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The desire to work with and learn about goats and sheep
can be traced to my life well before veterinary school. The
first animals I ever purchased with my own money were
two cross-bred Nubian goats, and the first animal I traded
work for was a Hampshire ewe. Over the years my family
and I have been involved before and after veterinary grad-
uation as sheep breeders, in sheep 4-H and FFA showing,
as meat goat breeders, and as pet goat and sheep owners.
As a veterinarian both in private and academic practice,
my primary interest has been in small ruminants. Over
the years several good books on either goat or sheep med-
icine have been published. Chapters in discipline-
oriented texts deal with disease, surgery, or reproduction
of sheep and/or goats. However, I have always thought it
difficult to find information dealing with the whole of
sheep and goat medicine, surgery, reproduction, and nu-
trition in a single text. This is where the roots of this book
began—as an attempt to fill that void. As a faculty
member and small ruminant clinician at Auburn Univer-
sity, the phone calls I receive from other university clini-
cians, practicing veterinarians, and producers are based on
an inability to easily locate applicable information. The
goal of this book is to provide a text on sheep and goat
medicine, nutrition, surgery, and theriogenology in an
easily usable form.

When W.B. Saunders first contacted me, I was appre-
hensive about committing to such a major undertaking. I
knew I would be unable to write this book alone. I con-
tacted people I knew would be able to bring a wide range
of experience and ability to their writing. I am proud that
several former veterinary or graduate students who rode
in ambulatory trucks with me (Drs. Cindy Wolf, Ellen B.
Belknap, Alan M. Heath, Bryan M. Waldridge, Virginia
R. Fajt, and Michael Q. Lowder) and who have gone on
after graduation to excel in large animal medicine and
practice and become experts in a wide range of disciplines
are included as authors. I also asked colleagues at Auburn
University (Drs. Christine B. Navarre, Alan M. Heath,
Debra C. Ruffin, Ellen B. Belknap, Hui-Chu Lin, and
Bryan M. Waldridge) to help me in this endeavor. I in-
cluded clinicians with a sheep focus (Drs. Wolf and
Heath), those who focus on goats (Drs. Diffay,
Waldridge, and Mobini), and academicians who treat
them both (Drs. Ring, Machen, Anderson, Hull,
Belknap, Navarre, Christopher and Margaret Cebra,
Reilly, Baird, and Williamson). I also included profes-
sionals with specific specialty areas (Drs. Lin [anesthe-
sia], Colitz [ophthalmology], and Rankins [nutrition]).
Also included were those who had practical experience in
production, not only as veterinarians, but also as produc-

ers of sheep (Drs. Wolf, Navarre, and Rankins) and goats
(Drs. Mobini, Diftay, Waldridge, Navarre, and Rankins).

In addition, I tried to ensure that the writers repre-
sented different areas of North America so as to bring both
geographic and production perspectives to the contents of
this text (Northeast—Dr. Reilly; Northwest—Drs. Cebra
and Cebra; Midwest—Drs. Anderson, Baird, Hull, Rings,
and Wolf; and Southeast—Drs. Navarre, Belknap, Diffay,
Mobini, Heath, Rankins, Ruffin, Lin, and Williamson).

Although the book is entitled Sheep and Goat Medicine,
it covers surgical and diagnostic procedures, basic nutri-
tion, diet formulations, theriogenology, ophthalmology,
and anesthesiology. The book is designed so the private
practitioner, academic clinician, graduate student, veteri-
nary student, animal scientist, and some producers can
easily access applicable information. To enhance the
reader’s ability to use this book as a reference, I tried to
incorporate as many pictures, charts, and tables as space
would allow.

The book includes 17 chapters and 3 appendices. The
first chapter (on handling and examination of sheep and
goats) and the last chapter (on flock health) are the only
two chapters in which sheep and goats are discussed com-
pletely separately. Because of specific concerns in restraint
and examination as part of a health care program, I felt it
was better to discuss the two species separately in these
two chapters. Dr. Cindy Wolf, an excellent clinician, aca-
demician, and sheep producer, wrote much of the sheep
sections of those two chapters. My good friend and col-
league, Dr. Seyedmehdi Mobini, wrote the bulk of the
goat sections of the last chapter, and Drs. Barbara C.
Diftay and David McKenzie wrote most of the physical
examination and handling information on goats for the
first chapter. Dr. Diffay has spearheaded goat 4-H proj-
ects in Alabama and is the veterinary advisor to the
Alabama Meat Goat Association. Dr. McKenzie is a very
fine clinician at Tuskegee University.

In portions of Chapter 2 (Feeding and Nutrition) and
Chapter 6 (Theriogenology of Sheep and Goats), sheep
and goats are discussed separately, but only in situations
where the topic material does not apply to both.
Throughout the remaining chapters and appendices,
sheep and goats are discussed together.

Three appendices are included in the book to provide
quick reference information for the reader. Appendix I
provides drug dosage information, Appendix II helps the
reader administer fluid therapy, and Appendix III lists
normal clinical diagnostic values.

Chapter 2 includes information on ways to formulate
and implement a total parenteral nutrition program, three
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methods for balancing a ration using a hand-held calcula-
tor, and ways to balance the mineral component of the
diet.

Drs. Christopher and Margaret Cebra took on the
arduous task of writing the catch-all chapter (Chapter
14—Diseases of the Hematologic, Immunologic, and
Lymphatic Systems [Multisystem Diseases]). It covers
some of the same diseases discussed elsewhere, albeit
from a systemic viewpoint. The two chapters by Drs.
Cebra and Cebra and the chapters by Drs. Waldridge and
Colitz (Diseases of the Ophthalmologic System) and Dr.
Belknap (Diseases of the Respiratory System) were
written solely by those authors. I served as editor and
layout designer only. All these folks did an outstanding
job.

The rest of the book chapters have my “fingerprints”
all over them. I was fearful that the book might too
closely reflect my personal ideas and experiences as a
sheep and goat producer and veterinarian. However, 1
truly believe that the co-authors have balanced out the
text with their collective expertise. In the final months of
preparation the original author of Chapter 11 (Diseases
of the Neurologic System) had to step down due to other
commitments. With less than 2 months before the book
was due to the publisher, Dr. Margo R. Machen took on
the task of coordinating and writing much of the chapter.
I cannot thank her enough for the outstanding job she
did putting this chapter together with little notice.

I wish to thank all of the contributing authors who put
up with my constant hounding to complete their portions
of the book; none complained and all worked very hard! I
want to give special thanks to Drs. Navarre, Heath,

Ruffin, and Belknap (as well as Dr. Bob Carson, therioge-
nologist extraordinaire), who were my constant sounding
boards throughout the book’s writing and editing. In ad-
dition, Dr. Gatz Riddell helped in the review of Chapter
13 (Diseases of the Mammary Gland) and Dr. Chris
Johnson helped review Chapter 9 (Diseases of the Mus-
culoskeletal System). All of these colleagues gave me
valuable insight and criticism that greatly improved the
final version of the book.

Special thanks go to those who helped me with orga-
nizing, typing, and laying out the book: Debbie Burelle at
Auburn University’s College of Veterinary Medicine and
my dear wife, Jayne Pugh. These ladies deserve the best
“thank you” I can offer because they worked tirelessly on
this endeavor. The staff at the Learning Resource Center
at Auburn University helped with pictures and drawings.

Last but by no means least important, I want to thank
my teachers in veterinary and graduate school that have
had a profound influence on my life and career. They
include Drs. Dilmus Blackmon, John McCormack, and
the late Tom McDaniel, all of whom taught me in veteri-
nary school at the University of Georgia, as well as Dr.
Ronnie Elmore, who directed me as a resident at Texas
A & M University. Also, I want to thank Dr. LaRue
Johnson, from whom I learn something new every time
we talk. These gentlemen are my mentors in veterinary
medicine and over time and space have greatly influenced
the writing and editing of this book more than they will
ever know.

D.G. Pugh



H andlingland Examination

of Sheep and Goats

BARRBARAICI/DIFFAY,/DAVID McKENZIE, CINDY WOLF, AND D.G. PUGH

PHYSICAL EXAMINATION
OF SHEEP

The clinician should note the signa/ment of the sheep at
the start of the examination. Signalment is a significant
part of the examination process because certain differen-
tial diagnoses are more common in sheep of a particular
age, breed, pregnancy status or stage, or sex. Although
this statement may seem obvious, it bears repeating—
consideration of the signalment often provides the practi-
tioner with information useful in prioritizing the list of
differential diagnoses.

Specific body systems may require further clinical
scrutiny after the initial examination. This is especially
important if the system in question was difficult to assess
during the first examination. For example, a 5-month-
old, crossbred wether that weighs 110 pounds and is on
ad lib feed (95% concentrate) in a feedlot presents with
the complaint of being off feed. Obstruction of the
urethra caused by urolithiasis is a high-ranking differen-
tial diagnosis, but the diagnosis may be missed if no uri-
nation or straining is noted on the initial physical exami-
nation. Reexamination as clinical signs worsen may yield
the correct diagnosis at a later time.

The art of taking a useful history improves with
experience. The clinician should avoid asking leading
questions. Questions need to be thorough enough to
address all important points, but not so lengthy that they
inhibit the development of a good relationship with the
client. When taking an animal’s history, the clinician
needs to consider the client’s knowledge base. Clients
with more experience provide better observations. The
clinician should remember to ask for details regarding
the previous treatment history and responses to that
treatment.

The following elements are particularly important
parts of the animal’s history:

Purchase and source(s)

Transportation history

Stays off the premises (e.g., shows and fairs, breeding)

Feeding and watering history, including consistency

Water source

Management (grazing or confined)

Procedural history (vaccinations, castration, docking,
drenching)

Stage of pregnancy or lactation

Handling Before and During Examination

A good understanding of normal sheep behavior is useful
when working with this species. Taking advantage of
their desire to escape is a fundamental part of successful
handling. Sheep will readily follow one another; will
move away from things that frighten them; will move
better around slight corners or curves; will move away
from buildings; prefer to move uphill; prefer lighted areas
and resist dark barns, alleys, and chutes; and will respond
to well-trained herding dogs. Handling areas should be
well lighted and free of objects that may project shadows
into the animals’ visual path and should have solid sides.
For ease in catching an individual animal, the clinician
should first move the group into a small yard or enclo-
sure. The wool or hair should not be grabbed. A crook or
lariat is an acceptable catching device. Regardless of the
method of capture, excitement and stress should be
avoided. A sheep can be handled by various handling
points—for example, under the mandible, tail, and flank
(Figure 1-1). After it has been caught, a sheep can be “set
up” on its rump for examination, shearing, and foot trim-
ming (Figure 1-2). Dairy sheep and hand-reared, bottle-
fed lambs are more used to human contact than most
other sheep and as a rule are more curious about and less
wary of people.
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Figure 1-1 The handler is on the left side of the sheep with his left
hand under the jaw and his right hand holding the tail. It would be
acceptable for him to be kneeling with one knee (usually the right) on
the ground and the right hand holding the right rump.

Mismothering of lambs and ewes can readily occur if
they are disturbed, particularly during the first few weeks
of life. Handling of lambs and ewes should occur with a
minimum of stress, and it may be prudent to house the
pair together during treatment to maintain a strong

bond.

“Over the Fence” Examinations

The flocking instinct in sheep is very strong. Therefore
any individual animal that separates itself from the flock
should be suspect. Sheep are relatively undemonstrative
animals; a sick animal may show few signs apart from
isolation and possibly drooping ears and a decreased
flight response (Table 1-1). Any animal that lags behind
(even for a short distance) when the group is moved
rapidly should be examined. Abnormal respiratory signs
may be detected by moving animals rapidly for short
periods. In sheep with respiratory disease, both respira-
tory rate and effort increase as the animals are moved—
even at a fast walk. Sheep should be observed for evi-
dence of diarrhea or soiling of the breech area while on
pasture. Normal fecal pellets are free of blood and mucus.
Because sheep are either fed as a group or graze pasture,
their natural feeding behavior should be observed. Reluc-
tance to feed may result from disease, parasitism, or

Figure 1-2 There are many variations to sitting a sheep on its
rump. The left arm should be placed around the animal’s neck at the
level of the shoulder. The right hand reaches under the sheep,
grasping the right hindfoot and setting it on its rump.

dental disease, but inability to feed because of lack of
bunk space and bullying is not uncommon. Sheep usually
chew their cud more rapidly than cattle. Compared with
goats, sheep are not as particular about the cleanliness of
feeders and waterers. Signs of wool or hair abnormalities
should be noted. Loss of wool may indicate recent stress
from fever, external parasitism, insufficient dietary fiber,
or some neurologic diseases. The animals should be ob-
served for any signs of lameness. Feet and joint abnor-
malities are common in sheep flocks. Common nervous
signs in sheep include circling, head pressing, and appar-
ent blindness.

A diagnosis of pathology in an individual may alert the
clinician to a condition affecting other animals in the
flock subclinically. In cases in which no clinical diagnosis
can readily be made, the clinician should try to persuade
the owner to allow a full necropsy. This is of paramount
importance if a large number of animals are at risk.

A visual judgment of the body condition of sheep
cannot be made if they are carrying a heavy fleece. There-
fore the clinician should palpate the dorsal spinous and
transverse spinous processes of the first lumbar vertebra
as well as the loin musculature of several animals in the
flock to estimate body condition. Open ewes and ewes in
early pregnancy are often purposely kept in light condi-
tion. Nevertheless, emaciated sheep may be heavily para-
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SOME BEHAVIOR PATTERNS OF SHEEP AND GOATS

Handling and Examination of Sheep and Goats + 3

Behavior Pattern

ACTIVITY SHEEP

GOATS

Food preference
Food variety
Habitat selection
Antagonistic behavior Butt head on
Fighting Butt

Sexual behavior Less herding
Newborn young behavior

Alarm signal Snort and stamp one forefoot
Alarm Form a compact bunch
Hornless condition Fertile

Tail Hangs down

Beard Absent

Wattles Absent

Hears a low-flying plane
Stress (elevated blood cortisol)

to an unfamiliar environment

Grass and succulent herbage
Accept monotonous diet

Lowlands or hilly grasslands

Remain by mother (“lying in”)

Frightened and likely to run herd

Results from isolation or subjection

Browse (weeds, leaves, and twigs)

Need variety

Climb on rocks and elevations

Sideways hooking motion

Rear on hind legs

Herding of females

Freezing some distance from mothers
(“lying out”)

Frequent high pitch (“sneeze”

Form a thin line

Sterile (usually) in males

Stands up (erect)

Present in buck and in some females

May be present

Often stand and watch

More of a problem with young kids and
doelings

sitized or suffering from various diseases such as paratu-
berculosis, caseous lymphadenitis, and ovine progressive
pneumonia (OPP).

A very strong maternal relationship develops in sheep.
Most ewes vigorously reject any attempt by other lambs
to suckle, although some (even before lambing) will
“steal” lambs. In North America confined ewes are rou-
tinely “jugged” for as long as 48 hours to ensure maternal
bonding. A “jug” is a 4- or 5-square-foot pen in which
just-lambed ewes are placed to allow the bonding process
to occur. Nearly all lambs suckle within 2 hours of
birth. Lambs suckle very frequently—at least 60 to 70
times a day.

The clinician should walk or drive through the grazing
land to examine animals under undisturbed conditions.
Sheep do not graze or defecate randomly but select
campgrounds (generally under trees and near water) to
rest and ruminate. In very hot weather sheep tend to
graze more often in the early morning and evening.

External Examination

Examination for body condition score. Body condi-
tion scoring of sheep is an important management tool.
The scoring scheme depends on assessing fat and muscle
over and around the first lumbar vertebra. The traditional
system uses a six-point system, with a O representing
emaciation and a 5 representing extreme obesity. Target

body condition scores are crucial to flock productivity.
Ewes should have a body condition score of 2.5 to 3.5 at
breeding to achieve an optimal ovulation and lambing
rate. Ewes that are overly fat at breeding tend to be open
at pregnancy checking.

To assess the body condition score of a sheep, the cli-
nician must evaluate four areas of the lumbar region:

1. The prominence of the dorsal spinous process

2. The prominence of and degree of fat covering on
the transverse spinous process

3. The amount of muscle and fat under the transverse
spinous process—this is assessed based on the ease
with which the examiner’s fingers pass beneath the
transverse processes

4. The fullness of the loin eye muscle (longissimus
dorsi) and degree of fat covering between the
transverse and dorsal spinous process

Sheep must be confined to a pen or chute to allow
adequate palpation for body condition scoring (see

Figure 2-1).

Examination of Body Systems

While examining the animal, the clinician may observe a
number of problems. The following paragraphs list and
discuss some common abnormalities and their associated
etiologies.
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Wool and hair. Animals with excess wool should be ex-
amined for wool blindness. Wool-blind sheep or those
with wool hanging over their eyes have difficulty compet-
ing for feed in unconfined settings. Snow can freeze on
the surface of their wool, making the wool-blindness
more pronounced. Shearing the wool from around the
faces of ewes in the late fall helps ensure better body con-
dition after a harsh winter.

Woolloss. If the clinician observes wool loss, he or she
must then discern whether it is a generalized or local phe-
nomenon. Chewing of the wool generally implies a short-
age of roughage, particularly if many of the flock are
engaged in this activity. A “break” in the wool indicates a
weakness in the wool fiber at the actively growing site.
This occurs secondary to systemic disease or some
marked nutritional stress.

Skin disease. 'The clinician should look for evidence of
irritation from ectoparasites (e.g., lice, keds, mange mites,
fly strike), parting the wool for close inspection of the
skin. Specific sites are usually rubbed and scratched by
sheep with clinical scrapie. In endemic areas, the clini-
cians also should examine for evidence of screw-worms.
Myiasis (fly strike) most commonly affects the perineal
area, poll, breech, and preputial area.

Wool changes. If matted wool with exudation is noted
by the clinician, a diagnosis of mycotic dermatitis is likely.
If the wool is matted without exudation, the sheep prob-
ably have more than 1 year of wool growth or have been
chronically sick or underfed. With the onset of warm
weather and sweating, wool can become even more
matted. When numerous sheep are found to have a loss of
crimp and their wool takes on a steely appearance, a nu-
trient (copper) deficiency should be suspected. Fleece rot
results from prolonged wetness accompanied by bacterial
multiplication. Grass seed infestation may occur in
range- and browse-grazing sheep. Hairiness and/or ab-
normal wool pigmentation such as brown fibers over the
nape of the neck in wool sheep may indicate border
disease infection.

Hair and Skin in Hair Sheep Breeds

Normal shedding—Hair sheep (Barbados, Gulf Coast
Native) shed their winter coat in spring.

Pruritus—Mange, allergy, and scrapie are three
common causes of pruritus.

Hair loss—Ringworm, mange, and poor nutrition can
all result in loss of hair over the entire body or in
small, circumscribed areas.

Skin nodules—Abscesses, pustules, and demodectic
mange cause most skin nodules.

Dandruff—Dandruft and skin flecks are generally

nonspecific signs of illness or poor nutrition.

Crustiness—Crustiness, especially under the dew
claws, is a common result of chorioptic mange.

Sunburn—Animals with white, thin skin can become
sunburned, especially on their udders.

Photosensitization causes head shaking, restlessness,
itching, swelling, peeling of white or unprotected por-
tions of the skin, and sloughing of the tips of the ears.
The ears of older sheep may show damage from torn-out
ear tags or predators. Frostbite often affects the extremi-
ties, including the ears, limbs, and tail. Skin damage from
freezing appears as swelling followed by the loss of the
tips of ears, tails, and even distal portions of the limbs.

Examination of the Head

Head injuries from fighting are not uncommon in rams,
and these injuries are prone to secondary infections and
myiasis. Injuries caused by fighting are most frequently
seen during the breeding season, before the rams are put
with the ewes, and when new rams are first added to a
ram group. Rams do not appear to be able to recognize
one another immediately after shearing. Separating rams
for 24 hours after shearing may help prevent fight-
associated injuries. Horn growth can impinge on or grow
into the skull or eye; horns should therefore be trimmed
when necessary.

The clinician should always look for any signs of
dyssymmetry during examination. Nervous dysfunction
such as a lip droop, an eyelid droop, or a tongue deviation
often results from trauma or listeriosis. Any facial swelling
should be evaluated for abscesses secondary to puncture
wounds, abscessed lymph nodes (Corynebacterium pseudo-
tuberculosis ), trauma, hematomas, or seromas.

The eyes should be examined for watery discharge and
conjunctival inflammation. These conditions may be ap-
parent from a distance as blepharospasm and wet cheeks.
The presence of keratoconjunctivitis suggests a conta-
gious condition, especially if the pathology is bilateral and
numerous animals in the group are affected. The animal
should be examined for signs of anemia (nematode infec-
tions), jaundice (copper toxicity), and congestion (fever,
septicemia, toxemia). Certain breeds (e.g., Hampshire)
normally have black pigment in some of the mucous
membranes, requiring the clinician to use other mucous
membranes for examination (sclera, inside the mouth,
inside the vulva, inside the prepuce). Entropion, or in-
verted lower eyelid, is a common heritable defect seen in
young lambs. It is often present at birth but not detected
until the affected lamb is 1 or more days old. Animals
with entropion are usually brought to the clinician’s at-
tention because of corneal inflammation. The clinician
should examine the sheep’s lips and gums for vesicles and
scabs. The presence of vesicles is suggestive of contagious
ecthyma (sore mouth). Similar lesions also may be found
on the muzzle, around the eyes, near the coronary band,
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on the prepuce, around recently docked tails, and at the
base of the udder and teats.

Teeth. If any incisors are missing, as is common in aged
ewes, the descriptive term is broken mouth. This pathology
can result in poor body condition in grazing animals, al-
though lost incisors are less of a problem in sheep being
fed harvested feedstuffs. Mottling and pitting of enamel
may indicate fluorosis. Grinding of the teeth may indicate
abdominal pain or nervous disease. The bottom incisors
should meet the upper pad of the mandible. If the molar
teeth are missing, overgrown, or not apposed, the clini-
cian may note poor body condition, draining or fistulous
tracks from the mandible, or bony enlargement over the
affected tooth (Figure 1-3).

Teeth wear varies greatly with diet and soil types.
Older sheep develop periodontal disease and are prone to
tooth loss. Molar or cheek teeth are most important to
the welfare of the sheep; they can be examined by careful
palpation of the cheeks or by using a mouth speculum
and a light source. However, molar examination may be
difficult because sheep are unable to open their mouths
very wide and usually resist this type of examination.
Replacement breeding stock (ewe and ram lambs) should
be evaluated for overshot or undershot jaws. Mild cases
will not affect the ability to grow and maintain body
condition, but these animals should not be used for
breeding. Excessive salivation (ptyalism) may indicate
local irritation caused by glossitis from a foreign body or
trauma; the gingival lesions of contagious ecthyma also
may produce excessive salivation. An inability to swallow
because of a neurologic disorder (e.g., tetanus, rabies) is
another cause of ptyalism. Nasal bot migration may
result in sneezing and serous nasal discharge. A cyanotic
tongue is strongly suggestive of bluetongue especially if it
occurs in regions of the country where the disease is
prevalent.

Body Systems

Digestive system. The clinician should palpate the
pharynx for injuries, particularly those that may result
from improper use of drenching equipment. Bloat often
occurs in sheep, especially those with diets high in
legumes (alfalfa). Anesthetized sheep should be evaluated
throughout anesthesia for the development of bloat,
which may impinge on their ability to breathe. Usually, if
a handful of skin can be grabbed in the left paralumbar
fossa, the sheep is not bloated sufficiently to affect respi-
ration. If the skin cannot be grabbed, the bloat should
promptly be relieved to prevent respiratory arrest. Normal
rumen contractions for sheep occur at the rate of one or
two per minute. Percussion of the abdomen is rarely as
useful in sheep as in cattle because sheep do not usually
develop the gas-filled viscus (displaced abomasum) that is
commonly noted in dairy cattle.
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The clinician should carefully palpate the abdomens
of young lambs for pain and swelling, particularly in the
umbilical area (omphalophlebitis). The perineal area
should be examined for evidence of active diarrhea. The
nature of the diarrhea can be helpful in generating a list
of differential diagnoses. The presence of blood may
suggest coccidiosis in lambs older than 4 weeks of age. A
foul odor suggests salmonellosis in sheep of any age. Di-
arrhea caused by cryptosporidiosis is often grayish-
yellow, may contain blood, and usually occurs in 2- to 4-
week-old lambs. Rectal prolapse is not uncommon in
fattening lambs, especially those whose tails were docked
excessively short. Normal rectal temperature in sheep is
101.8 to 103.5 degrees Fahrenheit (° F), but it may tran-
siently exceed 104° F during periods of excitement

(Table 1-2).

Respiratory system. A clear, bilateral, watery nasal
discharge is relatively common in sheep; it generally
occurs during times when sheep are housed in poorly
ventilated buildings. This serous nasal discharge is most
frequently seen in areas where the temperature fluctuates
considerably during the day. Discharge from just one
nostril is less common but can occur with Oestrus ovis
(nasal bot) infections, tumors, or foreign bodies. Sheep
with nasal bot infections sneeze and have an intermit-
tent, clear serous nasal discharge. Bilateral purulent nasal
discharge may indicate upper or lower respiratory tract
infection. Bilateral bloody nasal discharge is seen with
some infectious conditions (e.g., anthrax) or after the in-
gestion of root crops that have undergone freezing and
thawing before consumption. Sheep that have pneumo-
nia cough intermittently, have an elevated respiratory rate
(above 20 breaths per minute), and may show increased
respiratory effort. Pneumonia is more common in young
and very old animals. The normal respiratory rate for a

healthy unexcited sheep is 12 to 20 breaths per minute
(see Table 1-2).

Cardiovascular system. Damp wool can make auscul-
tation difficult. Therefore the clinician should attempt
the heart examination in a quiet area with the use of a
good quality stethoscope. The normal heart rate for a
healthy unexcited sheep is 70 to 80 beats per minute. The
pulse can best be evaluated by palpating the femoral
artery on the medial aspect of the rear leg (see Table 1-2).

Urinary system. Urine samples can usually be obtained
from ewes by briefly occluding their nostrils. The urethral
process of a male can be examined after the ram lamb
reaches puberty and the preputial adhesions have de-
tached. Placing the ram in a sitting position and manually
reflecting the prepuce caudally allows exteriorization of
the penis. A gauze placed around the penile shaft makes
grasping and examination easier. Uroliths can occasion-
ally be palpated and/or seen in the urethral process.
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Figure 1-3 The dentition of sheep. A, Dentition at 6 months to 1 year. B, Dentition at 1to 1.5 years.
C, Dentition of a 2-year-old. D, Dentition of a 3-year-old. E, Dentition of a 4-year-old. F, Dentition of an aged
or a broken-mouthed ewe.
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SOME PHYSIOLOGIC PARAMETERS OF SHEEP AND GOATS

PARAMETER
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SHEEP GOATS

Rectal temperatures (vary according to
ambient temperatures and fleece or
hair coat)

Ruminations

102° F (with a range of 101.5°
to 104° F)

2 per minute
Pulse 70 to 80 beats per minute

102° to 104° F

1 to 2 per minute
70 to 90 beats per minute

Respiration 12 to 20 breaths per minute 15 to 30 breaths per minute
Puberty 5 to 12 months 4 to 12 months
Estrus 36 hours 12 to 24 hours
Estrus cycle 16 to 17 days 18 to 23 days
Gestation 147 days 150 days
Average birth weight Breed dependent Breed dependent
Single 8 to 13 pounds
Twins 7 to 10 pounds
Fleece weight 7 to 15 pounds

Passing a catheter in male sheep is difficult because of the
presence of the urethral diverticulum where the urethra
crosses the caudal border of the pelvic floor. Dribbling of
urine, abdominal straining, or urethral pulsing noted on
digital palpation of the rectum all indicate urethral ob-
struction. As urolithiasis progresses, abdominal disten-
sion develops. Enlarged urinary bladders can be visual-
ized by ultrasonographic examination, and urine may be
drained by cystocentesis. If the urethra remains ob-
structed, the urethra and bladder will usually rupture.
Scabs or ulceration on the prepuce may indicate ulcera-
tive posthitis. This condition is most commonly found in
wethers being fed high concentrations of protein.

Genital system. The scrotum should be examined by
palpating its contents and noting its external appearance.
The skin and wool or hair covering should be intact and
uniform. A ram’s scrotum can have chorioptic mange in-
festations, localized injuries, frostbite, and hernias. Close
examination helps detect these abnormalities. The testes
and epididymes must be palpated carefully for abnormal-
ities of shape (epididymitis), size (orchitis, hypoplasia),
freedom of movement in the scrotum (adhesions, sper-
matocele or varicocele, abscesses), and turgidity (poor tes-
ticular tone is usually associated with suboptimal sperm
production). The phrase that “big is beautiful, mobility
meaningful, resilience respectable, softness suspicious” is
helpful to remember when evaluating rams for breeding
soundness. Rams selected for breeding should always
have symmetric scrotal contents and meet the breed and
age criteria for scrotal circumference measurements (see
Chapter 6). The urethral process is normally visible at the
end of the penis. This structure may be absent in some

rams—presumably because of a previous subclinical
episode of urolithiasis or trauma. The urethral process
may slough secondary to urolithiasis. Vaginal prolapse is
seen in ewes in the last 2 weeks of pregnancy. If the pro-
lapse is not replaced within approximately 12 hours, it
may enlarge to contain the bladder, the cervix may be
traumatized, and the mucus plug may be disrupted. All
ewes with a vaginal prolapse should be carefully moni-
tored for anorexia, depression, and ascending uterine in-
fection. Such infections are usually fatal for the fetus and
can result in toxemia and death of the ewe. Uterine dis-
charge or lochia is normally seen after lambing for up to 3
weeks. Normal lochia should be reddish-brown in color
and nonodorous. Any other discharge from the vagina
warrants further evaluation and may indicate an abortion.
Ewes that have recently aborted should be considered in-
fectious to other animals and should be examined and
quarantined.

Sheep are seasonal breeders. In the Midwest, breeding
season begins in late summer and continues throughout
the fall, with lambing in late winter and spring. The
breeding season and lambing period in other locales is
based on season and demand for sales and markets.

Mammary glands. If a lamb is starving or a ewe resists
suckling by her own lamb, the clinician should carefully
examine the udder for bilateral symmetry and abnor-
malities of color, pliability, temperature, turgidity, and
volume of milk produced. Both teats should be evalu-
ated for patency and milk flow. A physiologic prepartal
udder edema occurs in some sheep. A diffusely hard or
firm udder in the first few days after lambing may indi-
cate OPP. Affected glands secrete scant quantities of



8 + JSheep and Goat Medicine

normal-appearing milk. No signs of inflammation are
present in most cases of OPP, and both glands are equally
affected. The udder should be carefully palpated for evi-
dence of acute or chronic bacterial mastitis lesions. Mas-
titis generally affects only one gland. Abscesses com-
monly form as a result of chronic mastitis. A California
Mastitis Test (CMT) is useful for diagnosing the condi-
tion. The first sign of acute bacterial mastitis may be an
abduction of the rear leg in order to minimize contact
with the inflamed gland. This is often perceived as lame-
ness. Contagious ecythma, udder impetigo, and bites or
abrasions from suckling can cause external lesions at the
base of the udder or on the teats. Lamb-induced injuries
often occur on the medial aspect of the teat, and generally
at the base of the udder.

Locomotor system. The stance and gait should be
carefully observed. Sheep should be forced to walk away
from the examiner. Observation from the side greatly aids
in diagnosis. Lameness is best determined with the
animal at a walk rather than a run. Difficulty in walking
or lameness in young lambs can result from septic arthri-
tis or white muscle disease, among other causes. Arthritis
can be a problem in older rams and has a variety of
causes. Carpal swellings are commonly seen in older
animals; however, some thickening of the skin over the
carpi (hygromas) can occur naturally when sheep are
housed on hard surfaces. Enlargement of the epiphyseal
areas is seen in lambs with rickets and those that have de-
veloped calluses from healing rib fractures.

Sheep with footrot commonly graze on their knees.
Feet should be examined, pared, and smelled during the
routine examination. Virulent footrot produces a charac-
teristic foul odor. Initially the examiner observes an inter-
digital dermatitis, followed by necrosis and underrunning
of horn. The footrot lesions start at the abaxial part of the
heel and move proximally toward the toe. The entire sole
may be underrun and sloughed if the virulent strain of
Dichelobacter nodosus is present or if affected sheep do not
receive timely treatment. In most cases of footrot, more
than one foot is affected; the condition more commonly
affects the front feet. Secondary myiasis is a common
finding during fly season in some parts of North
America.

Acute pain and swelling often accompany foot ab-
scesses. Over time, suppuration occurs, often on the
lateral aspect of the coronary band of the affected claw.
Foot abscesses usually affect only one foot. Abscess of the
foot is a sporadic condition, whereas footrot occurs in
outbreaks.

Nervous system. To begin an evaluation of the nervous
system, the clinician should observe the sheep carefully
from a distance. Behavioral abnormalities may be associ-
ated with either primary nervous system disease or a
metabolic condition. For example, ewes with pregnancy

toxemia exhibit ataxia and blindness. Sheep observed in
sternal recumbency with the head deviated toward the
flank may be hypocalcemic, severely anemic, or pro-
foundly dehydrated and acidotic (secondary to rumen
acidosis), or may suffer from meningitis. When sheep
circle to one side, the practitioner must consider listerio-
sis, brain abscesses, and parasitic lesions. Sheep with grass
tetany (hypomagnesemia) generally stagger. Hypomag-
nesemic animals are often grazing rich, fast-growing
forage. Ataxia in lambs may be caused by copper defi-
ciency, spinal abscesses resulting from an ascending tail
docking infection, nematode larval migration (Para-
lephastrongyles tenuis), or trauma.

Tetanus is common on some farms. Affected sheep
initially demonstrate a localized stiffness such as a semi-
erect tail, erect ears, and prolapsed third eyelids. As the
disease progresses, the animal’s entire body becomes stiff
and goes into tetanic spasms secondary to external stimu-
lation. Affected animals also develop opisthotonos. Sheep
usually have the paralytic form of rabies rather than the
furious form. Pseudorabies also occurs in animals in
direct contact with infected swine. Sheep that are clini-
cally affected with scrapie may have an abnormal gait.
Scrapie-infected sheep may bunny hop, be hypermetric
on the rear legs, or have proprioceptive deficits of the
forelimbs. They are generally weak. They also may be
emaciated yet interested in eating, have wool rubbed off
of their hindquarters and flanks, and may even have areas
of skin excoriation. Ewes in late pregnancy that have clin-
ical scrapie are often misdiagnosed as having pregnancy
toxemia, and vice versa.

Lymphatic system. The superficial lymph nodes of
sheep are hidden beneath their wool and fiber. The clini-
cian should palpate them to assess for size and consis-
tency. Lymph nodes that are infected with Corynebac-
terium pseudotuberculosis enlarge and rupture. They drain a
thick yellowish-green, nonodorous purulent fluid. Exter-
nal lymph nodes that should be palpated during a routine
examination include the mandibular, parotid, retro-
pharyngeal, prescapular, prefemoral, supramammary, and
popliteal lymph nodes. The internal lymph nodes can
only be evaluated by ultrasound and radiographic exami-
nation or necropsy examination.

Examination of the Environment

The clinician should evaluate the environment for its
fitness for the particular group of sheep. Questions to
consider include: Does the environment contain an ap-
propriate diet and water source? Does it provide suitable
shelter? Do the sheep have enough space to meet their
needs? The practitioner must be familiar with the needs
of the particular production group to answer these ques-
tions correctly. Objective data such as a forage analysis
may be required to address the group’s needs.



Chapter 1

Examination of the Ration

Many producers describe the diet of their sheep in terms of
buckets of grain and bales of hay fed per day. Practitioners
should work to help clients discuss the sheep diets as follows:

* Production group being fed such diet

* Number of sheep in that group

+ Average body condition score and body weight

* Pounds of grain fed per day

+ Feed analysis of that grain

+ Pounds of hay (or other roughage source such as
haylage or silage) given and consumed each day

+ Forage analysis of the hay

* Awailability, form, and analysis of trace mineral salt

The water source and its cleanliness and delivery
system also are important features of the diet. The
amount of roughage fed compared with the amount con-
sumed is not the same because of wastage, which varies
depending on the quality and feed delivery system.
Placing feed on the ground or in some styles of round
bale feeders generally results in more wastage than
teeding in sheep-proof bunks and collapsing bale feeders.

Necropsy Findings

Wherever possible, the practitioner should perform
necropsy on recently dead sheep. The gross necropsy find-
ings of a thin adult sheep with no well-described signs is
frequently sufficient to make a diagnosis regarding the
cause of weight loss. If no gross lesions are evident, major
tissues (fresh and fixed) should be submitted to a diagnostic
laboratory for further investigation. The practitioner can
improve the chance for a diagnosis by providing a thorough
case history and requesting specific tests where indicated.
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RESTRAINT AND HANDLING
OF GOATS

Safety and Health Considerations

According to the United States Department of Agricul-
ture, agriculture ranks as one of the three most hazardous
industries in the United States along with mining and
construction. The safety and welfare of animals and per-
sonnel must be considered when planning working facili-
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ties. Poorly designed and maintained facilities contribute
to inefficiency and can lead to livestock and human in-
juries and loss of time and money. When performing vet-
erinary procedures, the clinician must recognize the po-
tential for zoonoses. An assessment of the herd’s health
status through histories and physical examinations guards
clinicians, technicians, and farm personnel and families
against zoonotic infections.

Stress and trauma to the livestock are to be avoided.
Producers who are able to have frequent, nonthreatening
interactions with their goats will reduce the herd’s appre-

hension of being handled.

Physical Restraint

When planning procedures that require physical restraint
of goats, practitioners should consider the layout and sur-
roundings of the working facility, the physical condition
and temperament of the animals, and human and animal
safety. One person can easily restrain and carry out
certain procedures on goats that have been frequently
handled in a quiet, nonaggressive manner. However, for
efficiency and safety, when goats have had only occasional
human contact, animal restraint and procedures should
be performed with an assistant. If a goat has been mis-
handled, it will be wary of future attempts to confine and
constrain it. Patience and an easygoing manner of treat-
ment hold rewards for the clinician.

Restraint for Physical Examination

To catch and lead a goat, it is acceptable to use the horns,
beard, collar, or halter (Figure 1-4). The techniques of

Figure 1-4 Goats can be restrained by their horns, if the handler
grasps near the skin and keeps the rear of the animal under control.
If the handler does not control the animal’s rear and the goat flips
around, it may injure its neck. Grasping the horn near the tip may
result in breaking the horn and possibly fracturing the skull.
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looping an arm around the goat’s neck or grabbing its
gastrocnemius tendon can be used to catch and hold a
goat (Figure 1-5). A goat being held by a hind limb may
possibly dislocate a hip joint in an attempt to jerk itself
free. Goats find restraint by their ears painful and owners
consider it abusive.

The use of an assistant or restraining devices facilitates
physical examinations, vaccinations, blood collections, ar-
tificial insemination, hoof trimming, and other proce-
dures. Equipment such as stanchions, tilt tables, squeeze
chutes, cages, and raceways can be used. Some procedures
can be completed while an assistant steadies the goat
against a wall or fence by firmly holding a leg against the
goat’s flank or thorax behind its elbow. A handler can
gently flip, place, and then hold a goat in lateral recum-
bency by placing a knee on the goat’s neck. Another
useful strategy is to have the handler straddle the goat,
then back it into a corner and firmly press his or her knees
against the goat’s shoulders or neck. Kids weighing up to
30 pounds that are used to being handled can be placed
with their legs folded under them on the lap of an assis-
tant while the clinician examines the head of the kid.

Restraint of the Head

While straddling the goat’s withers or neck, the clinician
can control the animal’s head by gripping its cheeks, beard,
or horns. One method for head restraint is to place one
hand on each cheek and wrap the fingers under the
mandible, being careful to avoid pressure on the trachea.
Alternatively, the clinician can hold the beard with one
hand and wrap the other arm around the goat’s neck. A
third method involves gripping the horns. The ability to
control a horned goat’s head depends on the temperament
of the goat as well as the skill and strength of the handler.

In this case the handler uses his left hand to hold the

Figure 1-5
jaw—throat latch area and his right hand to hold the tail. If the goat
tries to free itself, the handler can move the left hand onto the jaw
and pull the animal closer to help control it.

After the head is stabilized, the goat’s ears, eyes, nose,
and mouth can be inspected. For an oral examination, the
use of a speculum is recommended to ensure a clear view
of the oral cavity and prevent the goat from biting instru-
ments or the clinician’s fingers.

Restraint for Administration of Medications

The administration of oral and injectable medications
and the collection of blood samples are best accomplished
by positioning the goat as described previously for physi-
cal examination and head restraint.

Oral drugs. When drenching, dispensing boluses, or
passing an orogastric tube, the clinician should hold
the goat’s head in a straight, natural position with the
mandible parallel to the ground. The dose syringe is
inserted well into the cheek pouch via the commissure
of the lips. The goat must be given time to swallow
as the fluid is slowly dispensed. Tilting the head upward
can lead to aspiration pneumonia. To safely and prop-
erly place a bolus, the clinician moves the balling gun
over the base of the tongue, but not into the pharynx.
After administering the tablet, the clinician maintains
the position of the head and holds the goat’s mouth
closed until the goat swallows. This prevents the animal
from spitting out the medication. Using a speculum,
the clinician can pass a 1.2- to 1.5-cm diameter stomach
tube through the mouth of an adult goat. An 8 French
red rubber urethral catheter with an attached 60-cc
catheter-tip syringe can be used as an orogastric tube
to feed or provide oral medications to very young and

weak kids.

Injectable drugs. The veterinarian should ask the
owner the purpose for which he raises the goats (e.g.,
leather, meat, breeding, exhibition, pet). Reactions to vac-
cines and antibiotics can cause lesions in commercially
valuable skin and muscle and cosmetic flaws in hobby,
pet, and show goats. Meat producers prefer that injec-
tions be placed in the neck, a meat cut of low value.
Breeders prefer the axilla, where a nodular mass of scar
tissue is not visible and cannot be readily mistaken for
caseous lymphadenitis.

INTRAMUSCULAR INJECTIONS: Intramuscular injec-
tions are commonly given in the area of the neck enclosed
by the cervical vertebrae ventrally, nuchal ligament dor-
sally, and shoulder caudally. Other muscles used for injec-
tions include the longissimus in the lumbar region as well
as the gluteals, semitendinosus, semimembranous, and
triceps (Figure 1-6). The clinician must pay special atten-
tion to the location of the sciatic nerve in the thighs
because irritating drugs can cause permanent damage.
Additionally, the small muscle masses in young goats
limit the volume of the injectable substance.
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SUBCUTANEOUS INJECTIONS: ~ Subcutaneous injections
can be given in the axilla or on the chest wall (Figure 1-7).
The triangular area of the neck described previously also
is used. However, shot reactions near the prescapular
lymph node may be erroneously diagnosed as caseous
lymphadenitis.

ADDITIONAL INJECTION ROUTES:  The jugular vein is
often used to administer intravenous drugs and collect
blood samples. It is advisable to use a 4-cm, 20-gauge
needle for venipuncture. Intradermal injections call for
1.8-cm, 25-gauge tuberculin needles. Intraperitoneal in-
jections, primarily used in neonates, are given with 1-inch,
18- or 20-gauge needles inserted no deeper than 1.8 cm.
While the kid is held hanging by its front legs, the clini-
cian inserts the needle perpendicular to the skin about 1
cm to the left of the navel.

Figure1-6  Aninjection is being made into the
semimembranosus/semitendinosus area. Injections in this area can
resultin lameness from local muscle irritation or nerve damage.
However, this is a good intramuscular injection site in animals not
being raised for meat if a large volume of medication is required.
Other preferred sites, particularly for small dose volumes, are
indicated by the arrows.

Figure 1-7 Administering a subcutaneous injection in the chest
region of a goat.
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Before giving intramammary infusions, the clinician
should clean and swab the teat with alcohol. Single-use
teat cannulae are used for each teat and inserted just deep
enough to gain entry into the teat cistern. In does with
small teat orifices, sterile tomcat catheters can be used to
infuse medications.

Restraint for Hoof Trimming

With the goat standing, the clinician flexes the pastern
and raises the foot and limb until the sole faces upward.
The clinician can then work facing the head or tail of the
goat while positioned at the animal’s side (Figure 1-8).
An assistant can hold the goat, place the goat in a stan-
chion, or halter tie the goat while the clinician trims the
hooves. In caring for fractious animals, sitting them on
their rump (as is done with sheep) may be useful.

Facilities
An important goal of well-planned working facilities is to

gather, restrain, and handle animals with minimal stress
and prevent injuries to animals and personnel.

Fencing. Fencing is used to confine stock, separate
animals into management subgroups, exclude predators,
and protect ornamental and commercial crops from con-
sumption by goats. The selection of appropriate fencing
material is dictated by purpose, size, and cost. When
planning permanent enclosures, owners may want to
consult fence contractors and suppliers of commercial
handling equipment, as well as other goat keepers who
may have proven ideas for consideration. Smooth-wire,
high-tensile, multiple-strand electric fencing deters goats
and predators alike and is easily maintained. However, if

o

Figure 1-8 Goats can be restrained in a variety of ways for hoof
trimming. In this case the handler is restraining the goat by pressing
his left and right legs and knees into the goat's side while pressing the
left arm and elbow into the goat's shoulders and neck. The left hand is
holding the foot and the right hand is doing the trimming.
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the power source fails, goats may find freedom by step-
ping through the wire strands.

Goats can damage field fencing by standing on their
hindlimbs and leaning their front feet against the fence.
A single strand of electric wire placed near the top and
bottom of a woven wire fence discourages goats from
leaning on the fence and may prevent predators from
crawling underneath. Horned goats, particularly those
with backward-pointing horns, are likely to get caught
when withdrawing their heads from the 6-inch wide by
5-inch high spaces in the fencing. This renders the goat
indefensible against being butted by herd mates or at-
tacked by predators. A possible fatal outcome is strangu-
lation of the entrapped goat. Similarly, a goat can catch its
foot in the open spaces of a chain-link fence and fracture
a leg in its struggle to free itself.

Although welded-wire panels can withstand the pres-
sure of goats, they can entrap horned goats if the panel
openings are the standard size of 8 inches wide by 6 inches
high. Furthermore, kids weighing less than 15 pounds can
step through these spaces to escape confinement. Welded-
wire panels with openings smaller than 8 inches wide by 4
inches high can eliminate these concerns.

Housing. Housing facilities provide shelter for live-
stock; storage for feed, equipment, and supplies; and a
work area for routine animal care procedures. Shelter that
provides warmth, shade, and protection from wind, pre-
cipitation, and predators establishes an environment of
comfort and calmness in the herd. Unlike cattle, goats will
interrupt their grazing to seek cover from rain. The shelter
should promote the productivity and well-being of goats.

Heating and cooling, ventilation, flooring, and water
supply should be considered under the guidance of a
person knowledgeable and experienced in farm building
construction. Additionally, space should be planned for
loafing areas, feed and water troughs, kidding stalls, and
shelter for disabled goats and animal groupings specific to
the facility (e.g., young does and bucks, recently shorn
goats, research study groups). Feed and equipment
storage areas must be designed to eliminate the potential
for consumption of excessive amounts of grain and inges-
tion of stored chemicals.

Floor space alone does not determine adequate living
space for animals. Enclosure shape, floor type, ceiling
height, the location and dimensions of feeders and water-
ers, and other physical and social elements affect the use-
fulness of the space. Mature does require an average of 16
square feet of stall space, excluding troughs. A buck may
need as much as 30 square feet, whereas a kid needs ap-
proximately 10 square feet. Shelters in outside pens or
pastures should allow 5.5 square feet per goat. Fence
heights vary between 4 to 5 feet for does and 5 to 6 feet
for bucks in rut.

A clean, dry, draft-free, well-bedded stall or pen is
ideal for kidding and bonding of the dam with her off-

spring. Housing for does at parturition enables the goat
keeper to manage difficulties experienced by the doe or
her kids in a timely manner. Limiting the doe to a stall
gives her a quiet, undisturbed environment for bonding, a
crucial event that calls for a minimum of 5 minutes.

In large herds, it may be impractical to provide indi-
vidual stalls for preparturient does. In such cases, does
may be group-penned 2 to 4 weeks before parturition,
giving the owner ample opportunity to monitor for po-
tential problems. Neonates are highly susceptible to
hypothermia in cold or wet weather; therefore owners
should take precautions against their does delivering in

the field.

Feed and water. Good feed and water hygienics should
be practiced to promote healthy goats and reduce wastage
of feed. In contrast to tales of tin can—eating goats, goats
will decline wet or moldy feed and dirty water. Feedstuffs
should be provided in well-designed troughs that mini-
mize contamination with feces, urine, and dirt deposited
by hooves.

A 15-inch-long feed trough space can accommodate
one adult goat. Kids, when penned or pastured with
mature goats, should have free access to a creep feeder, ef-
fectively eliminating competition with adult animals.
Bunk space in the creep area should be 10 inches per kid.
Despite ample trough space and the use of creep feeders,
goats low in the herd hierarchy may not be allowed access
to feed. To alleviate the effect of dominance, multiple
teeders may be used, or distressed goats can be isolated
and fed individually. Alternatively, goats simultaneously
restrained and fed in individual stanchions or keyhole
mangers will be unable to dominate or be dominated by
herd mates.

The volume of water consumed by livestock is influ-
enced by the water content of feed sources, environmen-
tal temperature, and water quality. To encourage con-
sumption, the keeper should offer clean water ad lib.
Typical water troughs or self-waterers can be used. In
cold climates the use of water heaters improves intake.
Adequate drainage should be provided under watering
devices.

Avoiding drug residues in meat and milk. Veterinari-
ans and goat producers working as a team can ensure that
only wholesome meat and milk products enter the human
food chain. Extra-label drug use and chemical contami-
nation of feed and pasture give rise to drug residues in
products for human consumption. Veterinarians should
advise their clients on the ethical and legal limitations of
not following all labeled guidelines for drugs used in
tood-producing animals.

Particular effort should be made to educate livestock
producers who administer pharmaceuticals without an es-
tablished veterinary-client-patient relationship (VCPR).

Conscientious record keeping is essential in residue avoid-
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ance. Records should include animal identification
numbers; drug names; dates, amounts, and routes of admin-
istration; withdrawal times; and contact information for the
person who administers treatment. Awareness of potential
risk factors for disease and conscientious management prac-
tices on the part of the keeper lead to reduced disease inci-
dence and the subsequent need for drug use. In these ways
an individual owner can ensure that his or her goats are
wholesome and safe to enter the human food chain.

Biosecurity

Sick or injured animals. Goat keepers should provide
an area separate from the herd where disabled animals
can be housed while receiving veterinary and nursing
care. The potential is great for disease transmission to
herd mates that may later occupy a previously contami-
nated stall or pen. Consequently, the area reserved for dis-
abled animals must be easily cleaned and disinfected after
discharge of recovered animals.

Introducing new animals to the herd. A pre-purchase
health examination by a veterinarian is an important
aspect of disease prevention and the establishment of a
new VCPR. Taking precautions to reduce the risk of in-
troducing disease in a stable herd is a sound business de-
cision that contributes to increased profitability through
reduced veterinary expenses, time, and effort.

A pre-purchase evaluation includes a health assess-
ment of the herd of origin. Based on the history, physical
examinations, and knowledge of diseases occurring on
nearby livestock farms, the veterinarian may perform di-
agnostic tests to assess the health and reproductive
soundness of animals offered for sale.

Veterinarians should advise owners to restrict a re-
cently purchased goat to clean housing that minimizes
physical and aerosol contact with the owner’s existing
herd. An isolation period of 4 weeks allows the animal to
become acclimated to its environment with minimal
stress. In addition, the owner is better able to observe the
goat for incubating disease conditions, nutritional re-
quirements, and behavior patterns.
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PHYSICAL EXAMINATION
OF GOATS

Clinical diagnosis begins with history taking and the per-
formance of a systematic physical examination.

History information obtained from the client falls into
two main categories. The first is the presenting complaint,
which includes the duration, onset (acute, chronic, sea-
sonal), and associated signs of disease. The second is man-
agement factors, which include pasture and soil type, diet
and diet changes, sources of water, housing (hygiene, shelter
from weather, ventilation, humidity, temperature), previous
diseases, treatments, vaccinations and tests in individual
animals or in the herd, recent transportation and introduc-
tions to the herd, and separation of different age groups.

Physical examination enables the identification and lo-
calization of a problem to a particular organ system or
systems. Problem identification is the most crucial compo-
nent of successful diagnosis and treatment. To form an
overall impression of the goat’s general condition, the vet-
erinarian should observe it from a distance. Parameters to
be assessed include posture, gait, body condition and con-
formation, alertness, breathing pattern, and interaction
with the herd (sick animals often isolate themselves). The
animal should then be restrained for the hands-on exami-
nation, which begins at the head and ends at the tail.

Head and Neck

Skin and musculoskeletal systems. The clinician
should note the general symmetry of the lips, nostrils,
muzzle, cheeks, eyes, and ears. Next, wearing gloves if
suspicious of a zoonotic disease, the clinician examines
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the lips and muzzle for raised lesions such as vesicles,
pustules, crusted lesions (e.g., contagious ecthyma),
papules, or nodules (e.g., papillomas). Diseased animals
often have a dry, rough, and dull hair coat. Matted hairs
may be a sign of dermatophilosis. Scratching the base of
the ears and shaking the head may indicate ear mites, as
may the presence of debris deep within the ear canal. Cir-
cumscribed areas of hair loss without pruritus also may
indicate dermatophilosis. Areas of hair loss and excoria-
tions may be a sign of pruritus. Parting the hairs allows
closer examination of the skin. External parasites and
areas of erythema, hyperpigmentation, and raised lesions
should be identified and examined.

The hydration status should be assessed by pinching the
skin of the upper eyelid and noting the presence or absence
of tenting (the upper eyelid should retract rapidly on
pinching). Color and vascular engorgement of the sclera
and conjunctiva also are to be evaluated. Reddened con-
junctiva with an ocular discharge suggests keratoconjunc-
tivitis, corneal ulceration, foreign body, or entropion. The
clinician should examine the ears for raised lesions and skin
color. Erythema of the ear tips in light-skinned breeds sug-
gests photodermatitis. Hornless goats should be examined
to determine whether they are naturally horned (horn buds
and whorls of hair over the horn buds) or polled (no horn
buds and central whorl of hair). The naturally polled phe-
notype may be associated with the intersex genotype.
Wattles may be found in either sex, occurring on the neck
and sometimes the face and ears. Benign cysts may occa-
sionally be found at the base of the wattles and should not
be confused with abscessed lymph nodes.

The male goat commonly urinates on his head and
forequarters when sexually aroused. Clinicians should
wear gloves and protective clothing when handling them.

Digestive and gastrointestinal systems. Incisors can
be used to determine the age of goats. Deciduous incisors
erupt as follows:

I, at birth to 1 week
I, at 1 to 2 weeks
15 at 2 to 3 weeks
1, at 3 to 4 weeks

Permanent incisors erupt as follows:

I at 1 to 1.5 years
I, at 1.5 to 2 years
I3 at 2.5 to 3 years
I, at 3.5 to 4 years

Foul breath suggests dental disease (alveolar periostitis
or root abscess). Dropping feed from the mouth or con-
stant drooling of saliva may indicate uneven tooth wear,
stomatitis, or neurologic disease. Regurgitation may
result from pharyngeal or esophageal obstruction. Milk
regurgitation in a kid suggests a cleft palate. Pallor of the
conjunctiva and mucous membranes suggests anemia

caused by gastrointestinal parasitism. Congestion may in-
dicate fever or toxemia. Icterus may be a sign of liver
disease, as may repeated yawning (which also is sugges-
tive of pregnancy toxemia or hepatic lipidosis).

Prognathism or brachygnathism should be readily ap-
parent. A soft fluctuant mass in the maxillary region may
be a salivary mucocele or retained cud (the differentiation
is made by oral examination). Submandibular edema sug-
gests hypoproteinemia (such as that caused by gastroin-
testinal parasitism). A firm mass behind the laryngeal
area may be an enlarged thyroid gland secondary to
iodine deficiency.

The clinician should carefully palpate the jugular fur-
rows. The esophagus may be palpable in the left jugular
furrow if it is distended by a bolus of food or a foreign

body.

Respiratory system. Symmetry of airflow from the
nostrils can be assessed with the back of the hand or a
feather. Uneven airflow may be caused by a nasal passage
blocked by a foreign body or nasal adenocarcinoma (rare).
The character of any nasal discharge should be noted
(i-e., consistency, volume, unilateral or bilateral, continu-
ous or intermittent). Food and water containers should be
examined for nasal exudate. The appearance of “scalded”
skin or hair loss below the nostrils suggests an intermit-
tent discharge. A serous discharge may be a sign of nasal
inflammation or early viral infection. A mucoid discharge
may result from early pneumonia, lungworm infestation,
Oestrus ovis larval infection (occasionally seen in goats),
trauma, or abscess formation. A mucopurulent nasal dis-
charge may be seen in advanced pneumonia with bacte-
rial superinfection. A hemorrhagic discharge usually in-
dicates more severe nasal trauma.

The clinician should auscultate the trachea for wheez-
ing (collapsed trachea, obstructive lesion) and crackling
sounds (tracheitis). A cough can be elicited by palpating
the larynx and squeezing the trachea. A normal animal
coughs once or twice, whereas a diseased animal may
cough repeatedly after tracheal compression. Upper
airway disease (e.g., early pneumonia, foreign body, com-
pressive lesion) is usually characterized by the acute onset
of a loud, harsh, dry, nonproductive cough. Affected goats
do not swallow after coughing. Lower airway disease is
usually characterized by a chronic, soft, productive cough.
The goat swallows after coughing and coughs only occa-
sionally. Examples of lower airway disease include
chronic pneumonia, lung abscess, and lungworm infec-
tion. Coughing up blood suggests aspiration pneumonia
or pharyngeal abscess.

A foul, rotten breath suggests pharyngitis, laryngitis,
or fungal pneumonia. A dull sound produced on percus-
sion of the sinus area indicates fluid accumulation caused
by an inflammatory disease (e.g., tooth root abscess
[maxillary sinuses], infected dehorning site, ascending
respiratory infection [frontal sinuses]).
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Cardiovascular and hemolymphatic systems. En-
larged submandibular, retropharyngeal, parotid, and
prescapular lymph nodes may indicate regional inflam-
mation or abscessation (caseous lymphadenitis). The
ears should be warm to the touch. Cold ears may
result from decreased peripheral blood flow (toxemia or
hypocalcemia).

The clinician should observe and palpate the jugular
furrows. In normal animals a jugular pulse may be noted
extending about one third of the distance from the tho-
racic inlet toward the mandible. A distended jugular
vein with a pulse extending all the way up the neck may
indicate congestive heart failure and/or tricuspid valve
insufficiency.

Neurologic systems. Signs of neurologic disease
include asymmetric pupil size and face, nostril, ear, and
eye positions. Additional signs include depression or hy-
perexcitability, head pressing, facial tremors, and reten-
tion of feed in the buccal pouches (see Chapter 11).

Thorax and Forelimbs

Skin and musculoskeletal systems. Examination of
the skin over the thorax and forelimbs is the same as that
for the head and neck. Careful observation for abnormal
conformation is crucial for long-term production and
survival of animals in range-grazing programs. Goats
should be observed for gait abnormalities; a goat walking
on its carpi may have footrot or caprine arthritis-
encephalitis (CAE) virus infection. Excessive growth or
wear on the lateral and medial surfaces of each claw
should be noted. The clinician should check the coronary
band for inflammation or separation from the foot and
assess odors and discharges from the interdigital space.
The joints should be palpated for swelling or pain and
moved through a full range of motion. Swollen carpi may
be caused by a carpal hygroma (no pain on manipulation)

or CAE (painful when manipulated).

Respiratory system. The clinician can note the respira-
tory rate without disturbing the goat by observing the
movements of the costal arch or nostrils at a distance. The
average respiratory rate for an adult goat is 15 to 30
breaths per minute; kids have a respiratory rate of 20 to 40
breaths per minute (see Table 1-2). An increased respira-
tory rate may be a sign of excitement, high environmental
temperature or humidity, pain, fever, respiratory or cardio-
vascular disease, or respiratory compensation for meta-
bolic acidosis. A decreased respiratory rate may result
from respiratory compensation for metabolic alkalosis.
The clinician should carefully note signs of dyspnea or
respiratory distress, including tachypnea, extended head
and neck, open-mouth breathing, flaring nostrils, ab-
ducted elbows, and anal pumping.
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The cranial border of the lung field is deep to the
triceps, the dorsal border extends from the point of the
shoulder to the last rib, and the caudoventral border
arches from the point of the elbow to the last rib. The cli-
nician can place a stethoscope well forward under the
triceps to auscultate the cranial lung fields. Because of the
goat’s relatively thin chest wall, normal breath and
bronchial sounds are readily detectable and may sound
harsh (louder on inspiration than expiration). Bronchial
sounds are usually loudest over the craniodorsal lung field
at the level of the tracheal bifurcation. Increased breath
sounds suggest the conditions listed previously as causing
tachypnea. Decreased breath sounds may be appreciated
with pneumothorax.

Abnormal lung sounds include crackles (air moving
through inflammatory fluid in the airways) and wheezes
(air moving through inflamed, narrowed airways). Respi-
ratory conditions causing abnormal lung sounds include
pulmonary edema and pneumonia. Because significant
lung disease can be present without causing an audible
abnormality, other signs of respiratory disease (e.g., signs
of dyspnea along with fever, cough, and nasal discharge)
must be assessed. The clinician should be aware of the in-
terrelationship of the respiratory and cardiovascular
systems; detection of disease in one system warrants
careful examination of the other.

Cardiovascular and hemolymphatic systems. Auscul-
tation of the heart is performed by slowly moving the
stethoscope over the valves and locating the point of
maximal intensity. On the left side of the thorax, the cli-
nician can auscultate the pulmonic valve (low third inter-
costal space, below the elbow), the aortic valve (high
fourth intercostal space, above the elbow), and the left
atrioventricular (A-V) or mitral or bicuspid valve (low
fifth intercostal space, at the level of the elbow). On the
right side of the thorax the clinician auscultates the right
A-V or tricuspid valve (high fourth intercostal space,
above the elbow). Rate, rhythm, character, and intensity
of the heart sounds should be assessed. Tachycardia (the
normal heart rate ranges between 70 to 90 beats per
minute in an adult goat and 90 to 150 beats per minute
in a kid) may occur as a normal condition in young, ru-
minating, lactating, late-pregnant, or excited goats. Ab-
normal conditions causing tachycardia include anemia,
congestive heart failure, pain, and inflammation. Brady-
cardia may result from a conduction block (A-V node
block). A sinus arrhythmia is often detectable during late
inspiration, and is normal. Abnormal arrhythmias may be
noted (e.g., in atrial fibrillation).

Neurologic system. Signs of neurologic disease include
incoordination and ataxia, proprioceptive deficits such as
knuckling, stumbling, adduction, abduction, circumduc-
tion, abnormal postural placement, and flaccid limbs fol-
lowing repeated joint flexion.
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Abdomen

Skin and musculoskeletal systems. A goat’s body con-
dition score can be estimated by palpating the lumbar
vertebrae, rib cage, and sternum (see Chapter 2). Goats
tend to deposit most of their body fat internally, around
the abdominal viscera, so that an animal in normal health
may appear thin on lumbar palpation. Examination of the
abdominal skin is essentially the same as that described

for the head and neck.

Digestive and gastrointestinal systems. Standing
behind the goat, the clinician should observe the contours
of the abdomen, looking at the left and right sides and
upper and lower quadrants. These areas should be auscul-
tated with alternating percussion and ballottement.

Distention of the left upper quadrant, with a gaseous
“ping” on percussion, suggests ruminal tympany or bloat.
A severely bloated rumen may distend the left upper, left
lower, and right lower quadrants. Distention of the lower
left quadrant with a firm feel on ballottement may indi-
cate rumen impaction. Rumen contractions are counted
by auscultating the left upper quadrant while gently
placing a hand on the area to hear and feel the contrac-
tions. Normally one or two primary contractions occur
each minute, associated with mixing of the ingesta. In ad-
dition, one secondary contraction occurs per minute, as-
sociated with eructation. Indigestion, metabolic or min-
eral imbalances, or generalized pain may decrease the rate
of contraction.

Distention of the right upper quadrant, with a fluid
wave on ballottement or a gaseous sound on percussion
and auscultation, suggests distention of the cecum or
spiral colon. Distention of the lower right quadrant with
a firm feel on ballottement may result from a severely im-
pacted abomasum or an advanced pregnancy.

Ventral abdominal distention of the lower left and
right quadrants suggests chronic indigestion or ascites
secondary to hypoproteinemia resulting from gastroin-
testinal parasitism or severe liver disease. A grossly en-
larged liver (such as that seen in severe congestive heart
failure) may be palpable on the right side of the abdomen
behind the costal arch. Generalized abdominal disten-
tion, with no audible gastrointestinal motility, may be a
sign of gastrointestinal ileus.

Respiratory system. Pronounced abdominal move-
ments may be observed in an animal with dyspnea.

Cardiovascular and hemolymphatic systems. Bilateral
ventral abdominal distention may indicate ascites result-
ing from congestive heart failure.

Urogenital and reproductive systems. Bilateral ventral
abdominal distention also may indicate uroperitoneum
caused by a ruptured bladder (common in castrated

males). In urethral obstruction the clinician may note a
solid-feeling distended bladder on deep palpation of the
caudal abdomen. The left kidney also may be noted on
deep palpation of the mid-dorsal abdomen and assessed
for size, shape, and consistency. In young goats the um-
bilicus should be examined for signs of inflammation
from an umbilical infection or dripping urine from a
patent urachus.

Pelvis and Hindlimbs

Skin and musculoskeletal systems. The ventrum,
teats, and genitalia should be examined for papules (papil-
lomas), pustules, and ulcerations (contagious ecthyma).
The skin and musculoskeletal examination of the pelvic
limbs is similar to that performed for the forelimbs.

Digestive and gastrointestinal systems. The normal
rectal temperature of a goat ranges between 38" and 40° C
(see Table 1-2). Hyperthermia may result from elevated
environmental temperature and humidity, stress and ex-
citement, or inflammatory disease. Hypothermia may
occur in malnourished or older animals. The perineum
and the back of the hindlegs should be examined for fecal
soiling. In young kids the presence or absence (atresia ani)
of the anus should be noted.

Cardiovascular and hemolymphatic systems. The cli-
nician should palpate the prefemoral and supramammary
(female) or scrotal (male) lymph nodes and note any en-
largement (caseous lymphadenitis). The rate and charac-
ter of the pulse can be assessed by gentle palpation of the
femoral artery in the inguinal region. An irregular pulse is
occasionally noted in cases of atrial fibrillation or my-
ocarditis. A strong pulse may occur in young, excited, lac-
tating, ruminating, or late-pregnant animals, or in
animals with anemia or inflammation. Recumbent
animals or animals with hypovolemia, hypocalcemia, or
left ventricular failure often have weak pulses.

Urogenital and reproductive systems. The clinician
observes the scrotum for lesions, assesses the testicles for
firmness and heat, and examines the prepuce and penis.
Ulceration or occlusion of the preputial orifice suggests
ulcerative posthitis (which occurs most commonly in
goats on a high-protein diet). The preputial hairs should
be examined for the presence of crystals or blood and for
unusual dryness (in urethral calculi or obstructive
urolithiasis). Anal pumping and perineal urethral pulsa-
tions (with the goat unable to urinate or dribbling urine)
also may indicate obstructive urolithiasis. Edema in the
prepuce and ventral abdomen, with tissue sloughing, may
be a sign of a ruptured urethra.

The penis of the male goat is difficult to examine di-
rectly without sedation. However, the clinician may be
able to exteriorize the penis by placing the goat on his
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Figure 1-9  The vulva of a pluripara dairy doe. A subtle dermatitis
is visible on the dorsal vulvar lips, but it is of no consequence in this
case. No discharge, erythema, or enlargement of the clitoris is
evident. After the area has been carefully washed and dried, a sterile
vaginal speculum can be introduced to visualize the cervix.

side and pulling back on the prepuce while pushing
forward on the sigmoid flexure at the level of the per-
ineum, then gently grasping the penis to keep it ex-
tended. The surface of the penis should be examined first.
The clinician can then examine the urethral process for
calculi or other lesions.
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The vulva and udder of the female should be examined
for color and size (Figure 1-9). Swelling and hyperemia
may indicate estrus or impending parturition. Crystals on
the vulva hairs below the urethral orifice suggest a urinary
tract infection. The clinician should note the color, con-
sistency, and volume of any discharge from the vulva. A
moderate, serous to cloudy discharge is common in late
estrus. A reddish-brown, odorless discharge seen 1 to 3
weeks after parturition is probably lochia, the normal
breakdown product of the cotyledonary attachments. The
finding of large protruding vulva lips or clitoris or a short
anogenital distance is suggestive of an intersex.

The udder should be palpated for symmetry, size,
shape, and texture. A cold, dark udder suggests gan-
grenous mastitis. If the animal is lactating, the clinician
should examine the teats for patency by expressing a
small amount of milk, and note the color and consistency
of the milk. Discolored, thick, or clumpy milk can indi-
cate mastitis.

Neurologic system. Findings suggestive of neurologic
disease include posterior paresis with a distended bladder
on deep palpation, as well as loss of anal and tail tone.
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Sheep and goats are small ruminants with a worldwide
range. They are found under varying production
schemes—from backyard pets to expansive range land
grazing operations. The common goal of goat or sheep
production units is conversion of forage to usable animal
products (e.g., meat, milk, fiber). With regard to their
grazing preferences, ruminants are categorized as browse
selectors, grass and roughage grazers, or intermediate
types.! Sheep are predominantly grass and roughage
grazers, whereas goats are generally classified as interme-
diate types. Sheep tend to graze selectively and prefer
higher-quality portions of the plant. As sheep age, they
may be unable to consume adequate forage in range con-
ditions because of dental disease. Goats have small
mouths and prehensile lips and are active foragers that
will readily consume flowers, fruits, and leaves. Goats can
use browse that has woody stems or thorns. Similar to
sheep, goats tend to select highly digestible portions of
grasses. They will graze, but prefer to eat at head height,
which is a natural protection mechanism against some
nematode parasites. When given a choice, goats tend to
select grass over legumes and browse over grass. They
prefer to graze along fence lines and rough or rocky
pasture areas. Goats flourish in areas featuring browse or
numerous plant species to graze. However, they usually
perform poorly compared with sheep or cattle on flat, im-
proved, monoculture pastures. If given a choice, many
meat goats (e.g., Boer, Spanish) prefer a diet of 80% to
85% browse and 15% to 20% grasses. Both sheep and
goats use their mobile lips and tongue to consume their
diets selectively. Goats have been mistakenly labeled as
animals that will eat anything and subsist on feedstuffs of
inadequate nutrient content. To the contrary, goats are
extremely particular about their diet and refuse to
consume feeds that have been soiled. The goat’s inquisi-
tive feeding habits result in their use of most species of
forage present in the environment. The nutritional
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content of the diet selected by goats is greater than the
average of the vegetation present on a pasture. These at-
tributes have led to the use of goats for brush manage-
ment in many regions of the world, whereas sheep are
maintained in mostly pasture settings. Use of goats for
weed and brush control predispose this specie to the in-
gestion of toxic plants. Some of the browse consumed by
goats contains high concentrations of essential oils,
lignin, or tannins, all of which depress digestion or are
poorly digestible. Whenever browse is the predominant
forage consumed, mineral uptake may be better than that
expected from grasses grown on the same land. Many
species of browse tend to have deeper roots, resulting in
rich mineral content, possibly to the point of toxicity.
Therefore goats maintained for brush control should
be closely monitored for changes in body weight, body
condition score, and hair coat; the clinician should note
any signs of toxicosis. Sheep also are excellent converters
of browse and brush to meat, fiber, and milk, but they are
raised mostly as grazing animals.

WATER

Although it is often taken for granted, water is an ex-
tremely important nutrient. It is the major constituent of
an animal’s body. If an animal were deprived of all nutri-
ents it would succumb to water deprivation first. Al-
though sheep and goats may lose most of their body fat
and 40% to 50% of their total body protein and survive, a
water loss of only 10% can prove fatal. Both sheep and
goats are particular about the quality of their water
sources. In general, a clean, fresh source of water should
be available at all times. Each ewe or doe should have at
least 1 foot of water trough space; a paved surface 8 to 10
feet around the water source helps prevent unsanitary
conditions conducive to many diseases, including footrot.
Daily water intake can be affected by several factors.
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Pregnancy and lactation increase water requirements and
consumption—water intake is increased by the third
month of gestation and is doubled by the last month. In
addition, water intake is greater for females carrying
twins than for those carrying only a single.” Likewise,
lactating ewes or does consume twice as much water as
nonlactating females: 7 to 15 liters compared with 3.5 to
7 liters per day, respectively. Animals grazing lush spring
pastures where the forage water content may exceed 80%
consume markedly less water than those consuming dry
hay, which may be only 10% to 12% water. Obviously, lac-
tating dairy animals require even greater quantities of
water. When high-protein diets are being fed or when
mineral consumption increases, water consumption also
increases. Sheep may increase their water intake by
twelve-fold during summer compared with intake during
the winter months.”> Water quality also can affect daily
water consumption. For maintenance, individual goats
and sheep usually consume 3.5 to 15 liters of water
per day.?

Water varies in quality according to the amount and
type of contaminant. The most common dissolved sub-
stances in water are calcium, magnesium, sodium chlo-
ride, sulfate, and bicarbonate.? If the salts of these min-
erals are present in high enough concentrations,
depressed performance, illness, and occasionally death
can result. In addition to causing various problems in
animals, dissolved salts are additive in their suppression
of production and health. As salt concentrations in-
crease, water consumption is usually depressed, with
young animals generally being more affected than adults.
Over time, animals tend to adapt to water with high con-
centrations of dissolved salts. However, quick or abrupt
changes from water with relatively low concentrations to
water with high concentrations of dissolved substances
are poorly tolerated.” Table 2-1 provides general guide-
lines for total dissolved solids in drinking water.*® High
sulfate concentrations in the 3500 to 5000 parts per
million (ppm) range may result in suppressed copper
absorption from the intestine. Nitrates, and less com-
monly, nitrites, are occasionally encountered in toxic con-
centrations from ground water (Table 2-2). Most safe,
drinkable water has a pH of 7 to 8. As the alkalinity of
water increases, its suitability for consumption decreases.
Table 2-3 provides standards for various other water
contaminants.

Although water contaminated with coliform bacteria
has been associated with disease in humans, only rarely is
coliform contamination of drinking water implicated as a
causal agent of disease in sheep and goats. Only very
young animals are generally affected.

Maloiy and Taylor” observed that goats are quite effi-
cient at water conservation. Goats tend to adapt to high
ambient temperatures better than other domestic rumi-
nants and require less water evaporation to control body

| TABLE 2-1
GENERAL RECOMMENDATIONS FOR TOTAL
DISSOLVED SOLIDS IN DRINKING WATER

TOTAL DISSOLVED

SOLIDS (PPM) COMMENTS

Less than 3500  Safe
3500-5000 May take animals time to adapt to
this concentration; if sulfates are
the predominant type of solid,
some diarrhea may occur
5000-10,000 Safe for nonpregnant, nonlactating
adults; may cause depressed water
intake or production in young
animals
More than Unsafe

10,000

From Bauder J: When is water good enough for livestock? Montana
State Extension Bulletin, 2000; Guyer PQ: Livestock water quality,
University of Nebraska Extension Service Bulletin G79-46A; Meyer
KB: Water quality in animals, 1999, Purdue University Extension
Bulletin WQ9.

| TABLE2-2
POTENTIALLY DANGEROUS CONCENTRATIONS
OF NITRATE NITROGEN IN DRINKING WATER*

NITRATE NITROGEN

(PPM) COMMENTS
Less than 100 Safe
100 to 300 Potentially unsafe when

animals are consuming high-
nitrate feedstuffs (e.g., during
a drought)

More than 300 Not safe

“High sulfate concentrations in the 3500 to 5000 ppm range may
result in copper absorption abnormalities.

From Bauder J: When is water good enough for livestock? Montana
State Extension Bulletin, 2000, Guyer PQ: Livestock water quality,
University of Nebraska Extension Service Bulletin G79-46A; Meyer
KB: Water quality in animals, 1999, Purdue University Extension
Bulletin WQ9.

temperature. In addition, they possess the ability to
reduce urine and fecal water losses during times of water
deprivation.

In summary, sheep and goats should have access to a
continuous supply of fresh, clean water in order to ensure
that productivity is not compromised.



| TABLE 23
RECOMMENDED STANDARDS FOR UPPER LIMITS

OF POTENTIALLY TOXIC CONTAMINANTS
THAT MAY OCCUR IN WATER

UPPER LIMIT OF
CONTAMINATION
CONTAMINANT (PPM)
Aluminum 5
Arsenic 0.2
Cadmium 0.01-0.05
Chromium 0.05-1
Cobalt 1
Copper 0.5
Fluoride 2-3
Iron 1-3
Lead 0.05-1
Mercury 0.01
Selenium 0.05
Vanadium 0.1
Zinc 25
Carbonate and bicarbonate 2000

From Bauder J: When is water good enough for livestock? Montana
State Extension Bulletin, 2000; Guyer PQ: Livestock water quality,
University of Nebraska Extension Service Bulletin G79-46A; Meyer
KB: Water quality in animals, 1999, Purdue University Extension
Bulletin WQ9.

ENERGY

Energy is probably the first limiting nutrient of most
practical conditions where sheep and goats are main-
tained throughout the world. Energy requirements vary
greatly depending on level and stage of production, level
of activity, and intended animal use. Except in situations
where rapid growth rates are desired or milk production is
to be maximized, the energy requirement can usually be
met with medium- to high-quality forage. However,
under maximal production pressures, some sort of supple-
mentation may be required. Energy-deficient diets can
result in poor growth rates, lower body condition scores,
decreased fiber production, decreased fiber diameter, de-
creased immune function, and increased susceptibility to
parasitic diseases and other pathologies. Angora goats
and many wool breeds of sheep are prone to various fiber
production changes, whereas cashmere goats may be less
susceptible.

The majority of the energy that is used by sheep and
goats comes from the breakdown of structural carbohy-
drates from roughage. Therefore roughage should com-
prise the bulk of their diet. Energy can be expressed in
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terms of the net energy system (calories) or in terms of
total digestible nutrients (TDN) as a percentage of the
feed. The two expressions are interchangeable by use of
various prediction equations; this chapter uses TDN as
the measure. Currently, most feed and forage testing lab-
oratories estimate TDN using the Van Soest fiber analy-
sis. A representative sample is analyzed for neutral and
acid detergent fiber contents, and then TDN is predicted
based on one or both of these values. This system works
effectively for most forages but is less reliable for feeds
that are high in starch (e.g., corn). In general, warm-
season, perennial grass hays are about 50% to 54% TDN,
whereas many of the cereal grains are usually 80% to 90%
TDN. Most forages in the green, vegetative state are
about 62% to 70% TDN on a dry matter basis. Stemmy,
dry, poor-quality hay is less than 50% TDN. By compar-
ing these typical values with the requirements of various
classes of sheep and goats, keepers can ascertain when
supplemental energy sources are needed for forage-based
rations. For example, a 150-pound ewe requires a diet
containing 55% TDN for maintenance, 59% for late ges-
tation, and 65% for the first 6 weeks of lactation. There-
fore the dry, non-pregnant ewe could use low-quality
forage, but the pregnant or lactating ewe needs a diet
of lush, vegetative forage. If a good to excellent forage is
unavailable, some type of energy supplement is required
for the late pregnant or lactating ewe. Similarly, a 110-
pound doe reguires a diet containing 56% TDN for
maintenance.”

A variety of choices are available for energy supple-
mentation. The most common choice is cereal grains,
corn being the most common of these. Corn is dense in
energy, and most of that energy is in the form of starch.
When appreciable levels of starch are supplemented to
ruminants consuming forage-based diets, the general re-
sponse is a decrease in forage intake and digestibility.
However, the sheep or goat receiving corn supplementa-
tion still has a higher energy status because of the energy
from the corn. Several other feedstuffs are available for
use as energy supplements for ruminants consuming
forage-based diets (e.g., oats, barley, rye). Two other non-
traditional energy supplements are soybean hulls and
wheat middlings. Soybean hulls are the outermost layer
of the soybean and are comprised of abundant quantities
of digestible fiber. Unlike corn, soybean hulls do not sup-
press fiber digestion but may increase hay digestibility.
Even though soybean hulls have a TDN value 62% less
than corn, they produce similar results when used as an
energy supplement for ruminants consuming forages.
Wheat middlings, a by-product of wheat milling, elicit
similar responses. Often these by—froduct type feeds are
much more economical than corn.”®

Another source of energy supplementation is fat. In
general, total fat content should not exceed 8% of the
diet, or 4% to 5% as supplemental fat. In the southern
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United States, where cotton production is prevalent,
whole cottonseed (which contains approximately 24%
fat) is used as an energy supplement for both sheep and
goats. Sheep or goats should be supplemented with no
more than 20% of their daily intake as whole cottonseed,
assuming that the remainder of the diet contains no fat.

PROTEIN

As a general rule, a minimum of 7% dietary crude protein
is needed for normal rumen bacterial growth and func-
tion for sheep and goats. If dietary protein drops below
7%, torage intake and digestibility are depressed. Protein
deficiency is associated with decreased fiber production,
slowed growth, decreased immune function, anemia, de-
pressed feed use, edema, and death. All of the protein
reaching the small intestine is in the form of bacterial or
protozoal protein or dietary protein that escaped ruminal
digestion. The quality (amino acid content) of the bacte-
rial protein is, surprisingly, quite good. Therefore the
quantity of dietary protein provided to adult ruminants is
much more important than the quality. The opposite is
true of the pre-ruminant lamb or kid. If lambs or kids are
fed a milk replacer, it should be composed of milk by-
products in order to have an adequate amino acid compo-
sition for maximal growth.

Crude protein content varies widely among the various
feedstuffs. Warm-season, perennial grass hay samples can
range from less than 6% to more than 12% crude protein,
whereas legumes in the vegetative state may occasionally
be more than 28% crude protein. The protein content of
plants declines with maturity. Similar to energy needs,
crude protein requirements vary with the animal’s stage
of production. For maintenance, a 150-pound ewe re-
quires a diet including 8% to 9% protein, and a 110-
pound doe needs a diet with 7% to 8% protein. During
lactation both the ewe and doe require in excess of 13.5%
protein, depending on the number of offspring suckling
or, in the case of dairy goats and sheep, level of milk pro-
duction. Supplementation of protein may be necessary for
the heavy producing animals. Whenever grass hay is fed,
protein deficiency should be a concern, particularly for
growing or lactating animals. The most consistent sign of
protein deficiency in lactating animals is poor weight gain
or slow growth in their lambs or kids, particularly for
twins or triplets.>®

Typical protein supplements include the oilseed meals
(cottonseed meal, soybean meal), commercially blended
supplements containing both natural protein and non-
protein nitrogen (range cubes or pellets, molasses-based
products), and various by-products (whole cottonseed,
corn gluten feed). Protein should be fed to meet, but not
greatly exceed, requirements. Excess protein usually
results in increased feed costs and higher incidences of
diseases (heat stress, pizzle rot, urolithiasis).

Non-protein nitrogen (NPN) is an inexpensive way to
increase the protein concentration of rations for sheep or
goats. NPN is any source of nitrogen in the non-protein
form, but the most commonly used type is urea. When-
ever NPN is used, the diet should have sufficient amounts
of highly fermentable energy components. Feeding grain
with NPN can result in a decrease in rumen pH. This de-
presses the ability of the ruminal urease enzyme to
ferment urea, resulting in a slower release or breakdown
to ammonia and carbon dioxide (CO,). Slowing this
metabolic pathway allows more efficient protein synthesis
by the rumen microbes. On the other hand, diets of poor
quality roughage result in a higher rumen pH and en-
hanced urease activity. This results in a quicker release of
ammonia, a poorer “marriage” of chains of carbon atoms
and nitrogen for microbial protein synthesis, and a poten-
tial increase in the incidence of urea/ammonia toxicity.
Whenever NPN is added to the diet, feeds containing a
urease enzyme should be limited or avoided. Such urease-
containing feeds include raw soybeans and wild mustard.
Signs of urea-ammonia toxicity include dull or depressed
demeanor, muscle tremors, frequent urination and defeca-
tion, excessive salivation, increased respiration, ataxia,
tetanic spasms, and death. Treatment includes the infu-
sion of a 5% acetic acid solution (vinegar and water) into
the rumen through a stomach tube. In severe cases,
rumenotomy and fluid therapy may be required.

The following rules of thumb are useful when feeding
urea as a protein source:

1. Never use urea for more than one third of the
protein in the diet or 3% of the grain portion of
the diet.

2. Ensure that a highly fermentable source of
carbohydrates (e.g., corn, milo) is fed along with
NPN.

3. Avoid the sudden introduction of urea into the diet
(allow at least 8 to 10 days for its introduction).

4. Ensure proper mixing of feedstuffs whenever urea
is used.

5. If 1 pound of urea and 6 pounds of ground corn
are cheaper than 7 pounds of cottonseed meal
(CSM) or soybean meal (SBM), then the former
diet may be efficiently fed. However, if 7 pounds
of either CSM or SBM is less expensive, the urea
should be avoided.

6. If the crude protein of the diet is greater than
14% of the dietary TDN, NPN is of little value.
For example, if TDN is 45%, which is typical of
many dry hays during winter, NPN is of limited
or no value if the crude protein of the diet is
greater than 6.3% (45 X 0.14 = 6.3).

Because of varying dietary intakes and their relation-
ship to body condition scoring, NPN is best used in sheep
or goats with body condition scores greater than 2.5; they



should be avoided in animals with a body condition score
of less than 2. If NPN is offered to animals, it should be
fed daily; less is used for protein synthesis if the supple-
ment is fed less frequently. In an Australian study’ the in-
clusion of NPN in poorly digestible forage diets for lambs
resulted in increased weight gain and wool production
and decreased signs of parasitic nematode infestation.

MINERALS

Clinicians generally consider seven macrominerals and
eight microminerals when assessing mineral nutrition for
sheep and goats (Table 2-4). The designations macro and
micro do not reflect the minerals’ relative importance, but
rather the amount of each that is required as a portion of
the diet. Macromineral needs are usually expressed as
percentages of the diet, whereas micromineral needs are
generally expressed as ppm or mg/kg. The seven com-
monly assessed macrominerals are calcium, phosphorus,
sodium, chlorine, magnesium, potassium, and sulfur. The
eight microminerals are copper, molybdenum, cobalt,
iron, iodine, zinc, manganese, and selenium. Trace
mineral deficiency is less common than energy, protein,
or macromineral deficiency. They occur slowly over time
and rarely cause the dramatic effects on productivity and
body condition seen in protein deficiency.>® In some
cases of mineral deficiency a liver biopsy is the diagnostic

TR 2

MINERAL REQUIREMENTS OF SHEEP AND GOATS

MINERAL SHEEP GOATS
Sodium, % 0.09-0.18 0.09-0.2
Calcium, % 0.20-0.82 0.20-0.90
Phosphorus, % 0.16-0.38 0.14-0.40
Magnesium, % 0.12-0.18 0.12-0.18
Potassium, % 0.50-0.80 0.50-0.80
Sulfur, % 0.14-0.26 0.16-0.32
Iodine, ppm 0.10-0.80 0.60
Iron, ppm 30-50 more than 30
Copper, ppm 7-11 10
Molybdenum, ppm 0.10-0.5 0.10
Cobalt, ppm 0.10-0.20 0.10
Manganese, ppm 20-40 20-60
Zinc, ppm 20-33 45-50
Selenium, ppm 0.10-0.20 0.10-0.3

From Nutrient requirements of sheep, Washington, DC, 1985,

National Academy Press; Bratzlaff K, Henlein G, Huston J: Common
nutritional problems feeding the sick goat. In Naylor JM, Ralston SL,
editors: Large animal clinical nutrition, St Louis, 1991, Mosby.
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tool of choice. The technique for liver biopsy is covered in
Chapter 4.

Calcium and phosphorus are interrelated and are
therefore discussed together. Nearly all of the calcium in
the body and most of the phosphorus is found in the
skeletal tissues. Diets deficient in calcium and phospho-
rus may delay growth and development in young lambs
and kids and predispose them to metabolic bone disease
(e.g., rickets, osteochondrosis) (see Chapter 9). Likewise,
calcium and phosphorus deficiencies in lactating ewes
and does can dramatically reduce milk production. Serum
phosphorus concentrations are not highly regulated but
are still maintained between 4 and 7 mg/dl for sheep and
between 4 and 9.5 mg/dl for goats. Phosphorus defi-
ciency is the most commonly encountered mineral defi-
ciency in range or winter pastured animals. Most forage
tends to be high in calcium and relatively low in phos-
phorus; this is especially true in legumes. Beet pulp and
legumes (such as clover and alfalfa) are good to excellent
sources of calcium. For lactating dairy goats and sheep,
supplemental calcium and phosphorus are necessary to
meet high demands for milk production. Range goats
may need less supplemental phosphorus than sheep
because of their preference for browse and plants that
tend to accumulate phosphorus. Phosphorus serum con-
centrations of less than 4 mg/dl may indicate phosphorus
deficiency.” Phosphorus deficiency results in slow growth,
listlessness, an “unkempt” appearance, depressed fertility,
and depraved appetite or pica.

Sheep and goats fed high grain or concentrate diets
typically need supplemental calcium and little to no addi-
tional phosphorus. Grains are relatively low in calcium
but contain moderate to high concentrations of phospho-
rus. Although serum calcium is tightly held in a narrow
range, serum concentrations consistently below 9 mg/dl
are suggestive of chronic calcium deficiency.” Chronic
parasitism can decrease the body stores of both calcium
and phosphorus.” Common calcium supplements include
oyster shells and limestone. Defluorinated rock phos-
phate is an excellent source of phosphorus. Dicalcium
phosphate or steamed bone meal (where available) are
good sources for both. The calcium—to—phoszphorus ratio
should be maintained between 1:1 and 2:1.%

Sodium and chlorine are integral components of
many bodily functions. Salt (sodium chloride [NaCl]) is
the carrier for most ad lib mineral supplements. If salt is
not offered ad lib, it should be incorporated into a com-
plete ration at a level of 0.5% of the diet. Sodium is pre-
dominately an extracellular ion and is important for
normal water metabolism, intracellular and extracellular
function, and acid-base balance. Conversely, chloride is
an intracellular ion, functions in normal osmotic balance,
and is a component of gastric secretions. Sheep or goats
that are deficient in salt intake routinely chew wood, lick
the soil, or consume other unlikely plants or debris. The
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NaCl content of feeds may be increased to 5%, particu-
larly for feeding males, to help increase water intake and
reduce the incidence of urolithiasis.

Salt is commonly used as a carrier to ensure trace
mineral intake because sheep and goats have a natural
drive for NaCl. If the clinician, nutritionist, or rancher
elects to use a salt-containing mineral mixture to ensure
mineral intake, he or she should be aware that individual
consumption may vary drastically. Furthermore, improp-
erly prepared salt mixtures or blocks, feed supplements,
liquid feeds, or certain types of food or water contamina-
tion can drastically alter mineral consumption. Salt also is
useful as an intake limiter for energy-protein supple-
ments. A 10% to 15% NaCl mixture of two parts ground
corn and one part soybean meal is approximately 20%
crude protein. The added salt usually limits intake to 0.45
kg of this mixture per adult goat per day. Whenever using
salt-limited feeding, the keeper should take care to intro-
duce the feedstuffs slowly over 2 to 3 weeks and provide
access to adequate quantities of fresh clean water. Only
white salt should be used as in intake limiter. If trace
mineral salt or ionized salt is used, mineral (e.g., copper,
iodine) toxicity is likely, particularly in sheep.

Magnesium is important for normal functioning of
the nervous system and is required for many enzymatic
reactions. Skeletal magnesium can be used by the animal
during times of deficiency, but the skeletal magnesium
reserve is much smaller than the calcium reserve. Most
fast-growing, heavily fertilized cereal grains or grass pas-
tures are deficient in magnesium. Magnesium absorption
is depressed by high concentrations of plant potassium
and/or rumen ammonia. Legume and legume-grass
mixed pastures are good sources of magnesium. A mag-
nesium deficiency can lead to a condition known as grass
tetany in either sheep or goats. Magnesium toxicity is
very rare.

Potassium is required for normal acid-base balance
and is an integral component of many enzymatic path-
ways; it functions as an intracellular ion. The requirement
is between 0.5% and 0.8% of the diet depending on the
stage of production. Most grains contain less than 0.4%
potassium, whereas fresh green forages generally contain
more than 1%. However, dormant forages may have
much lower potassium concentrations. Potassium defi-
ciencies or toxicities are rare for sheep and goats.
However, deficiencies may occur in highly stressed
animals being fed diets composed mostly of grain. There-
fore, under stressful situations (such as weaning), supple-
mental potassium may be indicated for animals fed
predominantly on grain.>®

Sulfur is a component of many bodily proteins. It is
found in high concentrations in wool and mohair because
of the large amounts of sulfur-containing amino acids
(cystine, cysteine, and methionine) in keratin. Sulfur defi-
ciency can reduce mohair production in Angora goats.'”
The general recommendation is to maintain a 10:1

nitrogen-to-sulfur ratio in sheep and goat diets.>® This
has been recently substantiated by Qi et al,'"! who re-
ported ideal ratios of 10.4:1 for maximal gains and 9.5:1
for maximal intake in growing goats. However, a ratio as
low as 7.2:1 has been suggested for optimal mohair pro-
duction.'” If the forage is low in sulfur content or large
quantities of urea are used in the diet, weight gain and
fiber production can be increased by providing supple-
mental sulfur. In sheep and goats, sulfur deficiency may
result in anorexia, reduced weight gain, decreased milk
production, decreased wool growth, excessive tearing, ex-
cessive salivation, and, eventually, death. Browsing
animals such as goats may ingest enough tannins to de-
crease sulfur availability. Sulfur deficiency also depresses
digestion, decreases microbial protein synthesis, decreases
use of NPN, and lowers the rumen microbial population.
Whenever NPN is fed to fiber-producing animals, sulfur
supplementation is indicated. With the possible excep-
tion of oats and barley, the sulfur content of most cereal
grains is usually low to deficient, although corn-soybean
diets usually meet requirements for the ruminal synthesis
of sulfur-containing amino acids.

Sulfur toxicity is occasionally seen where calcium
sulfate is used as a feed intake limiter. It also occurs when
ammonium sulfate is fed as a source of NPN or as a urinary
acidifier. If sulfur is supplemented in the form of sulfate,
toxicity may occur, particularly if the sulfur content is
greater than 0.4% of the diet.? Sulfate can be reduced to
sulfide in the rumen or lower bowel. Sulfide in large
enough concentrations can result in polioencephalomala-
cia that is only partially responsive to thiamine.

Copper deficiencies can be primary (as a result of low
intake) or secondary (caused by high concentrations of
molybdenum, sulfur and iron, or other substances in
teedstuffs). In the rumen, copper, molybdenum, and
sulfur form thiomolybdates, which reduce copper avail-
ability. Copper’s ability to function as part of the enzymes
needed for specific biochemical reactions is depressed.
This impairment in metabolism results in clinical signs of
deficiency. Other factors that alter copper absorption
include high concentrations of dietary cadmium, iron,
selenium, zinc, and vitamin C in the animal, as well as
alkaline soils. Roughage grown on “improved pastures”
(fertilized, limed) is more likely to be deficient. Liming
reduces copper uptake by plants, and many fertilizers
contain molybdenum. Good quality lush grass forages
have less available copper than most hays, and legumes
have more available copper than most grasses. Liver
copper reserves last up to 6 months in sheep.”®

Signs of copper deficiency include microcytic anemia,
depressed milk production, lighter or faded hair color,
poor quality fleeces, heart failure, infertility, increased
susceptibility to disease, slowed growth, enlarged joints,
lameness, gastric ulcers, and diarrhea. These signs appear
to be more severe with primary copper deficiencies than
with a lowered copper-molybdenum ratio. Sheep with



copper deficiencies have inferior wool, which is usually
characterized as “stringy” or “steely.” Such wool lacks both
tensile strength and crimp. Growing lambs and kids are
more susceptible to copper deficiency, followed by lactat-
ing females.

Several breed differences have been observed with
regard to copper metabolism. For example, some Finnish-
Landrace sheep may have lower serum copper concentra-
tions than Merinos, which in turn have lower serum
copper levels than British breeds at similar levels of
intake.”® Milk is usually deficient in copper, and molyb-
denum is concentrated. Lambs suspected of having the
swayback condition usually have a liver copper concentra-
tion of less than 80 ppm dry weight.

Anecdotal reports indicate that goats offered only
sheep mineral (with low to absent added copper and
added molybdenum) may succumb to copper deficiency.
This deficiency may be magnified in pygmy goats and
young, growing animals. Merino sheep and dwarf goat
breeds require 1 to 2 ppm more copper than other breeds.
Copper is absorbed more efficiently by young animals
than adults.>®

Very young lambs or kids can present with enzootic
ataxia. Affected animals are born from copper-deficient
ewes or does. The swayback condition of lambs or kids is
usually seen at birth but may be diagnosed in animals up
to 3 months of age. Neonates may experience a progres-
sive ascending paralysis. Signs of this ataxia include mus-
cular incoordination (especially in the hindlegs), lack of
nursing, and death. Most neonates die within 3 to 4 days
of the first symptoms. Affected older animals may survive
or die, depending on severity. Rear limb ataxia, muscle
atrophy, and weakness are seen in lambs or kids from 2
weeks to 3 months of age. A definitive diagnosis is made
with necropsy. Histopathologic examination of the spinal
cord reveals myelin degeneration and cavitations of cere-
bral white matter. Liver copper concentrations are invari-
ably depressed. Prevention and treatment require copper
supplementation (oral supplements, copper needles, a
trace mineral mixture, or injectable copper) and attaining
a good dietary copper-to-molybdenum ratio.

If copper deficiency is suspected, the copper, molybde-
num, sulfur, and iron concentrations of the diet should be
determined. To confirm copper deficiency, the nutrition-
ist or clinician should measure body tissue concentration.
Serum copper is commonly used to determine body
copper status, but much of the copper is bound in the
clot, making plasma a more reliable indicator of body
copper status. Unfortunately, from a body assessment
standpoint, blood copper concentrations may be falsely
increased by stress or disease. If serum copper is overtly
low and animals were not stressed during sampling,
copper deficiency is likely. If serum copper concentrations
are used for assessment, and copper concentrations fall
within normal ranges, additional copper supplementation
is of little or no value. An exception is if serum copper is
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normal but dietary molybdenum is high or if the copper-
to-molybdenum ratio is less than 4:1. In this case the
assayed copper may not be available for use in body me-
tabolism. The dietary copper—to-molybdenum ratio
should be maintained between 5:1 and 10: 1. Liver is the
best tissue to determine body copper status, but it has
limitations and is a poor indicator of short-term copper
balance. If liver copper is marginal, but plasma or serum
copper is in the normal range, the animal may have a fa-
vorable response to copper supplementation. In such a
case, dietary copper is probably deficient, and the liver
stores of copper are being depleted. If the clinician sus-
pects a herd problem, he or she should sample not only a
cross-section of ages and production status, but also as
many animals who are showing clinical signs as possible.

Forage samples should be taken for copper and trace
mineral analysis. Core samples of hay should be properly
collected. Feed samples should be placed in plastic bags,
not brown paper boxes or bags. Dietary copper should
range between 4 and 15 ppm. In areas where copper defi-
ciency is a problem in goats, a mineral mixture with 0.5%
copper sulfate should be offered free choice. However,
this level of copper may be toxic for sheep.”® In extremely
deficient areas, copper needles can be administered orally
or copper can be injected parenterally.

Copper toxicity is a much larger problem in sheep than
goats. The magnitude of difference between copper defi-
ciency and copper toxicity is quite small. Copper toxicity
can occur in sheep as a result of simple mixing errors
during the formulation of mineral premixes or by feeding
mineral mixes formulated for species other than sheep.
Sources of toxic concentrations of copper include pre-
mixes, trace mineral supplements made for species other
than sheep, copper sulfate—containing foot baths, high
copper-containing feedstuffs (horse, hog, or chicken
feeds), and some nontraditional feedstuffs (broiler litter).
Signs of copper toxicity include increased respiration, de-
pression, weakness, hemoglobinuria, icterus, and acute
death. Gross pathology of affected animals includes signs
of a massive hemolytic crisis and dark, hemoglobin-filled
kidneys. Treatment includes the use of D-penicillamine
(50 mg/kg once a day) and ammonium tetrathiomolyb-
date (3.4 mg/kg every other day)(see Chapters 4 and 10).
Goats are closer to cattle than sheep in susceptibility to
copper toxicity.

Cobalt is used by rumen bacteria in the formation of
vitamin B,. It is deficient in some highly organic and/or
poorly drained soils. Cobalt deficiency in sheep or goats is
characterized as a classic By, deficiency, with symptoms
including lack of appetite, emaciation, anemia, and
“wasting disease.” Cobalt deficiency is associated with
white liver disease, although phosphorus and copper defi-
ciencies and chronic parasitism also play roles in patho-
genesis. Animals with this condition have excessive oph-
thalmic discharge and become extremely pale. Necropsy
reveals a fatty liver (see Chapter 4). To determine whether
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a cobalt deficiency exists, the clinician must evaluate the
complete diet. Serum or urinary methylmalonic acid is
increased, and serum vitamin B, and liver cobalt concen-
trations are depressed in cobalt deficiency. However, di-
agnosis may be difficult because of the normally low
tissue concentration of cobalt. A diet with a cobalt con-
centration of 0.1 ppm is adequate in most instances, but
dietary levels below 0.06 ppm should be considered defi-
cient. If a frank deficiency exists, a cobalt-supplemented
trace mineral mixture should be fed ad lib. Cobalt toxicity
is of minimal concern for sheezp and goats under practical
conditions in North America.”®

Iron deficiency in sheep and goats is quite rare under
grazing conditions. Lambs or kids raised in total confine-
ment and deprived of access to pasture and earth-floored
stalls or paddocks may become deficient. Iron deficiency
is exacerbated when young animals are fed a milk replacer
deficient in iron. Newborn kids and lambs are born with
minimal iron stores. Iron is an important component of
hemoglobin, and a deficiency can result in microcytic-
hypochromic anemia. Iron deficiency is a rare problem in
adults, except in cases of excessive parasitism. In kids and
lambs with diagnosed iron deficiency, iron dextran (150
mg intramuscularlgr) at 2- to 3-week intervals may prove a
valuable therapy.'® Parenteral iron dextran may be toxic,
and clinicians should exercise caution when using it.'® If
selenium deficiency also exists, the use of iron dextran can
result in painful muscle reactions. The iron requirement is
generally 30 to 40 ppm of the diet.

Iodine deficiency is more common in certain geo-
graphic regions of North America, particularly the north-
ern tier states of the United States. Iodine availability is
depressed by methylthiouracil, nitrates, perchlorates,
soybean meal, and thiocyanates. Minerals that interfere
with iodine absorption include rubidium, arsenic, fluo-
rine, calcium, and potassium. Iodine appears to be most
available for use by the body during winter months and
during lactation. The form or “state” in which iodine
exists in the feed alters availability—iodates are absorbed
more readily than iodides. Signs of iodine deficiency
include goiter, poor growth, depressed milk yield, preg-
nancy toxemia, and reproductive abnormalities (e.g.,
abortion; stillbirth; retained placentas; irregular estrus; in-
fertility; depressed libido; birth of small, weak, and either
hairless or short, fuzzy-haired newborns). Lambs or kids
born to iodine-deficient dams may have enlarged thyroid
glands. Affected kids can be treated with 3 to 6 drops of
iodine (Lugol’s solution) daily for 7 days. Commonly the
enlarged thyroid in the kid is a congenital problem unas-
sociated with dietary iodine (see Chapter 7). After a thor-
ough examination of the diet, if iodine deficiency is still
suspected, the clinician can use serum or plasma thyrox-
ine to assess the body status; these markers are lowered in
deficient states. Iodine is readily absorbed, so most
sources will work well in salt-mineral mixtures or feed
supplements. Iodine levels of 0.8 ppm for lactating

animals and 0.2 ppm for nonlactating ewes or does are
usually sufficient. Applying iodine (tincture or Lugol’s, 1
to 2 ml) to the skin of a pregnant female once each week
is a labor-intensive but rewarding method of preventing
iodine deficiency—induced hypothyroidism. Occasionally
hyperiodinism is associated with the feeding of kelp or
related plants in mineral mixtures. This is a clinical
problem in the occasional pet or dairy goat. Simply re-
moving the iodine source may be all that is required for
treatment of toxicity.>®

Zinc is associated with deficiency-related disease or
dysfunction in sheep and goats. Zinc availability is im-
proved by the presence of vitamin C, lactose, and citrate
in the diet. Oxalates, phytates, and large dietary concen-
trations of calcium, cadmium, iron, molybdenum, and or-
thophosphate all depress zinc availability. Zinc concen-
trations are usually higher in legumes than in grasses,
but legumes invariably contain large concentrations of
calcium, which can depress zinc availability. Zinc tends to
be less available from cereal grain. Signs of zinc deficiency
include dermatitis and parakeratosis, depressed milk pro-
duction, impaired appetite, poor feed utilization, slowed
growth, increased susceptibility to footrot, less hair on
legs and head, swollen joints, poor growth, deceased re-
productive performance, reduced testicular development,
impaired vitamin A metabolism, and increased vitamin E
requirements. Male goats appear more sensitive to mar-
ginal zinc intake.

When zinc deficiency is suspected, the clinician
should carefully sample all constituents of the diet. Serum
or plasma should be properly collected into tubes specifi-
cally designed for trace mineral analysis (royal blue top or
trace mineral tubes). Hemolysis alters the accuracy of
serum and plasma samples, because red blood cells have
high zinc concentrations. Liver samples yield the most
reproducible measurements of the zinc status of the
animal. Both polystyrene containers and brown paper
bags may be contaminated with zinc and should not be
used for sample collection. Diets containing 20 to 50 ppm
of zinc are usually sufficient except for animals that
consume a high percentage of legumes in their diets. In
these cases a chelated form of zinc is indicated. Trace
mineral-salt mixes with 0.5% to 2% zinc usually prevent
deficiency. The difference between required and toxic
amounts is quite large, and therefore zinc toxicity is rare
under most conditions.>®

The absorption of selenium from the small intestine is
enhanced by adequate dietary levels of vitamins E and A
and histidine. Large dietary quantities of arsenic, calcium,
vitamin C, copper, nitrates, sulfates, and unsaturated fats
inhibit selenium absorption. Legumes are usually better
sources of selenium than are grasses, which, in turn, are
superior to cereal grains (see also Chapter 9).

The signs of selenium deficiency include nutritional
muscular dystrophy, particularly of the skeletal and
cardiac muscles of fast-growing young lambs or kids, and



retained placentas. Signs associated with insufficient sele-
nium include poor growth, weak or premature lambs or
kids, depressed immune function, mastitis, and metritis.
Most often, selenium deficiency is observed in lambs
between birth and 8 weeks of age. Serum selenium con-
centrations are difficult to interpret because they may
reflect the dietary intake in the past 2 to 4 weeks. Whole
blood selenium is reflective of dietary selenium intake
over the past 100-plus days. Liver concentration is the
measurement of choice for diagnosing selenium defi-
ciency. However, the authors of this chapter prefer to use
whole blood selenium to determine selenium adequacy.
Diets containing 0.1 to 0.3 ppm of selenium are usually
adequate. The upper limit (0.3 ppm) should be fed during
the final trimester of pregnancy. Mineral-salt mixes
should contain between 24 and 90 ppm selenium in defi-
cient regions. Of course, dietary limits may be restricted
to different levels in different countries and states of the
United States. In cases of frank deficiency, injectable
vitamin E and selenium preparations may be given. Sele-
nium toxicity may occur, but deficiency is the more preva-
lent problem. Toxicity is characterized by wool break,
anorexia, depression, incoordination, and death®® (see

Chapter 9).

VITAMINS

Because the rumen normally synthesizes B vitamins in
healthy sheep and goats, the only vitamins needed in the
diets of nonstressed animals are the fat-soluble vitamins:
A, D, E, and K. If an animal has altered rumen function,
is parasitized, is on a low-fiber diet, or is being given
long-term antibiotic therapy, supplemental B vitamins
may be of value.

Vitamin A is involved in numerous bodily functions. It
is essential for growth, proper skeletal development,
normal reproduction, vision, and epithelial tissue in-
tegrity. Signs of vitamin A deficiency include weight loss,
depressed immune function, night blindness, decreased
fertility, and hair loss. Vitamin A can be stored in the liver
for 4 to 6 months or longer. Green, vegetative forage
meets the daily vitamin A requirement of all classes of
sheep and goats, which is 45 to 50 IU per kg of body
weight per day for nonlactating animals.> During late
gestation and lactation the requirement increases to 85
IU per kg of body weight per day. Plants do not contain
preformed vitamin A, but instead have vitamin A’s
carotenoid precursors.>® Hay that is brown and dry and
has been stored for long periods is probably deficient.
Vitamin-mineral supplements that also contain oxidizing
agents (e.g., copper, iron) are subject to oxidative destruc-
tion during storage. Although the label may suggest that
vitamin A is present, its activity may be minimal.

Vitamin D requirements are generally met if the
animals are exposed to sunlight. In confinement feeding
operations or during sustained overcast or cloudy condi-
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tions, vitamin D should be supplemented. Vitamin D defi-
ciency can occur in heavily wooled lambs raised with
limited access to sunlight or sun-cured forages. Winter
months tend to be the most common time for marginal
blood vitamin D concentrations. Vitamin D, along with
calcium and phosphorus, is important for normal bone in-
tegrity. Deficiencies can result in rickets (see Chapter 9).
Plants, both fresh and in the form of hay (particularly sun-
cured hay), contain abundant quantities of ergocalciferol
(vitamins D, and D3). The vitamin D requirement for
sheep is 5 to 6 IU per kg of body weight per day, except for
early weaned lambs, which have a requirement of 6 to 7 IU
per kg of body weight per day.” For conversions, 1 TU of
vitamin D equals 0.025 ug of crystalline D3.**

Vitamin E is a biologic antioxidant that plays a major
role in cell membrane integrity. It is closely associated
with selenium in its mode of action, and a deficiency of
either can lead to white muscle disease, depressed
immune function, and depressed fertility in sheep and
goats. Lambs from vitamin E—deficient ewes may experi-
ence stiffness, paralysis, and pneumonia. If a higher than
expected incidence of infection and disease is noted in
lambs or kids, the keeper or clinician should investigate
the herd’s vitamin E intake. In selenium-deficient areas,
young lambs should generally be given extra vitamin E
and selenium by injection. Vitamin E is poorly stored in
the body, so daily intake is crucial. Although vitamin E is
found in most good-quality forages, if females are con-
suming poor-quality hay (particularly in selenium-
deficient areas), supplementation is required. Feeds rich
in vitamin E include alfalfa meal, cottonseed meal, and
brewer’s grain. Some feedstuffs (e.g., corn, high sulfur-
containing feeds, onions) decrease vitamin E availability.
The current National Research Council (NRC) recom-
mendations for vitamin E requirements of sheep are 20
IU per kg of feed in dry matter for lambs weighing less
than 20 kg. Lambs heavier than 20 kg and ewes require
15 TU per kg of feed in dry matter.?

If a ruminant animal is healthy, the keeper does not
need to supplement vitamin K. Vitamin K is important
for normal blood clotting and vision. In healthy animals it
is produced in sufficient quantities in the rumen and
lower gut.

MINERAL FEEDING

A salt block or loose salt is just that—a block or loose
mixture of NaCl. Trace mineral salt in block or loose form
is composed of NaCl (usually 98% to 99%) with added
trace microminerals. The adequacy or content of certain
minerals in the block or loose salt mixture is generally not
specified. The nutritionist or clinician should carefully
evaluate the type of salt-mineral supplement that is being
offered to sheep or goats.

Most adult ewes consume around 0.3 to 0.8 kg of a
mineral mix per month, or about 10 to 28 g daily. Sheep
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and goats maintained in dry lots usually consume more
than this, whereas those that graze or browse on range
consume less. Although commonly used, salt blocks are
inappropriate for both sheep and goats, and their use can
lead to inadequate mineral intake and the occasional
broken tooth. A commonly used mixture of 40% dical-
cium phosphate and 60% trace mineral salt offered ad lib
generally provides an effective yet inexpensive salt-
mineral supplement. If vitamin E supplementation is re-
quired, 1 kg (2% 1b) of a vitamin E supplement contain-
ing 44,100 IU per kg can be combined with 22.7 kg (50
Ib) of trace mineral salt. If animals consume 10 to 17 g of
the mixture daily, requirements for vitamin E should be
met. If the keeper is concerned that sheep or goats are not
consuming enough of the mineral, he or she can monitor
intake by weighing the mineral being offered weekly. If
animals are not consuming enough of the supplement,
the addition of corn, molasses, or soybean meal may
enhance uptake. If too much of the mixture is being con-
sumed, the addition of white salt will curtail intake.

FEED ADDITIVES

To date, very few feed additives have been approved in
the United States by the Food and Drug Administration
for use in sheep and goats (see Appendix I). Two anti-
biotics, chlortetracycline and oxytetracycline, have been
approved as feed additives for sheep in the United States.
Dietary antibiotics may improve average daily gain, in-
crease feed conversion, and reduce the losses associated
with certain diseases (e.g., pneumonia, enterotoxemia) of
lambs and kids when incorporated into creep feeds or fin-
ishing diets. Responses are variable and depend on man-
agement and the degree of stress the lambs are experienc-
ing. Chlortetracycline and tetracycline are labeled in the
United States for increased feed efficiency and improved
body weight gain (20 to 60 g per ton of feed), for the pre-
vention of Campylobacter fetus abortion in breeding ewes
(80 mg per animal per day), and for the treatment of bac-
terial pneumonia caused by Pasteurella multocida and en-
teritis caused by Escherichia coli (22 mg per kg of body
weight per day). Both of these antibiotics have been suc-
cessfully used in similar dosages in goats (off label) to
treat the conditions listed for sheep. These antibiotics
may be milled into complete diets or top-dressed onto
feeds to treat footrot or conjunctivitis in situations where
individual animal treatment is difficult. Individual animal
intake may vary, with resultant alterations in response to
therapy. Whenever feed-based antibiotics are used,
anorexic animals will have insufficient intake for proper
therapy.

Two ionophores, lasalocid and monensin, are approved
in the United States as feed additives for control of coc-
cidiosis in sheep and goats, respectively. Both are ap-
proved only for confinement feeding, and neither are ap-
proved for use in animals whose milk is to be used for

human consumption in the United States. If the
ionophores are fed to ewes or does 30 days before they
give birth, they can reduce the shedding of infective
oocysts and may reduce pasture contamination and re-
sultant coccidiosis infection in young lambs or kids. Both
have value in improving weight gain and feed efficiency
in adults and young growing animals. Ionophores also
enhance proprionic acid fermentation in the rumen, thus
increasing the pool of glucose precursors and aiding in
the prevention of pregnancy toxemia in late-term ewes
and does. These drugs have the added benefit of decreas-
ing the incidence of free-gas bloat in animals on high
grain—low forage diets (show lambs, feedlot lambs).

Decoquinate is another anticoccidial feed additive that
is licensed for use in sheep and goats in the United States.
However, it is not approved for use in animals producing
milk for human consumption. Decoquinate acts early in
the life cycle of coccidia, before they can cause gastroin-
testinal damage, therefore preventing some of the more
serious consequences of infection. Decoquinate is very
safe and can be added to feed, mineral mixtures, and milk
or milk replacers. Lambs or kids at risk of developing coc-
cidiosis because of stress or environmental contamination
and ewes or does in late gestation are likely candidates for
the use of this feed additive. To maximize their effective-
ness, decoquinate-containing feeds should be fed contin-
ually for a minimum of 28 days.

The dewormer morantel is approved as a feed additive
for goats to control gastrointestinal nematodes. Feed ad-
ditive anthelmintics are valuable for use in animals that
are difficult to handle individually because of demeanor
or lack of facilities. However if anthelmintics are fed con-
tinuously and consistent therapeutic intake is not met,
anthelmintic resistance will occur.

The anionic salts ammonium chloride and ammonium
sulfate are both urinary acidifying agents, that help
prevent certain types of urolithiasis when added to the
diets of rams, bucks, and wethers. Urolithiasis may occur
in males (who have smaller urethral diameters than
females) consuming high-grain diets. This is particularly
true in pet goats, breeding bucks or rams, and feedlot
lambs. However, these anionic salts tend to be unpalatable,
and because of their effective dosage rate (200 mg per kg
per day), their use may result in depressed feed intake.

The term yeast culture refers to yeast and the medium
on which it is grown. It can be dried, preserved, and used
as a feed additive. Although the mode of action has not
yet been determined, it appears that the feeding of some
yeast cultures may stimulate dry matter intake and fiber
digestion, especially in mildly stressed animals. These
yeast cultures may stimulate the growth of ruminal bac-
teria, which utilize lactic acid. The quality of these prod-
ucts should be examined closely before their use. Yeast
culture may be useful in easing animals onto grain-rich
diets and minimizing rumen upset during the diet transi-
tion phase.



Buffers are salts that resist pH changes, whereas neu-
tralizing agents neutralize acid and therefore increase pH.
Some feed-grade buffers include sodium bicarbonate,
sodium sesquicarbonate, sodium bentonite, and calcium
carbonate. Magnesium oxide, sodium carbonate, and
sodium hydroxide are neutralizing agents. Buffers and
neutralizing agents can be added to high-grain diets (e.g.,
diets fed to feedlot lambs, show lambs, and dairy animals)
to help ease the rapid changes in ruminal pH associated
with the ingestion of excessive concentrates. Sodium bi-
carbonate is probably the most widely used of these
chemicals. The response to feeding buffers appears to be
variable except when they are used in dairy animals re-
ceiving high-grain diets. Buffers are of less value when
forage-based diets are fed. In dairy goats and sheep,
buffering agents improve milk production, minimize
milk fat depression, decrease the incidence of lactic
acidosis-rumenitis complex, and improve overall health.
These buffers may be fed ad lib to dairy goats, included
in a total mixed diet at around 1%, or top-dressed onto

the feed.!®

FIBER

Fiber is an important component of the diet of a ru-
minant animal. Without adequate fiber in the diet,
normal rumination does not occur. In sheep, feeding a
concentrate-based diet with limited amounts of fiber
results in “wool pulling” as the animals seek a roughage
source. To promote a healthy rumen, the dietary fiber
content should generally be greater than 50%.

Fiber also is required in the diet to maintain accept-
able levels of milk fat. The particle size of the fiber is im-
portant. It is generally suggested that a minimum parti-
cle size of 1 to 2.5 cm be fed to stimulate normal
rumination, although the effect of smaller particles is not
well documented in sheep and goats. Pelleted roughage
does not meet the requirement for fiber size. Animals
being fed }l;)elleted forage or lush pasture should be
offered hay."*

PELLETED FEEDS

The process of pelleting compacts feeds by forcing them
through a die. Pelleting of feeds decreases waste, allows
for easier storage and mechanization, and decreases labor.
However, it usually increases the total feeding cost. Com-
pacting the feed ingredients reduces or eliminates fines
and dust particles and therefore increases palatability. The
pelleting process reduces separation and feed sorting, pre-
venting the intake of only certain parts of the total feed.
Because pelleting usually entails grinding, particle size is
usually reduced, somewhat improving digestibility. How-
ever, feeding pellets can result in decreased milk fat in
dairy animals, urolithiasis in males, and an increased inci-
dence of ulcers and choke. Pelleting also may reduce or
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destroy much of the vitamins A, E, and K in the feed.
Therefore, when pelleting feeds, manufacturers should
fortify these nutrients in the pellet.

FEED ANALYSIS

Both sheep and goats can derive nutritional value from
numerous feeds. A listing of a wide array of feeds and
their nutritional content can be found in Table 2-5. For
simplicity, energy values are reported as TDN. Many
feeds have limitations on their use because of such
factors as fat content, palatability, moisture content, anti-
nutritional factors, and other attributes beyond the scope
of this chapter.

To analyze the nutrient content of a given feedstuff,
the clinician must obtain a representative sample. For hay
samples, random sampling of approximately 10% of the
bales is adequate. For large round bales a core sample into
the round side of the bale to a depth of approximately 78
cm is ideal. Most sampling devices provide an approxi-
mate 2.5-cm diameter core from the bale. All of the core
samples should be combined into one container and thor-
oughly mixed. From this combined mix, the clinician
should properly package a subsample of approximately
0.22 kg and send it to a laboratory for analysis. Samples
of silage and other high-moisture feeds should be frozen
before shipment to the testing laboratory. To analyze bulk
feeds that are stored in bins or other storage facilities, the
clinician should take several random grab samples as the
feed is being augered or unloaded. Forage can be evalu-
ated by appearance, albeit with much less accuracy than
with some sort of analysis. Green, leafy forage that is free
of mold or weeds is usually more nutritious.

After a representative sample arrives at the laboratory,
it is analyzed for a variety of nutritive components. First,
the sample is assayed for moisture content. Most feeds
contain approximately 10% to 15% moisture, possibly less
in arid environments. The dry matter of a feed is there-
fore important, and for comparison the nutrient content
of the feed is reported as a percent of its dry matter. If the
moisture content exceeds 15%, mold contamination is a
problem. In addition, total ash content also may be deter-
mined and individual minerals measured. Total ash
content may be of value for various by-product feeds in
which dust or soil contamination may be a problem.

The fiber content also should be determined. Most
laboratories use the Van Soest procedure, which is based
on the use of detergents. The first step is to boil the
sample in a neutral detergent solution and separate the
cell contents from the fiber. The undissolved fraction is
referred to as the neutral detergent fiber (NDF). This NDF
fraction is then boiled in an acid detergent solution, dis-
solving the hemicellulose and leaving behind the remain-
ing fraction, the acid detergent fiber (ADF). This fraction is
dissolved in 72% sulfuric acid, which solubilizes the cellu-
lose. The remaining lignin and silica are separated by
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NUTRIENT COMPOSITION OF VARIOUS FEEDSTUFFS FOR SHEEP AND GOATS*

TOTAL DIETARY

FEEDSTUFF DRY MATTER % NUTRITION % CRUDE PROTEIN % CALCIUM % PHOSPHORUS %
ALFALFA
Fresh 26.0 59.8 20.3 1.88 0.27
Hay, sun-cured, early bloom 90.5 56.5 19.2 1.39 0.21
Hay, sun-cured, mature 91.2 55.0 14.5 1.17 0.21
Meal, dehydrated 91.8 60.4 19.1 1.5 0.24
BAHIA GRASS
Fresh 28.7 54.7 12.5 0.45 0.31
Hay, sun-cured 90.0 50.9 9.4 0.45 0.22
BAKERY
Wiaste, dehydrated 91.2 89.1 11.1 0.15 0.24
BARLEY
Grain 88.6 82.7 13.0 0.06 0.38
BEET, SUGAR
Pulp, dehydrated 91.0 74.4 9.8 0.68 0.1
BERMUDA GRASS, COMMON
Fresh 28.9 56.1 12.7 0.48 0.28
Hay, sun-cured 91.2 48.1 9.7 0.47 0.18
BERMUDA GRASS, COASTAL
Fresh 30.3 58.8 12.8 0.5 0.26
Hay, sun-cured 91.6 54.4 12.2 0.42 0.21
CANOLA (RAPE)
Seeds, meal mechanically extracted 92.0 78.6 38.4 0.72 1.13
CITRUS
Pomace (citrus pulp) 91.1 81.3 6.7 1.88 0.13
CLOVER, CRIMSON
Fresh 17.5 64.0 17.1 1.37 0.28
Hay, sun-cured 87.8 61.2 16.7 1.35 0.22
CLOVER, LADINO
Fresh 17.7 70.2 24.8 1.39 0.38
Hay, sun-cured 89.1 63.5 22.4 1.35 0.31
CORN (MAIZE)
Cobs, ground 89.8 48.5 3.1 0.12 0.04
Gluten, meal 91.3 86.8 47.5 0.16 0.50

*Values are shown as a dry matter basis.
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NUTRIENT COMPOSITION OF VARIOUS FEEDSTUFFS FOR SHEEP AND GOATS—cont'd

TOTAL DIETARY
FEEDSTUFF DRY MATTER % NUTRITION % CRUDE PROTEIN % CALCIUM % PHOSPHORUS %

CORN (MAIZE)—cont'd

Gluten, with bran (gluten feed) 89.9 82.8 25.4 0.35 0.84
Grits byproduct (hominy feed) 90.2 87.9 10.3 0.05 0.57
Grain, grade 2 87.3 88.1 10.0 0.02 0.33
Silage, well-eared 34.1 70.1 8.2 0.26 0.21
COTTON

Hulls 90.4 45.1 4.2 0.14 0.08
Seeds, meal mechanically extracted 92.6 79.5 44.3 0.2 1.17
Seeds, whole 92.2 90.3 23.5 0.15 0.73
FESCUE, TALL

Fresh 24.0 62.5 10.8 0.51 0.46
Hay, sun-cured, early bloom 92.0 54.2 10.3 0.3 0.27
FISH, MENHADEN

Meal, mechanically extracted 91.7 77.2 66.6 5.70 3.28
GRASS

Hay, sun-cured, full bloom 89.3 54.9 9.5 0.57 0.24
JOHNSON GRASS

Hay, sun-cured 90.5 55.7 7.7 0.89 0.31
MOLASSES

Sugar cane 74.3 82.2 5.8 0.99 0.11
0ATS

Grain 89.2 77.4 13.2 0.09 0.38
Hay, sun-cured 90.7 60.3 9.6 0.32 0.26
ORCHARD GRASS

Hay, sun-cured 89.6 57.9 11.8 0.41 0.28
PEANUT

Hay, sun-cured 90.7 51.1 11.5 1.12 0.14
Hulls 91.0 21.9 8.7 0.27 0.07
RICE

Bran 91.0 73.8 141 0.08 1.66
Hulls 91.9 12.5 3.0 0.12 0.08
RYE

Grain 87.5 82.6 13.7 0.08 0.39

Continued
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NUTRIENT COMPOSITION OF VARIOUS FEEDSTUFFS FOR SHEEP AND GOATS*—cont'd

TOTAL DIETARY

FEEDSTUFF DRY MATTER % NUTRITION % CRUDE PROTEIN % CALCIUM % PHOSPHORUS %
RYEGRASS
Fresh 22.6 70.1 17.6 0.66 0.4
Hay, sun-cured, early bloom 89.9 58.0 14.4 0.56 0.35
SORGHUM (MILO)
Grain 89.4 85.4 11.3 0.03 0.3
Silage 28.8 57.3 6.6 0.35 0.21
SOYBEAN
Seed coats, hulls 90.3 76.7 11.2 0.53 0.19
Seeds, meal mechanically extracted 90.0 85.4 48.1 0.26 0.62
Seeds, meal extracted in solution 89.9 83.6 49.9 0.26 0.64
TRITICALE
Grain 89.2 77.5 13.2 0.05 0.3
WHEAT
Fresh, early vegetative 22.2 78.3 221 0.4 0.4
Grain 89.0 87.3 15.1 0.05 0.38
WHEY
Dehydrated 93.3 79.7 14.1 0.91 0.82

*Values are shown as a dry matter basis.

ashing the sample. The NDF is an estimate of the
amount of hemicellulose, cellulose, and lignin the sample
contains, whereas the ADF estimates only the amount of
cellulose and lignin. As the NDF content of a feedstuff
rises, the bulkiness of the feed also increases—that is,
NDF is negatively correlated with dry matter intake. As
the ADF content of a feed rises, its digestibility is de-
creased. Pelleting or grinding usually results in a greater
dry matter intake, even for feedstuffs with relatively high
NDF contents. Based on the determined levels of the
various fiber fractions, prediction equations are used to
compute TDN content and various other values for
energy content (e.g., metabolizable energy, net energy).
The last major nutrient that is measured is crude
protein. The sample is analyzed for nitrogen content, and
then crude protein is calculated as percent nitrogen mul-
tiplied by 6.25. The crude protein value cannot indicate
if any or how much of the protein has been damaged by
heat. Heat damage often results in decreased digestibil-
ity. This method of protein analysis does not differenti-
ate between NPN and natural protein. If the protein is
reported as digestible protein, this is formulated from the

crude protein content. Unfortunately, digestible protein
is of limited practical value in developing rations. Addi-
tionally, samples may sometimes be analyzed for fat.
Table 2-6 illustrates sample hay analyses.

Different testing laboratories use different equations
to predict energy values. One common equation is as
follows:

TDN (%) = 88.9 — (0.79 x ADF[%])

The equation balances using either the ADF (39%) or
the TDN (58.09%) values from the analysis provided in
Table 2-6. This is a simple equation, but the various net
energy prediction equations use cubic and quadratic
terms that are much more complex. The NDF fraction
can be used to estimate the animals’ voluntary dry matter
intake:

Dry matter intake (% of body weight) = 120 + NDF (%)

Again, using the information from Table 2-6, the
equation is solved as follows:

Dry matter intake = 120 + 62% = 1.94% of body weight
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A SAMPLE ANALYSIS FOR FESCUE HAY

DETERMINED
DRY-MATTER
CONSTITUENT BASIS
Moisture 12.75%
Dry matter 87.25%
Crude protein 12.31%
Fiber
NDF 62.00%
ADF 39.00%
Total digestible nutrients* 58.09%
Net energy—lactation™ 1.31 mcal/kg
Net energy—maintenance™ 1.25 mcal/kg
Net energy—grain® 0.58 mcal/kg

*Calculated from prediction equations.

In other words, animals consuming the hay in Table
2-6 would consume about 1.9% of their body weight in
dry matter.

Another calculated figure that may be reported on a
forage analysis is relative feed value (REFV). This is calcu-
lated as follows:

RFV = digestible dry matter (%) x dry matter intake (%) < 1.29

where digestible dry matter (%) = 88.9 — (0.779 x ADF[%]).
Therefore, for this example the equation is completed as
follows:

RFV = (58.52 x 1.94) + 1.29 = 88
RFVs can exceed 100 and often do for good-quality

alfalfa. However, they do not take into account the crude
protein content of the forage, which must be evaluated
separately. The poorer the quality of a forage, the longer it
requires for digestion. Poor-quality forage remains in the
rumen for a longer period, thereby limiting feed intake.
Keepers purchasing feeds would do well to make deci-
sions based on RFV. However, during diet formulation,
TDN and protein concentrations are used most often as
guidelines.

BALANCING A RATION
Substitution Method

The substitution method for balancing a ration works
best when only two or three feedstufts are to be used on a
farm or ranch. (The authors of this chapter use pounds,
not kilograms, in demonstrating this method of ration
calculation.) As an example, the following paragraphs il-
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lustrate the method for calculating a diet for a group of
ewes with an average body weight of 150 pounds. These
animals also are in the last trimester of pregnancy, with a
high expected twinning rate (Table 2-7, 4 and B). Some
grass hay is available and has been analyzed; it contains
51% TDN and 8.8% crude protein. Both corn and
soybean meal can be purchased as needed. The ewes’ daily
requirements can be determined from this information.
Table 2-7 illustrates that a 154-pound ewe with a 180%
to 225% expected lambing rate consumes 4.2 1b of dry
matter per day and requires 2.8 Ib of TDN and 0.47 1b of
protein. If x = b of hay, then 4.2 — x = Ib of corn. TDN

can then be determined as follows:
0.51(x) + 0.881(4.2 — x) = 2.8

where 0.57 and 0.881 are the proportion of TDN in the
hay and corn, respectively. As noted in the table, 2.8
is the daily TDN requirement in pounds. Solving for
x indicates that feeding 2.4 Ib of hay and 1.8 Ib of corn
per day (dry matter basis) provides the ewes’ energy
needs.

The next step is to determine the protein adequacy.
The provided hay contributes 0.21 1b of protein
(2.4 X 0.088); the corn contributes 0.18 Ib of protein
(1.8 X 0.1). Total daily intake of protein is therefore 0.39
Ib (0.21 + 0.18). However, because the protein require-
ment was determined to be 0.47 b, the diet is still defi-
cient by 0.08 1b (0.47 — 0.39). A protein source such as
soybean meal can be used to supplement the grain (corn).
The net gain in protein for this substitution is 0.34 1b for
every pound of soybean meal substituted for corn
(0.44 — 0.1). Dividing the deficiency (0.08 1b) by the net
gain in protein gained by substituting soybean meal for
corn (0.34 Ib) indicates that the ration can be balanced by
adding 0.23 Ib of soybean meal and subtracting 0.23 1b of
corn. The final daily ration is therefore 1.57 1b of corn,
0.23 Ib of soybean meal, and 2.4 1b of hay.

To convert this to an as-fed basis, and for simplicity’s
sake in this example, the keeper should assume that all
feeds are 90% dry matter. Therefore the amount of each
feedstuff should be divided by 0.9, resulting in 1.7 Ib of
corn, 0.25 Ib of soybean meal, and 2.7 Ib of hay.

From a practical standpoint, the authors of this
chapter would probably offer the ewes free-choice hay
and supplement them with 2 1b of a corn-soybean meal
mixture that contains 87.5% corn and 12.5% soybean
meal. This ration is fed until lambing commences, at
which time the diet is reformulated to meet the demands
of lactation.

Fixed Ingredients

The next example illustrates a method of balancing a
ration using a fixed set of ingredients. In this example,
three different grain sources are used: corn, oats, and
wheat. The diet is balanced for 30-1b kids growing at a

Text continued on p. 38
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rate of 0.20 Ib per day. In addition, cottonseed hulls are
available as a roughage source and cottonseed meal as a
source of protein. The wheat was purchased at a bargain
price, but potential problems exist with feeding large
amounts of it. Therefore wheat is limited to 15% of the
diet. In this example the owners have requested that equal
quantities of corn and oats be used in the diet formula-
tion. Table 2-8 describes the daily requirements for these
goats as follows: dry matter intake of 0.9 Ib, protein
intake of 0.119 1b, and TDN of 0.59 1b. First, the nutri-
ents being provided by the fixed level of wheat should be

taken into account:

Daily intake = 0.90 Ib X 15% = 0.135 Ib of wheat per day
TDN from wheat = 0.135 1b < 0.873 = 0.12 |b of TDN
Protein = 0.1351b < 0.151 = 0.020 Ib of protein

Subtracting these amounts from the requirement

yields the following results:

Dry matter = 0.90 — 0.135 = 0.765
TDN = 059 — 0.12 = 047 Ib
Crude protein = 0.119 — 0.020 = 0.099 Ib

DAILY NUTRIENT REQUIREMENTS FOR GOATS

An equation similar to the previous example, in which
x = pounds of cottonseed hulls and 0.765 — x = 1:1
mixture of corn and oats is now used to solve for TDN:

0.451(x) + 0.8275(0.765 — x) = 0.47

where 0.451 is the TDN content of the cottonseed hulls
and 0.8275 is the TDN content of a mixture of equal
parts of corn (0.881) and oats (0.774) [0.881 + 0.774] +
2 = 0.8275.

Solving for x reveals that balancing the ration requires
0.521b of cottonseed hulls and 0.24 1b of the corn/oats mix,
which equates to 0.12 Ib (0.24 1b divided by 2) of each.

So far, the ration consists of 0.52 Ib of cottonseed hulls,
0.135 Ib of wheat, 0.12 Ib of corn, and 0.12 1b of oats. The
hulls provide 0.022 Ib of protein (0.52 b X 0.042), the
corn provides 0.012 Ib of protein (0.121b X 0.10), and the
oats provide 0.016 Ib of protein (0.12 X 0.132). Total
protein in the ration thus far is 0.05 1b (0.022 + 0.012 +
0.016). The requirement is 0.099 1b, leaving a deficit of
0.0491b.

Cottonseed meal can be substituted for some of the
grain. An equal mix contains 11.6%, so the net gain of the

CLASS OF GOAT BODY WEIGHT (LB) DRY MATTER INTAKE* (LB) TOTAL DIETARY NUTRITION (LB) CRUDE PROTEIN (LB)
Dry doe, early 50 1.25 0.64 0.091
pregnant 70 1.75 0.83 0.117
90 2.25 1.00 0.141
110 2.75 1.17 0.164
130 3.25 1.32 0.186
Doe, late 50 1.25 1.12 0.159
pregnancy 70 1.75 1.45 0.205
90 2.25 1.75 0.248
110 2.75 2.04 0.288
130 3.25 2.31 0.327

Doe, lactating

Add 0.35 pound of total dietary nutrition and 0.072 pound

of protein per pound of 4% milk produced

Kid, growing at 30 0.9
0.2 Ib/day 40 1.2
50 1.5

Kid growing at 30 0.9
0.3 Ib/day 40 1.2
50 1.5

Kid growing at 30 0.9
0.4 Ib/day 40 1.2
50 1.5

0.59 0.119
0.70 0.134
0.79 0.148
0.66 0.147
0.77 0.162
0.86 0.176
0.74 0.176
0.85 0.191
0.94 0.205

*Daily dry matter intake for does is estimated at 2.5% of body weight but can be as high as 2.75% of body weight. For growing kids, intake is
estimated at 3% of body weight but can be as high as 4.5% depending on diet and types of kids being fed.



substitution is 32.7% (44.3% — 11.6%). Therefore to
balance the ration the keeper should add 0.15 1b (0.47 1b
divided by 0.327) of cottonseed meal and take out 0.075
Ib of corn and 0.075 Ib of oats from the diet.

The final daily ration is as follows:

LB DRY MATTER LB AS FED* % AS FED
Cottonseed hulls 0.52 0.58 58.0
Wheat 0.135 0.15
Corn 0.045 0.05 5.0
Oats 0.045 0.05 5.0
Cottonseed meal 0.15 0.15 17.0

*To determine this column, the keeper should determine the percent-
age of dry matter and divide it into the amount of dry matter being
fed (e.g., cottonseed hulls 0.52 Ib dry matter at 90% dry matter, or
0.52 divided by 0.9 = 0.58 Ib of feed). In this example, all the feeds
are 90% dry matter.

Pearson Square

The Pearson square is a simple technique that is quite
useful for blending two ingredients on the basis of one
nutrient. In the following example, corn and soybean
meal are blended to attain a concentrate mixture of 16%
crude protein. The square is formed by placing the per-
centage of the nutrient that is desired in the center and
then placing the percentage of the nutrient present in the
two feeds at the left corners:

Corn 10.0% 32.1 parts corn

Soybean meal 48.1% 6.0 parts soybean meal

38.1 total parts

The square is solved by subtracting diagonally across
the square without regard to the sign of the differences (in
other words, 70 negative numbers) and recording the dif-
ference at the right corners. Using the individual and total
parts, the percentage of each ingredient can be calculated:

32.1/38.1 = 84.25% corn
6/38.1 = 15.75% soybean meal

Therefore a mixture composed of 84.25% corn and
15.75% soybean meal mixture yields a feed with a crude
protein content of 16%. This quick method can be used
for any class of nutrient.

Calculating for Phosphorus
and Calcium Supplementation
The next example illustrates the way to calculate require-

ments for phosphorus and calcium supplementation. The
84.25% corn and 15.75% soybean meal mixture from the

Chapter 2 Feeding and Autrition * 39

previous example is used. Values for the calcium and
phosphorus content of these two feedstuffs are provided
in Table 2-5:

CALCIUM PHOSPHORUS
Corn grain, grade 2 0.02% 0.33%
Soybean meal, mechanically
extracted 0.26% 0.62%

All values are provided on a dry matter basis. Calcium
supplementation is to be made with limestone, and phos-
phorus supplementation is to be made with dicalcium
phosphate. The corn/soybean meal mixture comprises
97% of the diet. This allows for the addition of a calcium
and phosphorus source (dicalcium phosphate) and a
calcium source (limestone) for needed trace minerals, as
well as a urine acidifier (if needed). Corn is therefore
81.7% of the diet (84.25% X 0.97), whereas soybean meal
comprises 15.3% of the diet (15.75% X 0.97). Assuming
a requirement of 0.5% for phosphorus and knowing the
percentage of phosphorus in dicalcium phosphate
(18.5%) allows the calculation of the amount of phospho-
rus supplementation (as dicalcium phosphate) by multi-
plying each feed ingredient by the percentage of phos-
phorus in that feed and adding the results:

0.5% = (81.75% x 0.0033) + (15.3% X 0.0062) + (x X 0.185%)

where 0.5% is the daily phosphorus requirement, 81.75%
is the percentage of corn in the diet, 0.0033 is the per-
centage of phosphorus found in corn, 75.3% is the
percentage of soybean meal in the diet, 0.0062 is the
percentage of phosphorus found in soybean meal, x is
the amount of dicalcium phosphate required for sup-
plementation, and 0.185% is the percentage of phospho-
rus in dicalcium phosphate. The equation is solved as
follows:

0.5% = 0.27% + 0.095% + (x x 0.185%)
05% = 0.365% + (x X 0.185%)
(0.5% — 0.365%) = 0.185% = x

x = 0.73%

Therefore dicalcium phosphate must comprise 0.73%
of the diet to satisfy the phosphorus requirement.

It is now possible to solve for the required calcium
supplementation in the form of limestone, assuming a
daily requirement of 0.6% and knowing both the amount
of dicalcium phosphate in the diet (0.73%) and the per-

centage of calcium in limestone (38%):

0.6% = (81.75% x 0.0002) + (15.3% x 0.0026)
+(0.73% X 0.22%) + (x X 0.38%)

where 0.6% is the daily calcium requirement, 81.75% is
the percentage of corn in the diet, 0.0002 is the percent-
age of calcium found in corn, 75.3% is the percentage of
soybean meal in the diet, 0.0026 is the percentage of
calcium found in soybean meal, 0.73% is the percentage
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of dicalcium phosphate in the diet, 0.22% is the percent-
age of calcium in dicalcium phosphate, x is the amount of
limestone required for supplementation, and 0.38% is the
percentage of calcium in limestone. The equation is
solved as follows:

0.6% = 0.016% + 0.04% + 0.16% + (x X 0.38%)
0.6% = 0.216% + (x X 0.38%)
(0.6% — 0.216%) + 0.38% = x
x=1%

Therefore limestone must comprise 1% of the diet to
satisfy the calcium requirement.

The ration calculated in the previous examples would
therefore be composed of the following:

Corn 81.7%
Soybean meal 15.3%
Dicalcium phosphate 0.73%
Limestone 1%
Total ration 98.73%

This is on an as-fed basis. Given that a standard 0.5%
(0.5 1b) of sodium chloride and 0.05% (0.05 1b) of trace
minerals are usually added, the resultant mixture is
99.28% complete on a dry matter basis.
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BODY CONDITION SCORING

Theoretically, the exact amount of nutrients required for
each stage of production should be provided; however,
this is usually not practical under field conditions. There-
fore the animal is subject to seasonal periods of undernu-
trition and overnutrition. A useful system to help assess
the overall nutritional status of the flock is to assign a
body condition score to the animals. The body condition
score system most commonly used for sheep and goats
has a range of 1 to 5, with 1 being extremely thin and 5
being extremely obese. Body condition scoring is accom-
plished by palpating a relaxed ewe or doe for the degree of
fat covering on the spinous processes and transverse
processes in the lumbar region (Figure 2-1)." Because
more than 85% to 90% of all healthy ewes receive a score
of 2, 3, or 4, half-scores are often assigned for greater ac-
curacy. For example, if the animal scores higher than a 3,
but not quite a 4, it should be classified with a condition
score of 3.5. Ideally, the majority of the flock should have
a condition score of 2.5 to 3 at breeding and parturition.
If the flock was scored 45 days before parturition, and
the average was less than 2.5 to 3, the keeper should in-
crease the flock’s energy intake so that the animals reach
an average of 2.5 to 3 by the time of parturition. Animals
in thin body condition at parturition give birth to weaker
babies and generally produce less milk during early lacta-
tion. An ideal body condition score is especially impor-
tant in accelerated breeding systems in which the females
are rebred within 60 to 90 days after parturition. Like-
wise, if the average condition score 30 days before breed-
ing is less than 3, the keeper should consider flushing the
females. Moreover, condition scoring all the females
allows the keeper to move the thin females (those with a
score less than 2) into one feeding group while leaving the
others (those with a score higher than 3) in another
feeding group. In this way the thin females can receive
additional supplementation without the others becom-
ing overconditioned. A universally accepted condition
scoring system is not available for goats. The authors
follow the system in Table 2-9 and use many of the same
principles described for sheep.” Figure 2-2 shows a crude



Chapter 2 Feeding and Autrition

Spinous process—prominent and sharp

No fat cover

Transverse process protrudes

Score 1
Fingers press under with ease
Spinous process—prominent but smooth
Score 2
Spinous process—rounded but smooth
Muscle development full
Score 3

Transverse process round
/ but smooth

—— Need hard finger pressure to find
transverse process end

Figure 2-1 Body condition scores for sheep. These drawings show a cross-section through the
lumbar region and depict the fat covering (or lack thereof). Score 1, The spinous and transverse
processes are sharp and no fat is detectable on the loin area. These animals are emaciated. Score 2,
Animals are still thin with prominent spinous and slightly rounded transverse processes. The examiner’s
fingers can be passed under the edge of the transverse processes. Score 3, Animals have smooth, slightly
rounded spinous and transverse processes. Slight pressure is required to palpate the transverse process.

Continued
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Spinous process—only evident as a line

Fat cover considerable but firm

Transverse process cannot

Score 4 be felt

Spinous process not detectable

Score 5 Transverse process not detectable

Figure 2-1, cont’d Score 4, These animals are fat. The spinous processes are barely palpable.
Score 5, These animals are obese, with a midline concavity running over the spinous process. Because
these scores are broad, many owners or managers round up to half-scores (e.g., 2.5) if the animal has
more fat covering then one score but not quite as much as the next whole-number score up.

THE BODY CONDITION SCORING SYSTEM FOR GOATS

SCORE APPEARANCE

0 No subcutaneous tissue seen.

1 Dorsal aspect of vertebral column forms a continuous ridge, hollow flank, ribs easily seen. Sternal fat easily
moved laterally. Chondrosternal joints easily palpable. No muscle or fat between ribs or bones. Transverse
processes of lumbar vertebrae easily visualized, and articular processes easily palpable.

2 Sternal fat moveable, but 1 to 2 cm thick. Tissue visible between skin and chondrosternal joints. Some tissue
around transverse processes of lumbar spine, but it is more difficult to palpate than in Score 1. Need slight
pressure to palpate articular processes.

3 Dorsal aspect of vertebral column is less prominent. Sternal fat is thick and barely moveable. Chondrosternal
joints are difficult to palpate. Lumbar vertebrae have thick tissue covering. Articular processes of transverse
processes not palpable.

4 Sternal fat, costochondral fat, and rib fat continuous. Transverse process difficult to palpate. Spinous processes
not palpable.

5 Sternal fat and rib fat bulges between pressed fingers. Spinous and transverse processes not palpable.

From Santucci PM et al: Body condition scoring of goats in extensive conditions. In Morand-Fehr P, editor: Goa# nutrition, Wageningen,
Netherlands, 1991, Pudoc.



Figure 2-2 The clinician can estimate the weight of a sheep or
goat by measuring the circumference or heart girth just behind the
shoulder and elbow (a) and the body length from shoulder to rump or
tuber ilium (b)in inches. Heart girth X heart girth X body length +
300 = weight in Ib. The wool of unshorn animals should always be
compressed during this estimation. One of the authors (Dr. Pugh) uses
this formula on sheep and goats of varying size with acceptable
results. (Adapted from Ensminger ME, Oldfield JE, Heinmann WW:
Feeds and nutrition, ed 2, Clovis, CA, 1990, Ensminger Publishing.)

method of estimating the body weight of sheep and
goats.

FEEDING PROGRAMS

In North America, most farm flocks of sheep and goats
are maintained on pasture- or range-based systems.
Worldwide, about 80% of all nutrients for sheep and
goats are derived from forage.” Both species are adept at
converting forage into high-quality products for human
consumption and use. Whenever sheep (and possibly
goats) graze large pastures or range, their maintenance
energy requirements may be more than 60% higher than
those of animals raised in dry lots.” The more walking re-
quired or the larger the range, the more work the animal
must perform to consume enough forage to support
maintenance, growth, lactation, and fiber production.

PASTURES

Producing and providing good-quality forage ultimately
reduces feeding costs, increases overall health, and usually
results in a more profitable farming operation. In a typical
fall breeding/spring lambing operation, supplemental
grain feeding can be kept to a minimum if a good forage
management program is followed. A variety of perennial
grasses (e.g., fescue, orchard) can be used by sheep and
goats. Strategic incorporation of legumes (e.g., clover)
and some annual grasses (e.g., rye grass) can provide ex-
cellent nutrition for the flock. The addition of 30%
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Figure 2-3  These mixed breed sheep are grazing a fescue
pasture. They have free range to the pasture and, in this case, no
pasture rotation is being used.

legumes to a grass pasture improves the nitrogen content
of the soil and increases pasture productivity. Legumes
improve the nutritional value of a pasture, but may
predispose to calcite calculi or bloat. Still, the benefits
far outweigh the problems if the legumes are used
judiciously.

Where possible, a pasture grazing system should
include warm-season perennial grasses for use by the
ewes after weaning. During early gestation, these same
grasses can be used as mature forage. Approximately 60
days before parturition and through the first 90 days of
lactation the females can graze on cool-season, annual
grasses. In some environments the warm-season grasses
then begin their seasonal production. With this system,
very little supplemental feeding is required. As long as
quantity of the various forages is not limited, grain sup-
plementation is usually not required. However, under
most practical settings, weather limits forage quantity for
60 days or longer each year. A good-quality, pasture-
based forage feeding system often requires minimal
energy and protein supplements for non-lactating, non-
growing animals.

For proper forage management, adequate amounts of
grazeable land and several pastures are needed for a rota-
tional grazing program (Figure 2-3). Forage must have
some periods of rest from grazing to maintain optimal
productivity. Therefore pasture rotation is essential. The
pasture layout does not need to be elaborate or comprised
of many small paddocks. However, pastures do need to be
divided for proper maximization of forage production.
Approximately 6 to 10 separate paddocks or pastures are
desirable, and further subdivisions can be added as
needed (Figure 2-4). The divisions should be based on
the productivity of the soil and natural breaks in the to-
pography. They will not necessarily be of equal size. The
forage should be grazed in a way that optimal leaf mate-
rial is produced. Depending on the time of year and
amount of moisture, the length of time grazing an area
and rest between each rotation vary. For example, the
keeper might have his or her flock graze each of 10 pad-
docks for an average of 3 days at a time; at the end of the
rotation the first paddock has had 30 days of rest and
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Figure 2-4 These Boer and Boer-crossed goats are in a pasture
rotation program in which they are moved every 5 days.

should have good forage regrowth. This type of grazing
management may not necessarily increase animal gains,
but it may increase the land’s carrying capacity as well as
the overall quality of the pastures. Pasture rotation
systems that increase grass production do not necessarily
aid in parasite control. Between four and six ewes (and
their lambs) and five to eight does (and their kids) can be
maintained on the same amount of land that will support
one cow and her calf. However, in woodland or brushy
areas the same land that will nutritionally support one
cow and her calf will provide enough forage for about 10
goats and their kids.

A complete mineral supplement should be offered at
all times. An adequate mineral supplement for animals
grazing grass pasture contains 15% to 30% salt, 6% to
12% calcium, 6% to 12% phosphorus, and 1% to 4% mag-
nesium (except in early spring when magnesium should
be 8% to 14% of the minerals). Trace minerals suitable for
the area and soil type also should be offered.

RANGE

Many of the world’s sheep and goats graze on range
lands. The common goal among all range land enterprises
is to use as much standing forage as possible with little
use of harvested forage or other supplements. Supple-
mental feeding should only be practiced when nutrient
demands far exceed the nutrient supply of the forage.
Some deficiencies are acceptable because of the female’s
ability to regain body condition during the period from
weaning until breeding. The amount and type of supple-
mentation needed are variable across range conditions.
The two most important factors in supplementation de-
cisions are stage of animal production (lactation) and
weather conditions (moisture or snow cover). A good
range mineral mixture includes equal parts of dicalcium
phosphate and trace mineral salt. The trace mineral salt
component should be designed for the local forage and

soil types. In general, phosphorus should be supple-
mented under most range land conditions. Regardless of
its composition the salt-mineral supplement should be
made available free choice as the only source of salt.

Additional supplements containing protein or energy
may be used as needed. Body condition scoring can help
in making the decision to supplement energy. If the level
of desirable performance can be attained by using a sup-
plemental grain less than or equal to 0.5% of body
weight, feeding grain can be economical. However, if
greater quantities of grain are needed, negative effects of
the grain on forage use will occur (depressed digestibility
of forage). Several grain by-products are acceptable sup-
plements for ruminants consuming a forage-based diet.
For example, soybean hulls and wheat middlings can
provide economical supplies of energy without negative
effects on forage use. Protein supplements in the form of
soybean meal or cottonseed meal are often used and may
actually enhance the digestibility of moderate- or poor-
quality forage.

Whenever hand feeding is difficult, salt-limited
rations may be useful for range-fed sheep or goats used
for brush control. Depending on requirements, supple-
mental energy (e.g., corn, oats) or protein (e.g., cotton-
seed meal, soybean meal) should be ground and mixed
with saltin a 3:1 to a 6:1 salt-to-grain ratio, depending
on intake. If intake is too great, more salt should be
added. If intake is too low, salt should be removed. In all
cases only white salt (NaCl) should be used. The use of
salt-limited feeds decreases trace mineral intake. If trace
mineral deficiencies exist locally, and salt-limited feeds
are to be used, the keeper should add a suitable trace
mineral salt to the feed at a level where trace mineral con-
sumption does not exceed 0.02% of the animal’s weight.
Salt-limited supplemental feeding should be introduced
slowly over 2 to 3 weeks, and the animals should be mon-
itored daily, particularly in times of stress (predator
attacks, weather changes).

CONFINEMENT FEEDING

Confinement feeding of sheep or goats in various small
vegetation-free enclosures or dry lots is used in certain
locales for all or part of the year. In climates with colder
winters and areas that lack winter grazing, some produc-
ers move sheep (and occasionally goats) to a sheltered dry
lot or barn for protection. Such situations usually require
more start-up money (for construction of a barn to house
animals, feeding floor or lot, and water system) than
range or pasture operations. Confinement management
also may increase the incidence of some contagious dis-
eases, external parasites (particularly during winter),
feeding costs, bedding costs, and the need to handle and
dispose of manure. Still, the advantages can more than
outweigh the disadvantages in operations where a cheap
source of feed and labor is available.
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EXAMPLE RATIONS FOR DRY LOT FEEDING FOR NON-DAIRY ANIMALS (LB/DAY)

150-Pound Ewe 70-Pound Doe
Ingredient* MAINTENANCE GESTATION LACTATION MAINTENANCE GESTATION LACTATION
At Bt A B A B A B A B A B
Alfalfa hay 2.9 4.25 5.5 2.0 2.8 2.6
Grass hay 2.9 3.6 4.8 1.67 2.3 2.2
Corn 0.25 0.75 1.0 1.0 0.33 0.5 0.4 0.4
Soybean meal 0.15 0.75 0.4

*See Table 2-5 for average nutrient contents for each ingredient.
14 and B are different sample diets for each stage of production.

When properly performed, confinement or dry lot
feeding can all but eliminate two of the most serious
problems with sheep and goat production: internal
parasites and predators. However, during confinement
feeding, some access to outdoor dry lots is needed to
improve hoof and udder health and decrease the need for
supplemental vitamin D. Because no grazing is allowed
and feedstuffs (hay, silage, grains) are fed in bunks or
other types of feeders, production losses resulting from
parasites can be curtailed. Also, less energy is required for
maintenance (walking to a feed bunk versus grazing).
Animals require 2 to 4 hours to consume the same
amount of dry matter from hay that they do in 16 to 22
hours of grazing pasture. Heavy-wooled breeds of sheep
in full fleece require 1.5 times more space in a confined
area than those that have been shorn. Adult sheep and
goats require 0.6 and 0.3 m of linear bunk space per
animal, respectively.

With confinement systems, ewes and does are more
easily separated by age (ewe lambs, adult ewes) and pro-
duction (lactating, dry or early lactation, late lactation).
The ability to feed groups separately can improve the use
and efficiency of available feedstuffs and help decrease
the incidence of some production diseases (e.g., preg-
nancy toxemia, hypocalcemia). A dry lot program can be
used not only during winter; but also when pasture
becomes scarce or when feeding young lambs or kids for
rapid gains.

In dry lot feeding, sheep or goats may be fed hay,
silage, haylage, or green chop, just as would be used for
cattle. The dietary habits of sheep and goats vary and
affect intake. However, dietary preference appears to limit
the use of certain feedstuffs more greatly in goats. The
smell, taste, and variety of feeds also affects intake. Silage
can be fed to sheep and goats, but both may take time to
adapt to its smell and consistency. Silage that has been
poorly packed, exposed to air, or has not attained a low
enough pH (less than 5.5 ) may mold or be contami-
nated with Listeria monocytogenes. Such silage should be

avoided, as should bundle-fed, uneaten, frozen, moldy, or
spoiled silage. Where possible, the use of square bales of
hay results in less wastage than large round bales, but they
usually cost more and require more labor to use.

Feed bunk design should minimize animal contamina-
tion. Adults and kids (lambs) should be prevented from
crawling into feed containers and soiling the feed.

Dry lot feeding is also of value when implementing a
parasite control program. If oral anthelmintics of the
benzimidazole class are to be used in a deworming
program, forcing the animals to fast or feeding dry hay for
12 to 24 hours before deworming and then providing dry
lot feeding for as long as 72 hours improves the results.
This technique also allows for parasite egg—laden feces to
be “cleaned” or “passed” from the bowel before placing
animals on a safe pasture. Therefore animals may be
moved to pasture after deworming in a relatively parasite-
free state, reducing pasture contamination. Examples of
confinement or dry lot rations are shown in Table 2-10.

FEEDING THE ADULT MALE

Males should enter the breeding season in good body con-
dition without excessive fat. Rams and bucks should be
maintained at a prebreeding body condition score of 3 to 4
because they may lose more than 10% of their body weight
in 1% months of a breeding season. Condition scores
should be assessed as part of a breeding soundness evalua-
tion about 2 months before breeding. It is usually benefi-
cial to feed a concentrated energy-protein supplement to
the males beginning approximately 4 to 6 weeks be