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Preface

This report is one of a series issued under the direction of the Committee on Animal Nutrition, Board on Agriculture and Renewable
Resources, National Research Council (NRC). It was prepared by the Subcommittee on Goat Nutrition. Its use may be enhanced by
referring also to three other reports in the series on Nutrient Requirements of Domestic Animals: Number 3, Nutrient Requirements of
Dairy Cattle , fifth revised edition, 1978; Number 5, Nutrient Requirements of Sheep, fifth revised edition, 1975; and Number 6, Nutrient
Requirements of Horses, fourth revised edition, 1978.

The first two parts of Chapter 1, on energy and protein requirements, contain much new information from extensive research at the
Raja Balwant Singh College at Bichpuri (Agra), India, under support from USDA PL-480 funding for dairy and meat goats; and from
research at the Texas A&M Agricultural Experiment Station at San Angelo for Angora goats. The final three parts of Chapter 1, on
mineral, vitamin, and water requirements, and Chapter 5 on nutrition-related metabolic disorders have had to rely mostly on reviewing
past work. Chapter 3 on herbage and browse utilization includes new work from Texas. Chapter 4 on ration formulation and examples of
typical rations, and Chapter 2 with tables of nutrient requirements, involve extensive, previously unpublished data resources and
worldwide experiences of each subcommittee member. Because of the unique nature of goats, the nutrient requirement tables also
include allowances for activities during grazing. The feed composition tables also contain new data from research by the subcommittee
members and significant contributions by the International Feedstuffs Institute at Utah State University. The inclusion of an extensive
number of references in the bibliography was considered desirable for the benefit of future studies, although not all were cited directly in
the text.

The subcommittee is indebted to Philip Ross and Selma P. Baron of the Board on Agriculture and Renewable Resources for their
assistance in the production of this report and to the members of the Committee on Animal Nutrition for their valuable suggestions and
reviews. Special thanks are due A. N. Bhattacharya (Turkey), Tony J. Cunha (California), R. E. McDowell (New York), Pierre Morand-
Fehr (France), Amiram Shkolnik (Israel), and Jim Yazman (Arkansas) for their comprehensive reviews and constructive comments, and
Bernard S. Schweigert and colleagues (University of California, Davis) and Glenn W. Salisbury (Illinois) who reviewed the report for the
Board on Agriculture and Renewable Resources and Commission on National Resources, respectively. the subcommittee also expresses
appreciation to Ivan Lindahl for his pioneering efforts in the initiation of this subcommittee.

Subcommittee on Goat Nutrition

GEORGE F. W. HAENLEIN, Chairman; University of Delaware, Newark
CANAGASABY DEVENDRA, Malaysian Agricultural Research and Development Institute, Serdang, Malaysia
JAMES E. HUSTON, Texas A&M University, San Angelo
O. P. S. SENGAR, Raja Balwant Singh College, Bichpuri (Agra), India
MAURICE SHELTON, Texas A&M University, San Angelo
S. N. SINGH, Raja Balwant Singh College, Bichpuri (Agra), India

Committee on Animal Nutrition

JOSEPH P. FONTENOT, Chairman; Virginia Polytechnic Institute and State University
CARL E. COPPOCK, Texas A&M University
RICHARD D. GOODRICH, University of Minnesota
BERYL E. MARCH, University of British Columbia
PAUL W. MOE, USDA Animal Science Institute
WILSON G. POND, USDA Meat Animal Research Center
QUINTON R. ROGERS, University of California, Davis
GARY L. RUMSEY, Tunison Laboratory of Fish Nutrition
DUANE E. ULLREY, Michigan State University
SELMA P. BARON, Staff Officer
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1

Introduction

This report represents a first effort to establish the nutrient requirements of goats from original studies directly concerned with the
needs of goats. Current scientific literature on goats is not nearly as extensive and comprehensive as it is for other domestic livestock
species, and past efforts to set nutrient requirements have relied heavily on extrapolation of values derived from cattle and sheep studies.

There are approximately 400 million goats in the world, with over 2 million head in the United States alone, producing meat, milk,
fiber (mohair) and skins (Haenlein, 1978; FAO, 1979; Shelton, 1980a,b; Terrill, 1980). An increasing number of people in the United
States and around the world drink milk from goats, and interest in goats is on the increase (Bhattacharya, 1980; Devendra, 1980a;
Haenlein, 1980a; Harris, 1980; Iloeje et al., 1980; Leach, 1980). There is an increasing place for goats in commercial agriculture and with
the small, part-time farmer (Lowe, 1943; Woinoff, 1949; Shannon, 1956; Garcia, 1958; Clamohoy et al., 1959; Agricultural Research
Institute, Cyprus, 1964; Oppong, 1965; Wahid, 1965; Banco Nacional Agropecuario, 1971; Skinner, 1972; Anonymous, 1973; Choveiri,
1973; Joubert, 1973; Maubecin, 1973; Bula et al., 1977; McDowell and Bove, 1977; Ace, 1978; Fitzhugh et al., 1978; Guss, 1978; Sands
and McDowell, 1978).

Several national and international goat symposia have been staged recently: the American Dairy Science Association symposium in
1977 at Iowa State University, and in 1979 at Utah State University; the French National Institute for Sheep and Goat Research
(ITOVIC) symposia in 1971 and 1981 at Tours; and the Winrock International Livestock Research and Training Center symposia in 1977
and 1978 at Morrilton, Arkansas. The Third International Conference on Goat Production and Disease will meet in 1982 at Tucson,
Arizona. Their proceedings add greatly to the knowledge of the nutrient requirements of goats.

It is also increasingly evident that despite similarities to sheep and cattle, goats exhibit significant differences in grazing habits,
physical activities, water requirements, feed selection, milk composition, carcass composition, metabolic disorders, and parasites. The
nutrient requirements of goats may therefore justifiably be treated separately from those of other ruminants. As older literature becomes
more accessible and new communication among world scientists increases, further documentation and information will be forthcoming
(Nottbohm and Phillipi, 1933; Zorn et al., 1938; Meklenburcev, 1949; Benzie and Phillipson, 1957; Saperstein, 1960; Crawford and
Grogan, 1961; Eker, 1961; Hanson and Andersen, 1962; Hofmeyr et al., 1965; Schaefer, 1967; Rogers et al. , 1969; Brandsch and
Kruger, 1970; French, 1970; Morand-Fehr and deSimiane, 1977; Corbett, 1978; Haenlein, 1980a,b; Jenness, 1980). This first NRC
report on the nutrient requirements of goats must be considered within the limits of available knowledge, and refinements are reserved
for subsequent editions as the literature of goats improves.
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2

Nutrient Requirements

ENERGY

Efficient utilization of nutrients depends on an adequate supply of energy, which is of paramount importance in determining the
productivity of goats. Energy deficiency retards kid growth, delays puberty, reduces fertility, and depresses milk production (Singh and
Sengar, 1970; Sachdeva et al., 1973). With continued deficiency the animals show a concurrent reduction in resistance to infectious
diseases and parasites. The problem may be further complicated by deficiencies of protein, minerals, and vitamins.

Energy limitations may result from inadequate feed intake or from the low quality of the diet. Low energy intake that results from
either feed restriction or low diet component digestibility prevents goats from meeting their requirements and from attaining their genetic
potential. High water content of forages may also become a limiting factor.

Energy requirements are affected by age, body size, growth, pregnancy, and lactation, which have been treated as separate items in
presenting requirements (Table 1). Energy requirements are also affected by the environment, hair growth, muscular activity, and
relationships with other nutrients in the diet which, for best results, need to be supplied in adequate amounts. Temperature, humidity,
sunshine, and wind velocity may increase or decrease energy needs depending upon the region. Stress of any kind may increase energy
requirements.

Shearing mohair from Angora goats and pashmina from Cashmere goats decreases insulation and results in increased energy needs,
especially during cold weather. Goats are more active and travel greater distances than sheep, which increases energy requirements.
Maintenance requirements of goats on pasture, browse, and range, especially in mountainous and transhumance grazing, are considerably
higher than those of stable-fed animals. The magnitude of this increase is considered in Table 1 at three levels of activity, and depends on
availability of feed, water, topography, elevation and distances travelled in grazing.

Good quality roughages furnish about 2 Mcal metabolizable energy (ME) per kg dry matter (DM). Roughage-concentrate mixed
rations are sometimes necessary to increase the energy content of the diet to 2.5 or 3.0 Mcal ME/kg DM when feeding early weaned kids or
high-producing dairy goats. The efficiency with which energy is utilized for weight gain, pregnancy, and lactation usually increases with
increasing levels of ME concentration in the diet.

It is probable that under certain conditions goats require a minimum of fats in their diet (Fehr and Delage, 1973; Morand-Fehr and
Sauvant, 1980), but more studies are needed to better define these requirements.

The energy requirements of goats reported here are amounts needed for maintenance (including physical activity), optimum growth,
reproduction, and milk and fiber production; they do not represent maximum levels under ad libitum intake. Energy requirements for the
various categories of goats in Table 1 have been expressed as digestible energy (DE), ME, and net energy (NE) for maintenance, gain,
pregnancy, lactation, and fiber production. Figures for total digestible nutrients (TDN) have been included because they are still widely in
use around the world. For converting one form of energy into another the recommendations of Garrett et al. (1959) have been used: 100
Mcal gross energy (GE) = 76 Mcal DE = 62 Mcal ME = 35 Mcal NE. These values are higher than would be expected in forage-only diets;
however, their relative relationships would still hold. For converting one standard of energy requirement into another, the following
equalities have been employed (two or three significant decimal figures are included to reduce rounding errors):

1 kg starch equivalent (SE) or European starch unit (ESU) = 5.082 Mcal DE = 2.356 kcal NE

1 kg digestible organic matter (DOM) = 1.05 kg TDN

1 kg SE or 1 ESU = 1.15 kg TDN = 1.10 kg DOM

1 kg DOM = 4.620 Mcal DE

1 kg TDN = 4.409 Mcal DE

1 feed fattening unit (ffu) = 1.650 Mcal ME
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1 European feed unit (Efu) = 2.500 kcal NE

1 kilojoule (kJ) = 0.239 kcal
1 kcal = 4.184 kJ

Maintenance

Energy requirements for maintenance of goats have been derived from pooled means of experimental data reported in terms of kcal
ME/Wkg 

0.75 per day. These include: 111.00 (Haenlein, 1950); 115.09 (Majumdar, 1960); 90.35 (Devendra, 1967a); 109.93 (Singh and
Sengar, 1970); 100.00 (Flatt et al., 1972); 92.92 (Akinsoyinu, 1974); 91.87 (Winter and Goersch, 1974); 87.31 (Itoh et al., 1979); 101.98
(Rajpoot, 1979); 113.34 (Sengar, 1980). The average is 101.38 kcal ME/Wkg

0.75, which is comparable to figures provided for sheep: 98.31
(ARC, 1965); 95.75 (Olatungi, 1974); 91.99 (Adu, 1975); and 97.58 (NRC, 1975). But the figure is low compared to those for dairy cattle:
128.58 (ARC, 1965); 113.02 (NRC, 1978); and 115.22 (Rattray et al., 1974).

The mean value of 101.38 kcal ME/Wkg
0.75 has been used in Table 1 to determine goat maintenance requirements for body weights

ranging from 10 to 100 kg. The energy requirements have also been expressed as they vary with energy concentration in the diet from 2.0
to 2.4 Mcal ME/kg DM.

Activity

The basic ME requirement has also been used to calculate values for grazing at three levels of muscular activity. A 25 percent
increment was applied to the basic maintenance requirements in the case of light activity under grazing conditions of intensive
management and under tropical conditions. A 50 percent increment should satisfy ME requirements on semiarid rangeland pasture and on
slightly hilly land. Grazing on sparsely vegetated grassland and on mountainous transhumance pasture, which necessitates daily long-
distance travel for grazing and watering and great differences of altitude, may require a 75 percent increment in the basic maintenance
needs to meet additional energy requirements. Goats under stablefed conditions and with minimal activities should be fed according to
the basic maintenance requirements only.

Pregnancy

Energy requirements for pregnancy in Table 1 have been derived from the difference of the basic requirements for maintenance
(101.38 kcal ME/Wkg

0.75) and two experimental values suggested for pregnancy: 173.60 (Akinsoyinu et al., 1978) and 180.94 (Rajpoot
1979). These values yield a mean of 177.27 kcal ME/Wkg

0.75, which compares closely with 182.41 (McDonald et al., 1973); 179.33
(Akinsoyinu, 1974); and 190.43 (NRC, 1975) for sheep; and 172.97 (NRC, 1978) for dairy cattle. The value of 0.80 Mcal ME in Table 1
also compares well with French recommendations (Morand-Fehr and deSimiane, 1977). In view of the limited information available and
the considerable variability among breeds of goats, no differentiation has been made between does producing single kids and those
producing twins. An allowance of an additional 20 percent, as recommended for multiple birth in sheep by McDonald et al. (1973), has
been included. It is understood that pregnancy means the last 2 months of gestation; no extra energy requirements for early pregnancy
have been determined. The values take into consideration the weight of the animal and the fetuses.

Growth

Energy requirements for weight gain have been based on three experimental values: 10.18 (Devendra, 1967b); 5.14 (Akinsoyinu,
1974); and 6.43 (Rajpoot, 1979). These values have a mean of 7.25 kcal ME/g of gain, which is equivalent to 4.09 kcal NE. This value is
also comparable to those for sheep: 3.74 (Garrett et al., 1959); 3.19 (Evans, 1960); 4.29 (ARC, 1965); 4.21 (Olatungi, 1974); and 2.90 (NRC,
1975). The values for dairy cattle are: 4.19 (Garrett et al., 1959); 2.94 (ARC, 1965); and 3.32 (NRC, 1978). Additional requirements, shown
in Table 1, for all growing goats with daily weight gains of 50, 100, and 150 g, have been based on 7.25 kcal ME/g of gain.

Lactation

Energy requirements for lactation have been stated separately for the components of maintenance at different levels of activity and
milk production. The requirements have been derived from four experimental values: 1260.00 (Knowles and Watkins, 1938); 1155.90
(Devendra and Burns, 1970); 1328.57 (Winter and Goersch, 1974); and 1240.00 (Rajpoot, 1979). These values yield a mean of 1246.12
kcal ME/kg of 4 percent fat-corrected milk (FCM). This value is comparable to 1202.29 (Blaxter, 1967; McDonald et al., 1973) and
1240.00 kcal ME/kg of 4 percent FCM (NRC, 1978) for dairy cattle. For the requirements of milk production in Table 1 the value of 1246.12
kcal ME/kg of 4 percent FCM has been used over a milk fat range of 2.5 to 6.0 percent. For each 0.5 percent change in fat content from 4
percent milk, an addition or subtraction of 16.28 kcal ME has been applied (NRC, 1978). French recommendations are similar (Morand-
Fehr and deSimiane, 1977).

Fiber Production

Energy requirements for fiber production by Angora goats have also been incorporated into Table 1, based on calculations by
Huston et al. (1971). Although attempts have been made to determine the energy required for mohair fiber production (Gallagher and
Shelton, 1972), the values have yet to be established. The values listed in Table 1 were computed by using a 33 percent efficiency of ME

for mohair fiber production. No estimates for pashmina production have been made; however, the recommendations for mohair
production can be used as a guide.
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PROTEIN

Proteins are the principal constituents of the animal body and are continuously needed in the feed for cell repair and synthetic
processes. The transformation of feed protein into body protein is an important process of nutrition and metabolism. Proteins consist of
amino acids and are the building blocks of all body cells. Secretions such as enzymes, hormones, mucin, and milk have additional amino
acid requirements. Proteins are, therefore, vital for animal maintenance, growth, reproduction, and milk production. However, nonprotein
nitrogen (NPN) can substitute for parts of the required protein for these functions (Morgen et al., 1907, 1908, 1909, 1910, 1922, 1925;
Law-row et al., 1924; Ungerer, 1924; Paasch, 1925; Honcamp and Keudela, 1927; Williger, 1927; Ziemer, 1931; French, 1957;
Champredon and Pion, 1972a,b,c; Fauske, 1972; Kameoka et al., 1972; Mba et al., 1974; Gruhn et al., 1975; Haryu et al., 1975;
Harmeyer and Martens, 1980).

Protein deficiencies in the diet deplete stores in the blood, liver, and muscles, and predispose animals to a variety of serious and
even fatal ailments. Below a minimum level of 6 percent crude protein (CP) in the diet, feed intake will be reduced, which leads to a
combined deficiency of energy and protein (Perkins, 1957; Platt et al., 1964). This deficiency further reduces rumen function and lowers
the efficiency of feed utilization. Long-term protein deficiencies retard fetal development, lead to low birth weights, affect kid growth,
and depress milk production (Singh and Sengar, 1970).

Protein requirements for maintenance, growth, pregnancy, and lactation have been stated along with the energy requirements in
Table 1. They have been presented in terms of total protein (TP) and digestible protein (DP). The former has been recommended as the
most accurate guide for converting proteins from feed composition tables to quantities required (Broster, 1972; Preston, 1972; Satter and
Roffler, 1975), but DP values are also used widely around the world.

In the past most people have estimated protein requirements based on metabolism trials employing graded protein levels in the diet.
The amounts of protein needed to maintain the animal in nitrogen equilibrium were taken as the maintenance requirement. Nitrogen
equilibrium was defined as the state in which nitrogen intake matches nitrogen outgo from all sources. The difficulty with this concept is
that adult animals can adjust their nitrogen output and reach equilibrium, particularly at lower levels of nitrogen intake. Thus, nitrogen
equilibrium as an indicator of adequate protein intake is of questionable value (Singh, 1976) and has not been used here in the
determination of protein requirements of goats. Instead, protein requirements have been computed as a ratio to energy.

Some workers have calculated the protein required for maintenance from the endogenous urinary nitrogen (EUN) excretion. Brody
(1945) used a factor of 4 to convert EUN to the amount of digestible nitrogen needed for maintenance, while Elliott and Topps (1963)
employed a factor of 2.96 for cattle. Neither of these factors can be used satisfactorily for goats; the EUN and maintenance requirements
must be determined separately.

Two types of biologically determined protein requirements have been reported. They pertain to minimum and maintenance levels,
which must not be confused. The minimum protein requirements for goats have been reported: 1.61 (Majumdar, 1960a); 1.42 (Devendra,
1967a); 1.22 (Singh and Mudgal, 1978); 1.42 (Rajpoot, 1979); and 1.41 (Devendra, 1980b). The mean value is 1.42 g DP or 2.03 g TP/
Wkg

0.75 (70 percent average digestibility of total feed protein found in these studies).

Maintenance

Protein requirements for maintenance have been reported: 2.66 (Haenlein, 1950); 2.50 (Majumdar, 1960b); 2.85 (Singh and Sengar,
1970); 3.19 (Winter and Goersch, 1974); 2.12 (Itoh et al., 1979); 3.05 (Rajpoot, 1979); and 3.40 (Sengar, 1980); the mean value is 2.82 g
DP or 4.15 g TP/Wkg

0.75, with an average digestibility of 68 percent for total protein. This compares closely with 4.739 TP (NRC, 1975) for
sheep and 4.09 g TP/Wkg

0.75 (NRC, 1978) for dairy cattle. For the recommendations in Table 1, the calorie-to-protein ratios were determined
to be 1 Mcal DE to 22 g DP to 32 g TP.

Growth

Except for the minimum maintenance requirements of protein, no other biologically determined values for body functions exist. For
this report, the experimentally determined energy requirements for maintenance have been used for the development of protein
requirements on the basis of calorie-to-protein ratios. In order to complete Table 1, the requirements of protein for weight gains have
been derived from the following values: 0.274 (Devendra, 1967b); 0.139 (Akinsoyinu, 1974); and 0.173 (Rajpoot, 1979); the mean is
0.195 g DP or 0.284 g TP/g gain.

Pregnancy

No experimental values have been found for protein requirements of pregnancy. However, two values were calculated from two
references: 4.68 (Akinsoyinu et al., 1978) and 4.90 (Rajpoot, 1979); the mean is 4.79 g DP or 6.97 g TP/Wkg

0.75. This value takes into
consideration maintenance requirements during the second half of gestation, and is about 10 percent lower than the value of 7.76 g TP/
Wkg

0.75 for dairy cattle (NRC, 1978).

Lactation

Protein requirements for milk production were determined from experimental values: 67.83 g DP or 96.90 g TP/kg milk of 4.5
percent fat (Devendra and Burns, 1970) and 46.56 g DP or 66.51 g TP/kg milk of 5.22 percent fat (Rajpoot, 1979), with a mean of 57.20 g
DP or 81.71 g TP/kg of milk with 4.86 percent fat. This value is somewhat lower than the 98 g TP/kg of milk with 5 percent fat for
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dairy cattle (NRC, 1978). In the absence of specific experimental evidence, the protein needs for different milk fat contents have been
derived from those recommended for dairy cattle (NRC, 1978). It should be noted that the amounts of protein presented in Table 1 for
growth, pregnancy, and lactation are based on calorie-to-protein ratios for maintenance, and therefore cannot be considered accurate for
every situations because of differences in reproductive and productive rates. Some flexibility based on experience and judicious
judgment is, therefore, advisable. French recommendations (Morand-Fehr and deSimiane, 1977) are similar to those listed in Table 1.

Activity

Protein requirements in Table 1 for muscular activity at the three levels above maintenance have not been determined
experimentally. Recommendations for protein (TP and DP) requirements for horses at different stages of work include 26 and 36 percent
increments above maintenance for light and medium work for mature animals of 200 to 600 kg body weight (NRC, 1973). This assures
that the protein-to-calorie ratio required for maintenance is continued under the conditions of work (Crampton, 1964). Later reports
indicate that the needs for protein replacement could be small during light work and that excessive protein increases can be undesirable.
Supplying greater amounts of concentrates during increased muscular activities may provide additionally needed protein (NRC, 1978). To
establish requirements for this report, the TP and DP values for the three activity levels of goats were derived from the protein-to-calorie
ratios for the maintenance-only level and low, medium, and high activity levels.

Fiber Production

Protein requirements for fiber production by Angora goats, shown in Table 1, are based on work published at the Texas Agricultural
Experiment Station (Houston et al., 1971).

MINERALS

Requirements of minerals have not been established definitively for goats at either maintenance or production levels. However,
some classical studies in mineral metabolism have been conducted with goats as experimental subjects. These include studies by
Fingerling (1911, 1913), which addressed calcium and phosphorus requirements of lactating goats. Hart et al. (1921, 1924, 1927) and
Henderson and McGee (1926) reported data on calcium metabolism in goats, which led to the discovery of the role of vitamin D in
calcium absorption and metabolism. Lintzel and Radeff (1931) reported important work on iron nutrition in goats. In general, these and
more recent studies support assumptions that some mineral requirements in goats are similar to those in other ruminant species;
therefore, mineral requirements listed in Table 1 rely for the time being on values recommended for sheep (NRC, 1975) and dairy cattle
(NRC, 1978). The literature on mineral nutrition in goats was recently reviewed (Haenlein, 1980).

In addition to the elements in organic matter (oxygen, nitrogen, carbon, and hydrogen), seven major and nine minor minerals are
considered dietary essentials for livestock. The major minerals that must be fed in relatively large amounts are calcium, phosphorus,
sodium, chlorine, magnesium, potassium, and sulfur. Minor or trace minerals, required in small amounts, include iron, iodine, copper,
molybdenum, zinc, manganese, cobalt, selenium, and fluorine. Others which are possibly essential at extremely low levels are
chromium, nickel, vanadium, silicon, tin, and arsenic. Most of these essential or possibly essential elements occur naturally in feedstuffs
at levels that do not constitute problems in nutrition. However, situations often exist when one or more minerals, especially the major
ones, are sufficiently low to reduce productivity. Trace minerals in particular can be present in toxic amounts. Proper balance of minerals
and bioavailability from supplements are often more important than actual levels (Miller, 1981). Functions and practical implications of
various important minerals are discussed individually.

Calcium

Calcium is a critical nutrient in ration formulation for all species of livestock. Although most of the calcium found in the body is in
the skeleton, the element has numerous crucial functions in the soft tissues. A deficiency of calcium in young animals leads to retarded
growth and development, and can predispose them to rickets. Because milk is high in calcium (Macy et al., 1953; Parkash and Jenness,
1968), rations for lactating goats need a higher calcium level. Fingerling (1911, 1913) found that if lactating goats did not receive the
necessary amounts of calcium and phosphorus in their diets, they would draw from body stores of these elements without initially
affecting milk yield or milk composition. If the calcium deficiency continued for weeks, the yield of milk decreased. At intakes of higher
levels of calcium the goats replenished their body calcium stores and milk production increased. Changes in milk composition were not
observed.

Certain minerals interact with calcium metabolism. Experiments using ligated intestinal loops in anaesthetized goats and
radioactively labeled calcium injections (Gibbons et al., 1972) showed that intestinal calcium transport is enhanced by carbohydrates and
by low luminal concentrations of sodium. Calcium absorption occurred principally in the duodenum, to a far lesser extent in the jejunum,
and least in the lower ileum.

Under grazing conditions calcium is seldom a problem with either Angora or meat-type goats, but it can be very important for
high-producing dairy goats. Low calcium diets lead to reduced milk production. Appropriate calcium levels in the diet are also important
in the prevention
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of parturient paresis (milk fever). The calcium content of goats' milk is reported to be in the range of 1.14 to 1.63 g/kg (Macy et al.,
1953; Parkash and Jenness, 1968). A median value would be 1.38 g/kg, which, is marginally higher than for dairy cattle. This value has
been used in formulating the recommendations in Table 1. Suggested calcium supplements or sources include bone meal, dicalcium
phosphate, ground limestone, and oyster shell. The percentage composition of these and other sources is found in Table 3.

Phosphorus

Phosphorus is required for both tissue and bone development. A deficiency will result in slowed growth, depraved appetite, and
unthrifty appearance; it is often accompanied by low levels of phosphorus in the blood. Fingerling (1911) showed that the general
conclusions about calcium-deficient diets also applied to phosphorus. Goats were able to sustain milk production from body reserves for
several weeks of negative phosphorus balances. During phosphorus deficiencies, when intake was one-fifth of normal for two months,
the production of milk declined 60 percent. Supplementing the diet with P2O5 and CaO to achieve daily levels of 6 g phosphorus and 14 g
calcium raised milk yields by 10 percent in two weeks and by 15 to 25 percent in four weeks, while diets remained isocaloric and
isonitrogenous. The phosphorus level in goats' milk ranges from 0.84 to 1.22 g/kg (Macy et al., 1953; Parkash and Jenness, 1968).

The calcium-to-phosphorus ratio should not drop below 1.2:1 in diets for goats, even though no unanimity exists on the importance
of the ratio. The significance of the calcium-to-phosphorus ratio in the genesis of urinary calculi is discussed later on.

A phosphorus deficiency in grazing goats is more likely than a calcium deficiency. It might be encountered with any type of goat
grazing on phosphorus-deficient forages. Documented examples of phosphorus deficiency in grazing goats are rare, however. This can be
explained by their varied habitats and tendency to browse plants that may be high in phosphorus. Formulation of rations to include
adequate phosphorus will be more important with high-producing dairy goats when they are fed with harvested or formulated feedstuffs.

Sodium and Chlorine

Common salt (sodium chloride) is perhaps the mineral most commonly supplied to animals. They require both sodium and chlorine,
but sodium is the mineral most likely to be lacking (Schellner, 1972). When provided free choice, goats may consume salt in excess of
their requirements, but with no apparent ill effects. Animals that do not receive sufficient salt may show depraved appetites and consume
soil or debris. If goats are not provided free choice, salt should be added to the feed. A recommended level would be 0.5 percent of the
complete feed or proportionately higher levels in supplements.

Salt is important in several other ways. Placing it in less frequently grazed pastures may influence goats to move to those areas. Salt
is also often incorporated at high levels to regulate free intake of nutritional supplements. Trace mineralized salt should not be used in
this manner, however, it may lead to an oversupply of some trace elements. Goats in arid regions may have problems with the salt
content of some water sources, which can reduce intake of water and feed.

Magnesium

Magnesium is required for many enzyme systems and for proper functioning of the nervous system. It is also closely associated with
the metabolism of calcium and phosphorus. Symptoms of magnesium deficiency are anorexia, excitability, and calcification of soft
tissue. The most noted problem associated with hypomagnesemia is grass tetany, a malady that frequently occurs in animals grazing on
lush green grass or winter cereals in pastures fertilized with nitrogen and potassium. Treatment consists of intravenous administration of
calcium and magnesium in the gluconate form. Goats do have a marginal ability to compensate for low dietary magnesium by reducing
the rate of its excretion (Razifard, 1971, 1972a,b). Both urinary excretion and milk flow, which contains 0.13 to 0.36 g magnesium per
kg, are reduced when magnesium is low in the diet.

Potassium

Potassium, though required in relatively large amounts, is usually present in roughage-based diets to the extent that it does not
constitute a problem. Marginal deficiencies result in reduced feed intake, retarded growth, and reduced milk production. More severe
deficiencies cause emaciation and poor muscular tone. In growing sheep the potassium requirement is considered to be 0.5 percent of the
diet, whereas with lactating dairy cattle the requirement is placed at 0.8 percent of the complete ration (Ward, 1966). These levels are
also postulated as the requirements of growing and lactating goats, respectively. Ration values below these are infrequently encountered,
and are usually restricted to high-concentrate diets, in which the major ingredient is low in potassium, or to diets of severely weathered
or winter range forage. Potassium supplements may be in chloride, bicarbonate, or sulfate form.

Sulfur

Sulfur is a component of all body proteins and is particularly high in goat hair, which consists of a high proportion of the sulfur-
containing amino acids, methionine and cystine. Marginal deficiencies cause poor animal performance, and more extreme cases result in
excessive salivation, lacrimation, and alopecia. Studies with goats fed supplemental sulfur are rare, but it appears likely that deficiencies
of sulfur may be more widespread than previously believed. A recent study by Wheeler et al., (1975)
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indicates potential shortages of sulfur in forage sorghums. Another study by Gartner and Hurwood (1976) indicates that tannic-acid-
containing plants such as Acacia aneura may provide inadequate amounts of available sulfur. This is of particular concern with range
goats, which liberally graze and browse tannin-containing plants. Recommendations are normally expressed in terms of sulfur-to-
nitrogen ratio 1:10. However, this ratio may be misleading if either both sulfur and nitrogen are unavailable because of the presence of
complexing substances such as tannic acid. Sulfur requirements would then range from 0.16 to 0.32 percent of the diet for ration protein
values of 10 to 20 percent. Sulfates, such as sodium sulfate and ammonium sulfate, are the most available forms of sulfur for ration
formulation.

Common feedstuffs may contain adequate sulfur, but shortages can occur in forages grown on certain types of soils or in rations
containing a high proportion of NPN as protein supplement (Varma and Sawhusey, 1970). The high-producing Angora goat may have an
elevated sulfur requirement because of mohair growth, but this possibility needs to be investigated. It has been shown that sulfur-
containing amino acids, administered postruminally, stimulate fiber production (Reis and Schinkel, 1964). Although mechanisms exist,
the required technology has not reached the stage of practical application.

Iron

Iron is a component of blood hemoglobin that is required for oxygen transport. It is also required for some enzyme systems.
Although iron deficiency seldom occurs in mature grazing animals, it may occur in young goat kids because of their minimal body stores
of iron at birth and the low iron content of milk (Jenness, 1980). The work of Lintzel and Radeff (1931) suggests that this may be more
true with goats than with cattle. If iron deficiencies are observed and it is desired to continue the kids on a milk diet, injections of iron-
dextran (150 mg) at two-to-three-week intervals are recommended. In a recent study (Hamada et al., 1970) acceptable tissue color was
observed in animals fed a diet containing 0.03 percent ferrous iron. Thus, this value might be taken as a minimum. Ferrous sulfate and
ferric citrate are more available than other sources such as ferric oxide and are recommended for ration formulation. The literature is too
sparse, however, to state definite feeding requirements for iron.

Iodine

Iodine is necessary for the formation of thyroxine. In states of iodine deficiency the thyroid gland becomes enlarged, a condition
called goiter (Honeker, 1949). It is most frequently observed in the young at birth, especially in weak or dead kids. Iodine-deficient areas
are widespread in the world, including parts of the United States. Deficiencies are readily corrected by feeding iodized salt (Sutphin et
al., 1971). However, iodized salts should not be force-fed (as when salt is used as a feed limiter) because this action could lead to
excessive intakes of iodine.

Goats appear to be somewhat unusual with respect to iodine metabolism (Lengemann, 1970, 1979), but no good basis for unique
recommendations exists so far.

Copper and Molybdenum

Copper and molybdenum are interrelated in animal metabolism and should be considered together (Hennig et al., 1974). Levels of
both can be too low or too high or the level of one can be low and the other too high. The most common problem occurs when a normal
or low level of copper is accompanied by a high level of molybdenum. In this case copper is excreted and a deficiency occurs. This
condition can be corrected with copper therapy.

Few studies on copper and molybdenum have included goats (NRC, 1980). It appears that sheep are sensitive to copper toxicity and
resistant to molybdenosis, but it is not known whether this is also the case with goats.

Zinc

Zinc deficiency symptoms include parakeratosis, stiffness of joints, excessive salivation, swelling of the feet and horny overgrowth,
small testicles, and low libido (Neathery et al., 1973). Reduced feed intake and weight loss also occurs with zinc-deficient diets. Zinc
must be supplied continuously because little is stored in the body in readily available form (NRC, 1979). Minimum daily requirements for
goats have not been established. Young males have developed deficiencies at levels of 4 ppm (Neathery et al., 1973); adult females
developed signs on 6–7 ppm when they were lactating. There is also some evidence that males require more zinc than do females
(Groppel and Hennig, 1971; Schellner, 1972). Direct and indirect evidence indicates minimum requirements of 10 ppm. Levels of 1000
ppm may be toxic.

Manganese

Manganese is an essential mineral in diets for goats (Groppel, 1969; Anke et al., 1972, 1973a,b,c; Hennig et al., 1972; Schellner,
1972). Deficiency signs include reluctance to walk, deformity of the forelegs, and reduced reproductive efficiency. So far, data are
inadequate to suggest optimum levels. Deficiency signs have developed on 5.5 ppm, but not on 90 ppm in the diet (Anke et al., 1973b).

Other Minerals

Fluorine and selenium can be encountered at either deficient or toxic levels in natural diets. Fluorine deficiency appears to be rare;
toxic levels result largely from industrial pollution. With sheep, acute fluorine toxicity occurs at levels above 200 ppm (NRC, 1975).
Selenium toxicity occurs in sheep from prolonged consumption of plants containing over 3 ppm. The classical deficiency of selenium is
white muscle disease (Hebert and Cowan, 1971).
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but milder deficiencies result in reduced performance, especially reproductive efficiency. Selenium supplements may be added to salt
supplementation or provided through injections.

Cobalt is a component of vitamin B12. Deficiency signs include loss of appetite, emaciation, weakness, anemia, and decreased
production. In sheep an intake of 0.1 ppm is considered adequate. It is assumed that the same would apply to goats. Cobalt sulfate or
cobalt chloride added at the rate of 12 g per 100 kg of salt should provide an adequate intake, but this would be indicated only in
situations in which cobalt has been shown to provide a response.

A few additional references on specific mineral studies with goats can be found in the appended bibliography.

VITAMINS

Vitamins are a group of compounds essential for normal body processes. Typical range or pasture diets of goats should contain
adequate levels of vitamins or vitamin precursors to maintain normal health of the animal. Pen-fed animals, goats held on restricted
diets, and high-producing animals may need a supplemental vitamin supply (Honeker, 1949). Recommendations in Table 1 for vitamin
requirements of goats rely on similar values for sheep (NRC, 1975) and dairy cattle (NRC, 1978) until more specific experimental evidence
for goats becomes available.

Vitamin A

Vitamin A is involved in many areas of body metabolism, and as a result deficiency signs are varied. Experimental evidences of
vitamin A deficiencies include keratinization of the ephithelia of the respiratory, alimentary, reproductive, and urinary tracts, and of the
eye. Signs include multiple infections, poor bone development, birth of abnormal offspring, and vision impairment. Night blindness, the
inability to see under poorly lighted conditions, is the classic deficiency sign. Experimentally produced signs of a vitamin A deficiency in
goats include: loss of appetite, loss of weight, unthrifty appearance, night blindness, and a thick nasal discharge (Schmidt, 1941).

Vitamin A is not contained in forages, but its precursors are common in plants and are usually present in proportion to plant
pigments. However, not all plant pigments give rise to equal vitamin A activity. Beta-carotene is the standard form of provitamin A. One
mg of beta-carotene in the diet is equivalent to approximately 400 IU of vitamin A. Other pigments, xanthophylls for example, are less
active.

Vitamin A is stored in the liver and fat of animals during times when intake exceeds requirements. During periods of low carotene
supplies in the diet, this stored vitamin A can be mobilized and utilized without signs of a vitamin A deficiency. Eveleth et al. (1949)
reported that a vitamin A deficiency in sheep is unlikely if green feed is available during one season of the year. Schmidt (1941) found
the tolerance of adult sheep and Angora goats to low carotene diets to be similar. However, Angora kids were found to be more tolerant
than lambs. Goats that have had access to good quality green feed can probably be held on a low carotene diet for a minimum of three
months without showing signs of a vitamin A deficiency.

Typical goat diets contain adequate carotene to prevent vitamin A deficiency. The tendency of the goat to search out palatable green
plant parts ensures it an advantage over other ruminant species. However, goats that are forced to consume more conventional cattle or
sheep diets because of the unavailability of browse would not have an advantage (Davis, 1942; Caldas, 1961). Vitamin A deficiency in
goats in the tropics would be rare except under such circumstances.

Old weathered hays are poor sources of carotene, which is readily oxidized. Green leafy hays are good sources, and dehydrated
legume hays, especially pelleted, are the best natural sources. Synthetic vitamin A is readily available in feed additive and injectable
forms from commercial suppliers. The newer formulations are relatively stable, but old premises and injectables should not be used.

Vitamin D

Vitamin D is essential for the absorption and metabolism of calcium and phosphorus. In its absence, or at low levels, normal bone
development is impaired. Soft, irregular shaped leg and rib bones resulting from a vitamin D deficiency are signs of ''rickets." Thus,
vitamin D has been referred to as the antirachitic factor. A form of rickets can also be seen in the newborn of an adult female deficient
during pregnancy. Otherwise, deficiencies in adult animals are considered rare.

Vitamin D is available to animals both through the diet and as a result of exposure to sunlight. Ultraviolet radiation from sunlight
acts on ergosterol, a plant sterol, and on 7-dehydrocholesterol, a sterol of animal origin, to produce compounds having antirachitic
activity (vitamin D2 and D3, respectively). Thus, sun-cured hays are excellent sources of vitamin D. Animals exposed to sunlight can
obtain some of their requirement directly from irradiation of 7-dehydrocholesterol in the skin. DeLuca (1974) discovered that activation
of vitamin D3 occurs in the liver and kidney of animals.

Vitamin D deficiency is unlikely under normal grazing conditions, although a form of osteodystrophia has been produced
experimentally in goats. Vitamin D should be supplied to growing animals that are denied sunlight over extended periods because of
cloud cover or confinement to housing.

Vitamin E

Vitamin E deficiency in sheep is commonly associated with white muscle disease, also called stiff lamb disease. This malady is seen
in young nursing lambs and will improve with vitamin E therapy (Muth et al. , 1958). An
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associated selenium deficiency will intensify the disease. Vitamin E is alleged to improve reproductive efficiency, but dietary
supplementation experiments have not produced consistent results.

Evidence of spontaneous vitamin E deficiency signs in goats is lacking. It is suggested that the probability of lowered productivity in
goats as a result of a vitamin E deficiency is remote. However, vitamin E transferred to the milk is considered important because of the
antioxidant properties that aid in milk storage.

Vitamin K

Vitamin K, the blood clotting vitamin, is plentiful in a variety of feedstuffs and, in addition, is readily synthesized in the rumen. A
deficiency is unlikely.

B Vitamin Complex

The B vitamins are not considered dietetically essential in adult goats because they are normally synthesized by microorganisms in
the rumen. Only vitamin B12 (cobalamin) is likely to be deficient in animals having a functional rumen. Cobalt is required for synthesis
of vitamin B12 and if absent or at extremely low levels in the diet of goats, a vitamin B12 deficiency will occur. The B vitamins should be
included in diets of very young kids nursing their dams, animals with poorly functioning rumens, sick animals, and those with radically
changed diets.

Vitamin C

Vitamin C is synthesized in the body tissues in adequate quantities to satisfy requirements and under normal circumstances need not
be added to diets of goats.

WATER

Water is obviously important for goats, and the amount required depends on that needed for the maintenance of normal water
balance and to provide for satisfactory levels of production. The normal body water content of the goat varies with age, amount of fat in
the body, and environmental temperatures. It would be expected to exceed 60 percent of the body weight and 75 percent of the nonbony
tissues. Shkolnik et al. (1980) have shown that some goats, such as the black Bedouin of the Negev and Sinai deserts, have the capacity
to store as much as 76 percent of their body weight. Water requirements may be met by free water consumption, but other important
sources include water contained in the feed ingested and metabolic water resulting from oxidation of energy sources. Major water losses
include those from urine, lactation, evaporation, and perspiration.

A safe general recommendation is to provide goats with all the clean water that they will drink (ad libitum intake). Extremes in
water temperature will increase energy requirements. Taste factors will also affect normal water intake (Goatcher and Church, 1970).
Although the above observations are logical, it should be remembered that a high proportion of the world's goat population lives in areas
where water requirements are not easily met. The uniqueness of goats in meeting their water requirements deserves further study. The
example of the black Bedouin goat suggests that other genotypes may differ in their ability to meet water requirements. Regardless of
breed, water intake must exceed milk production. In a study reported by Bergmann (1932), 3.5 kg of water was consumed for each
kilogram of milk produced by dairy goats under temperate conditions. French recommendations are 145.6 g water per wkg

0.75 for
maintenance and 1.43 kg water per kilogram of milk as a production requirement (Morand-Fehr and Sauvant, 1978). In the humid tropics
Devendra (1967) found that penned indigenous meat goats had a mean daily free water intake of 680 g, of which 80 percent was
consumed during the day.

Goats are often more sensitive and reluctant than other species to drink from foul-tasting water sources. If they are forced to drink
poor quality water, the result may be infection or undesirable mineral intake. Also, in many parts of the world goats drink from
impounded water, and entrapment (bogging in mud) can be a real hazard, especially with Angoras.

Goats are among the most efficient domestic animals in the use of water, approaching the camel in the low rate of water turnover
per unit of body weight (Maloiy and Taylor, 1971; Macfarlane and Howard, 1972). Goats appear to be less subject to high temperature
stress than other species of domestic livestock such as wooled sheep or many breeds of cattle and require less water evaporation to
control body temperature. They also have the ability to conserve water by reducing losses in urine and feces. In many environments the
water intake through forage may be high relative to other species because of their ability or willingness to browse. The result is that goats
are less dependent on free water sources than other domestic species, but do not equal certain wild animal species in this respect.

Factors affecting the free water intake of goats are lactation level, environmental temperature, water content of forage consumed,
amount of exercise, and salt and mineral content of the diet. Therefore, the daily range of free water intake may be from zero to several
liters. When feeding on dry forages and when water is lacking, the efficiency of reproduction will suffer (Brown and Lynch, 1972; Lynch
et al., 1972). Suboptimum water intake will result initially in reduced feed intake, then reduced performance and gradual starvation.
Acute problems result when goats are unable to maintain water balance or control body temperature.
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3

Table of Nutrient Requirements

The nutrient requirements presented in Table 1 can be used to formulate diets for the different classes and categories of goats by
proper use of available feedstuffs. The table lists nutrient requirements for maintenance at different levels of muscular activity and
additional requirements for growth, pregnancy, lactation, and mohair production. The daily energy requirements for maintenance are
101.38 kcal ME/W kg

0.75 [1 kg TDN = 4.409 Mcal DE (Garrett et al., 1959) or 76 DE = 62 ME = 35 NE; protein requirements are related to
energy needs as follows: 22 g DP or 32 g TP per Mcal DE]. The energy requirement for growth is 7.25 kcal ME/g of gain. Goat kids at very
young ages may not be able to consume the suggested required quantities of DM. Similar situations can exist with high-producing dairy
goats, but intakes of more than 5 percent of body weight have been reported (Haenlein, 1978). The energy requirements per kg FCM at 4
percent are 1246.12 kcal ME; and a 0.5 percent fat change in 4 percent FCM is 16.28 kcal ME. Additional requirements for mohair
production are also presented. Details on Table 1 are discussed in Chapter 2.
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4

Herbage and Browse Utilization

In comparison to other domestic animals, goats have unique preferences for shrubs and tree leaves, whether deciduous or evergreen
(Fingerling, 1905, 1907, 1909; Cory, 1927; Edwards, 1948; Wilson, 1957). Compared with cattle or sheep they select from a wider array
of plants, particularly woody plants (Fraps and Cory, 1940; Maher, 1945; McMahan, 1964). Their pattern of diet selection compares
closely with that of small ruminant game animals (McMahan, 1964; Hoppe et al., 1977). Grasses and herbaceous flowering plants (forbs
or weeds) are also commonly selected (Knight, 1965; Malechek and Leinweber, 1972a,b; Tetteh, 1974). Wilson (1957) observed that
goats showed a special preference for the influorescences of grasses. Because of their unusual preferences for leaves of woody plants,
they have been exploited as weapons against encroaching brush species. Early studies in the deciduous woodlands of the United States
observed that goats would effectively clear away understory and would actually kill some trees up to 6 inches in diameter (Woods,
1903). In East African thorn-bush areas, goats controlled sprouts and regrowth following mechanical control (Staples et al., 1942; Oates,
1956). However, goats do not select only invading plants, and care must be taken to avoid the overstocking that can lead to destruction of
all ground cover (Hornby and Rensburg, 1948; Wilson et al., 1975). The most successful use of goats in the control of invading plants
involves intensive grazing for a short period, followed by removal of all grazing for an extended period to allow for recovery of desirable
plants. This method is not, of course, effective when goats find invading plants unpalatable.

Provenza (1978) portrayed the goat as a mobile pruning machine that modified bushy shrubs and thereby increased the accessibility
of cattle to more nutritious forage. The observation of synergistic effects between animal species has led to widespread acceptance of
combination grazing. Talbot and Talbot (1963) recognized the mutual benefit of mixed species grazing by wild ruminants in East African
savannas. Mixed grazing has also increased yields of animal products from rangelands in Texas (Merrill, 1975).

Goats consume approximately the same weight of forage DM as do sheep of similar size (Geoffroy, 1974). The exact amount that
they will voluntarily consume is influenced by several factors. Malechek and Leinweber (1972a,b) suggest that goats will eat more forage
if they have access to the more preferred species. Devendra (1975) found that voluntary intake by goats decreased as the forage matured.
This effect is overcome partially by chopping and pelleting the forage (Fehr, 1971; Fonolla et al., 1972; Devendra, 1977b).
Environmental factors such as temperature and humidity also often affect the level of voluntary intake (Chenost, 1972b).

Browse (leaves and twigs of trees and shrubs) and forbs generally contain higher levels of crude protein and phosphorus during the
growing season than do grasses (Rector and Huston, 1976). But many palatable browse species are limited in value because of one or
more inhibitors that may bind or otherwise prevent utilization of nutrients contained in the plants. These inhibitors include excessive
lignification of woody twigs, and tree leaves that physically bind or encapsulate the nutrients (Short and Reagor, 1970; Singh et al.,
1972). Essential oils (terpenebased organic compounds) are present at relatively high levels in some range shrubs and apparently inhibit
growth of rumen bacteria (Oh et al., 1968). High levels of tannins are found in some of the important browse plants and depress digestion
of feedstuffs by binding and/or inhibiting enzymatic activity (McLeod, 1974; Gartner and Hurwood, 1976). Fraps (1924) reports the trace
of digestible protein content of live oak leaves was zero. Nastis (1977) found Gambel oak (Quercus gambelii) to be less digestible at a
young, tender stage than when mature because of the high tannin concentration in young leaves. Other compounds such as silica may also
limit the value of browse materials (Short et al., 1973). Although the reasons are not fully understood, field observations indicate that
goats under browse conditions perform better than might be expected from the above cited reports. In spite of concern that browse
materials are less nutritious than would be indicated by chemical analysis, there is growing evidence that many, if not most, of the
grasses, shrubs, and tree
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leaves selected by goats are of high nutritional value (Fraps and Cory, 1940; Bissell and Weir, 1957; Butterworth, 1967; Wilson et al.,
1971; Bhandari and Gupta, 1973; Short et al., 1974; Cordova and Wallace, 1975; Rector and Huston, 1976; Wilson, 1977). It has been
suggested that browse plants, shrubs, and tree leaves should be given more attention in the feeding management of goats (Sidahmed et
al., 1981b).

Several reports indicate that goats are more efficient digesters of forage, especially the fiber fraction, than other domestic animals
(Ademosun, 1970a,b; Gihad, 1976; Devendra, 1977a,b; Sharma and Rajora, 1977). Huston (1976) reported a lower digestive efficiency
for goats than for cattle for several forages. Other workers have shown that goats surpass other ruminants in digesting some forages but
not others (Jones et al., 1972; ElHag, 1976). Nonplant factors affecting digestibility of forages by goats include geographical location
(Chenost, 1972a), level of forage consumption (Devendra, 1967a,b; Sharma and Murdia, 1974), concentrate supplementation (Castle,
1956a; Chenost, 1972c; Saxena et al., 1972), and rate of passage through the gastrointestinal tract (Castle, 1956b; Short et al., 1965;
Ehrlein and Hill, 1970; Hamada, 1973). Because significant differences are usually small, it is suggested at this stage that the digestive
efficiencies of sheep and goats be considered comparable. Any differences that appear to exist deserve further studies (Coblentz, 1977;
McCammon-Feldman, 1980; Van Soest, 1980; Sidahmed et al., 1981a,b).

Campbell et al. (1962) conceded the importance of the brush-eating characteristics of the goat, but emphasized the animal's
importance as a utilizer of forages and a producer of human consumable goods (meat, milk, and fiber). The goat offers an opportunity,
sometimes the only alternative, for deriving value from a vast reservoir of natural resources, and unwanted assortments of herbage,
shrubs, tree leaves, and plant refuse and by-products.

HERBAGE AND BROWSE UTILIZATION 14

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e 
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Nutrient Requirements of Goats: Angora, Dairy, and Meat Goats in Temperate and Tropical Countries
http://www.nap.edu/catalog/30.html

http://www.nap.edu/catalog/30.html


5

Ration Formulation and Examples of Typical Rations

Formulating practical rations requires (1) identification of the total nutrient requirements of a goat or herd of goats according to
body size and the physiological functions to be satisfied, and (2) proper combination of available feedstuffs to supply these nutrients in
the most economical manner. The requirements listed in Table 1 can be met in many different ways using different combinations of feed
ingredients. Local availability and cost of ingredients will be the determining factors. Roughages are normally the least expensive and are
considered first. The remaining requirements are met with concentrates. Requirements of goats are presented in Table 1 for:

1)  Maintenance
2)  Growth and live weight gain
3)  Pregnancy
4)  Milk production
5)  Mohair production

Included with maintenance is a consideration of activity levels that are considered as part of "practical maintenance." These
increased levels result from foraging activity, travel, and climbing. Perhaps more than any domestic animal species, goats vary in degree
of activity with breed, location, management system, and climate. Thus, four different levels of requirements for "practical maintenance"
are considered:

1)  Maintenance only, including minimal activity
2)  Maintenance plus low level activity
3)  Maintenance plus medium level activity
4)  Maintenance plus high level activity

The maintenance requirement used to calculate ration examples assumes a largely minimal level of activity, but appropriate rations
for goats in more active circumstances can be computed from the respective data for other levels in Table 1. Feeds in the temperate
regions will vary considerably from those in the tropics, but a few typical feeds have been selected. While alfalfa hay, corn, and soybean
oilmeal may be fed frequently in the temperate regions, in the tropics one might use rather Guinea grass, Cassava chips, coconut cake,
and fish meal. Roughages include browse, tree leaves, and crop residues; their voluntary intake will be affected by the dry matter
contents. Nutrient contents for all ration ingredients can be extracted from Tables 2 and 3. Rations satisfying all requirements can be
calculated not only for energy and protein demands, as in the examples below, but also for minerals and vitamins, as far as nutrient needs
are known on a minimum or a challenge basis of supply. Chapter 2 gives additional details for the use of Table 1. Ration formulation
examples are based on Tables 2 and 3, but in many instances the data are inadequate or needs have not yet been established specifically
for goats. Fortunately, legume forages are good sources of most mineral elements required by goats. When high-quality legumes make up
half or more of the roughage in a dairy goat ration, as may be often the case in temperate countries, most of the mineral requirements,
except possibly selenium, may be met. The situation can be different in tropical countries where fodder grass, with or without tree
leaves, rather than legumes is more commonly fed, and additional mineral needs have to be satisfied. With dependence on legumes,
however, phosphorus and sodium may be deficient enough that supplementation will be necessary. The sodium requirement can usually
be fulfilled by including 0.5 percent salt (sodium chloride) in the concentrate mixture, or by providing it ad libitum as granular salt or
salt block.

When poor quality roughages including legumes, forages, and tree leaves are predominant in a ration, more extensive mineral
supplementation with calcium, phosphorus, manganese, zinc, copper, iron, selenium, iodine, and cobalt is required. Where possible, all
forages should be tested for their mineral content because extreme variation is common, particularly with tropical feedstuffs.

Users of the following ration examples should be aware that the suggested intake levels may not always be achieved in young kids
and high-producing dairy goats, although intakes of more than 5 percent body weight have been reported (Haenlein, 1978b).
Furthermore, it must be recognized that goats prefer selecting among and within various feed sources and that more forage is often
needed in order to achieve the indicated net intake levels.
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1. EXAMPLE RATIONS FOR MAINTENANCE

A. For a 30 kg goat in tropical areas in a nonproductive state with maintenance only and minimal activity.
Total Requirements (from Table 1): 1.59 Mcal DE/day
51.0 g TP/day

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Chickpea (Gram), straw 620 1.36 33 91 681 65
Alfalfa, fresh 95 0.23 19 26 365 35
Total 715 1.59 52 — 1,046 100

Composition of ration: DE = 2.22 Mcal/kgDM

TP = 7.3% of DM

Level of intake (DM): 2.4% of body weight

B. For a 50 kg goat in tropical areas in a nonproductive state with maintenance only and minimal activity.
Total Requirements (from Table 1): 2.34 Mcal DE/day
75 g TP/day

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Wheat straw 716 1.40 26 89 804 30
Alexandrian clover (Berseem), fresh 333 0.94 56 18 1,850 70
Total 1,049 2.34 82 — 2,654 100

Composition of ration: DE = 2.23 Mcal/kg DM

TP = 7.8% of DM

Level of intake (DM): 2.1% of body weight

2. EXAMPLE RATIONS FOR LIVEWEIGHT GAIN

A. For a 20 kg growing animal with minimal body activity gaining 50 g per day.

Total Requirements (from Table 1)
Maintenance 1.18 Mcal DE/day 38 g TP/day
Growth 0.44 14
Total 1.62 52

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Alfalfa hay, full bloom 80 0.19 14 19 88 18
Corn grain 360 1.44 38 87 414 82
Total 445 1.66 52 — 502 100

Composition of ration: DE = 3.73 Mcal/kg DM

TP = 11.7% of DM

Level of intake (DM): 2.2% of body weight

B. For a 30 kg growing goat with minimal body activity gaining 150 g per day.

Total Requirements (from Table 1)
Maintenance 1.59 Mcal DE/day 51 g TP/day
Growth 1.32 42
Total 2.91 93

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Chickpea straw 500 1.10 26 91 549 51
Corn grain 400 1.60 42 87 460 42
Linseed oilmeal 65 0.23 25 90 72 7
Total 965 2.93 93 — 1,081 100

Composition of ration: DE = 3.03 Mcal/kg DM

TP = 9.6% of DM

Level of intake (DM): 3.2% of body weight
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3. EXAMPLE RATIONS FOR PREGNANT DOES

A. For a 30 kg doe in late gestation and having minimal activity.

Total Requirements (from Table 1)
Maintenance 1.59 Mcal DE/day 51 g TP/day
Pregnancy 1.74 56
Total 3.33 107

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Wheat straw 500 0.98 18 89 562 25
Oat silage 365 1.00 35 30 1,216 55
Barley grain 400 1.44 53 90 444 20
Total 1,265 3.42 106 — 2,222 100

Composition of ration: DE = 2.70 Mcal/kg DM

TP = 8.4% of DM

Level of intake (DM): 4.2% of body weight

B. For a 40 kg doe in late gestation and with minimal activity.

Total Requirements (from Table 1)
Maintenance 1.98 Mcal DE/day 63 g TP/day
Pregnancy 1.74 56
Total 3.72 119

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Johnsongrass hay, mature 960 2.36 91 91 1,055 73
Sorghum grain 350 1.35 40 89 393 27
Total 1,310 3.71 131 — 1,448 100

Composition of ration: DE = 2.83 Mcal/kg DM

TP = 10.0% of DM

Level of intake (DM): 3.3% of body weight

4. EXAMPLE RATIONS FOR LACTATING DOES

A. For a 30 kg doe producing 1 kg of milk testing 4% fat and having minimal activity.

Total Requirements (from Table 1)
Maintenance 1.59 Mcal DE/day 51 g TP/day
Lactation 1.53 72
Total 3.12 123

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Alexandrian clover (Berseem), hay 500 1.42 76 88 568 49
Molasses, cane 200 0.70 12 74 270 23
Cassava chips 200 0.79 7 81 247 21
Peanut oil-meal 60 0.21 31 92 65 7
Total 960 3.12 126 — 1,150 100

Composition of ration: DE = 3.25 Mcal/kg DM

TP = 13.1% of DM

Level of intake (DM): 3.2% of body weight

B. For a 70 kg goat producing 5 kg of milk testing 3.5% fat and with minimal activity.

Total Requirements (from Table 1)
Maintenance 3.01 Mcal DE/day 96 g TP/day
Lactation 7.55 340
Total 10.56 436

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Corn silage, dough stage 1,000 2.92 77 27 3,704 60
Alfalfa hay, full bloom 500 1.18 85 91 549 9
Corn grain 1,365 5.45 145 87 1,569 26
Soybean oilmeal 280 1.09 130 90 311 5
Total 3,145 10.64 437 — 6,133 100

Composition of ration: DE = 3.38 Mcal/kg DM

TP = 13.9% of DM

Level of intake (DM): 4.5% of body weight
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C. For a 60 kg goat producing 6 kg of milk testing 3.5% fat and having a low level of activity.

Total Requirements (from Table 1)
Maintenance 3.35 Mcal DE/day 105 g TP/day
Lactation 9.06 408
Total 12.41 513

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Mixed grass hay 500 1.30 38 89 562 14
Corn grain 1,700 6.78 180 87 1,954 50
25% protein supplement 1,200 4.40 300 85 1,412 36
Total 3,400 12.48 518 — 3,928 100

Composition of ration: DE = 3.67 Mcal/kg DM

TP = 15.2% of DM

Level of intake (DM): 5.7% of body weight

5. EXAMPLE RATIONS FOR ANGORA GOATS

A. For a 30 kg nonpregnant, nonlactating doe having medium activity and producing mohair at a rate of 4 kg per year.

Total Requirements (from Table 1)
Maintenance 2.38 Mcal DE/day 74 g TP/day
Mohair 0.15 17
Total 2.53 91

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Johnsongrass hay 600 1.44 46 91 659 67
Sorghum grain 252 0.97 29 89 283 29
Cottonseed oilmeal 34 0.13 16 90 38 4
Total 886 2.54 91 — 980 100

Composition of ration: DE = 2.87 Mcal/kg DM

TP = 10.3% of DM

Level of intake (DM): 3.0% of body weight

B. For a 20 kg goat kid gaining 100 g/day, having low body activity and producing mohair at a rate of 2 kg per year.

Total Requirements (from Table 1)
Maintenance 1.47 Mcal DE/day 46 g TP/day
Growth 0.88 28
Mohair 0.07 9
Total 2.42 83

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Alfalfa hay, mature 250 0.59 33 91 275 32
Corn grain 441 1.76 47 87 507 60
Molasses, cane 50 0.17 3 74 68 8
Total 741 2.52 83 — 850 100

Composition of ration: DE = 3.40 Mcal/kg DM

TP = 11.2% of DM

Level of intake (DM): 3.7% of body weight
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C. For a 40 kg pregnant doe having low body activity and producing mohair at a rate of 6 kg per year.

Total Requirements (from Table 1)
Maintenance 2.47 Mcal DE/day 77 g TP/day
Pregnancy 1.74 56
Mohair 0.22 26
Total 4.43 159

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Alfalfa hay, mature 700 1.66 93 91 769 48
Corn grain 630 2.51 67 87 724 46
Molasses, cane 75 0.26 4 74 101 6
Total 1,405 4.43 164 — 1,594 100
Composition of ration: DE = 3.15 Mcal/kg DM

TP = 11.7% of DM

Level of intake (DM): 3.5% of body weight

D. For a 30 kg doe having high body activity, nursing at the rate of 1 kg of milk production of 4% fat per day, and producing
mohair at a rate of 4 kg per year.

Total Requirements (from Table 1)
Maintenance 2.78 Mcal DE/day 74 g TP/day
Lactation 1.53 72
Mohair 0.07 9
Total 4.38 155

Ration
DM basis As-fed basis

Feeds Amount (g) DE (Mcal) TP (g) DM (%) Amount (g) % of ration
Johnsongrass hay 400 0.98 30 91 440 28
Alfalfa hay, mature 400 0.95 53 91 440 28
Corn grain 600 2.39 64 87 690 42
Cottonseed oilmeal 20 0.08 9 91 22 2
Total 1,420 4.40 156 — 1,592 100

Composition of ration: DE = 3.1 Mcal/kg DM

TP = 11.0% of DM

Level of intake (DM): 4.7% of body weight

6. OTHER EXAMPLE RATIONS FOR GOATS IN TEMPERATE AND TROPICAL REGIONS AND FOR ANGORA
GOATS
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A. Temperate regions
Does: pregnant or dry
Example 1:

pasture plus good mixed hay and

0.5 kg of a 16% protein supplement
Example 2:

0.5 kg silage

0.5 kg mixed hay
0.3 kg beet  pulp

0.5 kg 16% protein supplement

Example 3:
1.0 kg beets

0.5 kg alfalfa hay

0.5 kg beet  pulp
0.5 kg 16% protein supplement

Does: lactating

Example 1:
1.5 kg clover hay

2.0 kg 14% protein supplement

Example 2:
1.5 kg grass legume hay

2.5 kg 16% protein supplement

Example 3:
0.5 kg mixed hay

2.5 kg corn silage

2.0 kg 18% protein supplement
Example 4:

3.0 kg roots, beets, carrots, steamed potatoes

1.5 kg mixed hay
0.25 kg beet  pulp

0.5 kg oats straw

1.0 kg 14% protein supplement
Example 5:

2.0–4.0 kg green chop, pasture

1.5 kg sugar beet  leaf silage
0.5 kg alfalfa hay

0.7 kg beet  pulp

0.45 kg 14% protein supplement
Kids: nursing

Colostrum on the 1st day, 0.25 to 1.0 kg milk 2 to 3 times a day according to size for six to nine weeks, plus 16% protein supplement consisting of coarse grain,

steamed rolled corn, oats, barley, pelleted alfalfa leaf meal, molasses (not more than 10%),  and grass hays ad libitum
Kids: weaned and yearlings

Good mixed hay ad libitum, plus 0.25 to 0.75 kg of 16% protein supplement consisting of coarse grain mixtures  and pasture

Bucks: breeding
(out of season)

Good hays ad libitum and pasture

(in season)
0.5 to 1.0 kg of a 14% protein supplement, plus mineral  supplementation and salt, plus good hays and pasture

B. Tropical regions
Postweaning growth and meat  production:
Example 1 (India):

50% cereal  straw

30% corn grain
20% Alexandrian clover (Berseem), green
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7. EXAMPLE PROTEIN SUPPLEMENTS (PERCENT OF RATION)

Total protein content
14% 16% 18%

Corn grain 37 35 32
Oats grain 37 35 32
Wheat bran 16 14 15
Oilmeal, soybean, linseed 9 15 20
Dicalcium phosphate 0.5 0.5 0.5
Trace mineral salt 0.5 0.5 0.5
Total 100 100 100
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Example 2 (India):

40% cereal straw
30% oat silage

25.5% corn grain

4.5% linseed oilmeal
Example 3 (Nigeria):

79.3% cassava flour

15.2% molasses
5.5% urea

Pregnant doe (India):

40% cereal straw
30% oat silage

23.5% barley grain

6.5% peanut oilmeal
Supplements for milk production (fed at pasture):

Example 1 (India):

45% corn grain
35% Alexandrian clover, (Berseem)

20% cereal straw

Example 2 (West Indies):
34% coconut meal  cake

20% wheat middlings

20% molasses
15% citrus meal

10% soybean oilmeal

1% mineral  mix
Example 3 (Malaysia):

40% wheat flour

34% rice bran
12% peanut oilmeal

10% coconut meal  cake

2% molasses
2% mineral  mix

Example 4 (Mexico):

44% sorghum grain
37% corn grain

10% soybean oilmeal

6% molasses
1% urea

2% salt and mineral mix

C. Angora goats
Growing kids and yearlings:

32% alfalfa hay

28% cottonseed hulls
18% sorghum grain

8% barley grain

6% molasses
6% cottonseed oilmeal

2% salt and mineral mix

Lactating does:
47% alfalfa hay

20% cottonseed hulls

15% sorghum grain
8% barley grain

6% molasses

2% cottonseed oilmeal
2% salt and mineral mix
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6

Nutrition-Related Metabolic Disorders

ABORTION

The goat is more susceptible to abortion than other species of domestic livestock. Most of the work relating to abortion in goats has
been with the Angora (Van Heerden, 1963; Van Rensburg, 1971; Shelton and Groff, 1974), in which the problem is more severe.
Infectious diseases such as brucellosis are also capable of causing abortion in goats (Alton, 1973). The fact that the goat is a
corpusluteum-dependent species predisposes the animal to abort whenever there is an interference with a functional corpus luteum
(Wentzel et al., 1975). A low level of abortion is common with the Angora under normal production conditions, but catastrophic losses
sometimes occur. Most abortions occur in response to stress between 90 and 110 days of gestation. Undernutrition during the critical
stage of rapid fetal development and competition for nutrients between fetal and maternal organisms appear to be one explanation. The
incidence of abortion is reduced in flocks in which replacement does are fed for proper size and development prior to the first breeding
season and during gestation (Shelton and Stewart, 1973).

A series of studies from South Africa appears to provide a physiological explanation for the type of abortion observed in that
country with the Angora. Parturition, either at or prior to term, is normally initiated by elevated corticosteroids of fetal or maternal origin
(Wentzel and Roelofse, 1975). Two types of abortion have been identified in the Angora. One is known as stress abortion, which is
triggered by low maternal blood glucose (Wentzel et al., 1976). This type is normally induced by poor nutritional condition of the doe
(Wentzel et al., 1974), but other stress factors are also involved. Stress abortion is identified by the expulsion of a live of fresh fetus. Low
maternal glucose appears to trigger hyper-activity of the fetal adrenal. The cause of abortion in the period 90–110 days of pregnancy is
apparently explained by the fetal adrenal gland's producing elevated levels of estrogen precursors (Wentzel et al., 1976), and estrogens
are known to be potent abortifacients (Wentzel et al., 1975). After 110 days the fetal adrenal is more mature and produces
corticosteroids, which are slower acting or less potent abortifacients. A second type of abortion is that by the habitual aborter. These
goats can be identified by a history of abortion, and by the expulsion of a dead edematous or autolyzed fetus. This type of abortion
apparently results from maternal hyperadrenalism. Both types of abortion may be triggered by undernutrition resulting in low blood
glucose. Initial or stress abortions can be almost totally prevented by adequate nutrition and the elimination of stress.

ENTEROTOXEMIA

It has been said with reason that it is impossible to manage a herd of good dairy goats without experiencing some incidence of
enterotoxemia, also known as toxic indigestion or overeating disease (Guss, 1977). Diarrhea, depression, lack of coordination, digestive
upsets, coma, and death may be observed after excessive feeding on the part of both baby kids and mature animals. Excessive feeding
may occur after sudden changes in feeds; with access to palatable, readily fermentable feeds relished by hungry goats; and under
conditions of calcium insufficiency and acidosis. Enterotoxemia is a toxic reaction to Clostridium perfringens type C or D, against which
antitoxins and vaccination programs with toxoid or bacterins are effective. However, the best prevention in stable-fed goats is frequent
feeding of milk, grain, and forage in small amounts. Large meals given once a day should be avoided. Changes of concentrates and
forages in the ration should be introduced gradually over several days, especially when the protein or energy content of the diet is
increased. When urea or other nonprotein nitrogen is to be part of the diet, then the gradual adaptation should take at least three weeks.

Acute indigestion with a rumen pH of less than 4.8 indicates lactic acidosis. It can follow high levels of grain feeding in early
lactation and may lead to the secondary complication of enterotoxemia. Recent research with sheep and cattle on the sensitivity of
Streptococcus bovis,
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the initiator of acute acidosis, to various antibiotics gives hope that powerful aids in the prevention of enterotoxemia may be available for
goats (Muir et al., 1981).

KETOSIS

Ketosis is a metabolic disorder defined by increased levels of ketone bodies (acetone, betahydroxybutyric acid, and acetoacetic
acid) in blood, milk, and urine, and is associated with elevated blood plasma nonesterified fatty acids (NEFA), which are precursors of
ketone bodies. Lactation ketosis is observed primarily in high-producing dairy cows and to a lesser extent in dairy goats (Leach, 1971;
Mackenzie, 1973; Schultz, 1974; Guss, 1977). Late-pregnancy ketosis is encountered in sheep and goats carrying multiple fetuses. Goats
appear to be more resistant than cows or ewes to ketosis. Treatment is similar to that for cows: intravenous glucose, glucocorticoid
steroids, adrenocorticotrophic hormone (ACTH) injections, oral drenching with sodium propionate, propylene glycol or chloral hydrate.

Experimentally, phlorizin injections in goats have simulated ketosis by causing glucosuria, hypoglycemia, ketonemia, and blood
plasma NEFA level increases (Menahan, 1966). Forcing goats to go without food also results in increases of blood NEFA levels, especially
in late pregnancy or during lactation. However, the fat depot is the ultimate source of ketosis, and dairy goats appear to lack the fat
reserves of cows and other animals, which might explain why ketosis unusual in goats.

Increased ketogenesis has been produced by infusion of butyric acid into the rumen of goats with phlorizin-induced hypoglycemia;
the condition was corrected by intravenous injections of glucose or propionate, or intraruminal administration of propionate (Menahan,
1966). Most ketogenesis was produced, however, from butyric acid infusion into the rumen in late pregnancy and when the goats were
forced to fast.

Diabetes accompanied by elevated blood NEFA levels has also been simulated in goats by the administration of intravenous alloxan
(Menahan, 1966). A glucose drain during late multiple pregnancy and heavy lactation is the triggering stimulus to lipolysis and
ketogenesis. A feedback effect from ketonemia in the presence of insulin appears to prevent further increases of fat mobilization and may
be important to the survival of the animal.

Increased plasma NEFA levels were a more sensitive indicator of undernutrition in goats than blood ketones or blood glucose levels
(Radloff, 1964). Growth hormone, epinephrine, glucocorticoid steroids, and ACTH have direct effects on and relationships to blood ketone
levels in goats.

PARTURIENT PARESIS (MILK FEVER)

The incidence of paralysis-type conditions of this metabolic hypocalcemic disorder differs among genetic groups of dairy cattle, but
is also reported for other species, including goats (Littledike, 1974; Guss, 1977). However, it is not observed as frequently in goats as in
cows. Signs and treatments are similar to those for cows. Prevention has been tried with different contents of calcium in the diet during
the dry period, and with hormone treatment and vitamin D therapy, but no generally accepted management practice has evolved.
Parturient paresis has been related to greatly increased mammary blood flow immediately after parturition (Reynolds, 1970).

The relationship of the kinetics of calcium pool size and calcium turnover rate to dietary phosphorus levels were studied and
discussed by Twardock et al. (1970) and Anderson et al. (1970). It was noted that different dietary regimes of goats, including changed
calcium-to-phosphorus ratios, had significant effects on the size and biological half-life of the readily exchangeable calcium pool. It was
suggested that the response time of the parathyroid hormone and the removal of calcium from the so-called nonexchangeable bone pool
was too slow for the immediate calcium needs of parturition and lactation onset in goats; and when the readily exchangeable calcium
pool was inadequate to meet these needs, then parturient paresis resulted. A low or high calcium diet over time may be a predisposing
factor for a reduced readily exchangeble calcium pool in goats. Dietary phosphorus levels influence the effects of such diets, and also the
level of intestinal calcium absorption and available calcium in goats.

POSTHITIS

Posthitis, also known as sheathrot or pizzlerot, has been reported in male goats (Shelton and Livingston, 1975). This problem has
been studied extensively in Merino wethers in Australia (Osborne and Widdows, 1961; McMillan and Southcott, 1973). The causative
agents are thought to be a high protein ration in combination with the presence of a urea-hydrolyzing organism such as Corynebacterium
renale (McMillan and Southcott, 1973; Barajas and Biberstein, 1974; Shelton and Livingston, 1975). The problem appears to be
aggravated by confinement to areas where irritation or infection are more likely to occur. The problem is not likely to be a serious one
with goats, except with mature Angora wethers kept for hair production. The problem may also occur with individual breeding bucks
kept in confinement.

TOXIC PLANTS

The problem of poisonous plants is of great importance to owners of much of the world's goat population. It is not known, nor can it
be inferred, that goats are either more or less susceptible to toxic plants than other animal species. However, their grazing habits and the
environment under which many of them are kept place them in wider contact with toxic plants. Many goats are found in arid areas, and
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are noted for eating a variety of plants under these conditions. Many native forage species found under arid conditions have natural
protective mechanisms, including toxic principals that retard evaporation and protect against livestock. Goats are thought to be less
sensitive than cattle to the toxic effects of tannic acid. Goats can live for extended periods of time on oak species with high tannic acid,
whereas cattle are very susceptible to this material (Dollahite, 1961). Goats are also not bothered by bitterweed (Hymenoxys odorata),
which causes severe losses with sheep in some areas (Hardy et al. 1931). And goats have been used at times to reduce the availability of
toxic plants to other animal species (Dollahite, 1972). Some references to toxic plants and their effects include Sperry et al. (1964),
Kingsbury (1964), Lindahl (1972), and Keeler et al. (1978).

UREA TOXICITY

Urea is an important natural compound in the physiological processes of goats, but can be highly toxic if consumed in excess.
Although most of the urea that is formed in the liver is excreted through the kidney, a portion passes into the rumen where it is
hydrolyzed to ammonia and used by rumen microorganisms for protein synthesis (Vercoe, 1969; Hume et al., 1970). Therefore, urea is
frequently included in ruminant diets to partially replace protein ingredients. Producers and feed formulators must exercise caution when
feeding goats urea, since excessive amounts can result in a buildup of ammonia to toxic levels in the bloodstream (Morris and Payne,
1970; Kromann et al., 1971). It is recommended that urea supply no more than one-third of the total crude protein in forage or
roughage-type diets and not more than one-half in the concentrate portion of the diet. Also, an adaptation period of at least three weeks is
required for the animal to utilize urea efficiently. It is generally believed that 44 g/100 kg body weight at a single feeding will result in
acute toxicity. Producers should assure that daily consumption levels at that rate do not occur.

UROLITHIASIS

Goats are known to be susceptible to urolithiasis (urinary calculi), and serious losses can occur when valuable breeding males are
placed on calculogenic rations (Sato and Omori, 1977). It is not known whether they are more susceptible or less susceptible than other
ruminant species or whether the predisposing factors are different. For the purpose of this discussion it will be assumed that goats do not
differ from cattle or sheep with respect to calculus formation. Nutritional imbalances are generally considered the primary cause of stone
formation, but infection has been identified as a predisposing factor with some species (Griffith et al., 1975). The problem is largely
restricted to the male because his urinary tract is much more susceptible to blockage, and it is seem infrequently in grazing goats. The
problem is important only in confined animals, which represent a small portion of the world's goat population but include some of the
more valuable stud bucks. The chemistry of calculus formation is complex and is not completely understood. One of the more important
predisposing factors is a high phosphorus content in the diet, or a content high relative to calcium or potassium content (Robbins et al.,
1965; Hoar et al., 1970). In dry lot rations the potassium levels should be maintained at an adequate level and the calcium-to-phosphorus
ratio should be maintained at 1.5:1 or greater. Additional protection may be obtained through the use of ration additives such as
ammonium chloride (Crookshank, 1970) or potassium chloride (Shelton and Ellis, 1965; Crookshank, 1966), which will acidify the
urine. If infection plays a part in calculus formation, it may be through its effect on pH of the urine. Using medication to combat infection
with a view to preventing calculus formation is not generally recommended, but such an action may be a secondary benefit of using
antibiotics in the ration for other reasons.
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7

Feed Composition Tables

Tables 2, 3, and 4 present the composition of feed ingredients. Nutrient concentrations are organized as follows:
Table 2: Dry matter; total digestible nutrients; digestible, metabolizable, and net energy; crude protein; digestible protein; plant cell

wall constituents; and crude fiber
Table 3: Dry matter, minerals, and carotene content
Table 4: Composition of mineral supplements
In Tables 2, 3, and 4 animal feed names follow international nomenclature designed to give a qualitative description of each

product, where such information is available and pertinent (NRC publications No. 1684 and No. 1919; Harris et al., 1980). Each feed
description is followed by a 5-digit ''International Feed Number" (IFN) for identification. A feed-class number placed in front of the
international feed number identifies the class to which the feed has been assigned:

Class 1: Dry forages and roughages
This class includes all forages and roughages cut and cured, and other products with more than 18% crude fiber or containing more

than 35% cell wall constituents (dry basis). Forages and roughages are usually low in net energy per unit weight because of the high cell
wall content. Examples of dry forages and roughages are: hay, straw, fodder (aerial part with ears and husks for the corn plant, or aerial
part with heads for the sorghum plant), stover (aerial part without ears or husks for the corn plant, or aerial part without heads for the
sorghum plant), hulls, and pods.

Class 2: Pasture, range plants, and forages fed green
This class includes forages on the stem or cut and fed fresh (grasses, shrubs, tree leaves, browse, and forbs).
Class 3: Silages
This class includes ensiled forages (corn, alfalfa, grass, etc.)
Class 4: Energy feeds
This group includes products with less than 20% protein, and less than 18% crude fiber or less than 35% cell wall constituents.

Included are grain; mill by-products; fruits; nuts; roots; and tubers, either fresh, dry, or ensiled.
Class 5: Protein supplements
This class includes products which contain 20% or more of protein from plant or animal origins.
Class 6: Mineral supplements
The feed names are listed by the scientific name; however, several feeds are listed by common name since they do not have

scientific names: mountain meadow plants (Class 2); animal tallow, bleached, stabilized (Class 4); blood meal, spray dehydrated (Class
5); and meat, with bone meal rendered (Class 5). Table 5 gives an alphabetical list, under five feed classifications, of common and
scientific names of the feeds.

Analytical data in Tables 2, 3, and 4 are expressed in the metric system and are on an as-fed and dry basis. Analytical data may
differ in various NRC reports because the data are updated for each report. Individual feed samples may vary widely from averages in the
table because of factors such as variety, climate, soil, and length of storage. The values given should be used with judgment and related,
if possible, to analyses of critical nutrients for the feed on hand. It has not been possible in all cases to obtain data for goats on energy and
protein values of feeds; therefore, sheep and cattle data have been used to fill in some information. In Tables 2 and 3, data obtained for
goats are not marked. Sheep data are marked with a superior italic a(a). Values marked with superior italic (b) have been calculated from
data for cows by using formulas shown below (Garrett 1976; Moe and Tyrrell, 1976):

% TDN = % DOM ÷ 1.05
DE Mcal/kg = % TDN x 0.04409
ME Mcal/kg = 0.82 x DE Mcal/kg
NEm Mcal/kg = 1.115-0.8971 ME + 0.6507 ME2 -0.1028 ME3 + 0.005725 ME4

NEg Mcal/kg = 3.178 ME -0.8646 ME2 + 0.1275 ME3 -0.006787 ME4 -3.325
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NE1 Mcal/kg = (0.0245 x % TDN) -0.12
DP = (0.933 x crude protein) -3.44 (Class 1 and 2 feeds)
DP = (0.908 x crude protein) -3.77 (Class 3 feeds)
DP = (0.916 x crude protein) -2.76 (Class 4 feeds)
International standards for vitamin A activity as related to vitamin A and beta-carotene are as follows:
1 IU vitamin A = 1 USP unit
= vitamin A activity of 0.300 microgram crystalline vitamin A alcohol
= vitamin A activity of 0.344 microgram vitamin A acetate
= vitamin A activity of 0.550 microgram vitamin A palmitate
1 IU vitamin A = 0.6 microgram beta-carotene
1 mg beta-carotene = 1667 IU vitamin A.
International standards for vitamin A are based on the utilization of vitamin A and beta-carotene by the rat. Since goats do not

convert carotene to vitamin A in the same ratio as rats, it is suggested that the values in Table 3, when used in connection with the
requirements in Table 1, be converted as follows:

1 mg carotene = 400 IU vitamin A.
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TABLE 4 Composition Values of Minerals for Goats; Data Expressed As-Fed and Dry (100% Dry Matter)a

Entry
Number

Feed Name
Description

International
Feed Number

Dry
Matter
(%)

Protein
Equivalent
N x 6.25 (%)

Calcium
(Ca) (%)

Chlorine
(Cl) (%)

Magnesium
(Mg) (%)

Phosphorus
(P) (%)

Potassium
(K) (%)

AMMONIUM
001 phosphate,

monobasic,
6-09-338 97 68.8 0.27 — 0.45 24.00 0.01

002 (NH4)H2PO4 100 70.9 0.28 — 0.46 24.74 0.01
003 phosphate,

dibasic,
6-00-370 97 112.4 0.50 — 0.45 20.00 0.01

004 (NH4)2HPO4 100 115.9 0.52 — 0.46 20.60 0.01
BONE

005 charcoal (Bone
black)

6-00-402 90 8.5 27.10 — 0.53 12.73 0.14

006 (Bone char) 100 9.4 30.11 — 0.59 14.14 0.16
007 meal, steamed 6-00-400 97 12.8 29.82 — 0.32 12.49 0.18
008 100 13.2 30.71 — 0.33 12.86 0.19

CALCIUM
009 carbonate,

CaCO3

6-01-069 100 — 39.39 — 0.05 0.04 0.06

010 100 — 39.39 — 0.05 0.04 0.06
011 phosphate,

monobasic, from
6-01-082 97 — 15.91 — 0.59 20.95 0.08

012 defluorinated
phosphoric acid

100 — 16.40 — 0.61 21.60 0.08

013 phosphate,
dibasic, from

6-01-080 97 — 21.30 — 0.57 18.70 0.07

014 defluorinated
phosphoric acid

100 — 22.00 — 0.59 19.30 0.07

015 sulfate,
anhydrous
(Gypsum),

6-01-087 85 — 22.02 — 2.21 0.01 —

016 CaSO4 100 — 25.90 — 2.61 0.01 —
COBALT

017 carbonate,
CoCO3

6-01-566 99b —  — — — — —

018 100 — — — — — —
019 COLLOIDAY

CLAY (Soft
6-03-947 99b — 17.00 — 0.38 9.00 —

020 rock phosphate) 100 — 17.17 — 0.38 9.09 —
COPPER
(CUPRIC)

021 sulfate,
pentahydrate

6-01-720 100 — — —  — — —

022 CuSO4·5H2O, cp 100 — — — — — —
023 CURACAO

PHOSPHATE
6-05-586 99b — 34.00  — 0.80 14.00 —

024 100 — 34.34 — 0.81 14.14 —
IRON
(FERROUS)

025 sulfate,
heptahydrate,

6-20-734 98b — — — — — —

026 FeSO4·7H2O 100 — — — — — —
LIMESTONE

027 limestone 6-02-632 100 — 34.00 0.03 2.06 0.02 0.12
028 100 — 34.00 0.03 2.06 0.02 0.12
029 magnesium

(dolomitic)
6-02-633 99b — 22.08 0.12 9.89 0.04 0.36

030 100 — 22.30 0.12 9.99 0.04 0.36
MAGNESIUM

031 carbonate,
MgCO3Mg(OH)2

6-02-754 98b — 0.02 0.00 30.20 — —

032 100 — 0.02 0.00 30.81 — —
033 oxide, MgO 6-02-756 98 — 3.00 — 54.90 —  —
034 100 — 3.07 — 56.20 — —
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Entry
Number

Sodium
(Na) (%)

Sulfur
(S) (%)

Cobalt
(Co) (%)

Copper
(Cu) (%)

Fluorine
(F) (%)

Iodine (I)
(%)

Iron (Fe)
(%)

Manganese
(Mn) (%)

Selenium
(Se) (%)

Zinc
(Zn) (%)

001 0.06 1.42 0.001 0.001 0.24 — 1.69 0.04 — 0.01
002 0.06 1.46 0.001 0.001 0.25 — 1.74 0.04 — 0.01
003 0.05 2.10 — 0.001 0.20 — 1.20 0.04 — 0.01
004 0.05 2.16 — 0.001 0.21 — 1.24 0.04 — 0.01
005 — — — — — — — — — —
006 — — — — — — — — — —
007 5.53 2.44 — — — — 2.600 — — 0.01
008 5.69 2.51 — — — — 2.670 — — 0.01
009 0.06 — — — — — 0.030 0.03 — —
010 0.06 — — — — — 0.030 0.03 — —
011 0.06 1.19 0.001 0.001 0.20 — 1.53 0.035 — 0.009
012 0.06 1.22 0.001 0.001 0.21 — 1.58 0.036 — 0.009
013 0.05 1.11 0.001 0.001 0.18 — 1.40 0.03 — 0.01
014 0.05 1.14 0.001 0.001 0.18 — 1.44 0.03 — 0.01
015 — 20.01 — — — — 0.171 — — —
016 — 23.54 — — — — 0.201 — — —
017 — 0.20 45.54 — — — 0.049 — — —
018 — 0.20 46.00 — — — 0.050 — — —
019 0.10 — — — 1.49 — 1.90 — — —
020 0.10 — — — 1.50 — 1.92 — — —
021 — 12.84 — 25.45 — — — — — —
022 — 12.84 — 25.45 — — — — — —
023 0.20 — — — 0.54 — 0.35 — — —
024 0.20 — — — 0.55 — 0.35 — — —
025 — 12.10 — — — — 21.400 — — —
026 — 12.35 — — — — 21.840 — — —
027 0.06 0.04 — — — — 0.350 — — —
028 0.06 0.04 — — — — 0.350 — — —
029 — — — — — — 0.076 — — —
030 — — — — — — 0.077 — — —
031 — — — — — — 0.021 — — —
032 — — — — — — 0.022 — — —
033 — — — — 0.02 — — 0.01 — —
034 — — — — 0.02 — — 0.01 — —
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Entry
Number

Feed Name
Description

International
Feed Number

Dry
Matter
(%)

Protein
Equivalent
N x 6.25 (%)

Calcium
(Ca) (%)

Chlorine
(Cl) (%)

Magnesium
(Mg) (%)

Phosphorus
(P) (%)

Potassium
(K) (%)

MANGANESE
(MANGANOUS)

035 oxide, MnO, cp 6-03-056 99b — — — — — —
036 100 — — — — — —
037 OYSTERSHELL,

GROUND
6-03-481 99 — 37.62 0.01 0.30 0.07 0.10

038 (flour) 100 — 38.00 0.01 0.30 0.07 0.10
PHOSPHATE

039 rock, defluorinated 6-01-780 100 — 32.00 — 0.42 18.00 0.09
040 100 — 32.00 — 0.42 18.00 0.09

POTASSIUM
041 bicarbonate,

KHCO3, cp
6-29-493 99b — — — — — 38.65

042 100 — — — — — 39.05
043 iodide, Kl 6-03-759 100b — — — — — 21.00
044 100 — — — — — 21.00

SODIUM
045 bicarbonate,

NaHCO3

6-04-272 100 — — — — — —

046 100 — — — — — —
047 chloride, NaCl 6-04-152 100 — — 60.66 — — —
048 100 — — 60.66 — — —
049 phosphate,

monobasic,
6-04-288 97 — — — — 21.80 —

050 monohydrate,
NaH2PO4·H2O

100 — — — — 22.50 —

051 selenite, Na2SeO3 6-26-013 98b — — — — — —
052 100 — — — — — —
053 sulfate,

decahydrate,
6-04-292 97b — — — — — —

054 Na2SO4·10H2O, cp 100 — — — — — —
055 tripolyphosphate,

Na5P3O10

6-08-076 96 — — — — 24.00 —

056 100 — — — — 25.00 —
ZINC

057 oxide, ZnO 6-05-553 100 — — — — — —
058 100 — — — — — —
059 sulfate,

monohydrate,
6-05-555 99b — 0.02 0.015 — — —

060 ZnSO4·H2O 100 — 0.02 0.015 — — —

a The composition of mineral ingredients that are hydrated (e.g. CaSO 4·2H2O) is shown including the waters of hydration, both on an as-fed and dry
matter basis. Mineral composition of feed grade mineral supplements varies by source, mining site, and manufacturer. Use manufacturer's analysis when
available.
b Dry matter values have been estimated for these minerals.
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Entry
Number

Sodium
(Na) (%)

Sulfur
(S) (%)

Cobalt
(Co) (%)

Copper
(Cu) (%)

Fluorine
(F) (%)

Iodine (I)
(%)

Iron (Fe)
(%)

Manganese
(Mn) (%)

Selenium
(Se) (%)

Zinc
(Zn) (%)

035 — — — — — — — 76.67 — —
036 — — — — — — — 77.45 — —
037 0.21 — — — — — 0.284 0.01 — —
038 0.21 — — — — — 0.287 0.01 — —
039 0.04 — 0.001 0.002 0.18 — 0.670 0.02 — 0.006
040 0.04 — 0.001 0.002 0.18 — 0.670 0.02 — 0.006
041 — — — — — — — — — —
042 — — — — — — — — — —
043 — — — — — 68.17 — — — —
044 — — — — — 68.17 — — — —
045 27.00 — — — — — — — — —
046 27.00 — — — — — — — — —
047 39.34 — — — — — — — — —
048 39.34 — — — — — — — — —
049 16.18 — — — — — — — — —
050 16.18 — — — — — — — — —
051 26.07 — — — — — — — 44.7 —
052 26.60 — — — — — — — 45.6 —
053 13.84 9.65 — — — — — — — —
054 14.27 9.95 — — — — — — — —
055 29.80 — — — — — 0.004 — — —
056 31.00 — — — — — — — — —
057 — — — — — — — — — 78.00
058 — — — — — — — — — 78.00
059 — 17.50 — — — — 0.001 0.001 — 36.00
060 — 17.68 — — — — 0.001 0.001 — 36.36
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