=16) were 
randomly allocated to have ad libitum access either chopped alfalfa (15.2% CP, 70.2% NDF, 41.5% ADF,  and 
53.1% IVOMD ) or grass hay (10.9% CP, 83.0% NDF,  50.1% ADF, and 58.7% IVOMD), stratified by breed type.  
Forage was supplemented with a mixture of cracked corn, whole cottonseed and soybean meal (16.3% CP) at 1% of 
body weight.  Diets were fed for 84 d.  Blood plasma was collected for urea-N analysis at 14 d intervals.  At the end 
of feeding, 24 h shrunk body weight was recorded, and animals were slaughtered in a commercial facility and 
selected carcass characteristics were recorded.  Data were analyzed as a 2x2 factorial design with forage species and 
breed type as main effects.  Initial body weight was 81.4 lb.  Final body weights were 109.1 and 104.9 lb for alfalfa 
and grass hay diets, respectively, and daily gains were higher in animals fed alfalfa (0.348 vs. 0.262 lb/d; P<0.01).  
Breed type had no effect on final weight, body condition, and daily gain.  Plasma urea nitrogen was not affected by 
either diet or breed type throughout the trial (overall mean: 31.4 mg/dL).  Carcass weight was not affected by diet or 
breed (59.3 lb); however, carcass yield was higher (P<0.05) in animals fed alfalfa (54.0%) than grass hay (52.2%) 
diets.  Neither back fat (0.118 in) nor kidney, heart and pelvic fat (5.10%) were affected by diet and breed type.  
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Retail cuts (shoulder: 35.6%, rack: 18.7%, loin: 16.6%, and leg: 29.1%) were not different between diets and breed 
types.  Data indicate that alfalfa hay improved growth rate and carcass yield without affecting other carcass 
characteristics.  In this trial, the performance of purebred and F1 cross Boer wethers was similar. 

 
Key Words: Boer goats, growth, carcass.

 
 
 

Growth and Survival of Kids of Three Goat Breeds during Different Seasons 
 

Stephan Wildeus, Virginia State University, Petersburg, VA; Terry Gipson, Langston University, Langston, 
OK  

 
 

There are a number of goat breeds that have been available for meat production in the U.S. prior to the introduction 
of the Boer goat.  This experiment evaluated preweaning growth and survival in some of these breeds in Virginia.  
Myotonic, Nubian, and Spanish kids were born either in May, December or August.  Dams were managed either on 
a high forage base (HI: moderate stocking rate, rotational grazing), or restricted forage base (LO: high stocking rate, 
drylot hay feeding).  Kids were born on pasture with limited assistance and weaned at 10 wk of age.  Seasonal 
kiddings were replicated and a total of 875 kid records (evenly representing the 3 breeds) analyzed in a model that 
included kidding season, breed, forage base, birth type and sex as main effects.  Kids born in August were lighter 
(P<0.001) than May and December (5.1, 5.6 and 5.7 lb, respectively), and Myotonic were lighter (P<0.001) than 
Nubian and Spanish (5.1, 6.0 and 6.1 lb, respectively).  Myotonic kid birth weights in LO were heavier than in HI, 
while the other breeds were not different (season x breed interaction: P<0.001).  Birth weights were heavier in HI 
than LO in May and December, but not August (season x forage base interaction: P<0.001).  Kid survival at birth 
was higher (P<0.05) in August than May and December (98.5, 95.3, and 93.8%, respectively).  Preweaning ADG 
was higher (P<0.001) in December (0.262 lb/d), than in May and August (0.234 lb/d), as a result of higher ADG in 
Myotonic and Spanish, but not Nubian (season x breed interaction: P<0.001).  Preweaning ADG was not different 
between seasons in LO (0.227 lb/d), but higher in December (0.293 lb/d) than May and August (0.251 lb/d), in HI 
(season x forage base interaction: P<0.05).  Adjusted weaning weights (60 d) reflected preweaning ADG and were 
heavier (P<0.001) in December than May and August (21.7, 20.0 and 19.4 lb, respectively).  Survival to weaning 
was lower (P<.001) in August than May and December (60.4, 76.6 and 70.5%, respectively), and lower (P<0.001) in 
Nubian than Myotonic and Spanish (53.8, 73.4 and 79.9%).  Data indicate that ‘early season’ kids born in December 
performed similar to spring-born (May) kids, whereas birth weights and survival to weaning was depressed in ‘late 
season’ (August) kids. 

 
Key Words: Meat goats, season, kid growth, kid survival.

 
 
 

Efficacy of Melengestrol Acetate Feeding to Advance Breeding In Hair Sheep and 
Meat Goats Managed in an Accelerated Mating System 

 
Stephan Wildeus, Virginia State University, Petersburg, VA 

 
 

The experiment evaluated the use of melengestrol acetate (MGA), alone or in combination with PG-600 (PG), to 
synchronize and advance the onset of breeding in a mixed species herd (n=100) of meat goats (Boer cross, 
Myotonic, and Spanish) and hair sheep (Barbados Blackbelly, Katahdin, and St. Croix) mated under an accelerated 
mating system in November, July and March.  Animals were allocated to 3 treatment groups stratified by breed-type 
within species: (1) a corn/soybean supplement (16% CP; fed at 1% BW for 14 d), (2) supplement with MGA (1.13 
g/kg BW/d), or (3) supplement with MGA and PG (2.5 ml; 200 IU eCG/100 IU hCG; im) at the end of feeding.  
Females were mated in two single sire mating groups per breed and males were fitted with marking harnesses to aid 
in estrus detection.  Estrus was recorded in 8-h intervals for 4 d, and daily for the remainder of the 30 d mating 
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period.  Pregnancy was determined by transrectal ultrasound at the end of, and 25 d after, mating.  Litter size was 
recorded at kidding/lambing.  Data were analyzed for the effects of treatment, breeding season, and species on 
incidence and timing of estrus, pregnancy rate and litter size.  Time to first estrus after male introduction was shorter 
(P<0.05) in both MGA groups than the control group (3.4 vs. 7.5 d).  Time to conception was shorter (P<0.05) for 
MGA (4.4 d) than for MGA+PG (6.4 d), which was shorter (P<0.05) than control (9.0 d).  This response was similar 
for both species, however, litter size was reduced (P<0.05) with MGA feeding in sheep (control: 1.91; MGA: 1.58; 
MGA+PG: 1.76), whereas litter size increased (P<0.05) in goats (control: 1.83; MGA: 2.17; MGA+PG: 2.24).  
Pregnancy (83.5 to 86.0%) and kidding and lambing rate (76.3 to 81.0%) were not different (P>0.1) between MGA 
treatment groups, but the incidence of return to estrus was higher (P<0.05) in MGA+PG (17.3%) compared to 
control (7.1%) and MGA (6.5%).  Data indicate MGA did advance onset of breeding by 4 d, but had no significant 
effect on pregnancy and kidding/lambing rate.  In addition, the inclusion of PG in the synchronization protocol 
reduced fertility of the synchronized estrus. 
 
Key Words:  Hair sheep, goats, MGA.

 
 
 

Expression of CD14 in Haemonchus Infected Goats 
 

M. Worku, Yasser Ahmed, Hamid Mukhtar, and Ralph C. Noble 
North Carolina A&T State University, Greensboro, NC  

 
 
The CD14 protein is a receptor for lipopolysaccharides and other bacterial wall-derived components, expressed 
primarily on the surface of monocytes, macrophages and neutrophils as membrane CD14.  It is also abundant in 
serum as a soluble form.  There is documented association between CD14 and IgE in man.  The isotype IgE is 
known to be associated with the immune response to Haemonchus contortus and other helminth infections.  Further, 
CD14 is important in activating eosinophils cells essential to the anti-nematode response.  The present study tested 
the hypothesis that expression of CD14 in blood is related to gastrointestinal nematode infection in goats.  The 
objective of this study was to evaluate the association of CD14 expression to Hemonchus infection in goats.  Caprine 
blood was collected by jugular vein puncture from 12 Boer and Spanish Boer cross goats at the NC A&T Small 
Ruminant Unit into PAX gene tubes.  Total RNA was then isolated using a kit from Zymo-research and the quality 
and quantity of DNA was determined using a Spectrophotometer (NanoDrop).  Specific primers for CD14 and 
GAPDH as loading control were used for PCR.  Wright’s stained blood smears were used to assess white blood cell 
differential counts.  Fecal samples collected directly from the rectum were microscopically examined using 
McMaster’s slides.  Coccidia and Strongly eggs per gram of feces were assessed.  Strongyle eggs were used as a 
measure of Haemonchus levels.  The level of anemia was measured by assessing the packed cell volume (PCV) and 
the eye color score using FAMACHA© cards.  Body weight was measured using a standard chute scale.  The 
statistical analysis software SAS was used for data analysis.  CD14 was expressed with variability among animals.  
Expression was significantly higher (p<0.0114) in goats with high Haemonchus contortus egg counts and was 
correlated with monocyte levels in blood.  Infection with coccidia was not related to CD14 expression or monocyte 
levels.  Increased expression of CD14 may indicate a potential mechanism for differential modulation of the innate 
immune response in the goat by protozoa and nematodes and interactions between nematode infection and bystander 
pathogens such as bacteria.  
 
Key Words: Innate immunity, haemonchus, coccidia, CD14.  
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APPENDICES 
 

APPENDIX A: Complying with Federal Regulations for Mobile Slaughter Units 
 

 
Red Meat Mobile Slaughter Unit: 

Complying with Federal Regulations 
 

Denise Amann 
USDA, FSIS, OOEET, SOTAS 

1400 Independence Ave. SW, CQ Building, Room 329, Washington, D.C.  
 
 
 
All animals intended for sale as food in the United 
States must be transported to a USDA-inspected 
facility for slaughter and processing.  This is to 
ensure that safe, hygienic processes are followed at 
all times.  Small livestock producers are finding it 
hard (and at times, cost prohibitive) to transport their 
livestock the long distances necessary to the closest 
FSIS-inspected slaughter facility.  This is especially 
troubling to local producers at a time when regional 
markets for locally grown, specialty products are 
becoming more and more profitable.  FSIS-inspected 
mobile slaughter units provide a feasible option for 
small red meat and poultry producers wanting to 
provide safe, wholesome product to local and 
interstate markets.  This presentation will address the 
regulatory considerations unique to red meat mobile 
slaughter units. 
 
Our nation’s food safety laws are designed to protect 
the public health.  These laws have evolved over 
time, often in response to outbreaks of illness with 
many people becoming sick.  To protect consumers 
and promote public health, federal laws require that 
meat and poultry for sale to the public is government 
inspected to ensure that these products are 
wholesome, not adulterated, and properly marked, 
labeled, and packaged.  The Food Safety and 
Inspection Service, or FSIS, within the U.S. 
Department of Agriculture, is the federal agency 
responsible for enforcing these laws.  FSIS wants to 
work with operators so that they understand these 
laws, can comply with them, and can ensure the 
products they sell are safe.   
 
This means that animals intended for sale as food 
must be transported to an inspected facility for 
slaughter and processing.  Unfortunately, livestock 
producers in rural areas throughout the country are 
finding it difficult, even cost prohibitive, to transport 

their livestock long distances to the closest inspected 
slaughter facility.  Today’s discussion will focus on 
one proven alternative for these producers: an 
inspected mobile slaughter unit.   
 
Mobile slaughter units are self-contained slaughter 
facilities that can travel from site to site.  Typically, 
the units provide services to regional small producers 
at conveniently located host farms.  The mobile 
slaughter unit sets up at a docking station where 
producers can bring livestock to the unit.   
 
Today’s discussion will focus on regulatory 
considerations unique to federally inspected red meat 
mobile slaughter units.  Inspection could be provided 
by the state meat and poultry inspection program if 
the producer is in one of the 27 states with such a 
program.  However, if the product is to be sold across 
state lines, it must be inspected by the U.S. 
Department of Agriculture’s Food Safety and 
Inspection Service.  FSIS recently has worked with 
several operators to develop inspection procedures to 
meet the challenges posed by mobile units.  There 
currently are nine official (FSIS-inspected) red meat 
mobile slaughter units in the United States. 
 
It is important to remember that FSIS-inspected 
mobile slaughter units are subject to the same 
regulatory requirements that apply to other FSIS-
inspected slaughter establishments.  The FSIS 
inspector assigned to the unit verifies the slaughter 
process in the same way that he or she would in a 
permanent facility. 
 
The first step to operating an FSIS-inspected mobile 
slaughter unit is to apply for a Federal Grant of 
Inspection.  An information packet that contains an 
application and filing instructions may be obtained 
from the FSIS district office for that area.  
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As part of the application process, all operators are 
required to develop written Sanitation Standard 
Operating Procedures and a written Hazard Analysis 
and Critical Control Point, or HACCP, plan.  These 
documents must be specific to the operation and 
designed to prevent, control, or eliminate all food 
safety hazards identified during the hazard analysis as 
“reasonably likely to occur.” 
 
FSIS has many resources available to guide operators 
through this process.  The FSIS Office of Outreach, 
Employee Education, and Training can assist 
operators in locating these resources and specific 
HACCP contacts in their area.   
 
Mobile slaughter units, regardless of size and 
function, must be operated and maintained to prevent 
unsanitary conditions and to ensure that the product 
is not adulterated.   
 
Walls, floors, and ceilings within the unit must be 
built of durable materials impervious to moisture and 
easy to clean and sanitize. 
 
Lighting in areas where food is processed, handled, 
stored, or examined must be of good quality and 
sufficient intensity. 
 
Ventilation must be adequate to control odors and 
condensation to prevent the adulteration of product 
and the creation of unsanitary conditions.  
Controlling moisture in the mobile unit is very 
important. 
 
Doors and windows should be kept closed as much as 
possible to prevent the entry of flying insects and 
other pests. 
 
A sufficient supply of potable running water must be 
available at a suitable temperature and pressure.  
Operators are required to provide written proof that 
the water is potable and meets the criteria prescribed 
within the EPA’s “Drinking Water Standards.”   
 
The area immediately around the unit must be 
maintained to prevent conditions that could lead to 
unsanitary conditions or adulterate the product.  A 
pest management system must be in place to prevent 
the harborage and breeding of pests, including flying 
insects and birds. 
 
These are just some of the requirements: A 
representative from the district office, often the 
Frontline Supervisor, will visit the unit to review and 
verify these and any additional requirements before 
federal inspection will be granted.  There may be 

state and local licensing, zoning and other 
requirements that the operator must comply with as 
well before they can operate the unit. 
 
Once they have received their Federal Grant of 
Inspection, an FSIS inspector will be assigned to the 
unit to oversee processing operations just as he or she 
would in a permanent facility.  The FSIS inspector 
will verify that their food safety system is working as 
intended and being properly implemented.  The 
operator will need to keep the district office for that 
location informed on a continual basis about their 
operating schedule just as if the operator had a 
permanent facility so that FSIS can ensure that the 
mobile unit has the proper inspection coverage.  This 
is especially important if the unit crosses district 
boundaries.  
 
Now, let us review the slaughter inspection process in 
a mobile slaughter unit from start to finish.  The 
mobile unit usually arrives at the host farm on the 
day before or day of slaughter.  The FSIS inspector 
must inspect all livestock, at rest and in motion, prior 
to slaughter, to determine whether the animals are fit 
to be slaughtered for human food.  It is mandatory 
that the inspector observe the live animals prior to 
slaughter because there are diseases and conditions 
that are of concern to public health that can only be 
identified in live animals.  If the animals are 
slaughtered without this inspection step, product from 
these animals will not receive the mark of inspection 
and will be declared as unfit for human food. 
 
Livestock at all FSIS-inspected slaughter facilities, 
including mobile slaughter units, must be handled in 
a manner that meets the requirements of the Humane 
Methods of Slaughter Act.  Each slaughter day, the 
FSIS inspector will verify that the operator is meeting 
these requirements. 
 
FSIS recommends that slaughter facilities use a 
systematic approach to humane handling and 
slaughter.  With a systematic approach, facilities 
focus on treating livestock in a way that minimizes 
excitement, discomfort, and accidental injury as the 
animals move from being off-loaded from a truck to 
slaughter. 
 
Livestock pens, driveways, and ramps should be in 
good repair and free from sharp or protruding objects 
that may cause injury or pain to the animals. 
 
Non-ambulatory disabled cattle, or cattle that cannot 
rise from a recumbent position or that cannot walk, 
are not eligible for slaughter.  All diseased and 
disabled livestock that require further inspection must 
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be provided with a covered pen sufficient to protect 
them from adverse weather conditions. 
 
FSIS has many resources available to guide on 
meeting the regulatory requirements for the humane 
handling of livestock.  The FSIS district office can 
assist operators in finding these resources. 
 
The person performing the stunning must be able to 
accurately place the stunning instrument on the 
animal to produce immediate unconsciousness.  
Stunning instruments must be well maintained and 
operated by someone who is well trained.  Livestock 
should be rendered insensitive to pain immediately 
after the stunning blow and remain in this condition 
throughout shackling, sticking, and bleeding.  This is 
the point in the process where the hide is removed 
from the animal.  Because hides are a significant 
source of contamination, it is important to maintain 
sanitary conditions when removing the hide. 
 
Federally-inspected mobile slaughter units are 
required to handle carcasses, organs, and other parts 
in a sanitary manner to prevent contamination with 
fecal material, urine, bile, hair, dirt, and foreign 
matter.  These sources of contamination may contain 
pathogens.  Proper sanitary dressing procedures 
should reduce the potential for exposing the carcass 
and its parts to food safety hazards during the 
removal of the hide, feet, head, and internal organs.  
 
The FSIS inspector will verify that any visible 
dressing defects are removed in a sanitary manner.  
The FSIS inspector inspects each carcass and its parts 
to determine whether the carcass is wholesome and 
not adulterated.  Inspection of the carcass includes 
the head, tail, tongue, thymus gland, and all viscera 
of each animal slaughtered. 
 
The FSIS inspector will verify whether the mobile 
slaughter unit meets a “zero tolerance” standard for 
visible fecal materials, ingesta, or milk on carcasses, 
and on head, cheek, and weasand meat at or 
immediately after the final inspection area. 
 
Typically, the operator will apply an antimicrobial 
spray to the entire carcass as the next step.  Such 
antimicrobial interventions, when applied correctly, 
reduce the number of harmful bacteria that may still 
be present on the surface of the carcass.  The proper 
application of an antimicrobial intervention might be 
a Critical Control Point in the unit’s HACCP plan.  
Once the carcass has passed final inspection, the 

carcass and its parts are marked with an official 
inspection legend.  The inspection legend must be of 
sufficient size and color to be readily legible.  This 
legend is important because the meat cannot be sold 
in commerce without this mark showing it has passed 
federal inspection. 
 
The carcass and parts are now immediately relocated 
to the mobile unit’s cooler to begin chilling.  It is 
imperative that the carcass’ internal temperature be 
reduced to an acceptable level quickly to prevent 
pathogen outgrowth.    
 
Adequate distance between carcasses will minimize 
carcass-to-carcass contact and potential cross-
contamination during chilling and subsequent 
transport.   
 
Carcasses and parts of carcasses condemned by the 
inspector at the time of slaughter must be denatured 
in the presence of the inspector and properly 
disposed.   
 
Proper carcass and offal disposal may be 
accomplished in a variety of ways.  Operators should 
contact their local health regulatory authority for 
more information about alternatives in their area.  
 
The carcasses and parts now may be commercially 
sold or transported to an FSIS-inspected facility for 
further processing. 
 
We have just reviewed the basic requirements for 
operating a red meat mobile slaughter unit under 
federal inspection.  All federally-inspected mobile 
slaughter units must comply with all FSIS 
regulations.  Additional state and local requirements 
may apply. 
 
Ultimately, federal inspection laws make it the 
operator’s responsibility to show that their food 
safety system is adequately designed, is effective at 
controlling identified hazards, and is being properly 
implemented, ensuring that their product is safe and 
wholesome.  
 
 
REFERENECS 
 
Federal Meat Inspection Act, Code of Federal 

Regulations 9 – Animals and Animal Products, 
FSIS Draft Mobile Slaughter Unit Compliance 
Guide. 
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APPENDIX B: Movement Requirements for Scrapie Eradication Program 
 

State Movement Requirements for the National Scrapie Eradication Program 
 

Pamela A. Hunter 
Florida Department of Agriculture and Consumer Services, Division of Animal Industry 

407 South Calhoun St., Mayo Building, Room 323, Tallahassee, FL  
 
 
 
Scrapie is a chronic, fatal disease of the nervous 
system of small ruminants that is common in sheep.  
A unique organism called a prion causes Scrapie.  
Although Scrapie does not affect other species, it is 
in the family of diseases known as Transmissible 
Spongiform Encephalopathies (TSEs), the same 
group of diseases that causes "Mad Cow Disease" in 
cattle and Chronic Wasting Disease in deer and elk.  
Symptoms of Scrapie may mimic other nervous 
conditions (fine tremors, head pressing, and 
stargazing).  The signs range from head and neck 
tremor, skin itching, swaying in the back end, 
hopping like a rabbit, high stepping of the front legs, 
lip smacking, rubbing against fences, and biting of 
feet and legs.  In fact, the name Scrapie comes from 
the action the animal exhibits as it scrapes its hair or 
hide off.  While the organism has not caused disease 
in humans, it is recommended that the meat from 
positive animals not be used for human consumption.  
Goats differ from sheep in that the classic sign of 
intense itching is not as prevalent.  It takes a long 
time for symptoms to appear (up to five years), and 
1-6 months for them to progress to the point where 
the animals eventually lay down and die.  There is no 
treatment for the disease.   
 
Since 1952, the USDA and the sheep industry have 
tried various programs in an attempt to eradicate 
Scrapie.  With the increasing ease in movement 
across state lines, if an outbreak were to occur, it is 
important to be able to trace the animal’s flock/herd 
of origin.  In 2000, USDA developed the accelerated 
National Scrapie Eradication Program (NSEP) that 
provides standards for state and federal governments, 
and the industry to monitor, control, and eradicate the 
disease from domestic flocks/herds in the United 
States.  Under this program, USDA regulates 
interstate movement of sheep and goats.  
Identification and accurate record-keeping are the key 
elements of the national program.   
 
There are three ways to identify these animals: (1) 
individual tamper evident identification ear tags; (2) 
in lieu of tags or for breeds and animals that do not 

have enough ear tissue, official registry tattoos; or (3) 
electronic microchips/implants.  In terms of ear tags, 
they must be tamper evident, secure, carry a unique 
premises and individual animal number, and be 
traceable to flock/herd of birth or flock/herd of 
origin.  Registered animals may be identified with a 
registration tattoo in lieu of an official ear tag, as long 
as the tattoo is the same as the herd ID assigned by 
either USDA or the animal is accompanied by a copy 
of the registration certificate listing the current 
owner.  In regards to the third alternative, sheep or 
goats registered with national associations (that allow 
the use of implants for official registry identification) 
can use implants, if the following conditions are met: 
 
1. These must come with a statement that includes 

a microchip number and the manufacturer’s 
name.   

2. The owner is responsible for having a chip 
reader. 

3. The owner must know where the chip has been 
implanted. 

4. An implant number must be recorded by the 
registry on the registration certificate 
accompanying the animal. 

5. Transfer of registration papers to the new owner 
who has a reader. 

6. Animals moved in interstate commerce to a 
market or are for sale without registration papers 
must be identified with visible official 
identification. 

7. If an implanted animal is sent to slaughter, notify 
the inspector so it can be removed after 
slaughter. 

 
All states require certain sheep and goats to be 
officially identified on change of ownership.  
Moreover, while many states have identical 
requirements to the USDA interstate requirements, 
other states have additional requirements such as a 
Certificate of Veterinary Inspection (official health 
certificate) and/or an import permit regarding 
intrastate movement and/or interstate movement, and 
some states exempt certain classes of sheep and/or 
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goats.  These additional rules have been prepared in 
conjunction with USDA’s to ensure the same 
standards are followed for animals traveling 
throughout the state as those imported into the state; 
and allows the state to keep its consistent status in the 
National Scrapie Eradication Program.  It is your 
responsibility to know and adhere to state 
requirements for your respective state and, if moving 
out of state, to know and adhere to the federal 
requirements and those of the states to where animals 
are being moved.  

The information provided below gives a brief 
summary of federal and state requirements regarding 
sheep and goats needing official identification.  To 
learn more about a specific state’s Scrapie 
identification requirements regarding interstate or 
intrastate movement, contact the appropriate State 
Veterinarian (SV).   
 
(Note:  This list is current as of April 2010.  
Personnel changes may have occurred; but phone 
numbers and Web site addresses typically do not 
change).

FEDERAL REQUIREMENTS 
 
In accordance with the National Accelerated Scrapie Eradication Program, federal requirements require that these 
groups of sheep and goats need an official Scrapie USDA-approved ear tag or other official identification before 
being moved from an owner’s premises regardless of whether they are being shipped in-state or out-of-state: 

• All breeding sheep and potential breeding sheep regardless of age. 
• All sheep 18 months and older. 
• All sheep and goats for exhibition except for wethers. 
• All Scrapie-exposed, suspects, test-positive and high-risk animals. 
• Breeding goats, except low-risk commercial goats. 
• Female sheep under 18 months of age in slaughter channels, that are pregnant or have aborted or sexually   

intact animals from a Scrapie-infected flock/herd. 
 
The following groups do not need individual identification and have no movement restrictions: 

o Lambs—ewes, ram lambs, and wethers less than 18 months of age—moving into slaughter 
channels, including slaughter-only auction markets. 

o Goats—wethers, does and bucks of any age—moving into slaughter channels. 
o Low-risk commercial goats—those raised for fiber and/or meat; those not registered or exhibited; 

those that have not been in contact with sheep; those not Scrapie positive, not high risk or 
exposed; those not from an infected or source herd; and those not commingled with other goats at 
premises that do not meet these criteria. 

o Wethers for exhibition. 
o Animals moving for grazing when no change of ownership occurs. 

 
INDIVIDUAL STATE REQUIREMENTS 
 
Alabama  
All sheep and goats require an official ear tag prior to moving off the premises of origin.  Complete information is 
available at www.agi.alabama.gov/infectious_disease/scrapie-detail-info or by contacting: 
Dr. Anthony Frazier, SV 
Ph: 334-240-7255, Ext. 1 
E-mail: stvet@agi.state.al.us 

USDA/APHIS/VS Office 
Dr. Cynthia Brasfield 
Ph: 334-223-7141, 7147, 7148 
E-mail: cynthia.m.brasfield@aphis.usda.gov 

Alaska 
Federal requirements apply.  Complete information is available at www.dec.state.ak.us/eh/vet/index.htm or by 
contacting:  
Dr. Robert Gerlach,  SV  
Ph: 970-375-8200  
E-mail: bob.gerlach@alaska.gov 

USDA/APHIS/VS Office 
Dr. Mike Philo   
Ph: 360-753-9430  
E-mail: mike.philo@aphis.usda.gov 
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Arizona 
All sheep and goats require an official ear tag prior to moving off the premises of origin.  Complete information is 
available by contacting: 
Dr. Richard D. Willer, SV 
Ph: 602-542-4293 
E-mail: rick.willer@agri.state.az.us 

USDA/APHIS/VS Office 
Dr. Rita Kester 
Ph: 520-287-4172 
E-mail: rita.s.kester@aphis.usda.gov 
 

Arkansas 
All sheep and goats imported or exhibited within the state of Arkansas must be identified by an official USDA tag, 
legible official goat registry tattoo if accompanied by a registration certificate or other approved device that contains 
a premises identification issued by the state of origin in combination with a unique animal number.  Animals for 
movement to slaughter and meat goats under 18 months are exempt.  Complete information is available at 
www.arlpc.org or by contacting: 
Dr. G. Pat Badley, SV 
Ph: 501-907-2400 
E-mail: pbadle@arlpc.org 

USDA/APHIS/VS Office 
Dr. Mark Rose 
Ph: 501-224-9515, 5825 
E-mail: mark.d.rose@aphis.usda.gov 
 

California 
All sheep and goats require an official ear tag except 1) lambs or kids less than 18 months of age in slaughter 
channels that have not lambed, kidded, aborted or are pregnant; 2) low-risk goats; and 3) castrated animals less than 
18 months of age that are not for exhibition.  Specific Scrapie identification requirements regarding interstate 
movement is available at www.cdfa.ca.gov/ahfss/Animal_Health/Permits.html.  California Department of Food and 
Agriculture Permits may be obtained at 916-854-3900 or by contacting: 
Dr. Charles Palmer, SV  
Ph: 530-225-2140 
E-mail: cpalmer@cdfa.ca.gov 

USDA/APHIS/VS Office 
Dr. Greg Ramos 
Ph: 916-854-3900 
E-mail: greg.r.ramos@aphis.usda.gov 
 

Colorado 
All sheep and goats require official ear tag prior to moving off the premises of origin.  No additional state 
requirements.  Federal requirements apply.  Complete information is available by contacting: 
Dr. Ed Kline  
Ph: 303-239-4161 
E-mail: ed.kline@ag.state.co.us 
 
Jonathan Hernandez, Animal Health Program Assistant 
Ph: 303-231-5385 
 
 
Connecticut 
All sheep and goats require an official ear tag prior to moving off the premises of origin.  Complete information is 
available by contacting: 
Dr. Mary Lis, SV 
Ph: 860-713-2505 
E-mail: ctdeptag@ct.gov 

USDA/APHIS/VS Office 
Dr. Lech Szkudlarek 
Ph: 508-363-2290 
E-mail: lech.szkudlarek@aphis.usda.gov 
 

Delaware 
All sheep and goats require an official ear tag prior to moving off the premises of origin.  Complete information is 
available by contacting: 
Dr. Sara Busch, SV 
Ph: 302-698-4451 
E-mail: sara.busch@state.de.us 

USDA/APHIS/VS Office 
Dr. Kent Holm 
Ph: 410-349-9708 
E-mail: kent.b.holm@aphis.usda.gov 
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Florida 
All sheep and goats moving interstate or intrastate must have official individual identification.  All goats and sheep 
entered for exhibition purposes must have an official individual identification.  Complete information is available at 
www.doacs.state.fl.us/ai/main/rules.shtml or by contacting: 
Dr. Tom Holt, SV 
Ph: 850-410-0910 
E-mail: holtt@doacs.state.fl.us 

USDA/APHIS/VS Office 
Dr. Sue Loerzel 
Ph: 352-313-3060 
E-mail: suzan.m.loerzel@aphis.usda.gov 
 

Georgia 
In addition to federal requirements, Georgia requires official individual identification of all high-risk goats (those in 
contact with sheep) as well as official ear tags on all sheep going to a livestock market.  Complete information is 
available by contacting: 
Dr. Carter Black, SV 
Ph: 404-656-3671 
E-mail: cblack@agr.state.ga.us 
 

Dr. Stan Crane 
Designated Scrapie Epidemiologist 
Ph: 404-656-3667 
E-mail: stan.crane@agr.georgia.gov 
 

Hawaii  
All sheep and goats require official identification except lambs or kids less than 18 months of age in slaughter 
channels that have not lambed, kidded, aborted or are pregnant.  Complete information is available by contacting: 
Dr. Jim Foppoli, SV 
Ph: 808-483-7111 
E-mail: james.m.foppoli@hawaii.gov 

USDA/APHIS/VS Office 
Dr. Thomas J. Brignole  
Ph: 360-753-9430 
E-mail: thomas.j.brignole@aphis.usda.gov 
 

Idaho  
All sheep and goats except exempt animals must carry an official ear tag.  Exemptions: 1) neutered animals under 18 
months of age; 2) breeding animals under 18 months of age shipped directly to an approved slaughter establishment 
or shipped directly to a feedlot for finish feeding for slaughter only; 3) castrated or low-risk commercial goats; and 
4) registered sheep and goats accompanied by registration papers or a certificate of veterinary inspection with 
legible unique registrations tattoos.  Goats registered with a National Goat Registry that allows for electronic 
implant identification, as recorded on a registration certificate, may be identified with an electronic implant.  
Complete information is available by contacting: 
Dr. Greg Ledbetter, SV 
Ph: 208-332-8540 
E-mail: gledbetter@idahoag.us 

USDA/APHIS/VS Office 
Dr. Mary K. Tinker 
Ph: 208-378-5631 
E-mail: mary.k.tinker@aphis.usda.gov 
 

Illinois  
All sheep and goats moving within Illinois must be officially identified to their herd/flock of birth.  If flock or herd 
of birth is not known, then they must still be officially identified to the flock or origin by that producer or by a 
livestock dealer and then moved directly to slaughter.  Complete information is available at www.agr.state.il.us or 
by contacting: 
Dr. Mark Ernst, SV 
Ph: 217-782-4944 
E-mail:  mark.ernst@Illinois.gov 

USDA/APHIS/VS Office 
Dr. Rick Jones 
Ph: 217-494-2600 
E-mail: rick.l.jones@aphis.usda.gov 
 

Indiana  
Federal requirements apply.  Complete information is available by contacting: 
Dr. Bret D. Marsh, SV 
Ph: 317-227-0300 
E-mail: bmarsh@boah.in.gov 

USDA/APHIS/VS Office 
Dr. Cheryl Miller  
Ph: 317-402-1527 
E-mail: cmiller@boah.in.gov 
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Iowa  
The following sheep and goats must be identified with an official ear tag: 1) All sheep more than 18 months of age; 
2) All sexually intact sheep of any age sold, leased or moved for the purpose of breeding or exhibition; and 3) All 
sexually intact goats used for breeding/milking or exhibition and those that reside with sheep.  Complete information 
is available at www.iowaagriculture.gov/animalIndustry/ScrapieProgram.asp or by contacting:  
Dr. David Schmitt, SV  
Ph: 515-281-5305  
E-mail: david.schmitt@idals.state.ia.us 

USDA/APHIS/VS Office 
Dr. Pamela Smith 
Ph: 515-284-4140  
E-mail: pamela.smith@idals.state.ia.us  
 
Dr. Sharon Fairchild  
Ph: 515-284-4140  
E-mail: sharon.k.fairchild@aphis.usda.gov 
 

Kansas  
Kansas follows federal requirements for intrastate movement for sheep and goats with one exception: Goats must be 
identified even if they have not commingled with sheep.  Goats moving directly to slaughter in Kansas that are 
maintained and slaughtered as a group so that the premises of origin can be identified do not require individual 
identification.  All other goats, except wethers under 18 months of age, are required to be identified by a registered 
tattoo or by an official Scrapie tag.  Complete information is available by contacting: 
Dr. George Teagarden, SV 
Ph: 785-296-2326 
E-mail: gteagarden@kahd.ks.gov 

USDA/APHIS/VS Office 
Dr. Donald Evans 
Ph: 785-235-2365 
E-mail: donald.e.evans@aphis.usda.gov 
 

Kentucky  
All sheep and goats of any age or sex must carry an official ear tag on change of ownership and prior to moving off 
the premises of origin.  Breed registration tattoos are acceptable for identification purposes if producers have 
registration papers and if the market or sale chooses to read and check the tattoos.  Complete entry requirements and 
requirements for interstate and intrastate movement may be accessed at 
www.kyagr.com/statevet/sheepandgoat/index.htm or by contacting: 
Dr. Robert Stout, SV 
Ph: 502-564-3956 
E-mail: robert.stout@ky.gov 

USDA/APHIS/VS Office 
Dr. Judy Morley  
Ph: 502-848-2044 
E-mail: judy.morley@aphis.usda.gov 
 

Louisiana  
All sheep and goats require official identification except low-risk sheep and goats as defined by USDA.  Complete 
information is available by contacting: 
Dr. Henry Moreau, Acting SV 
Ph: 504-925-3980 
E-mail: hmoreau@ldaf.state.la.us 

USDA/APHIS/VS Office 
Dr. Scott DeJean 
Ph: 225-389-0436 
E-mail: scott.k.dejean@aphis.usda.gov 
 

Maine  
Maine is a Scrapie-consistent state and follows federal requirements.  All sexually intact animals must be officially 
identified on change of ownership for movement within the state, except for those animals less than 18 months of 
age moving direct to slaughter or those animals less than 18 months of age moving in slaughter channels.  Complete 
information is available at www.maine.gov/sos/cec/rules/01/001/001c202.doc or by contacting: 
Dr. Don Hoenig, SV 
Ph: 207-287-3701 
E-mail: donald.e.hoenig@maine.gov 

USDA/APHIS/VS Office 
Dr. Lech Szkudlarek 
Ph: 508-865-1421, 1422 
E-mail: lech.szkudlarek@aphis.usda.gov 
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Maryland  
Federal requirements apply.  Complete information is available by contacting: 
Dr. Guy Hohenhaus, SV 
Ph:  410-841-5810 
E-mail: hohenhgs@mda.state.md.us 

USDA/APHIS/VS Office 
Dr. Kent Holm 
Ph: 410-349-9708 
E-mail: kent.b.holm@aphis.usda.gov 
 

Massachusetts  
All sheep and goats must have an official ear tag at the change of ownership or at age of 18 months, whichever 
occurs first.  Complete information is available by contacting: 
Dr. Lorraine O’Connor, SV 
Ph: 617-626-1790 
E-mail: lorraine.o'connor@state.ma.us 

USDA/APHIS/VS Office 
Dr. Lech Szkudlarek 
Ph: 508-865-1421, 1422 
E-mail: lech.szkudlarek@aphis.usda.gov 
 

Michigan  
All sheep and goats, regardless of age or reproductive capability, must have an official ear tag prior to moving off 
the premises of origin.  Complete information is available at www.michigan.gov or by contacting: 
Dr. Steve Halstead, SV 
Ph: 517-373-1077 
E-mail: halsteads@michigan.gov 

USDA/APHIS/VS Office 
Dr. Mark Remick 
Ph: 517-373-1077 
E-mail: remickm@state.mi.us 
 
Dr. Jean Ray, SE 
Ph: 517-324-5290 
E-mail: jean.s.ray@aphis.usda.gov 
 

Minnesota  
All sheep and goats—except animals entering slaughter channels or going to a terminal feedlot—must have an 
official ear tag upon movement from the flock to another location and before being commingled with sheep and 
goats from other flocks.  Complete information is available by contacting: 
Dr William L. Hartmann, SV 
Ph: 651-296-2942  
E-mail: bill.hartmann@bah.state.mn.us 

USDA/APHIS/VS Office 
Dr. Dee Heezen 
Ph: 651-290-3691 
E-mail: dee.m.heezen@aphis.usda.gov 
 
Dr. Kristine Petrini 
Ph: 651-290-3691 
E-mail: kris.petrini@bah.state.mn.us 
 

Mississippi  
Federal requirements apply.  Complete information is available by contacting: 
Dr. James A. Watson, SV 
Ph: 601-359-1170  
E-mail: jimw@mdac.state.ms.us 

USDA/APHIS/VS Office 
Dr. Donald L. Varner 
Ph: 601-965-4307 
E-mail: donald.l.varner@aphis.usda.gov 
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Missouri  
All breeding sheep 18 months of age or older must have official identification.  All goats except low-risk 
commercial goats must have an official identification.  All exhibition sheep and goats regardless of age must have an 
official approved identification.  Identification regulations are in the process of changing, with the most current 
regulations available at www.sos.mo.gov/adrules/csr/current/2csr/2c30-2.pdf or by contacting: 
Dr. Taylor Woods, Acting SV 
Ph: 573-751-3377 
E-mail: taylor.woods@mda.mo.gov 

USDA/APHIS/VS Office 
Dr. Alison King 
Ph: 573-636-3116 
E-mail: alison.o.king@aphis.usda.gov 
 
Dr. Virginia Shannon 
Ph: 573-636-3116 
E-mail: virginia.a.shannon@aphis.usda.gov 
 
Dr. Larry Forgey 
Ph: 573-636-3116 
E-mail: larry.forgey@mda.mo.gov 
 

Montana  
Federal requirements apply.  Complete information is available by contacting: 
Dr. Martin Zaluski, SV 
Ph: 406-444-2043  
E-mail: mzaluski@mt.gov 

USDA/APHIS/VS Office 
Dr. Rod Meier 
Ph: 406-449-2220 
E-mail: rod.s.meier@aphis.usda.gov 
 

Nebraska  
Federal requirements apply.  Complete information is available by contacting: 
Dr. Dennis Hughes, SV 
Ph: 402-471-2351 
E-mail: dhughes@agr.ne.gov 
E-mail: dwilmot@agr.ne.gov 

USDA/APHIS/VS Office 
Dr. Gary Stevens 
Ph: 402-434-2300 
E-mail: gary.e.stevens@aphis.usda.gov 
 
Dr. Thomas J. Schomer 
Ph: 402-434-2300 
E-mail: tom.schomer@nebraska.gov 
 

Nevada  
In addition to federal requirements, Nevada requires all sheep and goats have official Scrapie identification ear tags 
when they go to fairs and exhibitions.  Complete information is available by contacting: 
Dr. Keith Forbes, Nevada Scrapie Coordinator 
Ph:  775-688-1180, Ext. 284 
E-mail: keith.forbes@agri.state.nv.us 
 

Sandie Foley, Livestock Permits 
Ph: 775-688-1180, Ext 230 

 
New Hampshire 

 

Federal requirements apply.  Complete information is available at 
www.gencourt.state.nh.us/rsa/html/NHTOC/NHTOC-XL-436.htm or by contacting: 
Dr. Stephen K. Crawford, SV 
Ph: 603-271-2404 
E-mail: scrawford@agr.state.nh.us 

USDA/APHIS/VS Office 
Dr. Lech Szkudlarek 
Ph: 508-865-1421, 1422 
E-mail: lech.szkudlarek@aphis.usda.gov 
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New Jersey 
Federal requirements apply.  Complete information is available by contacting: 
Dr. Nancy E. Halpern, SV 
Ph: 609-292-3965 
E-mail: nancy.halpern@ag.state.nj.us 

USDA/APHIS/VS Office 
Dr. Leslie Bulaga 
Ph: 609-259-8387 
E-mail: leslie.l.bulaga@aphis.usda.gov 
 

New Mexico  
All sheep and goats require official identification except slaughter animals, unless sexually intact, and wethers for 
exhibition.  Complete information is available at www.newmexicolivestockboard.com or by contacting: 
Dr. Dave Fly, Acting SV 
Ph: 505-841-6161  
E-mail: dave.fly@state.nm.us 

USDA/APHIS/VS Office 
Dr. Milo Muller 
Ph: 505-761-3160 
E-mail: miloslav.muller@aphis.usda.gov 
 

New York  
The following sheep and goats must have an official ear tag: 1) animals handled by a dealer; 2) animals being 
exhibited at a county or state fair; 3) animals more than 18 months of age; 4) animals changing ownership unless in 
slaughter channels; and 5) sexually intact animals being sold or moved except those sold directly to slaughter plants.  
Goats and commercial white-faced sheep are not exempt.  Complete information is available by contacting: 
Dr. John P. Huntley, SV 
Ph: 518-457-3502 
E-mail: john.huntley@agmkt.state.ny.us 

USDA/APHIS/VS Office 
Dr. Jessica Keen 
Ph: 518-869-9007 
E-mail: jessica.n.keen@aphis.usda.gov 
 

North Carolina  
All sheep and goats must have an official ear tag except wethers and animals less than 12 months of age that are 
moving directly to slaughter.  Complete information is available by contacting: 
Dr. David T. Marshall, SV 
Ph: 919-733-7601  
E-mail: david.marshall@ncmail.net 

USDA/APHIS/VS Office 
Dr. Leslie Kent 
Ph: 919-855-7700 
E-mail: leslie.p.kent@aphis.usda.gov 
 

North Dakota  
All sheep and goats require official identification except sheep under 18 months in slaughter channels; goats in 
slaughter channels; wethers for exhibition; low-risk commercial goats; animals moved for grazing or similar 
management purposes without change of ownership; and animals shipped directly to an approved slaughter facility 
or approved market when all the animals in a section of a truck are from the same premises of origin and are 
accompanied by an owner’s statement.  Complete information is available by contacting: 
Dr. Susan J. Keller, SV 
Ph: 701-328-2655  
E-mail: skeller@nd.gov 

Dr. Beth Carlson 
Ph: 701-328-2655 
E-mail: bwcarlson@nd.gov 
 

Ohio  
Sheep and goats—except sheep less than 18 months of age moving into a slaughter channel and goats of any age 
moving into a slaughter channel—must have an official ear tag, and an approved electronic implant or approved 
tattoo.  Complete information is available at http://codes.ohio.gov/oac/901%3A1-13 or by contacting: 
Dr. T. Forshey, Acting SV 
Ph: 614-728-6220 
E-mail: tforshey@mail.agri.state.oh.us 

USDA/APHIS/VS Office 
Dr. David Frew 
Ph: 614-469-5602 
E-mail: frew@mail.agri.state.oho.us 
 
Dr. Susan Skorupski 
Ph: 614-469-5602 
E-mail: susan.skorupski@aphis.usda.gov 
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Oklahoma  
All sheep and goats must have an official ear tag prior to moving into a market chain or upon change of ownership.  
Complete information is available by contacting: 
Dr. Becky Brewer, SV  
Ph: 580-522-6131 
E-mail: bbrewer@oda.state.ok.us 

USDA/APHIS/VS Office 
Dr. Nancy Roberts 
Ph: 405-427-9413 
E-mail: nancy.j.roberts@aphis.usda.gov 
 

Oregon  
Federal requirements apply.  Complete information is available at 
www.oregon.gov/ODA/AHID/animal_health/import_sheep_goats.shtml or by contacting: 
Dr. Donald E. Hansen, SV 
Ph: 503-986-4680 
E-mail: dhansen@oda.state.or.us 

USDA/APHIS/VS Office 
Dr. Jack Mortenson 
Ph: 503-399-5871 
E-mail: jack.a.mortenson@aphis.usda.gov 
 

Pennsylvania  
All sheep and goats imported into the Commonwealth of Pennsylvania must have a Pennsylvania Department of 
Agriculture approved individual identification.  Sheep and goats shipped through the state to another destination and 
temporarily unloaded from the vehicle or conveyance must have individual identification.  All sheep and goats born 
within the state and transported live from their premises of birth must have individual identification.  Complete 
information is available by contacting the Pennsylvania Department of Agriculture or: 
Dr. Paul Knepley, SV 
Ph: 717-772-2852 
E-mail: pknepley@state.pa.us  

USDA/APHIS/VS Office 
Dr. Maher Rizk 
Ph: 717-782-3442 
E-mail: maher.a.rizk@aphis.usda.gov 
 

Rhode Island  
All sheep and goats—except those in the slaughter channel—must have an official ear tag when changing ownership 
or location.  Animals entered the state from out of state require unique identification.  Sheep and goats need not be 
identified if they are in a slaughter channel.  Complete information is available by contacting: 
Dr. Scott Marshall, SV 
Ph: 401-222-2781  
E-mail: scott.marshall@dem.state.ri.us 

USDA/APHIS/VS Office 
Dr. Lech Szkudlarek 
Ph: 508-865-1421, 1422 
E-mail: lech.szkudlarek@aphis.usda.gov 
 

South Carolina  
Federal requirements apply.  Complete information is available by contacting: 
Dr. John Caver, SV 
Ph: 803-788-2260  
E-mail: jcaver@clemson.edu 

USDA/APHIS/VS Office 
Dr. Virignia Jenkins 
Ph: 803-788-1919 
E-mail: virginia.w.jenkins@aphis.usda.gov 
 

South Dakota  
Federal requirements apply.  Complete information is available at www.state.sd.us/aib or by contacting: 
Dr. Sam D. Holland, SV 
Ph: 605-773-3321  
E-mail: dr.holland@state.sd.us 

USDA/APHIS/VS Office 
Dr. Craig Hanson 
Ph: 605-773-3321 
E-mail: vssd@aphis.usda.gov 
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Tennessee  
All sheep that move outside the state must have an official ear tag.  All sheep that move within the state—except 
wethers under the age of 18 months produced for slaughter only—must have an official ear tag.  This includes 
change of ownership, shows, fairs, expositions, or slaughter.  All registered breeding goats, goats commingled with 
sheep, goats for exhibition and dairy goats moving off the premises of origin must have an official ear tag.  This 
includes change of ownership, shows, fairs, expositions, or slaughter.  Complete information is available at 
http://tennessee.gov/sos/rules/0080/0080-02/0080-02-01.pdf or by contacting: 
Dr. Ronald B. Wilson, SV 
Ph: 615-837-5120  
E-mail: ron.wilson@state.tn.us 

USDA/APHIS/VS Office 
Dr. Shelly J. Phillips 
Ph: 615-781-5310 
E-mail: shelly.j.phillips@aphis.usda.gov 
 

Texas  
The following sheep must be officially identified with an official ear tag: 1) All breeding sheep regardless of age; 2) 
All sheep 18 months of age or older; and 3) All sexually intact show or exhibition sheep.  All breeding or exhibition 
goats must be identified with an official ear tag, except registered goats with a registration tattoo and accompanied 
by registration papers.  All goats in slaughter channels must be officially identified, except goats that have not 
commingled with sheep.  Federal requirements apply to intrastate movement.  Complete information is available at 
www.tahc.state.tx.us or by contacting: 
Dr. Bob Hillman,  SV 
Ph: (512) 719-0700 or 0777 
E-mail: bhillman@tahc.state.tx.us 

USDA/APHIS/VS Office 
Dr. Dan Baca 
Ph: 512-916-5551 thru 5557 
E-mail: daniel.r.baca@aphis.usda.gov 
 
Dr. Brian Bohl 
Ph: 512-916-5551 thru 5557 
E-mail: brian.a.bohl@aphis.usda.gov 
 
Dr. Robert Scott 
Ph: 512-916-5551 thru 5557 
E-mail: robert.a.scott@aphis.usda.gov 
 
Dr. Gary Hart 
Ph: 512-916-5551 thru 5557 
E-mail: gary.l.hart@aphis.usda.gov 
 
Dr. Andrew Schwartz 
Ph: 512-916-5551 thru 5557 
E-mail: andys@tahc.state.tx.us 
 

Utah  
Federal requirements apply.   Complete information is available at www.rules.utah.gov/publicat/code/r058/r058-
001.htm#T8 or by contacting: 
Dr. Earl Rogers, SV 
Ph: 801-538-7160  
E-mail: erogers@utah.gov 

USDA/APHIS/VS Office 
Dr. Earl Stoneman 
Ph: 801-524-5010, 5012 
E-mail: earl.stoneman@aphis.usda.gov 
 

Vermont  
In addition to animals covered by federal requirements, all sheep and goats exhibited within the state must have an 
official ear tag.  Complete information is available by contacting: 
Dr. Kerry Rood, SV 
Ph: 802-828-2421 
E-mail: drrood@agr.state.vt.us 
E-mail: tjohnson@agr.state.vt.us 

USDA/APHIS/VS Office 
Dr. Lech Szkudlarek 
Ph: 508-865-1421, 1422 
E-mail: lech.szkudlarek@aphis.usda.gov 
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Virginia 
Virginia follows federal requirements.  In addition, Virginia allows livestock markets and sale/show managers to 
require all animals be identified with official ear tags.  Complete information is available by contacting: 
Dr. Richard L. Wilkes, SV 
Ph: 804-786-2483 
E-mail: richard.wilkes@vdacs.state.va.us 

USDA/APHIS/VS Office 
Dr. Kenneth Scheel 
Ph: 804-771-2774 
E-mail: kenneth.r.scheel@aphis.usda.gov 
 

Washington  
Every sheep and goat—unless otherwise exempted—must be identified with a state or federal flock identification 
number and an identification upon change of ownership, possession, intrastate transport or interstate transport.  
Animals over 18 months of age as evidenced by eruption of their second incisor in slaughter channels must be 
identified such that the animal may be traced to its flock of birth.  Ewes that have lambed or are pregnant in 
slaughter channels must be so identified regardless of age.  The following sheep must be officially identified with 
official USDA Scrapie program identification: 1) All breeding sheep; 2) All sexually intact sheep imported for 
exhibition; and 3) All sheep over 18 months of age.  Complete information is available by contacting: 
Dr. Leonard E. Eldridge, Acting SV 
Ph: 360- 902-1878 
E-mail: leldridge@agri.wa.gov 

USDA/APHIS/VS Office 
Dr. Thomas J. Brignole 
Ph: 360-753-9430 
E-mail: thomas.j.brignole@aphis.usda.gov 
 
Dr. Ben Smith 
Ph: 360-753-9430 
E-mail: bsmith@agr.wa.gov 
 

West Virginia  
All sheep and goats must have an official ear tag prior to moving from the premises of origin.  Complete information 
is available at www.wvagriculture.org or by contacting: 
Dr. L. Joe Starcher, SV 
Ph: (304) 558-2214  
E-mail: jstarcher@ag.state.wv.us 

USDA/APHIS/VS Office 
Dr. Susan Skorupski 
Ph: 614-469-5062 
E-mail: susan.skorupski@aphis.usda.gov 
 

Wisconsin  
Federal requirements apply.  Complete information is available by contacting: 
Dr. Robert Ehlenfeldt, SV 
Ph: 608-224-4872 
E-mail: robert.ehlenfeldt@datcp.state.wi.us 

USDA/APHIS/VS Office 
Doris Olander 
Ph: 608-270-4000 
E-mail: doris.olander@aphis.usda.gov 
 

Wyoming  
All sheep imported into Wyoming must have official individual identification.  All goats imported for reproductive 
purposes or recreational events must have official individual identification.  Complete information is available at 
http://wlsb.state.wy.us/animalhealth.htm or by contacting: 
Dr. Walter Cook, Assistant SV 
Ph: 307-777-6443 
E-mail: wcook2@state.wy.us 

USDA/APHIS/VS Office 
John Duncan 
Ph: 307-772-2186 
E-mail: john.v.duncan@aphis.usda.gov 
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Mr. Ken Andries Kentucky State University 
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Dr. David Pugh dgpugh@southerntraxx.com 334-826-8473 
Dr. Dwight Loveday hloveday@tennessee.edu 865-974-7344 
Dr. Jacqueline Johnson jacq.johnson@aamu.edu 256-372-5713 
Dr. Jean-Marie Luginbuhl Jean-

Marie_Luginbuhl@ncsu.edu 
919-515-8743   

Dr. Marion Simon marion.simon@kysu.edu 502-597-6437 
Dr. Nada K. Nadarajah nadarka@auburn.edu 334-844-1502 
Dr. Paul Davis pdavis@ourcoop.com 615-793-8339 
Dr. Ralph Noble rcnoble@ncat.edu 336-334-7547 
Dr. Sally Williams wsallyk@ufl.edu 352-392-2993 
Dr. Sandra Solamin ssolaim@tuskegee.edu 334-727-8401 
Dr. Seyedmehdi Mobini smobini@fvsu.edu 478-825-6427 
Dr. Stephen Wildeus swildeus@vsu.edu 804-524-6716/804-704-7685 (c ) 
Dr. Steve Hart shart@luresext.edu 405-466-6138 
Dr. Steve Meredith meredith@lincolnu.edu 573-681-5109 
Dr. Terry Gipson tgipson@luresext.edu 405-466-6126 
Dr. Thomas Eric Peterson thomas.peterson@famu.edu 850-412-5117 
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