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Goat eating fodder from feed tray 

Introduction immediately by the CARDI initiated regional 
Technology Transfer and Applied Research 
Project (TTARP). 

The Jamaica component of the 
CARDI/TTARP was executed in collaboration 
with the Ministry of Agriculture. Under this 
project goat production technology in four 
main areas, namely housing solutions, 
breed improvement, feeds and feeding and 
management practices was developed, 
packaged and transferred to producers. The 
project has made a great impact on the sub-
sector. Over 4,000 producers are known to 
have been exposed to the technologies. 
More than 90% of these have adopted the 
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he development of the goat industry 
in Jamaica has progressed 
considerably during the last ten 

  years. Through the Government of 
Jamaica/European Union (GOJ/EU) Goat 
Project that lasted from 1987 to 1990, 
producers were introduced to revolving 
schemes for foundation stock and 
prophylactic medication, trained in cheese 
making and leather craft and also sensitized 
on the usefulness of the formation and 
maintenance of Farmers Associations. The 
GOJ/EU bilateral project was followed 
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Goats in pasture 
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components 	on 	housing, 	animal 
identification, record keeping and breeding 
the goats more than once a year. Some 155 
pure bred Anglo-Nubian bucks have been 
made available to producers. These should 
be improving directly the offspring of about 
5,000 does per year. The concept of 
maintaining improved forages has also been 
very well accepted. To date goat producers 
have established 102 ha of improved 
forages. Nine goat Farmers Associations 
with membership of about 600 have been 
established. 

All these developments in the last ten years 
culminated in the establishment of the Goat 
Breeders Society of Jamaica in November 
1997. Thus, it is evident that goat 
production in Jamaica is becoming more of 
an important economic activity rather than a 
pastime. Therefore the cost of production 
and returns on such cost should be 
exercising the minds of producers. 

Cost of producing goats 

The cost of producing goats just like many 
economic ventures is divided into two broad 
categories: 

Capital expenditure:-
This is the cost 
associated with 
establishing the 
goat project and it 
includes the cost of 
housing, sheds and 
other structures, 
initial (foundation) 
animals, equipment 
and machinery, e.g. 
forage chopper 
(chaff cutter), pasture and forage 
establishment and fence construction. 

Operating expenditure:- This is the daily 
expenditure for maintaining machinery, 
structures, pastures and fences, and for the 
provision of additional feed and veterinary 
services. 

Feed cost account for a higher proportion of 
the operating cost. Data collected by CARDI 
have shown that feed cost can vary from 
45% to 64% of the operating cost depending 
on the management system involved (Figure 
1 and 2). 

Figure 1 
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Figure 2 

It is therefore important that great attention should be paid to the principles of nutrition 
and feeding in order to optimize productivity and profits from goat production. 

Goat Nutrition 
The principles involved in goat nutrition are mostly concerned with the determination or 
the establishment of the materials that the animal needs for it to live, grow, reproduce and 
produce. The adage that we are what we eat is equally applicable to other higher animals, 
including goats. Chemically, the goat and its products such as milk are constituted of 
water, carbohydrates, fat, protein, minerals (ash) and very minute quantities of vitamins 
(Table 1). 

Adapted from Devandra and Burns ( 1983 ) 

I 	 k.ompubluun m slid', carcass 411(1 HUM 	 1 

% fresh basis 

Water Carbohydrates Fat Protein Minerals 

Carcass 

Weaner Goat 
Carcass weight 10kg 71.8 - 8.6 16.0 3.6 

Milk 

West African Dwarf 81.6 5.7 7.3 4.6 0.8 

Alpine 88.5 4.4 3.4 2.9 0.8 

Anglo-Nubian 88.0 3.8 3.9 3.7 0.6 

"1'oggen burg 89.3 4.0 2.7 3.7 0.3f 

Table 1 

The goat's body and milk are mainly made of water, although in the animal the 
proportion of water varies with age. The kid contains about 80% water but this falls to 
about 50% in the adult goat. 
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FOOD 

WATER 	 I 	DRY MATTER 

Organic Matter 	 I 	Ash I  
I 	 I 	I 	 I 	 I 

Carbohydrates Fats Protein Vitamins 	Minerals 
\ 	  1 

The food that the goat eats also contains similar chemicals (Table 2). The 
information in Tables 1 and 2 clearly shows that the chemicals in the goats body and its 
product such as milk are derived from the food that it eats. The chemicals in both the 
animal and the food are called nutrients. 

Partitioning of food into nutrients 

The data presented in Table 2 suggest that foods differ in the amount of water they contain. 
The quantity of water can influence the amount of the food that can be consumed at any 
given time. In goat and other animal nutrition the true value of food is determined from 
the non-water part. 

Adapted from McDowell et al ( 1974 ) 

I 	 composition or some common reeds 	N 

used for goat production in Jamaica 

% fresh or as fed basis 

Water Carbohydrates Fat Protein Mineral (Ash) 

King Grass (4-6 wks) 82.7 12.5 0.5 1.8 2.5 

African Star Grass 
( 4-6 weeks ) 73.9 20.2 0.6 2.8 2.5 

Leucaena 
(Leaves and fine twigs) 72.6 17.7 1.6 6.0 2.1 

Citrus pulp 85.1 11.9 0.6 0.9 1.5 

Peanut haulm (trash) 14.9 64.7 2.3 9.9 8.2 

Wheat middlings 12.7 67.1 4.5 15.8 4.9 

Rice bran 11.3 47.5 4.5 12.4 24.3 

\Molasses 25.4 65.2 - 3.3 6.1 	i 

Table 2 

Food can be divided into two main components, water and dry matter (non-water part). The 
dry matter component is also partitioned into organic matter and ash (non-organic matter). 
The organic matter is that part of the food that contains the element carbon and it includes 
the carbohydrates, fats, proteins and vitamins. The ash contains the minerals. The 
schematic presentation of the partitioning of food is shown in Figure 3. 

Partitioning of food 

Figure 3 
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The function and sources of nutrients 

There are five major groups of nutrients in food needed by goats. 
These are Water, Energy (derived from carbohydrates and fats), 
Protein, Minerals (ash) and Vitamins. 

Water 

Goats need water for normal body functions and for the production 
of milk. It was shown in Table 1 that the body and milk are 
composed principally of water. Thus water is needed to maintain 
the turgidity of the cells and hence the integrity of the animal. Body 
processes such as digestion, the transportation of other nutrients 
and oxygen around the body and the excretion of carbon dioxide 
and other waste products all use water as the medium. Water also 
plays an important role in cooling the animal in hot conditions. 

Goats get water from three sources: 

• Water in the food eaten 

• Free water consumed 

• Metabolic water (water produced in the body tissues from 
the burning of nutrients to produce energy) 

Energy 

Energy is the basis of the whole existence of the goat. Energy is 
used for maintenance and for fueling the processes of growth 
production of the offspring and milk 

Carbohydrates and fats are the usual sources of energy. however, 
food commonly given to goats contains little fat (see Table 2), 
except where foods of animal origin and by-products of oil-bearing 
seeds are fed. Therefore carbohydrates are the main sources of 
energy for goats. The carbohydrates are derived from storage 
carbohydrates (starch) in the plant cells (cassava, potato, cereal 
grains and their mill by-products) and from the cellulose (fibre) in 
the plant cell wall. 

Protein 

Proteins perform diverse functions in the body. They are 
constituents of milk, hair, skin, and hooves, as well as hormones 
and enzymes that drive chemical reactions in the cells of the 
animal. They are the principal entities in muscles and hence are a 
determinant of growth. Proteins are needed for the growth of 
foetuses too. 

Goats ingest proteins in two forms - true proteins and non-protein 
nitrogen. True proteins are derived from both animal sources, (e.g. 
fish meal, meat meal, milk) and plant sources (e.g. meals of oil 
bearing seeds, brewers' grain and forages). Forage legumes are a 
cheap source of protein for goats. Non-protein nitrogen is used for 
the production of microorganism protein in the stomach of the 
goat. Good sources of non-protein nitrogen are urea and poultry 
litter. Foods that are high in proteins and storage carbohydrates 
(energy foods) are generally called concentrates. 
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I Macro-minerals Micro- Minerals 

Calcium Iron 
Phosphorus Zinc 
Salt (sodium and chlorine) Iodine 
Potassium Manganese 
Magnesium Copper 
Sulphur Cobalt 

Selenium 
	1 

Minerals 

Twelve of the mineral elements in the goat's 
body have been shown to be essential. 
These are presented in Table 3. Seven of 
these are called macro-minerals and the rest 
called micro-minerals. 

The macro-minerals are needed in relatively 
large amounts, while the micro-minerals are 
needed only in minute quantities. Goats 
need minerals for proper functioning of the 
body, including bones and teeth, and for 
production and reproduction. Approximately 

99% of the total body calcium, 80-85% of 
the total phosphorus and 70% of the total 
magnesium occur in the goat's bones. 
Persistent mineral deficiency may result in 
stunted growth, loss of appetite, loss of hair 
or dull sheen of the coat and reduced 
fertility. It should be noted that these 
symptoms are not exclusive to mineral 
deficiency. Worm infection and other 
disease conditions may induce some of 
these symptoms. It should be noted also 
that too much of any mineral in the food 
might cause toxicity. 

Minerals essential in goat nutrition 

Table 3 

Goats obtain minerals from the food they eat. These may be minerals occurring naturally 
in the feeding stuffs or mineral supplement added to the food or provided as free choice 
or as salt lick (Table 4) 

Composition of typical mineral supplement for goats 

( 	Macro-minerals 

Calcium 12 - 20% 
Phosphorus 5 - 10% 
Salt (sodium and chlorine) 10 - 25% 
Potassium 1- 	20/0 
Magnesium 3- 6% 
Sulphur 0.15 - 	2% 

Micro-minerals and vitamins 

Iron 
Zinc 
Iodine 
Manganese 
Copper 
Cobalt 
Selenim 
Vitamin A 
Vitamin D 
Vitamin E 

0.2 - 0.5% 
0.1 - 0.8% 

0.002 - 0.0750/0 
0.025 - 0.08% 
0.004 - 0.0750/0 
0.002 - 0.003°/0 
0.001 - 0.002% 

70,000 - 300,000W 
50,000 - 150,000IU 
50 - 300 W 

	) 

Table 4 
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Nutrient demand for growth 
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Vitamins 

Vitamins are nutrients that take part in 
various body chemical reactions that are 
essential for the well being of the animal. 
They either cannot be synthesized at all or 
cannot be synthesized in sufficient 
quantities in the body. The vitamins 
important in goat nutrition include A, 51, B2, 
B6, 512, C, D2, D3, E and K. 

Goats require vitamins in small quantities 
and their foods and environment usually 
supply enough for their needs. Most of the 
vitamins are also synthesized in the 
stomach of the adult goat by the 
microorganisms living in there. It is also a 
common practice of mineral supplement 
manufacturers to incorporate Vitamins A, D 
and E in the mixture (see Table 4). In 
practice, Vitamin A is the only one that may 
present deficiency problems in goats. 

Nutrient requirement 

After the establishment of the role of 
nutrients the next important area of goat 
nutrition is to determine the amounts of 
these nutrients that the animal needs daily 
in order for it to maintain itself and to 
produce. Nutrient requirements are 
determined by the demand of the body for 
nutrients depending on its physiological 
state. For goats at the growing stage there is a 
consistent increasing demand for nutrients 
both for maintenance and growth (Figure 4). 
On the other hand for reproducing goats the 
demand for nutrients is lowest at the 
dry/mating period and increases through 
gestation until it reaches a maximum at 
peak lactation (Figure 5). Nutrient 
requirement data have been determined 
with the view to satisfying these demands. 
There are several factors that influence the 
requirement for water dry matter and the 
other nutrients in the dry matter. 

Figure 4 

• Growth 

• Maintenance 
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Nutrient needs for reproduction 
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Water requirement 

There is a belief in Jamaica that goats do not drink and therefore do not require water. 
Studies in other parts of the world have shown that goats have about three times the 
capacity of sheep and about five times the capacity of cattle to withstand water deprivation. 
But this does not mean that they Jo not drink water. Goats need water for the functions 
mentioned earlier. 

On average a 20-kg goat requires about 700 ml of water per day. However, the amount 
consumed is dependent on the prevailing temperature, the amount of water in the food 
and the physiological status. More water is consumed on a hot day than on a cool day. 
Lactating goats need more water than nonlactating ones, and the greater the dry matter 
consumed the higher the water requirement. The ratio between dry matter intake and 
free water consumption is 1:1.2. 

Figure 5 
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Lactation 

Late gestation 

Dry / early 
gestation 

Dry matter requirement of breeding Goat 
( Metabolizable energy content of feed - 8.4 MJ/kg dry matter ) 
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Dry matter and other nutrient requirements 

Dry matter, energy and protein requirements vary according to the: 

Type of goat: 
the requirements of meat goats are less than those for dairy goats. 
On average, the dry matter requirement of adult meat goats (1.9-
3.8% of body weight) is about 15% less than for adult dairy and 
dual purpose goats (24.9% of body weight). Large breeds of goats 
need more nutrients to maintain the body and therefore their total 
requirements are higher than small breeds. 

Physiological status: 
goats in late gestation and those lactating require more nutrients 
than non-lactating ones (Figures 6). 

Rate of growth: for a given breed of goat the bigger the body 
weight and faster the rate of growth the higher the nutrient 
requirement (Figure 7). 

Figure 6 
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Figure 7 

Energy- density of the food: 

Goats offered feed of low energy content tend to require more nutrients 
than those offered food of high energy content. Mineral requirement is also 
influenced by body weight and physiological status, but soil conditions can 
also have profound effect. Forages grown on soils that are deficient in 
minerals will have low mineral content. Therefore goats offered such 
forages would have high mineral requirement. In Jamaica bauxite soils 
present special problems for mineral nutrition. Aluminium salts (especially 
sodium and potassium silicate) in bauxite soils bind the microminerals and 
make them unavailable to the goat. A disease condition known as 
Manchester wasting disease stems from this phenomenon. 

Nutrient requirement tables 

Nutrient requirement data can be found in Animal Nutrition books and 
other similar documents. 

Typical examples of such data are presented in Table 5 (for 
growing goats) and Table 6 ( for breeding goats). The figures are 
based on dry matter (food without water). It is assumed that the 
food offered is of low energy content (8.4 MJ/kg DM of ME or 
55 0/0TDN 1 ) . 

1 
1,1J,= mega joules, 
DM, = dry matter, 
ME, =metabolizable energy, 
TD/Y,= total digestible 

nutrients 
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Goats feeding on 
forage in feed tray 

The knowledge on the functions and 
requirement of nutrients is used in 
conjunction with food composition data to 
prepare rations and feeding systems for 
goat production. However, it is important to 
note that these data are only a guide since 
animal and production conditions differ 
between producers. 

Feeding of Goats 

Principles of Feeding of Goats 

The basic concepts of t he need for nutrients 
for body processes 
as outlined above 
are not peculiar or 
limited to goats only 
but are generally 
applicable to other 
higher animals. The 
application, though, 
of the concepts to the 
feeding of goats and animals like sheep and 
cattle is different from that of humans, pigs 
and poultry 

Goats, sheep and cattle belong to a group of 
animals called ruminants. Ruminants are 
animals that can utilize effectively roughage 
and forages for maintenance, and 
depending on the source and quality of the 
forage also for some level of production. 

Ruminants have this ability to utilize 
roughage and forages because they are 
endowed with a digestive tract (gut) that 
includes a special type of complex stomach, 
unlike humans, pigs and poultry that have 
simple stomach. Even within the group 
ruminants, goats are known to have higher 
digestive efficiency for cellulose than cattle 
and sheep. 

The structure and functioning of the 
stomach of goats 

The digestive tract of the goat is shown in 
Figure 8. Just like the digestive tract of 
other higher animals food is ingested 
through the mouth and it is digested in the 
stomach and the intestines. The undigested 
material is voided out through the anus. 

The stomach is the part that differs between 
the goat (and sheep and cattle) and other 
higher animals. 

The stomach of the goat consists of four 
compartments. The fore most or the first 
stomach is the rumen. Closely connected to 
the rumen and separated by only a fold in 
the wall is the reticulum. The rumen is the 
big vat in which digestion begins. The 
reticulum accumulates foreign objects in 
the food. Partially digested food, however, 
moves back and forth between the two 
chambers and therefore the two are usually 
considered as one entity that is called 
reticulo-rumen. The reticulo-rumen contains 
microorganisms. The microbes live in 
harmony or in symbiotic association with 
the host - the goat. The goat provides the 
food. The microbes break down the food, 
use some of the end products for 
themselves and leave the rest for the goat. 
The main microorganisms are bacteria, 
protozoa and fungi. The types of 
microorganisms that predominate in the 
reticulo-rumen at any time depend on the 
type of food the goat consumes. Therefore 
it is important that any food change should 
be made gradually in order for new types of 
micro-organisms that can breakdown the 
new food to proliferate. The third stomach 
is the omasum. It functions primarily to 
absorb water from the partially digested 
food. The fourth stomach called the 
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caecum 	small intestines 

rumen ( 1st ) mouth 

anus 

rectum 

large intestines 

abomasum ( 4th 

oesophagus 

reticulum ( 2nd ) 

omasum ( 3rd ) 

Digestive tract of mature doe 

abomasum is the chamber that is equivalent to the simple stomach 
of humans or pig. 

When a kid is born all four chambers are present but the reticulo-
rumen occupies a very small portion of the total capacity of the 
stomach. for example 'n a 2.5 kg new born kid the reticulo-rumen 
is just 0.06 I (litre) in volume. By the time it is two months old (10 
kg) the capacity had increased to 1.4 I.( litre) In the adult animal 
(40 kg) the reticulo-rumen has a capacity of about 12.1 (litre). 
Compared to the other compartments, the reticulo-rumen is about 
30% of the total stomach at birth, but it grows to account for 70% 
at two months of age and at maturity it accounts for 85% of the 
stomach. 

At birth the reticulo-rumen is sterile but soon after the 
microorganisms begin to colonize the system. The colonization is 
effected by transfer from the adult animals. 

Figure 8 
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/ 	I ante o. Limy, nutnenL requirements 0I WI-MI 9 9 ali. 	III Ill‘Glaora r c •••m•saua. ._,.. . ........ .....  

tropical pastures - low energy content, 8.4 MI/kg DM of ME (55% iiIN.) 

Expected average gain (g) 

Body weight  (kg)  50 75 100 125 150 

10 Dry matter as % kg BW 2  5.4 6.3 7.2 8.1 9.0 

Dry matter(kg) 0.54 0.63 0.72 0.81 0.90 

Total crude protein (g) 41.0 48.0 55.0 62.0 69.0 

ME (MJ) 4.5 5.2 6.0 6.7 7.5 

ME (g TDN) 299.0 349.0 399.0 449.0 499.0 

Calcium (g) 2.0 2.0 2.0 2.5 3.0 

Phosphorus (g) 1.4 1.4 1.4 1.8 2.1 

15 Dry matter as % kg BW 4.4 5.0 5.6 6.2 6.8 

Dry matter(kg) 0.66 0.75 0.84 0.93 1.02 

Total crude protein (g) 51.0 58.0 65.0 72.0 79.0 

ME (MJ) 5.5 6.3 7.0 7.8 8.5 

ME (g TDN) 367.0 417.0 467.0 517.0 567.0 

Calcium (g) 2.5 2.5 2.5 3.0 3.5 

Phosphorus (g) 1.8 1.8 1.8 2. I 2.5 

20 Dry matter as % kg BW 3.9 4.35 4.8 5.25 5.7 

Dry matter(kg) 0.78 0.87 0.96 1.05 1.14 

Total crude protein (g) 60.0 67.0 74.0 81.0 88.0 

ME (MJ) 6.5 7.3 8.0 8.8 9.5 

ME (g TDN) 434.0 484.0 534.0 584.0 634.0 

Calcium (g) 3.0 3.0 3.0 3.5 4.0 

Phosphorus (g) 2.1 2.1 2. I 2.45 2.8 

25 Dry matter as% kg BW 3.5 3.9 4.2 4.6 5.0 

Dry matter(kg) 0.88 0.97 1.06 1.15 1.24 

Total crude protein (g) 68.0 75.0 82.0 89.0 96.0 

ME (MJ) 7.4 8.2 8.9 9.7 10.4 

ME (g TDN;) 493.0 543.0 593.0 643.0 693.0 

Calcium (g) 3.0 3.0 3.0 3.5 4.0 

Phosphorus (g) 2.1 2.1 2.1 2.45 2.8 

30 Dry matter as % kg BW 3.3 3.6 3.9 4.2 4.5 

Dry matter(kg) 0.99 1.08 1.17 1.26 1.35 

Total crude protein (g) 76.0 83.0 90.0 97.0 104.0 

ME (MJ) 8.3 9.0 9.8 10.5 11.3 

ME (g TDN) 552.0 602.0 652.0 702.0 752.0 

Calcium (g) 3.0 3.0 3.0 3.5 4.0 

Phosphorus (g) 2.1 2.1 2.1 2.45 2.8 

40 Dry matter as % kg BW 3.0 3.2 3.4 3.7 3.9 

Dry matter(kg) 1.19 1.28 1.37 1.46 1.55 

Total crude protein (g) 91.0 98.0 105.0 112.0 119.0 

ME (MJ) 10.0 10.7 11,5 12.2 13.0 

ME (g TDN) 660.0 710.0 760.0 810.0 860.0 

Calcium (g) 4.0 4.0 4.0 4.5 5.0 

Phosphorus (g) 2.8 2.8 2.8 3.15 3.5 } 

Adapted from NRC (1981) 
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- - ---, ------- .... y .....-...,...,w ... L............0 9....aw in nnenwve management ann on 	1 
tropical pastures - low energy content; 8.4 MJ/kg DM of ME (55%TDN) I 

Physiological status 
Body weight  (kg)  Dry/early gestation late gestation Lactation 
40  Dry matter as % kg BW 2  3.0 4.8 4.8 

Dry matter(kg) 1.19  1.90 1.91 
Total crude protein (g) 91.0 173.0 182.0 
ME 3  (MJ) 9.9 15.9 16.7 

	  ME (g TDN) 660.0 1057.0 1107.0 
Calcium (g) 4.0 6.0 7.9 
Phosphorus (g) 2.8 4.2 5.53 

45 Dry matter as % kg BW 2.9 4.4 4.5 
Dry matter(kg) 1.29 2.00 2.01 
Total crude protein (g) 98.0 180.0 189.0 
ME (MJ) 10.7 16.7 17.5 

	  ME (g TDN) 711.0 1108.0 1158.2 
Calcium (g) 4.5 6.5 8.4 
Phosphorus (g) 3.2 4.6 5.93 

50 Dry matter as % kg BW 2.7 4.2 4.2 
Dry matter(kg) 1.37 2.08 2.09 
Total crude protein (g) 105.0 187.0 196.0 
ME (MJ) 11.5 17.4 18.3 
ME (g TDN) 711.0 1108.0 1158.2 
Calcium (g) 5.0 7.0 8.9 
Phosphorus (g) 3.5 4.9 6.23 

60 Dry matter as % kg BW 2.3 3.5 3.5 
Dry matter(kg) 1.36 2.07 2.08 
Total crude protein (g) 105.0 187.0 196.0 

	 ME (MJ) 11.5 17.4 18.2 
	 ME (g TDN) 760.0 1157.0 1207.0 
	 Calcium (g) 4.0 6.0 7.9 

Phosphorus (g) 2.8 4.2 5.53 
70  Dry matter as % kg BW 2.2 3.2 3.2 

Dry matter(kg) 1.54 2.25 2.26 
	 Total crude protein) 11.8 93.8 102.8 
	 ME (MJ) 12.9 18.8 19.7 
	 ME (g TDN) 5.0 402.0 452.2 

Calcium (g) 3.5 5.5 7.4 
Phosphorus (g) 3.5 4.9 6.23 

80 Dry matter as % kg BW 2.1 3.0 3.0 
Dry matter(kg) 1.7 2.41 2.42 
Total crude protein (g) 130.0 212.0 221.0 
ME (MJ) 14.2 20.2 21.0 

	 ME (g TDN) 942.0 1339.0 1389.2 
Calcium (g) 5.0 7.0 8.9 

,.. 
Phosphorus (g) 3.5 4.9 6.23 	j 

I M.1-mega joules; DM-dry matter; ME-metabolizable energy; TDN-total digestible nutrients; 213 W= body weight 
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when the kid nibbles at the food of the adults or the cud in the 
mother's mouth. Rumen development and colonization of 
microorganisms are stimulated by roughage/forage and hence kids 
should be introduced to forages early in life, preferably by the 
fourth day. 

Digestion of food in the adult goat 

Reticulo-rumen digestion of carbohydrate 

It was mentioned earlier that the goat may consume carbohydrates 
as cellulose (fibre) in plant cell walls or as starch in grains and their 
mill by-products or as starch in tubers. The end products of 

digestion of either source of carbohydrate are the same - volatile 
fatty acids. However, the proportions in which they occur, and the 

rate of production and absorption are different. 

When food containing carbohydrate of cellulose origin is ingested 
it is partially chewed in the mouth and then swallowed through the 

oesophagus into the reticulo-rumen. 

During the chewing copious amounts of saliva is mixed with the 

feed. Saliva contains bicarbonate and biphosphate salts that act as 
buffers to control the acids in the reticulo-rumen. After a while the 
goat stops eating and begins to chew its cud. Chewing the cud 

involves a reflex action that brings the food back into the mouth 
where it is thoroughly chewed again. The fine food particles are 
reswallowed into the reticulo-rumen for microorganism 
breakdown. 

Fungi are the first microbes to attack the food, secreting enzymes 

to breakdown the fibre. This weakens the food particles and allows 
the entry of bacteria and protozoa that complete the digestion of 
the cellulose to simple sugars. The simple sugars are then 

converted to a chemical called pyruvate (pyruvic acid). In this 
process small amounts of energy are released. The 
microorganisms use this energy to grow and multiply and to further 

continue the breakdown of food in the reticulo-rumen. The 
pyruvate is subsequently oxidized to produce volatile fatty acids 
(VFAs), with hydrogen and carbon dioxide as by products. The 

main VFA produced as the end products of carbohydrate digestion 
in the reticulo-rumen are acetic, propionic and butyric acids. The 
VFAs are absorbed by the rumen wall into the blood stream of the 

goat and transported to the cells (propionic acid goes first to the 
liver to be converted to glucose) where they are oxidized to 
produce energy for the goat. 

The digestion of starch as contained in concentrates follows the 

same processes as described for fibrous food. However there are 
major differences in certain areas. In the first place since 
concentrates are presented as fine particles there is very little 
chewing and therefore little salivation. The digestion of starch 

produces more VIAs and at a faster rate too. Also starch digestion 
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produces a greater proportion of propionic acid and a 
corresponding lower proportion of acetic acid. 

During the conversion of pyruvate to fatty acids hydrogen is also 
produced. Sorge remain in the gaseous state, some is used in fat 
breakdown but much of it undergoes chemical reaction to produce 

methane, which together with carbon dioxide is removed by the 
process of eruction. Methane is one of the gases that have been 
implicated in the depletion of the ozone layer in the atmosphere 
and hence contributing to global warming 

Reticulo-rumen digestion of fat 

Foods usually consumed by goats in Jamaica have low fat (lipid) 
content, except for the by-products of oil-bearing seeds, and to 

some extent the mill by-products (see Table 2). Nonetheless fats 
are important in energy nutrition since fats contain two and half 
times the energy concentration of carbohydrates. 

In the goat fats ingested in the food are broken down in the 

reticulo-rumen. The microorganisms secrete enzymes that break 

down the fat into glycerol or sugars (soluble part) and fatty acids 
(insoluble part). These fatty acids are long chain acids and not 
VFAs. If the goat's diet includes foods of animal origin then some 
of the fatty acids produced from the breakdown will be saturated 

(hard) fatty acids. On the other hand fatty acids produced from 

foods of plant origin are unsaturated (soft) fatty acids. The 
unsaturated fatty acids are converted to saturated ones by the 
microorganisms fixing hydrogen to them, a process similar to that 
used in the manufacture of margarine from vegetable oils. hence 

ultimately the majority of the fatty acids are converted to saturated 
ones. The fatty acids are then absorbed and converted to energy 
in the cells. 

Reticulo-rumen digestion of protein 

The composition of the microorganisms in the reticulo-rumen and 

the enzymes they secrete are mainly protein and therefore they 
need protein substances in order to multiply (reproduce). The type 
of protein substance they need is just simple nitrogen which, using 

the energy derived from the breakdown of carbohydrates and fats, 
is converted to microbial protein, which is rich and sometimes 

even richer than the protein consumed by the animal. Indeed this 
simple need of the microbes is the basis of ruminant nutrition; 
provision of enough nitrogenous substances and plentiful supply 
of materials that can be broken down to yield energy. 

The nitrogen building block used by the microbes to synthesize 
their proteins is ammonia. The ammonia is derived from the food 

consumed by the goat and also from ammonia recycled through 
urea in the saliva. The ammonia produced from the diet is of two 

sources, the true protein and nitrogenous substances that are not 
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proteins - nonprotein nitrogen (NPN). Common NPNs include urea 
and uric acid in poultry manure. In the reticulo-rumen the 
microorganisms breakdown dietary protein to produce amino acids 
which are then converted to ammonia. The NPN is also converted 
to ammonia. From this pool of ammonia the microbes resynthesize 
amino acids and then all their body proteins. During the course of 
normal reticulo-rumen functioning microorganisms are washed 
into the abomasum and the small intestine and digested for the 
animal's use. 

Therefore in theory if the goat is fed NPN and a high-energy diet it 
should be able to obtain the protein for its body processes through 
the intervention of the microorganisms, but in practice a 
combination of NPN and dietary true protein is recommended for 
several reasons. Goats are very susceptible to urea toxicity and 
therefore urea cannot supply more than 30% to 50% of the protein 
requirement. The high-energy food required in the process is not 
available at all or at an affordable price Inclusion of NPN reduces 
the cost of the diet. In Jamaica rations based on poultry litter cost 
about J$3 to J$5/kg compare with J$10 to J$13/kg for 
commercial concentrates. 

Even under the best of conditions microbial protein production is 
not sufficient for all classes of goats. For lactating and fast growing 
goats the rate of microbial protein synthesis cannot satisfy the 
protein requirement of the animal. For these animals a source of 
dietary protein that is not digested in the reticulo-rumen but 
degraded more rapidly in the abomasum and the intestine is 
required. This kind of protein is referred to as by-pass or 
undegradable protein (UDP). Examples of sources of undegradable 
protein are soybean meal, copra meal, fish meal and leucaena 
forage. 

Post reticulo-rumen digestion 

Digestion in the abomasum and the small intestine occurs in the 
same manner as in the non-ruminants (humans, pigs and poultry) 
through the actions of enzymes secreted from the walls of these 
organs or from specialized organs such as the liver and the 
pancreas. The process takes place in an acid medium in the 
abomasum but in alkaline in the small intestine. In the abomasum 
microbial protein and UDP in the diet are broken down into 
intermediary compounds called polypeptides. 

The digestion of carbohydrates, fats and proteins are completed in 
the small intestine. Starch foods that escape microbial breakdown 
are digested to produce simple sugars, principally glucose. 
Similarly fats that reach the small intestine are broken down into 
glycerol and fatty acids. With regard to proteins the polypeptides 
produced in the abomasum are broken down to the constituent 
amino acids. All these end products are then transported to the 
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cells, the sugars and amino acids through the blood and the fatty 
acids through the lymph system, to be used by the goat. 

Digestion of food in the kid 

Until age 2 to 3 months the kid's reticulo-rumen is not fully 
functional and its digestive system functions more like a non-
ruminant. The princip- 1  food at this stage is milk. 

The milk bypasses the reticulo-rumen and moves by reflex action 
into the abomasum through a deep groove (oesophageal groove) 
in the wall of the rumen. In the abomasum the enzyme rennin 
coagulates the milk protein called casein. This slows down the 
movement of the protein through the gut so as to facilitate its 
breakdown by the protein-splitting enzymes. Just as in the adult 
goat and the non-ruminants the digestion of the milk protein, fats 
and carbohydrates are completed in the small intestine. 

Practical aspects of feeding of goats 

The practice of feeding goats on a daily basis involves offering 
foods of different origins and in varying quantities. Ideally foods 
would be selected from roughage/forages and from concentrates. 
The foods that form the bulk of the goat's diet are referred to as 
basal food and those offered in relatively small quantities are 
referred to as supplementary food. For most production situations 
the basal foods would be the roughage and forages, while the 
supplementary foods would be the energy and protein 
concentrates. However, under feedlot production the concentrate 
food could be the basal food and the roughage the supplement. 
There are several roughage and forages, as well as concentrates 
that could be utilized as food for goats in Jamaica (Table7). 

Roughage/forages - Peanut haulm (trash) is a good example of 
roughage that many goat producers have found useful. It could be 
fed separately or it could be incorporated in complete rations. King 
grass, Napier (Elephant grass) and other Pennisetum grasses are 
good for zero grazing (cut and carry). For grazing pastures Pangola, 
African Star grass, Guinea grass and Bermuda grass are good and 
they make excellent food in association with trailing legumes such 
as Siratro, Glycine and Centrosema. Goats relish shrub and tree 
legumes. Desmanthus and Leucaena are two good examples. 
Leucaena does not poison native and adapted goats in Jamaica. 
Some of the bacteria in the reticulo-rumen are specialized to 
degrade the poisonous substance in Leucaena. In fact in some of 
CARDI's work Leucaena had been given as the only food and 
weight gains of 62 g/day had been recorded. There are conflicting 
views on the acceptance of Gliricidia (quick stick) by goats. Work 
carried out by the Ministry of Agriculture at Bodies suggested that 
goats do not like Gliricidia. However, farmers (e.g. Martin Morrison) 
offer Gliricidia to their goats and they do not find any acceptance 
problems. 
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' Table 7. 	Nutrient content of feeds commonly used for goat production 
in Jamaica 

Dry 

Matter 
(%) 

On dry matter basis 

Crude 
Protein 

Metabolizable 
Energy 

(MJ/kgDM) 1  

Total 
Digestible 
Nutrients 

Calcium 
(%) 

Phosphorus 
(%) 

Roughage and dry forages 

Peanut haulm (trash) 87.2 9.8 8.0 52.9 1.32 0.15 

Peanut hulls 88.8 7.2 2.8 18.5 0.22 0.07 

Stylosanthes hay - 6 wk. 83.1 19.8 10.3 68.1 1.36 0.31 

Siratro and Crlycine hay - 6 wk. 83.0 16.4 10.2 67,4 

Pasture and green forages 

King grass - 9 wk. (no manure) 27.9 16.0 9.2 61.0 0.41 0.19 

King grass - 9 wk. (fertilizer) 27.1 14.1 9.0 59.5 0.35 0.18 

King grass -9wk.(goat manure) 27.6 14.2 9.1 59.9 0.47 0.20 
King wass - 9 wk. 
(fertilizer + manure) 

25.8 13.5 9.0 59.3 0.32 0.20 

Pangola pasture • 6 wk. 18.7 11.7 9.8 64.8 0.43 0.24 

African Star grass -4 to 6 wk. 29.3 10.1 8.7 57.5 0.41 0.26 

Pangola/Siratro/Glycine pasture 28.7 15.3 9.4 62.1 0.78 0.26 

African Star/Siratro/ 
Glycine Pasture 

30.0 14.4 8.8 57.8 0.73 0.27 

Siratro - 6 wks 31.0 16.3 9.2 60.6 0.86 0.21 
Glycine - 6 wks 26.8 17.9 9.4 61.9 1.23 0.28 
Leucaena leaf meal 91.5 21.2 10.1 66.6 1.88 0.21 
Leucaena fresh 
(leaves and fine Twigs) 

28.5 20.5 10.5 69.1 2,03 0.19 

Leucaena fresh 
(whole - 12 wks) 

36.0 17.9 7.8 51.5 1.36 0.16 

Gliricidia leaf meal 88.0 22.5 10.8 71.1 2.26 0.27 

Gliricidia fresh forage 24.4 21.2 10.5 69.1 2.45 0.25 

Sweet potato tops 14.5 15.5 9.7 64.1 1.44 0.32 

Sugar cane tops 31.3 5.6 8.9 58.8 0.77 0.21 

Energy feeds 
Citrus pulp - wet 17.6 7.3 11.7 77.3 1.45 0.12 

Wheat middlings 87.8 17.5 11.1 73.5 0.16 1.08 

Rice bran 89.7 13.7 11.0 72.4 0.13 1.38 

Cassava tuber, fresh 37.0 4.1 12.3 79.4 0.26 0.16 

Molasses 74.7 4.9 10.6 70.2 0.89 0.11 

Commercial beef/goat feed 90.4 13.7 10.8 71.5 0.89 0.53 

Commercial dairy feed 89.0 14.8 12.6 83.0 0.90 0.60 

CARD! feed(Citrus pulp -WM) 2  84.8 15.1 10.8 71.4 2.55 1.13 

CARDI feed (PLWMMol) 82.9 17.1 11.4 75.3 2.30 1.17 

Protein feeds 
Soybean meal 90.0 49.9 13.4 88.0 0.34 0.70 

Poultry litter - bagasse 88.7 23.0 9.3 61.7 1.81 1.68 

Brewer's grain 22.0 25.5 10.6 70.0 0.33 0.55 

1.1J-mega joules; 1311-day matter; 2 WM=wheal middlings; PL-poultty litter; Mohmolasses 
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Concentrates - Concentrates for goat feeding may be obtained 
from two main sources. Commercial feed manufacturers (Master 
Blend Ltd. and Newport Mills Ltd.) produce cattle feed that can also 
be used for goats. Recently Newport Mills Ltd. has compounded 
two dedicated goat feeds. Some of these feeds are manufactured 
for adult animals and may contain urea. Producers should be 
careful not to feed these to kids otherwise they might die. 
Sustained work by CARDI over the last six years on the use of agro 
and industrial by-products has raised producers' consciousness on 
the value of by-products for goat production. Content Agricultural 
Products Ltd. now produces bio-fermented by-products feed for 
goats as a result of this awareness that has spurred demand. 
Individual producers can also prepare their own by-product feeds. 
Depending on the availability and accessibility of by-products 
including poultry litter, citrus pulp, molasses, wheat middlings and 
rice bran can be combined to make rations for goats. Two of such 
foods are mentioned in Table 7 and the composition shown in 
Table 8. These foods have consistently produced weight gains of 
80 - 100 g/day under feedlot conditions. 

Concentrate feeding 

Concentrates are a good and quick source of energy, particularly 
since some portions bypass the reticulo-rumen and get digested 
quickly in the small intestine. 

Late pregnant and lactating does and young growing kids that need 
high energy do benefit from concentrate foods. however, 
concentrate foods could have serious implications for goat 
production; goats can suffer and die from acid poisoning as a result 
of feeding large quantities of concentrate. This occurs because the 
VFAs are produced at a faster rate than they can be absorbed. 
Additionally because there is little saliva produced when 
concentrates are consumed there are insufficient saliva salts to 
buffer the acid in the reticulo-rumen. Goat producers should 
therefore limit the amount of concentrates fed to the animals. 

It is generally recommended that the proportion of concentrate in 
the diet should be between 30 and 40 per cent on dry matter basis, 
except in feedlot where concentrate could form the bulk of the 
diet. In feedlots it is also advisable to feed some good quality and 
palatable roughage or forage (e.g. good hay, peanut haulm, sweet 
potato tops or leucaena and other forage legumes) either before or 
with the concentrate. 

Studies done by CARDI have shown that goats offered, under 
feedlot conditions, roughage and concentrate foods in the ratio of 
1:9 showed no ill effects and had weight gain of 80 to 100 g/day. 
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Ingredient (°/)  As Fed D1s1B As Fed 111413 

Poultry Litter 38.0 39.2 31.0 31.5 

Wheat middlings 35.0 37.3 16.0 16.8 

Dried citrus pulp 0.0 0.0 35.0 35.9 

Molasses 25.0 21.4 15.0 12.7 

Limestone 2.0 2.0 2.0 2.0 

Mineral mix 0.0 0.0 1.0 1.1 

Total 100.0 100.0 100.0 100.0 

Nutrient composition 

DM2 % 84.3 83.7 

CP °A) 16.9 15.0 

ME (MJ/kg) 11.5 11.0 

Ca 1.72 1.84 

1' 1.13 1.10 

Ca:P 1.52 1.68 

Cost (J$ /kg) 3.46 2.98 	f  

Table 8 

1  Refers to major 
ingredients in the 

formulation 

2  DM=dry matter; 
CP= crude protein; 

ME=metabolizable energy; 
MJ=mega joule, 

Ca=calcium; 
P=Phosphorus 

Application of feeding concepts 

having discussed the principles of nutrition and feeding of goats it 
is now opportune to examine how the principles could be applied 
on the farm. An example of such an application is shown in Table 
9. The example applies to a 45 kg doe that goes through the three 
physiological periods - dry/early gestation, late gestation and 
lactation, and then a weaned kid that is grown to market weight of 
25 kg with a growth rate of 75 g/day. The total dry matter, crude 
protein and metabolizable energy requirements are reproduced in 
the table. 

The diet for the animals comprises forage (70% of the dry matter) 
and concentrate (30% of the dry matter). King grass and Leucaena 
are the forages offered. King grass contributes 70% of the forage 
or 49% of the total dry matter, while Leucaena contributes 30% of 
the forage or 21% of the total diet dry matter. The computations 
show that by using the combinations of King grass, Leucaena and 
byproduct food the protein and energy requirements of the chosen 
classes of goat can be satisfied. The last section of the table shows 
how the calculated dry matter is converted to the fresh (as fed) 
food that must be offered to the animal. For example the doe in 
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the dry state should be given daily 2.6, 0.80 and 0.43 kg of King grass, Leucaena and the 
concentrate, respectively. The figures for the forages include additional 15 0/0 of the 
calculated values to facilitate selection. 

Notwithstanding these computations, the basic rule of thumb for effective feeding is to 
select foods that supply adequate energy, protein, minerals and vitamins for the class of 
goats in question and provide enough for the animals until they can eat no more. 

...A/mummy FOUUN to supply aany nutrient needs 	 • 
Composition 
of foods 

ME 
( MJ/kg 

DM 

%DM 
provided 

King grass 25 . 8 13.5 9.0 49 

Leucaena 36.0 17.9 7.8 21 

By-product feed 82.9 16.9 11.4 30 

Doe (45 kg) Grower (ADG 75 g/day) 

Dry/early Late Lactation I 2.51\c; 151;ct 17.5 1\c; 20 1\c; 22.5 INc; 25 kg 
Requirements Gestation Gestation 

DM (kg) 1.19 1.90 1.91 0.69 0.75 0.81 0.87 0.92 0.97 

CP (9) 98 180 189 53 58 62.5 67 71 75 
ME (MJ/kg DM) 10.7 16.7 17.5 5.8 6.3 6.8 7.3 7.8 8.2 
Nutrients 
supplied by foods 

King grass DM (kg) 0.58 0.93 0.94 0.34 0.37 0.40 0.43 0.45 0.4 
Leucaena 0.25 0.40 0.40 0.14 0.16 0.17 0.18 0.19 0.20 

By-product feed 0.36 0.57 0.57 0.21 0.23 0.24 0.26 0.28 0.29 

lDM 
btal  

(kg) 
1.19 1.90 1.91 0.69 0 75 0.81 0.87 0.92 0.97 

King grass CP (g) 78.7 125.7 126.3 45.6 49.6 53.6 57.6 60.9 64.2 
Leucaena 44.7 71.4 71.8 25.9 28.2 30.4 32.7 34.6 36.5 

By-product feed 60.3 96.3 96.8 35.0 38.0 41.1 44.1 46.6 49.2 
"Dotal 
CI' (ct) 183.8 293 4 295.0 106.6 115.8 125.1 134.4 142.1 149.8 

King grass ME (NU) 5.25 8.38 8.42 3.04 3.31 3.57 3.84 4.06 4.28 
Leucaena 1.95 3.11 3.13 1.13 1.23 1.33 1.43 1.51 1.59 

By-product feed 4.07 6.50 6.53 2.36 2.57 2.77 2.98 3.15 3.32 
Turd] 

'vlt: (71J ■ 
11.3 18.0 18.1 6.5 7.1 7.7 8.2 8.7 9.2 

Fresh (as fed) 
food/day 

King grass' 2.60 4.15 4.17 1.51 1.64 1.77 1.90 2.01 2.12 
Leucaena' 0.80 1.27 1.28 0.46 0.50 0.54 0.58 0.62 0.65 
By-product feed 

. _ 	. 

0.43 0.69 0.69 0 25 0 27 0.29 0.31 0.33 0.35 1  

aiculated amount increased by 15 0/0 	
Table 9. 
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