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Abstract

This paper analyses the progress in recent research in goat nutrition since the last International Conference on Goats (Tours,
2000). This review reveals clear progress in the quality of papers, now similar to those on cattle or sheep, particularly on nutritional
aspects in tropical areas. Topics dealt with in goat nutrition are feeding behaviour, particularly on pastures or rangelands, feed
digestibility, tree leaf or by-product utilization, effects of nutritional factors on growth, milk and hair production, while nutritional
adaptation to harsh environments, underfeeding, factors influencing energy consumption, quality of goat products (milk, cheese,
meat) and reproduction performance along with the connection between nutrition and pathology require more attention. Goat
nutrition in a tropical environment follows the same physiological mechanisms as under temperate conditions, but genotypes can
present specificities enabling a better adaptation to feeding conditions. Complete and precise information on the nutritive value
of tropical forage, rangeland vegetation in accordance with the season, and new feed or by-products is still missing. Researchers
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in goat nutrition frequently use different methods, making it difficult to compare results from several research teams. Agr
on the methodology in goat nutrition is easier when the research teams are organized in networks at the national or inte
level. To be successful with technological transfer in goat nutrition, the message for the end users must be clear and well
At the present time, we are short of review papers that provide an analysis of all results already published to establish qua
relationships between variables, which can clarify the messages for the field. Methods of meta-analysis can be used to
the quantitative results from experimental data banks and to establish response laws and define limits of application. F
we implement a research project on goat nutrition dedicated to application in the field, not only the research works but
actions of technological transfer must be financed.
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1. Introduction

Nutrition plays an essential and special role in th
systems of goat farming for the following main reason
First, it is the production factor that goat farmers o
keepers can act on the most easily and rapidly (amou
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of feeds, composition of diets, on-pasture goat man-
agement). It has the most marked effect on produc-
tion costs (from 50 to 85% of the total cost for milk
production under European conditions(Ouin, 1995),
and accordingly on farmer incomes. Furthermore, the
management of feeding in goat flocks depends on veg-
etal mass production and rangeland, pasture and crop
by-product management. Feeding directly impacts the
other components of systems of goat production, such
as pathological conditions and the reproductive perfor-
mance of flocks. Moreover, a nutritional program for
goats must always be established by taking into account
the genetic characteristics of the breed or genotype used
(potential of production, ability for adaptation, etc.)

Until around 1970, research on goat nutrition was
limited and late in comparison with the knowledge
already obtained in cattle and sheep. As the economic
interest in goat farming was diminishing and goats were
being accused of deforestation and desertification, little
research was carried out to solve goat farmers’ practi-
cal questions. On the one hand, scientific research of
excellent quality used goats as experimental animal
model on subjects concerning, particularly, physiol-
ogy of behaviour, metabolism, digestion and secretion
of milk in ruminants (amongst the most famous ref-
erences:Linzell, 1960; Anderson and Larsson, 1961;
Armstrong and Blaxter, 1965). On the other hand, there
were a lot of books and booklets on goat farming where
information was difficult to verify, and sometimes some
preconceived ideas on goats were regenerated by suc-
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been developed to obtain results that can be applied
in the field, particularly in developing countries. Sev-
eral chapters dedicated to nutrition included in books
on goat farming (Gall, 1981; Devendra and Mc Leroy,
1982; Coplan, 1985; Galbraith, 1992), invited reports in
the Proceedings of Conferences or Symposia (ITOVIC-
INRA, 1981; ICG, 1982, 1987, 1992, 1996, 2000) or
scientific books on goat nutrition (Morand-Fehr, 1991;
AFRC, 1998; Dronchner et al., 2003) have pooled and
generated scientific and objective knowledge on goat
nutrition and its application possibilities.

However, even if progress on this topic has been
rapid, research on goat nutrition remains more lim-
ited than in cattle and sheep, and very poor in certain
aspects.

Under the current conditions, it would be interest-
ing to review the most recent progress on goat nutrition,
to analyse the possibilities of transferring these results
into various practical conditions as well as to suggest
ways of improving the quality of research on goat nutri-
tion and to use its results efficiently in the field. Indeed,
the observation fromDevendra and Mc Leroy (1982)
that “little attention has been paid to the goat feed-
ing in the past so that relatively low inputs to improve
feeding could produce relatively high gains in produc-
tivity” remains true, even if progress has recently been
achieved.

The aim of this paper is to objectively analyse the
progress and advances of recent research works dating
back to the last International Conference (ICG, 2000),
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essive authors. Before 1970,French (1970)observed
n his reference book: ‘Observations on the Goat’
. . . the literature on the goat abounds in the m
nfounded ideas concerning its feeding habits”. He
ne of the first authors to try to synthesize knowle
n goat nutrition to facilitate objective and useful ap
ation of information in the field.

After the political events around 1968, which w
he first criticism of productivism and the afflue
ociety, the image of goat farming improved. Peo
ediscovered goats as ecological animals and the s
conomical role of goats in many tropical count
Morand-Fehr and Boyazoglu, 1999).

At the outset, developed countries were the lea
n research on goat nutrition as 45% of the researc
oats was carried out by these countries which had
% of the world’s goat herds (Morand-Fehr, 1996). But

or the last 20 years, research on goat nutrition
articularly as concerns developing countries wher
ossibility of applying research results in the field
ssential. We have decided to comment only on t
apers that complete the research noted in prec
apers, or have brought about new advances in
utrition even if our choice risks to be a little arbitra

. Present situation of goat nutrition

.1. Feeding behaviour

The level of intake and the characteristics of dig
ion depend closely on the feeding behaviour in g
eared in the goat house, on pastures, on rangelan
nder very harsh conditions. The feeding behav
t trough has already been described thoroughl
orand-Fehr et al. (1991a)andMorand-Fehr (2003a,
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particularly the feeding pattern, main and secondary
meals, factors linked to animals and feeds influencing
feed choices and preferences and individual variability.
The physiological stage does not influence the prefer-
ences but the risks of feed refusal are optimal around
parturition. Innate and acquired preferences during
unproductive growth periods are essential for explain-
ing behavioural responses in gestating or lactating
goats. Previous daily diets or nutritional experiences
can influence them. Generally goats seek diversity in
their ingesta, probably to maintain the rumen environ-
ment within a certain physiological and microbiologi-
cal range. But they also seek to limit the variability of
ingested nutrient proportions inside a short period or
over a year.

Narjisse (1991), Baumont et al. (2000), Landau et
al. (2000)andProvenza et al. (2003)have presented the
different aspects of goat feeding behaviour on pastures
or rangelands. Several aspects, such as training, main
and secondary meals, feeding pattern and preferences
have been closely observed at trough. It is clear that
goats are not obligatory browsers or fibrous material
eaters. They are, however, capable of changing very
quickly from herbaceous stratum to shrub or tree strata
or the inverse. The importance of the characteristics
of available vegetation, particularly its prehensibility,
and of animal management on rangelands is clearly
stressed byMeuret (1993, 1997). A lot of outstand-
ing papers from the Provenza team present extensive
studies on the alternatives that enable individual small
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indicate that the improvement of the feedlot environ-
ment can reduce stress and aggressiveness at trough and
improve goat performance. Very selective behaviour
is an essential component of goat behaviour because
it enables goats to stay in difficult areas as well as
to cope better with toxic plants (Duncan and Young,
2002). The training of young goats by does in pastures
is very efficient (Knubel, 2001). Fedele et al. (2002)
indicate that goats can choose their ingesta in free-
choice feeding systems according to their energy and
protein needs. Water needs take priority over nutritional
needs (Shaheen, 2001). When water and mineral needs
are covered, goats can select tree leaves or forage which
are richer in nitrogen and lower in fibre (Fisher et al.,
1999; Raghavendra et al., 2002). First, as other ani-
mals, goats eat to meet their needs and then for hedonic
reasons which can disturb the ration balance, such as
when goats consume too much fruit during the wild
fruit season in rangelands (Meuret and Gúerin, 2001).
The experienced goats strongly modify their prefer-
ences and the vegetal stratum chosen according to the
season (Dziba et al., 2003a,b). These changes are also
modulated by plant prehensibility, particularly plant
height (Dziba et al., 2003b). On the other hand,Rosa
et al. (2002)showed that the specific flavours of forage
plants play an essential role in choices made by goats.
Still, various goat breeds or genotypes present differ-
ent behavioural responses (Odo et al., 2001; Dziba et
al., 2003b), probably according to their feeding and
past behavioural experiences, rather than due to exclu-
s cent
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b ent
y nts,
u ani-
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uminants to meet their nutritional needs better an
ope better with toxins. Past experience plays a
ial role in ruminant propensity to learn to eat differ
oods, particularly in goats that can memorize feed
vents very easily.

This research is very rich in scientific knowled
nd applications for animal management. For ex
le,Provenza et al. (2003)showed the interest of gettin
xperienced goats on rangeland in comparison to nı̈ve
nimals.Morand-Fehr et al. (1991a)had already show
ow, under intensive conditions, goat farmers co
se goat-feeding behaviour to change distributed
ge of bad quality to ingested forage of good qua
y accepting a high rate of refused forage.

The most recent papers published since 2000
ate and complete previous knowledge.Solanki (2000
onfirms the feeding pattern in rangelands alre
bserved in the goat house.Flint and Murray (2001
ively genetic factors. Hence, a large number of re
bservations have shown that the features of fee
ehaviour in goats identified by reviewers in rec
ears can be observed within various environme
nder different types of animal management and in
als following a variety of diets.

.2. Level of intake

The published estimates of the voluntary feed in
n goats differ owing to the frequent refusals and str
election of ingesta. Still, every publication presents
ietary recommendations or needs in goats, summ

ng the knowledge in this field (NRC, 1981; Morand
ehr and Sauvant, 1989; AFRC, 1998; Dronchne
l., 2003). Other review papers referring to norm
onditions of livestock farming (Morand-Fehr, 1981
kjevdal, 1982; Sauvant et al., 1991) contribute to the
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specific knowledge on goat intake. They try to present
equations or systems to predict the level of goat intake
under various physiological conditions. We must point
out that these methods of prediction can be applied
under controlled conditions only and generally in tem-
perate countries. The INRA Fill Unit System has been
validated for goats (Dulphy et al., 1989). Still, the sys-
tem should be applied with caution by adapting both the
fill values of forage and the ingestive capacities of the
goat breed or population used (AFRC, 1998). Never-
theless, this approach is very valuable for establishing
a feeding program and for calculating diets. The next
step in predicting intake is to model it (Baumont et al.,
2000) by taking into account the characteristics of goat
feeding behaviour.

Research on the regulation of intake is continuing
in goats.Sunagawa et al. (2002a,b)showed that the
saliva flow and induced decrease in blood plasma vol-
ume are factors regulating feed intake in goats. Every
factor decreasing the fermentation activities in rumen
as a deficit of fermentable N in diets (Kijora et al., 2002)
reduces goat feed intake. On the contrary, an extra N
supply through supplemented feeds, such as fodder
shrubs, particularly leguminous species, increases the
level of intake (Papachristou, 2000).

As the standards of ruminant intake have been mea-
sured in sheep, many papers compare the level of
intake and digestibility of the same forage in sheep
and goats.Fernandes et al. (2002), Intong and Rob-
les (2001), Lamba and Rajora (2002)andLokesh and
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goats receiving poor quality forage is longer. Diges-
tion in goats and sheep is similar with moderate to
high quality forage, but goats best digest forage rich
in cell wall and poor in nitrogen. There are indications
of more efficient nitrogen digestive utilization in goats
fed diets low in protein.

Even if a lot of papers have been published on the
digestibility of feeds in sheep and goats, it is a lit-
tle surprising to observe the limited number of papers
on the digestive features in goats when goats are well
known to digest feeds rich in fibre and poor in nitrogen,
better than the other ruminants. Since 2000, several
papers have confirmed the importance of the balance
between starch and nitrogen supplies in optimising the
fermentation activities and microflora growth in the
rumen (Das, 2002) under both tropical and temperate
climatic conditions. Goats are extremely sensitive to
diets that are very poor in fibre and rich in concen-
trate feeds, particularly around the time of parturition.
The rumen pH decreases when the concentrate pro-
portion in diets exceeds 60% DM (Goncalves et al.,
2001a,b), or when diets are composed of feeds or for-
age characterized by small particle size (Rapetti et al.,
2001). If the lowering of rumen pH lasts several hours,
symptoms of acidosis can appear as diarrhoea and a
fall in intake. In this case, cellulolytic activity, pro-
tozoal counts and fibre digestion are clearly reduced
(Jani et al., 2001).

As goats frequently browse leaves or other parts of
trees rich in tannins, a lot of authors have studied the
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urdia (2002)confirm that the intake of forage DM
edium or bad quality rich in fibre tends to be hig

n goats than in sheep. The different intakes in sh
nd goats could be explained principally by the m
cation of digestive factors (transit, urea N recycli
tc.) when animals are given feed supplies ad lib. (m

ioned after).

.3. Digestion

Morand-Fehr (1981), Tisserand et al. (1991)and
indberg and Gonda (1996)have pooled all the ava
ble information on the characteristics of digestio
oats. The digestive tract of goats is very similar to
f other ruminants. No difference has been observ

he mean retention time of feed particles in the wh
igestive tract of sheep and goats eating the same

ity of good quality forage, but the retention time
ffects of tannins on the nitrogen utilization in th
umen.Makkar (2003)describes the effects of ta
ins on ruminants from beneficial to toxicity and de
ven if it has sometimes been reported that goat
ot very sensitive to tannins (Lee and Lee, 2002), the
roteolytic ruminal bacteria cannot digest protein

s complexed with condensed tannins (McSweeney e
l., 1999; Pintus, 2000). But the addition of polyethy

ene glycol (PEG) to goat diets inhibits the nega
ffects on nitrogen digestion in the rumen by bind

he condensed tannins (Landau et al., 2002, 2003) and
mproves the digestibility of tree leaves which are r
n condensed tannins (Nguyen Thi, 2001; Nguyen T
t al., 2002; Villalba et al., 2002; Raghavendra et
003). It is a pity that no paper deals with the opera
onditions or economical aspects of PEG utilizatio
he field, since this method could be valuable under
onditions.
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2.4. Utilization of various feeds by goats

2.4.1. Tree or plant leaves
In tropical countries, particularly in humid ones,

goats frequently feed on leaves in addition to grazing
or consuming grass. At present, we have data on a large
number of vegetal leaves that can be included in goat
diets. Generally, studies present a chemical analysis
and results on levels of intake and in vivo digestibil-
ity (Azim et al., 2002; Bais et al., 2002; Brij and
Murdia, 2002; Bamikole et al., 2003) sometimes with
complementary mineral analyses, since some of these
fodders can be very unbalanced in minerals (Urbani
and Tewe, 2001; Elseed et al., 2002; Rajendiran and
Kardivel, 2002a). Special attention is paid to toxins or
anti-nutritionals, such as tannins, which can strongly
limit fodder utilization (Urbani and Tewe, 2001; Elseed
et al., 2002; Rajendiran and Kardivel, 2002b). The main
progress has been in the quantity of information on the
ingestibility, digestibility, and nutritive value of these
fodders. Results on milk or growth performance are
often given since digestibility values cannot always be
interpreted in performance results (Brij and Murdia,
2002; Maharem and Eman, 2002; Nguyen Thi et al.,
2002; Rajendiran and Kardivel, 2002b; Bamikole et
al., 2003). It is also important to know how to include
them in goat rations with another forage (Bamikole
et al., 2003) or a concentrate mixture (Brij and Mur-
dia, 2002; Nguyen Thi et al., 2002). It is still rare for
authors to give information on the economic interests
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7–8 weeks, goats can degrade mimosine and are very
well adapted to increasing their rate of productivity by
feeding on Leucaena.

All these recent results confirm the importance of
tree leaves to goat diets in the Tropics and their interest
to improving milk and meat performances. But in order
to persuade farmers, substantial efforts must be made
to present very complete results answering all of their
needs.

2.4.2. Pastures and rangelands
Since 2000, many papers have reported the genetic

progress in adapting fodder crops to various agro-
climatic conditions in temperate or tropical areas by
improving ingestibility or digestibility of already well-
known species or by creating new varieties. Concerning
their utilization in goat nutrition, for some years, we
have read papers advising farmers to manage goats
grazing cultivated pastures in temperate conditions
(Pommaret and Le Frileux, 2001) and in tropical con-
ditions (Fai and Fomunyam, 2000; Alexandre et al.,
2001). These papers are particularly interesting show-
ing that there was a lack of information based on scien-
tific results about the utilization of pastures by goats.
Moreover, more and more papers are being published to
indicate the best supplementation for optimal digestive
utilization of forage plants and optimal performance
(Areghore, 2001; Goncalves et al., 2001b; Bamikole et
al., 2003). In most cases, the authors suggest an optimal
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f the fodder used.
The most common leaves present in goat d

re probablyLeucaena leucocephala and Gliricidia
epium, and a little less frequentlyArtocarpus integri-
olia, Manihot andSesbania grandiflora. These hav
een given to goats for a long time and can be
s pellets or meal to replace other concentrate f
Dutta et al., 2002; Patra et al., 2002) as excellent pro
ein sources (Srinivasulu et al., 1998; Patra et al., 200).
upplying these leaves in supplementation of forag
edium quality, such asPenisetum purpureum, results

n a clear improvement of performance (Ogundola
nd Tobioka, 2001; Mpairwe et al., 2003). The sam
emains true even with forage of better quality, suc
anicum maximum or Sudan grass (Viengsavanh an
edin, 2002; Kanani et al., 2003). Some plant leave
uch as Leucaena, can contain toxics, such as m
ine, butKumar and Ashwani (1998)show that afte
roportion of other cultivated or native plants, wh
educes diet costs in comparison to the utilizatio
oncentrate feeds.

Nastis (1996)and Ramirez (1996)reviewed the
haracteristics of the utilization of rangelands
rowsing by goats under extensive conditions.Ngwa
t al. (2000)published an interesting paper on
ehaviour of sheep and goats on Sahelian rangel
hich proposes management programs ensurin
urvival of the tree species browsed by small ru
ants. Another paper (Luginbuhl et al., 2000) indicated

hat methods such as controlled grazing by goats c
mprove native mountain pastures and that gra
oats with cattle was especially beneficial for the c

rol of multiflora, bushes and other woody species.
bservation contrasts with the common idea that
razing is adverse to an improvement of vegetatio
astures.
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It seems that in tropical situations, better use is made
of pastures by suckling goats in a cut-and-carry system
rather than grazing the pastures, as with dairy goats in
intensive systems.

Finally, Obied et al. (2003)emphasize that even
if goats are known to have great skill at avoiding
the ingestion of vegetation containing toxins or anti-
nutritionals in pastures, naı̈ve goats staying usually kept
in the goat-house may not share the same abilities.

Recent progress has appeared in the management
of pastures dedicated to goats and in the management
of goat flocks on rangelands in various environments.
The problem of rangeland utilization by goats in arid
environments can now be dealt with objectively.

2.4.3. Crop residues and agro-industrial
by-products

For the last 30 years, the nutritive value of crop
residues and agro-industrial by-products has been one
of the main research fields in ruminant nutrition, partic-
ularly in tropical countries. Since 2000, a lot of research
works have contributed to improving our knowledge
on the utilization of these foods for goats. First, sev-
eral papers demonstrate that certain crop residues
can replace concentrate feeds in goat diets without
reducing performance and generally with better eco-
nomic results (Meffeja et al., 2000; Morales et al.,
2000; Malau-Aduli et al., 2003). Cassava by-products
(Meffeja et al., 2000; Kim et al., 2002; Mouro et al.,
2002) and citrus pulp (Bueno et al., 2002) seem to
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treated with fungus (Belewu and Ademilola, 2002),
have been successfully tried in goats. All these papers
extend the scope of the various foods, which can be
included in goat diets while generally reducing dietary
costs.

2.5. Nutritional factors linked to animals,
metabolism and efficiency of nutrient utilization
for goat production

A larger number of papers are dedicated to the
evaluation of the nutritive value of feeds than to the
utilization of digested nutrients in goats for milk, meat
or hair production and the variation of this metabolic
utilization. Some specific physiological characteristics
in small ruminants and particularly in goats, such as
high prolificacy, short duration of gestation, mating
seasonality, composition of milk and live weight gain,
and the capacity of adapting to various agro-climatic
conditions can modify dietary utilization.Landau et
al. (1996) try to describe maternal lipolysis at the
end of pregnancy, the efficiency of nutrient utiliza-
tion for ovulation, pregnancy and milk synthesis. They
observed that manipulation of ruminal starch degrad-
ability could improve glucose production and utiliza-
tion while affecting litter weight and milk production
positively. An excess of energy during the first stages
of pregnancy could be deleterious. Since the publica-
tion of this paper, our knowledge has largely advanced
owing to the work of the Garza Institute for goat
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o not
b
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e utilized successfully by goats in place of ma
rain. Cotton by-products (seed-cake or waste,Belewu
nd Ademilola, 2002) and maize stubble and stov
Morales et al., 2000; Meffeja et al., 2000) also give
ood results in goats. Poultry manure was also te
n growing goats and the daily body gain did not red
hen a mixture of tapioca + manure was included u
0% of the diet (Kim et al., 2002). Animut et al. (2002
nhanced the interest of the supplementation of w
traw with broiler litter in growing goats.

The aim of another group of papers is to impr
he nutritive value of these by-products by trea
hem. The well-known treatment of soya by formal
yde under tropical conditions has rigorously sim
ositive effects on goat milk performance as under t
erate conditions (Chowdhury et al., 2002). Other les
ell-known treatments, such as sunflower meal
dded fibrolytic enzyme (Titi, 2003) and cotton wast
esearch (Sahlu et al.), of INRA teams (Schmidel
l.) and of other institutes. Chilliard et al. are work
n the role of leptin in goats. All these papers can
e quoted here.

It appears that in goats, the basic metabolic fea
re very similar to those in sheep, and frequently, ca
ut the capacity of physiological adaptation to vari
gro-climatic conditions can modify them extensiv

n goats.
We shall now turn our attention more to these asp

hat must be taken into account to define feeding
rams and diets for goats.

.5.1. Body reserves and body conditions
Goats can mobilize their body reserves accor

o the nutritional status, physiological stage and a
bility of adipose tissues. The storage and mobiliza
f lipid reserves are the main means by which g
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adapt to variations in dietary supply. Body condition,
which reflects body reserves, mainly lipid reserves, is
a useful parameter in assessing nutritional status under
various conditions. BeforeICG (2000), Morand-Fehr
et al. (1992)had already analysed variations in body
reserves in goats during a cycle of reproduction and
during the growth period, methods of assessing them,
the relationships between body conditions and goat per-
formance and various uses of body condition scores
(BCS) for managing goat feeding under intensive and
extensive conditions. A BCS method based on body
palpations is difficult to work out in goats because of
a lack of subcutaneous adipose tissue in this species.
The last proposed method (Hervieu and Morand-Fehr,
1999) is based on two palpations on lumbar vertebrae
and sternum in a 5-point scale, the only regions where
subcutaneous adipose tissue is somewhat developed in
goats.Hervieu and Morand-Fehr (1999)explain how
to apply this method in the field by describing each
quarter point of the scale anatomically and by defining
score objectives for each sensible physiological stage,
such as mating, parturition, top of lactation curve and
drying, or for each vegetation growth period, such as
the beginning and end of dry or humid periods. Hence,
this method could be used to establish a feeding pro-
gram when the quantities and nutritive value of ingested
feeds are unknown.

This BCS method can be used in all the cases of
pasture or rangeland grazing where goat intake cannot
be controlled to establish the nutritional status of the
fl so
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(Morand-Fehr, 1981; Devendra and Mc Leroy, 1982).
Silanikove et al. (1980)andSilanikove (2000)showed
that Bedouin goats recycle 87% of the urea N entry rate,
i.e. twice N intake, when they eat wheat straw contain-
ing only 3% protein.Tisserand et al. (1991)analysed
all the possible mechanisms which could explain the
good digestion of poor forage in goats and concluded
that goats tend to retain nutrients longer in the digestive
tract, have a higher concentration of cellulolytic bac-
teria in the rumen and are more efficient in recycling
blood urea. Other works confirm these observations
althoughChilliard et al. (1998)conclude that rumi-
nants are incapable of compensating for levels of intake
below maintenance level by increasing urea recycling
and digestive efficiency. It would be interesting to know
the animal or feed factors that could favour these adap-
tation mechanisms.Doreau et al. (2000)summarize
the effects of under-feeding on digestion in ruminants,
which is not always a negative relationship. It has
been suggested that a reduction in bacterial growth
and microbial degradation potential could explain some
reductions in digestibility resulting from a decrease of
intake. Still, no goat specificity can be pointed out in
this topic owing to very few studies on under-nutrition
in goats.

Silanikove (2000)summarizes 20 years of research
work by the Israeli team (Shkolnik et al.) on the physi-
ological mechanisms of adaptation in goats to scarcity
of food and water in harsh environments, particularly
in rumen metabolism and nutrient utilization in tissues.
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educe the pathological risks in the flock (Morand-Fehr
003b).

.5.2. Nutritional mechanisms of adaptation to
arious agro-climatic conditions

Goats are well known for their adaptability to v
ous agro-climatic conditions (low availability of ve
tation in arid areas, feeds rich in fibre and low
itrogen, lack of water, heat stress). Unfortunately,
ecent papers deal with these important subject
oat husbandry in tropical countries.

For 20–25 years, it has been a common knowle
hat digestion in sheep, goats and cattle is similar
oderate to high quality forage, but goats are b
ble than sheep to ingest and digest forage rich in
all and poor in nitrogen, i.e. of low nutritive val
ilanikove (1996)enhanced clearly the different dig
ive and metabolic mechanisms in breeds un-ada
Saanen) and adapted (Bedouin) to tropical condit
orand-Fehr and Doreau (2001)describe the evolutio
f intake and digestion in ruminants exposed to
tress. Under harsh conditions, goats generally
ume less water but more feed dry matter than sh
oats adapted to heat stress resist the negative imp
eat better than unadapted goat breeds (usually e
reeds) by adapting their intake so as to reduce
eat production due to rumen fermentation by gra
t night and by increasing the number of short me
erreira et al. (2002)also showed that goats need l
ater to synthesize 1 kg of weight gain than sh
ut they point out that a diet rich in energy (i.e.
oncentrate) requires a lower water intake than a
ow in energy. This information supports the idea
ncreasing the energy density of diets is an effic
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way to combat heat stress. On the other hand, goats
well adapted to semi-arid zones do not reduce their
feed intake when they are short of water for less than
48 h (Misra and Khub, 2002). In Sudanese desert goats,
a water deficit reduces their forage intake and increases
their digestibility in most cases, but has no effect on N
balance (Muna and Ammar, 2001). The effect of a lack
of water is more deleterious on low than on high quality
forage.

2.6. Nutrition goat production and product quality

Numerous reviews presenting the nutritional char-
acteristics of dairy goats and the strategy of feed-
ing them during a cycle of reproduction or the
influence of nutritional factors on the quality of
goat milk (Hadjipanayiotou, 1987; Morand-Fehr and
Sauvant, 1987; Hadjipanayitou and Morand-Fehr,
1991; Morand-Fehr et al., 1991a,b) as well as books
presenting nutritional recommendations (Morand-
Fehr, 1991; AFRC, 1998; Dronchner et al., 2003) sup-
ply rich information on this subject. This information
is, however, principally devoted to intensive and tem-
perate conditions and clearly less to tropical or less
intensive conditions. Over the last 4 years, the main
papers from the USA, Spain and Italy on nutrition of
dairy goats under intensive conditions have studied the
effects of energy (lipid and fibre supplies) and nitrogen
sources on milk yield and composition with unfortu-
nately little on the technological characteristics of goat
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paste, tend to be reduced when the milk fat percent-
age is low or when the milk protein is higher than the
fat percentage. We can observe these cheese quality
defects when the goats’ diets are lacking in fat or fibre.
Balancing fat or forage supplies can increase the fat
percentage and reduce these defects. It is interesting to
observe that in contrast to the dairy cows (Morand-Fehr
et al., 2000a,b), in goats, a fat supply in correct propor-
tions (fat source not too rich in unsaturated fatty acids,
fat limited to less than 5% DM in diets) generally does
not reduce the milk protein percentage or the cheese
yield index.

It is a pity that, except forLandau et al. (2000), infor-
mation on the effects of various nutritional factors on
the reproductive performance in goats is very limited,
particularly under tropical conditions. Our information
is limited to quantitative aspects: when goats receive
a dietary supplementation, their reproductive perfor-
mance is improved (Badawy et al., 2001; Madibela et
al., 2002). Moniruzzaman et al. (2002b)showed that
under the conditions found in Bangladesh reproduc-
tive performance is better with stall-fed goats than with
goats in tethering or grazing feeding systems, probably
because the food supplies are higher in stall. It is also
interesting to note that research has started off on the
effect of feeding on the reproductive performance in
young females mated between 7 and 9 months under
intensive conditions (Bocquier et al., 2000). A set of
observations tends to indicate that the nutritional sta-
tus of female goats must be of a good level to assure
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ilk for cheese making. The papers published rece
n the subjects under tropical conditions have alre
een quoted in previous paragraphs on digestion

he utilization of foods.
The main subject studied over recent years is

ffect of feeding on the composition and dietetic qua
f goat milk (trans and conjugated fatty acids, cho

erol, etc.). Several reviews have been published on
ubject (Schmidely and Sauvant, 2001; Chilliard et
002, 2003). We will limit our contribution to this sub

ect by indicating that a lot of papers report the effe
f various fat sources on milk production and com
ition (Brown-Crowder et al., 2001; Sanz Sampel
t al., 2002a,b; Rapetti et al., 2001, 2002; Rouel e
002; Schmidely et al., 2002; Schmidely et al., 20)
nd the effects of various feeds on milk flavours (Rouel
t al., 2002; Gaborit et al., 2002). The cheese flavou
nd the quality criteria, such as unctuousness of ch
etter success with artificial ovulation or super ov
ion treatments than with natural mating.

Scientific and applied knowledge on the influenc
utritional factors on mohair and cashmere produc
y hair goats (Morand-Fehr and Galbraith, 1993; R
nd Salhlu, 1994; Qi and Lu, 1996; Galbraith et
000) was reviewed. Over recent years, research

ocused on the physiology of hair nutrition, parti
arly on the effects of various hormones (Puchala et al
001, 2002) and on hair nitrogen nutrition (Ivey et al.,
000; Puchala et al., 2002). With the nutritional recom
endations for hair goats (NRC, 1981; AFRC, 1998
ronchner et al., 2003), the knowledge about hair go
utrition is largely sufficient to elaborate well-adap
iets and feeding programs.

The nutrition of growing goats has not been
ubject of reviews pooling all the scientific knowled
inceMorand-Fehr et al. (1982), unlike the other field
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of goat nutrition. Accordingly, it is more difficult to
evaluate the level of scientific knowledge in this field.

Several papers published recently confirm what
Morand-Fehr et al. had already indicated in 1982 for
milk feeding periods but under various rearing condi-
tions: first growth is higher with ad lib. intake of milk
than with limited quantities of milk (Goetsch et al.,
2000; Genandoy et al., 2002; Su et al., 2002c). The
feeding method, whether it is ad lib., feeder, lamb bar
or computer controlled distribution, has no direct effect
on growth performance, which depends closely on the
ingested milk (or energy) quantity (Maier-Ruprecht et
al., 2003). Still, the method that limits the quantities
of milk ingested most is naturally the least costly. Sec-
ondly, supplemental concentrate makes up for a limited
access to milk, particularly from 3 weeks after birth, but
a diet with limited milk + concentrate gives better eco-
nomical results than ad lib. intake of milk (Genandoy
et al., 2002; Su et al., 2002c). Thirdly, provision of a
concentrate before weaning improves weight gain after
weaning because it prepares the goat well for weaning
and the shock at weaning is thus more limited (Goetsch
et al., 2002). Fourthly, as before weaning, growth per-
formance after weaning depends mainly on the energy
ingested (or food intake) and not on the feeding method
(restricted or unrestricted grazing, intensive stall feed-
ing, tethering) (Aydin and Arik, 1999; Moniruzzaman
et al., 2002a). A concentrate feed well balanced in
energy and protein is more efficient than barley grain
for growing goats but the economic results are bet-
t
p cm
l fect
o ung
g
d e in
d ic
r ,
a ing
r
e

ts
o of
l ub-
l art of
t oats.
G
c diet

results in an increase in linoleic acid contents in fat
deposits. Under tropical conditions, some agricultural
by-products, such as tofu cake, can increase the per-
centage of unsaturated fatty acids in young goat mus-
cles (Hirayama et al., 2002).

In summary, the main advance on the nutrition
of young goats is that the best economic results are
obtained with limited quantities of milk or concentrate,
or by replacing concentrate with by-products, while
growth or carcass results are better with milk or con-
centrate ad lib.

2.7. Needs, balanced diets and feeding program
for 1 year

As already mentioned, numerous references present
the dietary requirements or recommendations for grow-
ing, gestating or lactating goats (NRC, 1981; Skjevdal,
1982; Haenlein, 1987, 1992; Lu et al., 1987; Brun-
Bellut et al., 1987, 1991; Morand-Fehr and Sauvant,
1989; Ademosun et al., 1992; Sauvant and Morand-
Fehr, 1991; Hadjipanayiotou et al., 1991; Kessler,
1991; AFRC, 1998). Over the past few years, this
list has grown with two German publications (Pfeffer,
2001; Dronchner et al., 2003) and one on the protein
requirements of Angora goats (Luo et al., 2003). Fur-
thermore, information on this topic is relatively rich
even if we are still short on requirement values observed
in goats for gestation and late growth of gestating young
does. There is also only limited information about some
m ver,
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er with barley (Goonewardene et al., 2002a). The
hysical forms of diets: hay chopped to 2.5 or 5

engths and whole or rolled barley have very little ef
n growth performance and carcass traits in yo
oats (Goonewardene et al., 2002b). Corn-sorghum
istiller’s grain silage is as efficient as concentrat
iets for growing goats while giving better econom
esults (Su and Yan, 2001). More and more often
uthors complete their studies on growth by giv
esults on carcasses, such as done byMoniruzzaman
t al. (2002a)andSu et al. (2002b).

Bas and Morand-Fehr (2000)presented the effec
f nutritional factors on fatty acid composition

amb fat deposits thanks to a meta-analysis of all p
ished references. We can suppose that a large p
he results on lambs can be applied to young g
rass-based diets increase C18:0 and C18:3 in mus-
les and adipose tissue. Inclusion of maize in the
acro- and oligo-elements and vitamins. Moreo
hese requirements or recommendations concern
eared under semi-intensive or intensive conditi
or this reason, a work from India (Saraswat and Se
ar, 2000) is of interest as it reviews all the nutrie
equirements of goats living under tropical conditio
he authors emphasize that in this environment, w
nd mineral requirements are higher and the en
nd nitrogen requirements vary greatly dependin

he season.
Finally, we have to mention interesting progress

wo specific kinds of requirements: locomotion ene
equirements, particularly on pastures or rangel
Lachica et al., 1999; Lachica and Aguilera, 2003), and
acro- and oligo-elements recommendations (Meschy
002). The growth requirements for P and Ca have b
e-evaluated, becoming slightly lower than in calves
igher than in lambs.
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2.8. Feeding systems, calculation of diets and
feeding programs

To calculate a balanced ration covering goat require-
ments, we need a feed evaluation system which esti-
mates the energy, nitrogen and mineral value of feeds
indicated in feed tables, and a system of recommended
allowances or requirements of goats for growth, gesta-
tion, lactation and maintenance using the same units in
energy, protein and minerals as in feed evaluation sys-
tems. Various feeding systems have been published for
goats (NRC, 1981; Morand-Fehr and Sauvant, 1987;
AFRC, 1998; Dronchner et al., 2003) and can give
satisfying results only if they are applied with both
accuracy and discrimination. Generally, diets are cal-
culated using these feeding systems under temperate
conditions where goat feeding can be standardized and
feed intake controlled in both quantity and quality. This
procedure was applied successfully under tropical con-
ditions with goats in stalls or paddocks (Bhadauria
et al., 2002; Raghavendra et al., 2002; Garg et al.,
2002; Su et al., 2002a). These methods make it pos-
sible to propose feeding strategies and efficient advice
to goat farmers, for example, by periodically calculat-
ing rations to complement grazing in Spain (Haba et
al., 2001). Moreover, rations that are well balanced in
energy, protein and minerals result in reduced N and
P excretion (Paengkoum et al., 2002). Such excretion
is an ever-increasing problem due to its effect on envi-
ronment maintenance.
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(2002)emphasize that the palatability of feeds must be
kept high, particularly when they are rich in minerals or
urea, by using wheat bran as fibre source. Finally,El-
Hag et al. (2002)show that the diet with multi-nutrient
blocks can reduce feeding costs in goats.

It is a pity that the strategy for supplying concentrate
throughout lactation or a cycle of reproduction has not
been studied more as a lot of questions on this topic
preoccupy goat farmers.Macedo et al. (2002)observe
that in Saanen goats, a supplementation strategy with a
30% energy requirement throughout lactation is more
efficient than with 60% at the beginning and 15% at
the end, because a fall in milk production occurs when
concentrate supplies decrease from 60 to 15%.

It is not surprising that the number of papers on
this topic is limited because their experimental design
is complex and difficult to implement. But all these
papers are very interesting and can feed the reflection
of goat nutrition experts.

3. Some comments on the present knowledge
and research work on goat nutrition

3.1. Background knowledge

This review has revealed the progress made over
the past 15 years. This has gone from relatively limited
knowledge on the nutritional characteristics of goats,
e.g. their frequent refusals and thorough feed choices in
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Diet presentation and distribution methods m
lso be studied.Su et al. (2002a)obtained better resul

n dairy goats with a total mixed ration than with fora
oncentrate separately. Feed blocks as alternative
lements, a long-known technique (Sansoucy, 1995),
as been developing for several years in the s
nd goat sectors owing to substantial scientific stu
howing that they can cover a large part of all the n
en and mineral requirements. Moreover, the met
sed in solving the practical problems (block tech
gy, formulation, manufacturing process, etc.) are

or goat farmers to implement (Ben Salem and Nefz
ui, 2003). Feed blocks may be used to promote
se of regional agro-industrial by-products or be
fficient carrier of tannin-neutralising agents, suc
EG and anthelmintic medicines.
What is more, feed blocks make feed transport

torage easier (Samanta et al., 2003). Forsberg et a
he behaviour field, to how each nutritional characte
ic expresses itself in various environments, in diffe
nimal management systems and under varying fee
onditions. To avoid setting up experiments or rese
rograms on subjects about which publications h
lready been made, every researcher should revie
receding work thoroughly. The grey literature on g
utrition is sometimes more interesting than pa
ublished in scientific journals. Topics dealt with
oat nutrition are feeding behaviour, particularly
astures or rangelands, feed digestibility, tree lea
y-product utilization, effects of nutritional factors
rowth, milk and hair production, while nutrition
daptation to harsh environments, underfeeding,

ors influencing energy consumption, quality of g
roducts (milk, cheese, meat, etc.) and reproduc
erformance along with the connection between n

ion and pathology require more attention.
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3.2. Genotype specificity

A general deduction is that goat nutrition in a
tropical environment follows the same physiological
mechanisms as under temperate conditions, but geno-
types can present specificities enabling a better adap-
tation to feeding conditions. For example,Dutta et al.
(1998)observed no difference in nitrogen utilization
in three Indian breeds well adapted to these agro-
climatic conditions, whileSilanikove et al. (1980)
observed large differences in digestibility of very poor
forage and urea recycling in Bedouin and Saanen
goats.

3.3. Economic importance

Many papers indicate that the best economical
results are not obtained with the diet that gives the
best milk or growth performance (Su et al., 2002b;
Goonewardene et al., 2002a; Brij and Murdia, 2002).
No matter how well the animals may perform, goat
farmers may reject the recommendations if they are
not both practical and economical.

3.4. Interpreting experimental results

The interpretation of the results of nutritional exper-
iments sometimes raises problems. In order to pro-
duce a set of valid data and to avoid misinterpre-
tations of results and hence confusion in applying
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such the whole lactation period; (8) fit the genotype to
the environment and if the experiment includes geno-
types being compared, be sure to have the correct
controls.

Farmers are interested in results being practi-
cal (applicable without major reorganisation of their
infrastructure) and the results must have a positive
economic outcome. Farmers’ production capacity is
also better off if the variability in responses to nutri-
tional improvements between animals within the herd
is reduced. Furthermore, farmers are more likely to
accept and apply results if they were part of the
planning of the experiment and the anticipated out-
come, such as carcass quality or milk yield and
composition.

3.5. Factors limiting the application of scientific
results in the field

Progress in research has resulted in the nutritive
value, ingestibility, digestibility of the new feed tested
on goats, the effect on performance and the opti-
mal proportion in diets being presented together, as
in the McMillan et al. (2002)paper, making it pos-
sible for a goat farmer to decide whether or not to
use a specific feed with full knowledge of objective
data. Still, results on feed palatability, which deter-
mines the level of acceptability for goats (Morand-Fehr,
2003a), remain lacking. Required are accurate tables
on tropical feeds like those on feeds of temperate areas
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hese, researchers should (1) review the literature
cquainted with the progress in the field; (2) note
volution of methodology and use the most approp
nd up to date methodology; (3) present experime
iets on the basis of the energy and protein value

hese diets, taking into account the estimated en
nd protein requirements of goats, according to
hysiological status; (4) be sure not to include sup
ents or medication in the diets that may have inex

able effects; (5) if a supplement is being tested, be
o test it so that all its consequences can be verified
e sure not to limit or invalidate the experiment by h

ng too few goats in the experiment, animals that d
n their physiological status (growing, adult, pregn
actating, sex, diseased, such as parasite infested
nd genotype; (7) be sure of the timeframe for
xperiment to avoid momentary responses that
ot sustained over changing physiological conditi
Sauvant et al., 2002) are still lacking. The nutrien
equirements for goats well adapted to arid areas
e produced because such animals digest bad q

orage better and save protein through efficient
ecycling.

When feed intake cannot be controlled, as
angelands, the ingested energy and protein
ot be estimated, hence the difficulty in establ

ng feeding programs and strategies. Under trop
onditions, the serious constraints imposed by the
onment and livestock conditions explain why in c
ain cases, technological transfer is still difficult
oat nutrition in spite of progress. However, kno
dge about goat body conditions can partly m
p for the impossibility of calculating what goa

ngest in rangelands or pastures, and so make it
ible to establish a feeding program in this kind
nvironment.
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4. Some suggestions to improve efficiency in
applying knowledge on goat nutrition in the
field

It is probable that the financial support for goat
research, particularly on goat nutrition, will not
increase in the future. The alternative is to seek bet-
ter research efficiency.

In developed countries, the application of research
results generally raises few difficulties owing to
standardized feeding methods and basic organiza-
tion. It is also relatively easy to know how to
apply new results obtained on sheep or cows to
goats owing to past experience and to the similari-
ties in the production systems of the three ruminant
species.

We have to support and develop basic research
on ruminant behaviour, digestion and mechanisms
explaining the influence of nutrients on neuro-
hormonal balance or on immunity replies, etc., using
goats as the experimental model. At the same time,
“spin-off” from this research, which is interesting for
the field, must be accumulated.

Still, the main question to solve is how to improve
the efficiency of research on goat nutrition and tech-
nological transfer in tropical areas where 95% of the
world’s goats live and goat farming is frequently linked
to the poorest areas.

The choice of research topics useful for goat farm-
ing is essential and it is essential to include goat farmers
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These proposals require better organization of
research on goat nutrition by avoiding researcher iso-
lation, by founding networks and by improving the
spread of research knowledge. Moreover, everyone
involved in goat development and in goat research, par-
ticularly in goat nutrition, must be in constant contact
and meet regularly.

5. Conclusions

This update of scientific knowledge and recent
progress in goat nutrition has brought into focus the
substantial progress achieved over the last few years,
particularly for research involving tropical aspects,
feeding behaviour, nutritional utilization of rangelands,
pastures, tree leaves, and by-products. Nutritive adap-
tation of goats in arid areas under nutrition and the
effect of nutritional factors on reproduction and prod-
uct quality, are not yet sufficiently studied.

Efforts have been undertaken to facilitate the appli-
cation of scientific research in the field. The application
of feed blocks, the method of body condition eval-
uation, of the substitution of concentrate by tropical
plants or by-products have already given significant
results in the field because goat farmers are particu-
larly motivated by these three subjects. The efficiency
of research and the technological transfer on goat nutri-
tion can be further improved by facilitating contact
between goat development and research, and by imple-
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nd executive officers of goat development in the p
ing phase, and where necessary also the end us
roducts (consumers) to match experimental prog
ith user demand.
Much can be achieved with research teams and

orks at the national or international level (Morand-
ehr, 2000a,b; Devendra, 2000a,b; Lebbie, 2000). In
urope, the European FAO-CIHEAM network enab
uicker progress in these topics by establishing s
ard methods for the definition of goat carcas
r evaluation of body conditions, or by using me
nalysis to analyse experimental results from se
esearch teams working with various experimental
itions (Meschy et al., 2001).

Successful technological transfer includes info
ng the end users of all the consequences and p
ogical risks (increased the risk of acidosis with h
nergy diets).
f
enting research networks which can define the
rity in research subjects, establish standard met
nd analyse the overall results published to make
pplication in the field easier under a variety of co

ions. This technological transfer must not accept
odel of goat feeding, the intensive one which is
asiest to study and to manage. On the contrary, it
rotect the biodiversity of various goat-feeding syst
nd maintain the sustainability of intensive or exten
ystems of goat feeding, of pastures and range
sed by goats.

The points raised in this paper cannot be taken
ranted, but must be said regularly because though
ialists of goat development and applied research
gree on them, they do not always applied them in
eld.

Even if goat farming has very different charac
stics in temperate and tropical areas, collabora
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between north and south research units in the sector
of goat nutrition seems easy to implement owing to
complementary objectives. This kind of collaboration
must be supported by FAO and other international orga-
nizations, such as IGA, since the improvement of goat
feeding is an efficient way to rapidly obtain better tech-
nical and economical results.

In conclusion, asDevendra (2000b)already men-
tioned in, the use of research results and improved
technologies are rapidly responsive approaches to over-
come existing constraints. The focus on improved
nutrition is especially critical, since it is the major con-
straint throughout large portions of the world.
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Rech. Rum., Paris, France, 4–5 December 2002, pp. 359–

amanta, A.K., Singh, K.K., Das, M.M., Maity, S.B., Kundu, S
2003. Effect of complete feed block on nutrient utilization
rumen fermentation in Barbari goats. Small Rumin. Res.
95–102.

ansoucy, R., 1995. New development in the manufacture an
lization of multinutrient blocks. World Anim. Rev. 57, 4
48.

anz Sampelayo, M.R., Perez, L., Martin Alonso, J.J., Amigo
Boza, J., 2002a. Effects of concentrates with different con
of protected fat rich in PUFAs on the performance of lacta
ilanikove, N., 1996. Interrelationships between feed qu
digestibility and feed consumption and energy requiremen
Desert (Bedouin) and temperate (Saanen) goats. J. Dairy S
2157–2162.

ilanikove, N., 2000. The physiological basis of adaptation of g
to scarcity of food and water in harsh environments. S
Rumin. Res. 35, 181–193.

ilanikove, N., Tigori, H., Shkolnik, H., 1980. Grass energy and
recycling in the black desert Bedouin goats. Comp. Bioch
Physiol. 67A, 215–218.

kjevdal, T., 1982. Nutrient requirements of dairy goats base
Norwegian research. Proceedings of the 3rd International
ference on Goat Prod. and Diseases, DJP Publ. Comp., Sco
Arizona, USA, pp. 105–108.

olanki, G.S., 2000. Grazing behavior and foraging strategy of
in semi-arid region in India. Trop. Ecol. 41, 155–159.

rinivasulu, C., Reddy, M.R., Reddy, D.N., 1998. Nutritional ev
ation of gliricidia (Gliricidia maculata) leaves in goats. Indian
Anim. Sci. 68, 405–406.

u, A., Yan, S., 2001. Evaluation of corn-sorghum distillers’ g
silage on the growth performance of castrated goats. J. Ta
Livest. Res. 34, 223–231.



P. Morand-Fehr / Small Ruminant Research 60 (2005) 25–43 43

Su, A., Chen, S., Yan, S., Hsieh, R., 2002a. Effects of computerized
concentrated feeding system and total mixed ration system on
the lactating performance of dairy goats. J. Taiwan Livest. Res.
35, 29–37.

Su, A., Yan, S., Cheng, Y.K., 2002b. Comparison on the meat quality
of castrated goats fed with corn-brewer’s grain silage or corn-
sorghum grain silage. J. Taiwan Livest. Res. 35, 215–222.

Su, A., Chen, S., Yan, S., Hsieh, R., 2002c. Dairy goat kid feed-
ing model establishment. I. Effects of different feeding systems
before weaning on the growth performances of kids. J. Taiwan
Livest. Res. 35, 281–292.

Sunagawa, K., Nakatsu, Y., Nishikubo, Y., Ooshiro, T., Naitou, K.,
Nagamine, I., 2002a. Effects of intraruminal saliva flow on feed
intake in goats fed on alfalfa hay cubes. Asian–Australasian J.
Anim. Sci. 15, 1738–1746.

Sunagawa, K., Prasetiyono, B.W.H.E., Nagamine, I., 2002b. Signif-
icance of feeding-induced hypovolaemia in feed intake control

of goats fed on alfalfa hay. Asian–Australasian J. Anim. Sci. 15,
366–370.

Tisserand, J.L., Hadjipanayiotou, M., Gihad, E.A., 1991. Digestion
in goats. In: Morand-Fehr, P. (Ed.), Goat Nutrition EAAP, Publ.
No. 66, Pudoc, Wageningen, Netherland, pp. 46–60.

Titi, H.H., 2003. Replacing soybean meal with sunflower meal with
or without fibrolytic enzymes in fattening diets of goat kids. Small
Rumin. Res. 48, 45–50.

Urbani, O.N., Tewe, O.O., 2001. The nutritive value of some
tree/shrub leaves as feed for goats. Trop. Sci. 41, 13–15.

Viengsavanh, P., Ledin, I., 2002. Performance of growing goats
fed Panicum maximum and leaves ofGliricidia sepium.
Asian–Australasian J. Anim. Sci. 15, 1585–1590.

Villalba, J.J., Provenza, F.D., Banner, R.E., 2002. Influence of
macronutrients and polyethylene glycol on intake of a quebra-
cho tannin diet by sheep and goats. J. Anim. Sci. 80, 3154–
3164.


	Recent developments in goat nutrition and application: A review
	Introduction
	Present situation of goat nutrition
	Feeding behaviour
	Level of intake
	Digestion
	Utilization of various feeds by goats
	Tree or plant leaves
	Pastures and rangelands
	Crop residues and agro-industrial by-products

	Nutritional factors linked to animals, metabolism and efficiency of nutrient utilization for goat production
	Body reserves and body conditions
	Nutritional mechanisms of adaptation to various agro-climatic conditions

	Nutrition goat production and product quality
	Needs, balanced diets and feeding program for 1 year
	Feeding systems, calculation of diets and feeding programs

	Some comments on the present knowledge and research work on goat nutrition
	Background knowledge
	Genotype specificity
	Economic importance
	Interpreting experimental results
	Factors limiting the application of scientific results in the field

	Some suggestions to improve efficiency in applying knowledge on goat nutrition in the field
	Conclusions
	Acknowledgments
	References


