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Abstract

This paper presents the nutritional requirements of donkeys, with a special focus on the needs for water, energy, proteins,
minerals and vitamins. Donkeys, as working animals originating from arid regions, have specific physiological adapta-
tions that affect their nutritional needs. The aim of this paper is to review and present scientifically based information on
nutritional requirements, nutrients and recommendations for feeding donkeys based on current research in the world. The
paper shows the needs for water, energy, proteins, minerals and vitamins, as well as methods of assessing food digesti-
bility and availability. Special attention is paid to the variations in needs depending on the physiological state (growth,
pregnancy, lactation), the intensity of work and the quality of available food. The importance of food digestibility and
correctness of meal that meets all nutritional needs are also presented. The need for an adequate balance between rough
and concentrated feed, as well as the potential danger of inadequate supplementation, are emphasized. Based on the
available literature and field observations, practical instructions are given for proper feeding of donkeys in different
breeding conditions, with the aim of preserving their working capacity, health and longevity.
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AHHOTAUUA

B craThe paccMaTpHBarOTCS MHIIEBBIE TOTPEOHOCTH OCIIOB, 0C000€ BHUMAHUE yIENAETCs MX MOTPEOHOCTSIM B BOJE, SHEP-
rum, OenKax, MUHepaiax 1 BuTaMuHax. OpraHu3M OCJIOB, KOTOPBIE SIBISIOTCS. paOOYMMH )KUBOTHBIMH POJIOM U3 3acCyIl-
JIMBBIX PErMOHOB, NMPOIIEN PsJ (GU3HOJOTMYECKUX afanTalui, BIMAIONIMX Ha WX MUIIEeBble noTpedHocTH. Llens cra-
TBY — IIPOBECTH 0030p M MPEJCTABUTh HAyYHO 0OOCHOBAHHYIO HH(OPMAIIMIO O MHUIIEBHIX MOTPEOHOCTSIX, MUTATEIHHBIX
BEIIECTBaX U PEKOMEHAALUX [10 KOPMIIEHHIO OCJIOB, OCHOBBIBAsICh HA COBPEMEHHBIX MUPOBBIX HCCIE10BaHUAX. B cTaThe
MIOKa3aHbI MOTPEOHOCTH B BOJIE, SHEPTUH, OellkaX, MUHEpaIax U BUTAMUHAX, a TAK)KE METO/IbI OLICHKH YCBOCHUS U HaJIN-
gpst kKopMa. Ocoboe BHIMaHUE yAenseTcs H3MEHEHUIM TOTPeOHOCTEH B 3aBUCUMOCTH OT (PU3HOJIOTHYECKOTO COCTOSHUS
(B3pociieHne, 6epeMEHHOCTS, JIAKTAIlHs ), ”HTEHCHBHOCTH pa0OTH M KauecTBa MMEIoIerocst kopma. Takxe 000CHOBaHa
BaXHOCTH YCBOCHUS KOPMa M MPABIJIFHOTO MUTAHNS, OTBEYAIOIIETO BCEM MUIIEBBIM oTpeOHOoCTAM. [loquepkayTa HE00-
XOAMMOCTh ONITUMAJIFHOTO OajlaHca MEeXIy IpyObIM M KOHIIEHTPUPOBAHHBIM KOPMOM, a TaK)Ke MOTEHIMAJIbHAs OTac-
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HOCTb HCOIITUMAJIBHO HOHOGpaHHLIX ﬂOﬁaBOK. Ha ocHoBe HMemmeﬁCﬂ JIATEPATYPhbI U TOJICBBIX Ha6.]HO,H€HPII7[ JaHBbI ITpaK-
TUYCCKUC YKa3aHUs 10 MMPAaBUJIbHOMY KOPMJICHUIO OCJIOB B PAa3IMYHbIX YCJIOBUAX pa3BCACHHA C LCJIbIO COXPAHCHUA UX

paboTOCIIOCOOHOCTH, 3/10POBBS M AOJITOJICTHSI.

KiroueBble ci1oBa: ocen, HEKBa4HbBIN panroH, COCTOAHUE, ITUIIEBBIC HOTp66HOCTI/I

Jost nuruposanusi. Mareesnd H., Yporresrna M. OcHOBHBIE IPHHIMIIBI X IPAKTHIECKHAE PEKOMEHAAINH 110 TIPABIIIEHOMY
KOPMJICHHIO OCIIOB. Bemepunapnas namonoaus. 2025;24(4):74-89. https://doi.org/10.23947/2949-4826-2025-24-4-74-89

Introduction. A donkey is a herbivore, and there are
many assumptions that working donkeys can do their work
successfully on grazing alone and that they do not need any
additional feeding. However, nutritional requirements of
donkeys can vary throughout the year, depending on
whether they are working hard or are pregnant or nursing
their foals. Grazing quality varies throughout the year, as
grasses develop from young easily digestible plants to ma-
ture plants after flowering, when plants contain more fiber
and are less digestible [1]. In order to conclude whether a
donkey is well fed, it is necessary to know its nutritional
requirements, and then determine the best way to meet
these requirements from the available feed.

Many scientific papers focus on measuring and discov-
ering the nutritional needs of horses in the context of their
participation in various competitions. In the scientific liter-
ature the requirements of horses for energy, protein, min-
erals and vitamins have been determined [2]. The average
nutritional composition of food that is usually given to
horses is available in food composition tables. However,
there is significantly less information in the literature about
the needs of donkeys.

Donkeys and horses are non-ruminant herbivores, and
digest the fibrous part of food in the cecum and colon un-
like cattle, which are herbivorous ruminants and digest the
fibrous part of food in the rumen [3]. Fiber digestion prod-
ucts are less available to non-ruminant herbivores than to
ruminant herbivores. To circumvent this and ensure better
resorption, the nutritional strategy for non-ruminant herbi-
vores has to imply more frequent intake of food to ensure
daily needs [1]. Because of their size, donkeys eat more
roughage per unit of body mass than cattle, but less dry
matter is digested [4].

Cattle consume dry matter equivalent to 2% of their
body weight per day, donkeys consume roughage equiva-
lent to 2—-2.5% of their body weight, while horses consume
in the range of 2.5-3% of their body weight [1]. Compared
to a horse, a donkey is better at digesting rough, bulky feed
and can digest a greater proportion of dry matter than a
horse, if they eat the same feed. This difference is hardly
noticeable with highly digestible coarse forages (alfalfa),
but, digestibility can be as much as 3-4% better with less
digestible forages (barley straw, corn cob).

The reasons why donkeys are better than horses and po-
nies at digesting poor-quality rough feed are not yet known.
According to some researches, the main reason is the dif-
ferent relationships of microorganisms in the cecum and

colon, where cellulose is better digested [1]. According to
other research, the reason is that the digestive tract of a
donkey is longer in relation to the total body mass than that
of a horse. Donkeys have a lower food requirement per unit
of body mass compared to a horse, some reports state that
it is up to 25% lower than that in horses [5].

Comparative studies on the energy and protein require-
ments of donkeys and horses have shown no differ-
ences [5]. Therefore, in the absence of other evidence, it is
possible to say that at least part of the reason why donkeys
do better than horses on the same feed is their greater abil-
ity to digest roughage.

The aim of this paper is to review and present scientif-
ically based information on nutritional requirements, nutri-
ents and recommendations for feeding donkeys based on
current research in the world. The paper shows the needs
for water, energy, proteins, minerals and vitamins, as well
as methods of assessing food digestibility and availability.

Materials and Methods. This study applied a literature
review to find existing scientifically based information on
nutritional requirements, nutrients and recommendations
for feeding donkeys. For the purposes of the work, the Ser-
bian scientific literature database, Google Scholar, CABI,
RG (Research Gate) platform and RISC (PMHLI) — Russian
Index of Science Citation database were reviewed. In the
available literature, any significant amount of research on
the nutritional needs of donkeys as well as on nutrients suit-
able for feeding donkeys has not been found. The re-
searched literature goes back to 1948, when the book by
the Russian author 1.S.Popov "Feeding domestic animals"
[6] was translated into Serbian and used as a university
textbook. Serbian scientific literature about nutrition of
domestic animals refers to a donkey as a horse, without de-
tailed explanations. The same is true for literary sources in
other languages. By reviewing the RG platform database,
it was determined that there was no reserch dealing with
the nutrition of donkeys. The large international organiza-
tion CABI (nonprofit intergovernmental development and
information organisation), which has a base with thousands
of units, does not have studies on the nutrition of donkeys.
A search in the RISC database did not yield with any ade-
quate text on donkey nutrition. Just few research papers
dealing with donkey nutrition from the aspect of physio-
logical features and energy requirements were published.

Nutritional requirements of donkeys. The nutrients
that all animals, including donkeys, need are: water, en-
ergy, proteins, minerals and vitamins.
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Water. Many working equines suffer from various de-
gree dehydration, because they do not get enough water
during the working day. Donkeys evolved in a desert envi-
ronment, which means that they typically require less water
per unit of body mass than most other large mammals, ex-
cept for the camel [1]. The amount of water a donkey needs
depends on the food it eats, the work it does, its physiolog-
ical state and the temperature of the environment in which
it lives and works. The more dry matter an animal eats, the
more water it needs.

For every kilogram of dry matter it eats, in cold condi-
tions and without work, a donkey needs 1.1 liters of wa-
ter [5]. When working, a donkey spends a lot of energy on
muscle contractions. The by-product of this process is heat.
A donkey loses extra heat to maintain its body temperature
during work, sweating and, in extreme conditions, panting
to cool itself. These processes use up water in the body.
Therefore, a working donkey needs 5-6 times more water
than a non-working donkey [1].

During lactation, a donkey needs almost double the
amount of water compared to a non-lactating donkey. If the
air temperature rises above 30°C, and at the same time the
relative humidity increases, there is no significant increase
in the need for water. In the event that at such air tempera-
ture the relative humidity is low, the need for water in-
creases 3-4 times [5].

In the case of low air temperatures and high relative air
humidity, the need for water does not increase, but if at the
same low air temperatures, relative air humidity decreases,
there appears thirst and need for increased consumption of
drinking water.

A wild donkey, in its homeland (Nubia, Somalia), does
not drink water every day [7]. Only donkeys with foals and
pregnant donkeys go to the watering holes every day, and
the other categories usually go every second day. In that
case, they can drink up to 25 liters of water.

It is considered, in general, that donkeys need, daily, an
amount of water that corresponds to 10% of their body weight.

Energy. Energy requirements are usually described as
the amount of digestible energy a donkey needs. This
means the amount of energy it needs in a digestible form.
All food contains energy, but the amount a donkey can di-
gest depends on the nature of the food. For example, it can
digest about 85% of the energy present in the corn kernel,
but only 35% of the energy present in the corn husk [1].
This is because corn husks have much more fiber than corn
kernels, so less energy is available for digestion and more
is excreted in the feces. This solves the problem of different
forages having different digestibility. Donkey that weighs
150 kg needs around 20 MJ of the digestible energy per day
for maintenance [5]. In their research, Smith and Wood
[14] showed the daily food requirements in dry matter for
a daily food consumption of 1.5% of body weight. Accord-
ing to them, a 150 kg donkey has a daily digestible energy

requirement of 12-14 MJ per day, based on a daily con-
sumption of 2.3 kg of dry matter. The required energy den-
sity of food is 5.5-6.5MJ/kg of dry food matter. A 200 kg
donkey needs digestible energy of 16-19 MJ per day, where
the daily consumption is 3 kg of dry matter. The required
energy density of food is also 5.5-6.5MJ/kg of dry matter of
food. Donkeys with a body weight of 250 kg have daily di-
gestible energy needs of 20-24 MJ per day, based on the
consumption of 3.8 kg of dry matter. The required energy
density of food for this body weight of a donkey is identical
to the previous two, 5.5-6.5MJ/kg. This does not mean
much unless it can be related to the actual amounts of food
needed to meet the requirements. All animals use energy to
contract muscles, therefore, when a donkey is working, its
need for energy will increase [1]:

Energy requirements for work = energy expenditure for
walking + energy expenditure for carrying loads + energy
expenditure for pulling loads + energy expenditure for
moving uphill, against the force of gravity.

The greatest energy used in work is that used in walk-
ing. The additional energy used for carrying or pulling a
load or moving uphill, in addition to that used for walking,
is relatively small. A donkey uses more energy per meter
when traveled on rough ground than on firm flat ground,
and it will travel at a slower speed and travel less during
the day. If it is pulling or carrying heavy loads that require
more additional energy, it will move at a slower speed than
if it is lightly loaded and again will travel less during the
workday. This means that the additional energy required
for work can be accurately estimated by determining the
distance traveled during work, rather than worrying about
the type of work, workload or terrain. An average-sized
donkey (150 kg) will need about 60% extra energy when
walking 10 km, 100% extra energy when walking 20 km
and about 140% extra energy walking 30 km working, ei-
ther pulling a cart over a road with a hard surface or carry-
ing a load on its back [1].

If distances are difficult to estimate, hours spent work-
ing can be used to estimate energy needs. A donkey that
works 4 hours a day will usually need about 50% more en-
ergy than if it doesn't work. Working for 6 hours a day can
mean doubling the energy needs, and working for 8 hours
a day, means an increase in energy needs of up to 2.5 times
compared to what is needed for maintenance on a non-
working day [1]. This also takes into account some short
periods of rest during the working day, i.e. it is assumed
that the donkey does not spend the whole time in motion
during the working day.

Donkeys in the last three months of pregnancy need
about 10% more energy every day than when they are not
pregnant, while during lactation in the first three months
they need about 120% more energy than when they are not
lactating and working [5]. The amount required will de-
crease by about 50% of energy relative to resting require-



MateeBuu H. n Aap. OcHOBHBIE NPUHIMIBI U MPAKTHYECKHE PEKOMECHAAIMU MO MPABUWJIBHOMY KOPMJICHHIO...
I S N N N N N N N .

ments in later periods of lactation as milk production de-
creases. Many growing donkeys have energy needs similar
to that of adult donkeys, but because they are small they
have a lower food intake. Therefore, their energy needs
should be provided in a more concentrated form than that
available in roughage.

Energy is available to a donkey in several different
forms. Energy is obtained through food from carbohy-
drates, fats and proteins. It is also available from glycogen
stored in the body, in the muscles and liver or fat in adipose
tissue throughout the body. Getting energy from protein is
unprofitable and expensive. Many working donkeys are
lean and therefore have little body reserves. The main
source of energy from food for working animals is carbo-
hydrates and fats [8]. Carbohydrates are available in two
forms: (a) simple carbohydrates, that are broken down to
glucose which is absorbed from the small intestine into the
bloodstream and (b) complex carbohydrates found in fi-
brous plant material, which are fermented by microorgan-
isms in the large intestine to produce volatile fatty acids
which are absorbed through the intestinal wall into the
bloodstream [8].

Concentrated food contains carbohydrates, mostly in
simple form, while rough food is rich in fiber, complex car-
bohydrates. Concentrated feed provides a donkey with a
more readily available form of energy, which can be easily
digested and absorbed in the small intestine. A donkey that
eats mainly complex carbohydrates in roughage relies
mainly on microorganisms in the large intestine to produce
energy-yielding substrates in a usable form. Donkeys can-
not be fed only concentrates. They must have enough fiber
in the food to stimulate muscle contractions in the digestive
tract and to dilute simple carbohydrates that are more easily
fermented. This reduces the chance of colic or other diges-
tive problems, which can occur when ungulates are fed
high levels of concentrate. If the daily energy requirement
of a working donkey is doubled then in theory on a working
day the donkey will have to eat at least twice as much as it
needs for maintenance, or lose weight. A working donkey
on roughage of poor to moderate quality does not increase
its voluntary food intake in response to work. In some
cases, feed intake may even be reduced because a working
donkey has less time to feed.

Therefore, in order to meet additional energy needs dur-
ing the working day, a donkey should be given a higher
quality meal. This is one with more digestible energy than
that found in most roughages, such as crop residues and
hay, which are commonly available for working donkeys.
Failure to improve the energy concentration of a working
donkey’s ration will result in the donkey losing body mass
during work [5]. Some weight loss may be acceptable in a
working donkey that only does seasonal work. It is possible
to gain weight in the off-season, but weight loss is not ac-
ceptable in a donkey that works every day of the year, or
one that starts working in a lean state.

Proteins. Protein requirements for adult donkeys are
relatively low [9]. They are, for the most part, necessary to
meet the protein needs of the microorganisms in the large
intestine, and they are vital for the breakdown of dietary
fiber. Work does not significantly increase donkeys’ pro-
tein needs. Any increase in protein requirements in work,
usually due to tissue recovery after injury, is likely to be
met by the protein contained in the supplementary feed
provided to meet the additional energy needs of the work-
ing donkey.

Growing animals, as well as pregnant and lactating
donkeys, require more protein in their feed than other cat-
egories of donkeys [10]. The needs of pregnant donkeys for
proteins increase in the last 3 months of pregnancy, which
is the period when the growth and development of the fetus
is the greatest. This is the time when the developing fetus
takes up more space in the abdominal cavity, reducing the
donkey’s capacity to eat bulky food. In order to meet the
additional energy and protein needs during this period, it is
necessary to increase the amount of concentrate in the meal
and reduce bulky food.

Proteins are made up of long chains of amino acids.
There are 25 important amino acids, 10 of which are essen-
tial in nutrition [2]. Essential amino acids are necessary be-
cause the donkey or the microorganisms in the cecum and
colon cannot synthesize them in sufficient quantities to
meet daily needs. There is no system for digesting micro-
bial proteins in the large intestine, therefore the donkey re-
ally depends on the protein it eats to provide amino acids.

Plants can synthesize all the amino acids that donkey
needs. A young growing donkey has high lysine require-
ments. This is the amino acid most likely to be deficient
and inhibit growth if a young donkey is fed only roughage.
Amino acids that are ingested in excess cannot be stored,
but are instead metabolized to provide energy or converted
into the body fat and glycogen reserves. Based on this, it is
very expensive and unprofitable to feed donkeys with large
amounts of protein. This situation rarely occurs with the
working donkey living in tropis, because good sources of
dietary protein are generally expensive and therefore used
sparingly by most owners who can afford them.

The amount of protein in feed is usually expressed as
the amount or percentage of protein in the dry matter of the
feed. This is actually the nitrogen in the dry matter of food
multiplied by 6.25 [8]. This is based on the fact that most
proteins contain 16% nitrogen, i.e. 100/16 = 6.25 units of
protein for each unit of nitrogen. It is easy to measure the
nitrogen content in food, it is much more difficult to meas-
ure the amino acid content as well as the amount of protein
in it. Foods with similar nitrogen content may have the
same crude protein content, but the proportion of essential
amino acids and thus the quality of the food may be differ-
ent. The higher the proportion of essential amino acids, the
better the quality of the protein. In ruminants, a large part
of the protein in the diet is broken down in the rumen into
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simple nitrogenous compounds and is used by microorgan-
isms for growth and production of microbial proteins.
Therefore, part of the additional nitrogen that promotes the
growth of microbes and thus helps the fermentation of
complex carbohydrates can be provided in the diet as urea.
In donkeys, this can have fatal consequences, as the urea
would be absorbed directly into the bloodstream through
the stomach wall, before reaching the microorganisms in
the large intestine, where it could be of use. This means
that providing urea can cause toxicity, which can lead to a
fatal outcome. Therefore, all the protein needs of a donkey
and the nitrogen needs of the microorganisms in its large
intestine must be provided from the protein in the food.
Donkey feed should never be supplemented with urea or
ruminant concentrate which containing urea.

The highest quality proteins, those that contain the high-
est proportion of essential amino acids in the protein, are
proteins of animal origin such as fish meal. The greatest of
plant proteins is soy. Legumes are roughage that contain the
highest amount of protein. As grasses and cereal plants ma-
ture, the protein content of the stems and leaves decreases,
and so does the protein content in roughage made of them.

s ™ ” 7 ; 7
Y @ A,
S = Soe

e 2 > 3 =5

Hay protein quality declines as the crop is harvested later in
the growing season. Ripe straw and corn husks contain very
small amounts of protein. The same as with energy in food,
itis important to know how much protein in food is available
to the donkey, i.e. how much can be digested in the intestines
and how much is excreted in the feces.

Minerals, vitamins. Minerals are inorganic elements,
which have a number of functions in metabolic processes
and activities in the body. The most abundant minerals are
calcium, phosphorus and magnesium (important for the
structure of the body and skeleton), sodium, potassium and
chlorine (important for acid-base balance and fluid regula-
tion), sulfur (necessary in metabolic processes). Trace min-
erals (required in small amounts in the donkey's body) are
iron, manganese, zinc, copper, iodine, selenium and cobalt.
All of them can be obtained from food. Calcium, phospho-
rus and magnesium requirements are greatest in growing
animals. A working animal needs to maintain fluid balance
by replacing sodium lost through sweat. It is therefore im-
portant to ensure that the working donkey is given a hand-
ful of salt in its food every day, or that it is given rock salt
or lick blocks while it is resting.

- |

£

Fig. 1. After the return of the herd and the donkey from grazing, in Anatolia (TR) the donkey licks the salt rock to take in minerals
and vitamins

Vitamins are organic substances necessary for the
proper functioning of physiological processes. They
are needed in very small quantities. There are two types
of vitamins. Fat-soluble vitamins are A, D3, E and K,
and water-soluble vitamins are vitamin C and B vita-
mins. Vitamins B and K2 are synthesized by microor-
ganisms in the large intestine, so it is less important to
get them through the diet, and vitamin C can be pro-
duced by the donkey in sufficient quantities to meet the
needs. Fresh green leafy vegetables and grass are good
sources of vitamins, therefore they should be regularly
included in small amounts in the diet. When donkeys
do not have access to fresh green plant material, min-
eral and vitamin supplements that are widely available
can be added to rations.

Measurement of food digestibility. Food digestibility
is assessed by measuring the degree to which dry matter,
organic matter, proteins or fiber components of food are
digested [8]. Dry matter digestibility can be determined by
measuring the amount of dry matter eaten during a certain
period (usually not less than 7 days) and the amount of dry
matter excreted in the feces at the same time [1]. This
means confining donkeys to individual stalls for a period
and weighing the food they eat and the feces they excrete.
Samples of daily feed intake and collected feces are dried
to constant weight (until all water is gone) to determine the
dry matter content of each. From these values, the total dry
matter that is eaten and the total excreted are calculated.
The digestibility of dry matter in food expressed as a per-
centage could be calculated with the following formula [1]:

Weight of dry matter in the food — weight of dry matter in the feces x 100

Digestibility of feed (%) =

Weight of dry matter in the food
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This method does not require any sophisticated labora-
tory, just food and excrement drying agents and a precision
scale. Drying is usually started in the sun and finished in
an oven at around 60°C for one day. The digestibility of
any of the other nutrients such as organic matter (dry matter
content— ash), protein or fiber (neutral detergent fiber and
acid detergent fiber) can be determined by measuring the
total dry matter present in the food and feces and substitut-
ing the value in the above formula. A feed laboratory with
protein, fiber and ash determination facilities is required to
determine these feed components. There are feed composi-
tion tables that can be studied to see average values for the
digestibility of many nutrients. However, less information
is available for ungulates than for ruminants.

Availability of food. Most donkeys are fed roughage
throughout their lives, with grazing on natural grasslands,
roadsides, bushes and undergrowth if kept in rural areas.
Many working donkeys are found in urban and suburban
areas of the world where there are few opportunities for
grazing and people feed their animals exclusively on pur-
chased feed. In these situations, the amount of daily earn-
ing often dictates the quality of feed given to the donkey.
However, unless the roughage is of the highest quality
(fresh legumes or legume hay), a working, pregnant, lac-
tating or growing animal must receive supplemental nutri-
tion in addition to roughage to maintain condition and
health and be productive.

Roughage. Quality roughage varies from good (fresh
and canned legumes) to bad (husk and straw from sorghum,
millet and rice production). It is important to be able to dis-
tinguish good roughage from bad food. The condition of the
roughage is very significant. It should be free of dust and

mold, bad odor and any garbage (unsightly and poisonous
weeds, plastic, wire and other garbage). The next step is to
evaluate the type of roughage in terms of nutritional value.
In terms of digestible protein, it’s relatively easy: legume
roughage is usually high in protein, grasses and hay are me-
dium to low in protein, and crop residue and straw are low
in protein. The younger the grass, the higher the protein con-
tent. As all plants mature, digestible protein content declines
as plants become more fibrous. Similarly, as the amount of
fiber (complex carbohydrates) increases, the content of di-
gestible energy in roughage incresses as well. Tropical
grasses grow and reach maturity (seed) faster than temperate
grasses. They are more cellulosic than temperate grasses and
can be very low in protein when mature. Temperate grasses
have a higher protein content than tropical grasses.

Pearson [1] presents a simple scoring system for deter-
mining the energy value of roughage for ruminants based
on appearance, which provides a guidelines for analysing
grass and pasture, legumes, hay and crop residues. The
higher the number of points, the better the nutritional value
of the roughage (Table 1). It is a useful system for evaluat-
ing roughage when feeding a donkey. It is based on:

a) General appearance — is the roughage free of mold,
dust, garbage? Does it smell nice and sweet?

b) Leaf to stem ratio — is it very fibrous with lots of
stems or is it young and leafy?

c¢) Color — is it young, green and freshly cut or old,
yellow dry and late cut?

Each of the three characteristics should be rated from 1
to 5 according to the descriptions in Table 1, and then
added up. These results should be used to interpret the data
in Table 3 and Table 4.

Table 1
Scoring system for evaluation of the quality of roughage in relation to digestible energy content
Characteristics Score
1 2 3 4 5

General Appearance Very poor Poor Moderate Good Very Good
Leaf to Stem Ratio Mainly stems Stems > Leaf Leaf = Stem Leaf > Stems Very leafy
(age of plant)

Colour Yellow Yellow > Green Green > Yellow Green Very Green

Source: [1]

According to Pearson [1], roughage with a score below
6 has low energy value, while that with a score over 12 has
a high level of digestible energy and thus is good for feed-
ing working, lactating or growing donkeys. Freshly cut
green grass with lots of leaves would get a score of 12 —
13, while chopped barley straw with few leaves left might
get less than 6, and stalks with few leaves might get 3.

Energy-rich concentrates. Cereal grains are a good
source of energy, but they need to be crushed, rolled or
ground so that the carbohydrates and proteins in the grain
can be best digested [8]. Oats can be given raw, but crush-
ing improves digestion. The barley grain is in a hard shell,
so grinding is required to break the shell. Sorghum and

wheat grain are small, so it is best to grind or roll them be-
fore feeding, otherwise they can pass through the digestive
tract undigested. Corn kernels can be given in any form,
but as it is hard, it is best to grind it, especially for animals
with weak teeth.

Concentrates with a mixture of at least two types of ce-
reals are always of better quality than concentrates with
one type. Molasses is a source of easily digestible carbohy-
drates that can increase the flavor of dry food while provid-
ing energy. The main problem with molasses is storage in
hot weather as it can ferment and spoil, especially low
quality molasses, which has the highest water content. Oil
is a good source of energy and is used more and more in
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feeding donkeys. Vegetable oils (soybean, rapeseed, corn,
palm, sunflower) and fish oil can be used in small quanti-
ties. A cup a day in food as an additional source of energy
is good for working donkeys, but it should be gradually in-
troduced into the diet over 10-14 days. Oil is added imme-
diately before feeding.

Protein-rich concentrates. When grains are used in
conjunction with poor-quality roughage, they can provide
a low-protein meal. Pregnant animals, lactating animals
and growing young require protein-rich mixtures to sup-
plement particularly poor bulk feed. Oilseed cakes, soy-
bean cakes and cottonseed cakes are some of the best
sources of protein for donkeys. Sunflower cake can also be
used in food. Peanuts may contain mold derivatives — my-
cotoxins, to which ungulates are sensitive.

Dolichos biflorus, sometimes called “field” or “horse”
vetch is another good source of protein, which is available
in many tropical countries for donkeys and can be fed with-
out cooking or processing. Beans (Vicia fabia) are legumes
that contain approximately 25% crude protein. It can be
used in its raw state, without any prior processing. Other
legumes, such as those from the Phaseolus species (mung,
navy, kidney, lima pea) need to be cooked to remove toxins
before being fed to equines, and are therefore less useful.
Forage legumes, such as alfalfa and Alexandrian clover,
contain more protein than grasses, whether fresh or canned,
and are good nutrients in donkey diets.

Other concentrated raw materials in donkey nutrition.
Wheat bran provides some energy, more protein and cellulose
in the diet of donkeys. It contains less calcium but has high
phosphorus content. When using wheat bran in the diet, it is
necessary to balance the meal well to avoid bone abnormali-
ties due to the unbalanced ratio of calcium and phosphorus. In

the case of using alfalfa together with wheat bran, this imbal-
ance is smaller, provided the alfalfa is rich in calcium.

Food storage. Some nutrients in bulk foods, grains and
protein supplements deteriorate during storage. Food
should be stored in a cool place where the temperature does
not fluctuate much, ideally where there is good air flow,
ventilation and low humidity. Food should not be stored in
direct sunlight or in humid conditions and should be stored
away from rain, water, rodents, insects and birds [2].

The amount of water in food varies, a kg of fresh grass
can have 80% of its weight as water, while 1 kg of grain
contains only 15% of water. This means that an animal that
eats 1 kg of grass will only get 200g of the other nutrients
it needs, however, if it eats 1 kg of cereal grains, it will get
8509 of the other nutrients it needs. When defining the
amount of food in donkey’s meal, it is preferable to esti-
mate the dry matter content of the food and to know the
amonut of dry matter the donkey can consume to be able to
calculate how much "fresh food" to offer.

Food intake. When planning how to feed a donkey, it
must be estimated how much a donkey is able to eat every
day, when it receives roughage, the amount of dry matter
corresponding to 2% of its body weight per day. It is as-
sumed here that the mostly used roughage is of moderate
quality. The actual amount of dry matter a donkey eats a
day depends on many factors. Some of the important ones
are given in Table 2 [1].

Type of food. Young plants can be eaten faster than
mature ones, but they contain less dry matter per kilogram.
It takes less time to consume 1 kg of ground or pelleted
food than to consume 1 kg of raw food, even if it is
chopped. It takes less time to eat 1 kg of legume concen-
trate or hay than 1 kg of crop residues.
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Table 2

Factors affecting the amount of food a donkey eats a day

Food Type:
Nature of feed
Quality of feed

Management:

Time allocated for eating
Amount of food at one time
Water available

Health

Internal parasite burden
State of the teeth
Reproductive state

Environment:

Ambient temperature and humidity

Source: [1]

Time allocated for eating. In natural conditions, a don-
key spends 14 — 16 hours a day feeding. It is important that
donkeys kept on pasture have time to eat. Work especially
shortens the feeding time of a donkey. The more work it does,
the less time it has to feed, but more food is needed to meet
the increased energy needs. Therefore, a working donkey
needs a more concentrated feed than a non-working one. Don-
keys are more susceptible to the influence of the time available
for eating than cattle. Cattle increase consumption if they have
worked, donkeys do not, because initial chewing is more im-
portant in food processing in donkeys than in ruminants.

Guidelines for feeding donkeys for different activities.
The present guidelines define the effect of the exact amounts
and proportions of available feed on the expected productivity
of a donkey, its body condition. A thin donkey has little body
energy reserves, while a donkey in good condition has some in
reserve for a short time. Table 1 shows how to assess the nutri-
tional value of roughage in terms of poor, moderate and good.

Maintenance Requirements. A donkey can eat enough
to meet its maintenance energy requirements from a moder-
ate-quality roughage of hay or a 3:1 mixture of straw and

green forage (such as alfalfa) or from moderate-quality pas-
ture, if the animal is allowed ad libitum access to the food
source during the day. Then it will eat about 2.5 kg of dry mat-
ter per 100 kg of live weight per day. A donkey that is allowed
grazing at wild will spend about 60% of the day feeding.

Work shortens the time available for eating, so it can be
assumed that a donkey will be able to eat only about 2 kg of
dry matter per 100 kg of body weight per day. Therefore, a
donkey needs energy in a more concentrated form than when
it is not working. If fed roughage of moderate quality, a don-
key needs about half of feed dry matter as energy-rich con-
centrates if it works 4 hours a day and 60% if it works 8
hours a day. Poor quality roughage will require more con-
centrate. If it works 4 hours a day, it needs about 60% of its
dry matter intake as energy-rich concentrates, and if it works
8 hours a day, it needs about 70% of its dry matter intake as
energy-rich concentrates [8].

Growth. The energy needs of young donkeys, after
weaning in the first year of life, can be met by feeding them
a 2:1 ratio mixture of concentrate and roughage. This as-
sumes a dry matter intake of 1.5 kg per 100 kg body weight
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when a donkey is small, increasing to 2 kg per day when it
reaches around 100 kg live weight [1].

Pregnancy and Lactation. Pregnant donkeys consum-
ing a 1:1 ratio mixture of moderate-quality roughage and
protein-rich concentrate will eat about 2 kg of dry matter
per 100 kg of body weight, which can meet their protein
needs at late pregnancy.

Donkey milk is not as rich in protein as cow milk, how-
ever, protein needs increase especially in early lactation.
After the foal is born, the amount of protein and easily di-
gestible energy in the donkey’s meal should be increased.
A ratio of 40% of moderate quality roughage to 60% of
energy- and protein-rich concentrate would provide
enough nutrients for the first three months of lactation [5].
This allows the donkey to meet the lactation needs for en-
ergy and protein and gives the foal a good start in life. After
3 months, the donkey’s protein and energy requirements
decrease, and a 1:1 ratio mixture of moderate quality
roughage and concentrate will meet the requirements [1].

After the foal is weaned, if the donkey is not working, the
concentrate can be removed from the donkey’s ration.
When only poor roughage is available, such as leftover
grain, the proportion of concentrate in the ration should be
increased.

The final check of whether the amount of food is suffi-
cient for the donkey is to monitor its body condition (table
5) and adjust the ration accordingly. If a working donkey is
losing mass, it needs more energy in its meal or less work or
both. It is necessary to increase the concentration of energy
by improving the quality of roughage (Table 1) or to increase
the proportion of concentrates in roughage [1]. If a pregnant
or lactating donkey becomes thin (Table 5), a female donkey
needs more energy and protein in its feed. Then the offered
dry roughage is reduced and the proportion of concentrate in
the roughage is increased. Lactating donkeys should be of-
fered more green roughage, if available.

Duncan et al. [11] provided recommendations for meal
composition during different physiological states.

Fig. 4. Special attention to nutrition is required during breastfeeding

Table 3
Daily rations for adult donkeys (if roughage is of poor quality)
State Live Total Dry Amount of Amount of
Weight Matter Intake Roughage Concentrates Remarks

(kg) (k) (kg) (kg)
Mature idle 100 25 2.25 0.25 Need to supplement poor roughage with some

200 5 45 0.5 concentrate
Work 100 2 0.8 1.2 . .
4 hriday 200 2 16 57 Need to supplement )[/;/;2 energy rich concen-
\E;vr?rr/l((jay ;gg i 22 ;g’ Much less time for feeding in the day
Last 3 months 100 15 0.5 1 Need for protein rich concentrates rather than
of pregnancy 200 3 1 2 energy rich. Less space in abdomen for rough-

age
First 3 months 100 2 0.6 14
of lactation 200 4 1.2 2.8 Need for a mixture of protein and energy rich
> 3 months of 100 2 0.8 1.2 concentrates, and increased water requirment
lactation 200 4 1.6 24
Source: [1]
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Table 4
Daily rations for adult donkeys (if roughage is of moderate quality)
State Live Weight Total Dry Amount of Amount of
(kg) Matter Intake Roughage (kg) Concentrates Remarks
(kg) (kg)
Mature idle 100 25 25 0 No need to suoplement
200 5 5 0 PP
Work 100 2 1 1 Need t | twith ich
4 hriday 200 7 > > eed to suppczr:fenm\r/;e energy ric
Wwork 100 2 08 12 Much less time for feeding in the day
8 hr/day 200 4 1.6 2.4
Last 3 months 100 15 0.75 0.75 Need for protein rich concentrates.
of pregnancy 200 3 15 15 Less space in abdomen for roughage
First 3 months 100 2 0.8 1.2
f lactati . . . .
ot factation 200 4 16 24 Need for a mixture of protein and
S3months 100 > 1 1 e_nergy rich concentrat_es, and
. increased water requirment
of lactation 200 4 2 2
Source: [1]

Table 5

Recommendations for the composition of meals during different physiological states

Adult donkey fed on fibrous forages
Period Body weight MJ, Daily DMI Recommended diet
of year DE/day needs
goal weight 180 kg 14.4 2.4 kg 2.1 kg barley straw (5 MJ DE/kg DM) + limited
grazing or + 0.5 kg moderate hay (8 MJ DE/kg DM)
& goal weight 180 kg 13 2.4 kg 2.2 kg barley straw (5 MJ DE/kg DM) + very limited
g grazing or + 0.2 kg moderate hay (8 MJ DE/kg DM)
3 + forage balancer
180 kg donkey with dental disease 14.4-15 2.4 kg 2.4 kg short chop hay replacer (7.3 MJ DE/kg DM
assuming 85% DM) e.g. forage balancer
donkey goal weight 180 kg 17.1 3.1kg 3 kg barley straw (5 MJ DE/kg DM) + 0.4 kg
_ moderate hay (8 MJ DE/kg DM)
L donkey goal weight 180 kg 155 3.1kg 3.1 kg barley straw (5 MJ DE/kg DM) + very limited
'S grazing or + forage balancer
180 kg donkey with dental disease 17.1-18 3.1kg 2.9 kg short chop hay replacer (7.3 MJ DE/kg DM
assuming 85% DM) e.g. forage balancer
Female donkey in last 3 months of pregnancy
Body weight MJ, Daily DMI Recommended diet
DE/day needs
180 kg — 9 months of pregnancy 16.7 2-2.4 kg 1.1 kg barley straw (5 MJ DE/kg DM) + grazing and
high protein balancer or + 1.3 kg moderate hay (8.5
MJ DE/kg DM) and high protein balancer
. 180 kg — 10 months of pregnancy 17.4 2-2.4 kg 0.4 kg barley straw (5 MJ DE/kg DM) + 1.8 kg
g moderate hay (8.5 MJ DE/kg DM) + high protein
E balancer
@ 180 kg — 11 months of pregnancy 18.6 2-2.4 kg 2.2 kg moderate hay (8.5 MJ DE/kg DM) + high
protein balancer + grazing if hay is not managed
supplement with high fibre cubes, alfalfa chop or
unmolassed sugar beet
180 kg — 9 months of pregnancy 19.8 2.5-3.1kg 1 kg barley straw (5 MJ DE/kg DM) + 1.7 kg
moderate hay (8.5 MJ DE/kg DM) + high protein
_ balancer
L 180 kg — 10 months of pregnancy 20.7 2.5-3.1kg 2.2 kg moderate hay (5 MJ DE/kg DM) + 0.4 kg
'S barley straw (8.5 MJ DE/kg DM) + high protein
balancer
180 kg — 11 months of pregnhancy 221 2.5-3kg 2.5 kg moderate hay (5 MJ DE/kg DM) + 200 g alfalfa
chop (9 MJ DE/kg DM) + high protein balancer

Source: [11]
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Table 6
Recommendations for the composition of meals during lactation
Body weight MJ, Daily DMI | Recommended diet
DE/day | needs
180 ka. 1st 2.4 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or
montl’?' 275 2.4-3 kg 0.3 kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 ka. 2nd 2.6 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.2
montr?l 27.3 2.4-3kg kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 ka. 3rd 2.6 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or
= montr?l 26.5 2.4-3kg 0.15 kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
(3]
IS
E 180 ka. 4th 2.6 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.1
@ montl’?' 255 2.4-3 kg kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 Ka. 5th 2.5 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.1
montr?l 245 2.4-3 kg kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 kg, 6th 236 243K 2.4 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer
month ' ' 9
180 ka. 1st 3 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.3
montf?l 30.2 2.7-3.1kg | kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 k. 2nd 3 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.2
monthgl 30 2.7-3.1kg | kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 k. 3rd 3 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.15
monthgl 29.2 2.7-3.1kg | kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
[
§ 180 ka. 4th 3 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.1
montf?l 28.2 2.7-3.1kg | kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
180 kg, 5th 279 2731k 2.8 kg good hay (9 MJ DE/kg DM) + grazing and high protein balancer or 0.1
month ' el Kg kg alfalfa oil chop (11.2 MJ DE/kg DM) + high protein balancer
rlngoOnIt(r?l 6th 26.3 2.4-3 kg 2.6 kg good hay (9 MJ DE/kg DM) grazing + high protein balancer

Source: [11]

Estimation of donkey body mass. The body mass of
an adult donkey can be approximately determined by
measuring the height of the withers. It is calculated based
on the assumption that every 1 cm of withers height cor-
responds to 1.34 kg of mass (1.12-1.44) [12]. In addition,
Hafner [13] states that donkeys whose height at the with-
ers is up to 110 cm can weigh a maximum of 205 kg. This
gives a reasonable prediction of animal mass, but it is not
always so easy to detect the relative changes in mass that
occur from week to week in an animal.

Stimulation of the body condition of the donkey.
The easiest method to assess whether a donkey is getting
enough food is to evaluate its condition based on various
scoring systems. Different donkey scoring systems are
used in temperate and tropical countries to assess the an-
imal’s weight changes over time [10]. The scoring system
shown in Table 7 provides guidelines for assessing the
donkey’s condition as objectively as possible. After as-
sessing which condition category the donkey fits into, i.e.

whether the donkey is thin (1 — 3), moderately fat (4 — 6)
or fat (7 — 9), using the guidelines from the table, it can
be further classified into more specific categories under
L, Mand F.

Practical guidance. Donkeys need to have their teeth
checked regularly. Regular antiparasitic treatment is nec-
essary to enable a donkey to chew the food as well as pos-
sible. It is preferable to feed donkeys after watering, not
before. If dehydrated, the donkey will not eat well or stop
eating. It must have enough time to eat. Food should be
given in the shade, after a short break from work. The daily
meal should be divided into 3-4 meals during the day.

A donkey cannot eat the required daily amount of food
at once, in one big meal. A portion of roughage is given
along with green food, when available. Since it has little
dry matter (it can be 80% water) it is best to feed it in ad-
dition to dry roughage and let the donkey choose. One kg
per day (about 200 g of dry matter) is sufficient. If the
roughage is of poor quality, more should be offered.
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Table 7
Body condidtion evalution for working donkeys
Score Condition Features
1 L- Markedly emaciated; bone structure easily seen over body, little muscle present, nimal weak,
lethargic
2 L. Animal emaciated; individual spinous processes, ribs, tuber covae, tuber ishii and scapular spine all
prominent; some muscle development; neck thin, prominent withers, shoulders sharply angular
3 L+ Vertebral column prominent and individual vertebral spines are pointed to the touch; little fat, but
superspinous musculature over spinous processes apperent. Ribs, tuber ischii and tuber coxae
prominent; loin area and rump concave; little muscle or fat covering over withers and shoulders.
4 M - Vertebral column visible; tuber ischii palpable but not visible, tuber coxae rounded but visible;
rump flat rather than concave; ribs palpable but not obvious, withers, shoulders, neck with some
muscle and fat cover; scapular are less clearly defined.
5 M. Superspinous muscles developed and readily apparent; can palpate vertebral column; tuber coxae
rounded; rump rounded, convex; tuber ischii not visible; some fat palpable in pectoral region and at
the base of neck; can palpate ribs, but not visible.
6 M + Can not palpate spinous processes easily; back becoming flat, well covered; rump convex and well
muscled; some fat palpable on neck, base of neck and pectoral region; neck filled into shoulder;
tuber coxae just visible. Animal smooth and well covered.
7 F - Animal smooth and well covered; back flat cannot palpate spinous processes; tuber coxae just
visible; fat on neck and pectoral region beginning to expand over ribs; flank filling, neck
thickening.
8 F. Animal body rounded, appears well covered with fat and bones not discernible; flanks broad, broad
flat back.
9 F+ Bones buried in fat; back broad or flat, in some cases crease down back; large accumulations of fat

on neck, over pectoral area and ribs; flank filled with fat.

Source: [1]

Fig. 5. Hay can be placed in mangers that are mounted on the wall. In that case, whatever a donkey pulls out, which is not a small

amount, falls on the floor (Photo by: S. Fasching)
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Fig. 7. It is much better to chop corn, grind it, rather than give it in grains

It is recommended to give a mixture of two to three
types of concentrated food instead of just one type. It is
mandatory to give a handful of salt a day, mixed in the
food, to the working donkey. They should be allowed to
graze as often as possible, but should not rely on grazing
only, unless it is a good pasture. Good pastures are rare
where working donkeys are found. Roughage must be
chopped, and grains, barley, wheat, corn, peas should be
mashed/broken to improve digestion. If crushing is not
possible, soaking is an alternative before feeding barley
and wheat. They should be soaked, no more than 12 hours
before feeding. If a donkey is working, it is fed with con-
centrates during the day and roughage at night, since then
it has more time to eat.

According to Pordevi¢ et al. [8] in case a donkey per-
forms medium or heavy work, it is recommended to add
1.0-1.25 kg of concentrate for every 100 kg of body
weight. At the same time, the same amount of hay is given.
In case the hay is leguminous, the concentrates can be dif-
ferent grains. If the hay is made from grass, an additional
source of protein must be provided, at a level of about 10%.

When it comes to easier work, the quality of the hay
can be somewhat lower. Individuals who are not working,
as well as yearlings, can meet all their nutritional needs in
the pasture. When the mating season comes, the level of
protein and energy in the meal must be increased. The sim-
plest way to achieve this is to add alfalfa hay in the amount
of 1 kg/100 kg of body weight. Along with such hay, it is
necessary to give an appropriate amount of concentrated
feed.

As a monogastric animal, a donkey uses feeds with in-
creased levels of cellulose [1]. Such food must be well
chewed to enable the digestive enzymes and intestinal mi-
croflora to work more successfully. Food preparation be-
gins in the oral cavity. For every kilogram of hay, a donkey
makes 2000 chewing movements. The hay is practically
ground, the length of individual parts of the hay is 1.6 mm
[14].

Some farm owners give donkeys silage. That is abso-
lutely unacceptable. The moisture content of this food is
high, and the pH value is low, extremely acidic. The crude
fibre content is low and the protein level is high
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Fig. 9. A gnawed part of a wooden wall

Sugar beet is a good complementary food. It is recom-
mended to give it in small quantities to sick donkeys. The
sugar beet must be cut into rings and fed to the donkey
within the next 24 hours [15]. Food must be low in sugar
and high in cellulose fiber.

The basic food for donkeys is good hay [13]. Obtaining
quality hay depends on many factors. First of all, it depends
on the quality of the grass mixture in the meadows where
the hay is obtained, and in addition, it depends much on the
suitability of weather conditions. Sufficient moisture and
heat (sun) are needed to obtain a good grass mass, and after
mowing it is necessary to have dry weather, without rain,
for the grass mass to dry well. If grass that is insufficiently
dry is collected, quality hay cannot be obtained from it.
Such hay will become moldy rather quickly, and then it is
unusable. As approximate daily needs, it can be taken that
100 kg of body weight requires 1-1.5 kg of hay, 0.5-0.8 kg
of straw and 5-10 liters of water [1]. Donkeys that do not
work, and there are more and more of them in Europe, do

not need concentrated feed [10]. With a daily portion of
hay, the presence of straw, and the possibility of grazing,
from spring to autumn, they are quite fine for a normal life,
even if they are fat.

Donkeys like to eat dry bread. However, bread must not
be given every day. It is possible to give a small piece from
time to time. The same is the case with carrots. They are
very happy to eat it, but the amount of sugar must be taken
into account. Daily consumption of carrots and apples in
large quantities leads to health problems. Half an apple a
day can be given without fear of harmful consequences.
Fresh green foods contain much more water than other
foods. If this is the only source of food the donkey gets,
quantity of feed should be increased. In the absence of cel-
lulose, donkeys will bite and eat available wooden struc-
tures in buildings

Conclusion. The nutritional needs of donkeys require a
careful approach that takes into account their physiological
characteristics, work requirements and the quality of
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available feed. Water, as an often neglected component, is
crucial for thermoregulation and general health, especially
in working and lactating animals. Energy needs vary sig-
nificantly depending on the intensity of work, so it is nec-
essary to provide easily digestible sources of energy, espe-
cially when the intake of bulky food is limited. Proteins are
of particular importance for growth, pregnancy and lacta-
tion, so great attention is paid to their proportion in the diet.
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