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Research on the nutrition of working animals : needs, experiences
and methods
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Abstract

Values for the energy and protein requirements for work by oxen from the literature are
given and discussed. The importance of voluntary food intake (VFI) as a factor in total
nutrient supply is emphasised and it is pointed out that the response of VFI to work varies
according to species,conditions of work and diet. In general, however, no systematic
pattern seems to emerge. Various physical and chemical treatments to improve
digestibility and VFI of poor quality roughages are described and suggestions are made
as to which may be the most appropriate for draught animals in West Africa.

Introduction

Nutritional research in this century has provided
concepts and data which are applicable to many
classes of animal including those used for work. Of
particular value are frameworks or concepts which
can be generalised so that it is not always necessary
to make new measurements when considering a
novel problem. This paper reviews the following
topics:

1.  Energy and nutrient needs for work,

2. Nutritional constraints on work output and
how these constraints may be overcome.

Suggestions are made of where further research
work may be particularly useful. Whilst data from
many areas of the worldhave been reviewed,
particular attention is paid to West African
conditions when considering the applied aspects of
the feeding of draught animals,

Energy and Nutrient Needs for Work
1. Energy

Several authorshave suggestedthe potential
value of the factorialmethod in determining
the energyrequirements of working
animals (Lawrence 1985, 1987; Mathers
1984; Mathers et al. 1985; Graham 1985)
whichis based upon the metabolisable
energy (ME) system originally devised in
the UK (Blaxter 1962;
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ARC 1980). This method has the considerable
advantage that only theadditional energy
costs associated with work itself need to be
considered since the energy needs for
maintenance, growth, lactation and
reproductioncanbeassumed,withgreateror
lesser confidence, from studies of
non-working animals (Mathers et al. 1985;
Graham, 1985). Lawrence (1985, 1987) and
LawrenceandStibbards(1990)reviewedthe
resultsfromextensivetreadmillexperiments
with cattle and buffaloes at the Centre for
Tropical Veterinary Medicine, Edinburgh
together with other published data and
provided estimates for the energy costs of
walking and load carrying and for the
efficiencies of energy utilisation when
pulling loads and when raising body weight
against gravity (Table 1). The latter two
efficienciesaresimilartoeachotherandalso
to the efficiency factor of 0.33 suggested by
Blaxter (1989) from considerationofawider
range of species and a combined value of
0.33 will probably be adequate for many
purposes.

As expected, the energy costs of work were
foundtobesimilarinexperimentscarriedout
at moderate (15-20xC) and high (30-33xC)
temperatures (Mathers and Sneddon 1985;
Thomas and Pearson 1986).

Whilst high ambient temperatures may limit
the rate of working (because of problems in
dissipation of heat; Pearson 1989a), it seems
probable that the absolute energy cost of
work is unaffected by temperature so that
data obtained under temperate conditions



Table 1. Empirical factors required to calculate the additional energy needs of working animals

(Lawrence 1985, 1987).
Preferred

Factor Dimensions (units) value
Energy cost of moving Joule per kg liveweight
body weight horizontally per m travelled 20
Energy cost of carrying Joule per kg applied load
loads horizontally per m travelled 2.6
Efficiency of pulling loads Work done/energy used 0.30
Efficiency of raising Work done raising
body weight against gravity body weight/energy used 0.35

may be directly applicable to the tropics.
Therewassomeevidencethatcarryingloads
horizontally(LawrenceandStibbards 1990)
and uphill may be more energetically
expensivethantransportingthesame massof
body tissue (Mathers and Sneddon 1985)
possibly because movements of the load
disturbed the animals’gaitand energyhadto
beexpandedincompensatoryactivities. This
has obvious implications for the loading of
pack animals.

All of these studies have employed firm,
smooth surfaces for the animals to walk on
and data are now needed on the extra costs
associated with walkingonrough, unevenor
soft surfaces. By analogy with walking in
snow, it is likely that the energy cost of
forward locomotion in mud will rise
exponentially as the depth to which the
animal sinks increases (Fancy and White
1985; Blaxter 1989)

Since detailed consideration of this factorial
method is givenelsewhere (Lawrence 1987;
Lawrence andStibbards 1990), hereitisonly
necessary to state that the additional energy
expended in work can be calculated if the
following are known: animal liveweight,
distances travelled horizontally and
vertically,load carried andwork done whilst
pulling. Of these, clearly the latter is usually
the most difficult to determine, but practical
methods have been developed by P.R.
Lawrence as described by Lawrence and
Pearson (1985, 1989) and by Pearson et
al.(1989). Some of these methods have been
rigorously tested under field conditions in
CostaRicaandNepalandprovidedvaluable

164

data. Perhaps one of the most useful results
from these studies for those without access
tosophisticated measuringequipmentisthe
observation that regularly-worked animals
had total estimated energy expenditures of
1.3 to 1.8 times maintenance (1.3-1.8 M;
Lawrence and Pearson, 1985; Pearson et al.
1989; Pearson 1989), somewhat less than
some earlier estimates (Goe and McDowell
1980).

Protein and Other Nutrients

There is no convincing evidence that work
per se increases tissue needs for protein,
mineral elements, vitamins or essential fatty
acids in man or other animals and any extra
food consumed to meet energy needs will
inevitably supply the animal with the
additional other nutrients. Of course,
proportionate increases in B vitamins
(thiamine, riboflavin and pyridoxine) are
likelytobe needed for normal metabolism of
the additional energy-yielding nutrients but
thesewillbe providedviathe additionalfood
and especially by microbial synthesis in the
rumenorlargeintestine. Thereisnomarked
increaseintheurinarynitrogen(N)excretion
associated with work (Kehar et al.
1943;Clapperton 1964; Lawrence, 1985).
Sweat contains both protein (in the form of
glycoproteins which may act as surfactants
andaidsweatdispersion) andnon-proteinN
and could be a source of increased N
excretion. However,studiesinthehorsehave
shownthattheproteinconcentrationinsweat
declines markedly as sweating continues
(Snow 1985) and this loss is unlikely to be
nutritionallysignificant.



Nutritional Constraints on Work
Output and How These Constraints
Might be Overcome

For the working animal, the primary need is to raise
food intake to achieve ME intakes of 1.3—1.8 times
maintenance (see above) if energy intake is to match
expenditure and body weight losses are to be
avoided. With ruminant animals, voluntary intake of
poor quality feeds may constrain energy intakes to
maintenance levels or indeed less. In this context
three questions need answers:

1. Does work per se influence voluntary food
intake?

2. Are there satisfactory procedures for
predicting food intake?

3. What methods are available to increase the
intake of poor quality forages or by-
products?

Effects of Work on Appetite and on Voluntary
Food Intake

Table 2 summarises the conclusions from recent
studies carried out in Asia, Central America, Africa
and Australia on the effects of work (ploughing,
pulling carts or walking) on voluntary food intake

(VFI) by oxen and buffaloes. In several studies,
work had no significant effect on VFI, but in others
there were increases (especially with buffaloes) and
yet others, decreases. Whilst it might be tempting to
conclude that, in general, work has no effect on
appetite in ruminants, this may be a mistaken view.
It is possible that working animals were unable to
express an increased appetite by greater VFI for
several reasons. For example, the work and
associated activities may have left insufficient time
for eating and for rumination. These temporal
limitations would be particularly acute where
animals are left to graze or browse on sparse
vegetation, where coarse hays or cereal straws are
fed in the long form or where night-enclosure
restricts access to available food (Nicholson 1989).
With low quality foods, a major constraint on intake
is the rate at which food fragments are comminuted
by physical and microbiological attack within the
reticulo-rumen to a size (approximately 1 mm)
permitting onward passage (Poppi et al. 1980, 1981;
Weston 1985). Prior grinding of long roughages or
provision of factors limiting rumen microbial
proliferation is likely to increase intake. As an
example of the latter, the intake of low N foods e.g.
alkali-treated straw can be markedly increased by
the provision of urea, sulphur, minerals and vitamins

Table 2. Efffects of work on voluntary food intake by cattle and buffaloes.

Country Animal Diet Response Author(s)
Costa Rica Oxen Poor quality hay ad lib -) Lawrence (1985)

+11 gconcentmte/WO‘75

per day
Costa Rica Oxen Poor quality ha ad lib +) Lawrence (1985)

+ 22 concentrate/W" "'

per day
Indonesia Buffaloes- Grass: rice straw(1:1) ad lib + Winugroho (1988)
India Oxen n.s. - Sreekumar and Thomas (1989)
Thailand Buffaloes Grass:rice straw(1:1) Wachirapakor (1989)

& Wanapat

Nepal Oxen Rice straw + concentrates ) Pearson et al. (1988)
Australia Buffaloes Sorghum hay ad lib + Bakrie et al.

urea + mineral (1989)
Indonesia Buffaloes Rice straw grass (1:1) +) Bamualim & Ffoulke (1988)
Australia Oxen Rhode grass hay (+) Bakrie et al. (1988)

ad lib + urea + mineral
Indonesia Buffaloes Rice straw: grass (1:1) -) Bamualim et al. (1987)
Ethiopia Lactating Grass ) Nicholson (1989)

COwS

+ increase, — decrease, () insignificant change, n.s. not stated.
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even under conditions of moderate heat stress (Table quality diets (Mathers etal. 1989). Buffaloes also ate
3; Pearson and Archibald 1990). Note that in this consistently less than Brahmans in the study by
study the highest level of urea supplementation, Pearson and Archibald (1990) — see Table 3.
which greatly exceeded the calculated needs of the However, the results from other studies have been
rumen microflora (ARC 1980), had no further effect inconclusive, with some authors reporting higher
on intake. Lastly, we have not found quantitative intakes by cattle (Grant et al. 1974, Bhatia et al.
information on the extent to which physical 1979,1980; Ponappa et al. 1971), others reporting no
exhaustion may curtail feeding activity in draught significant between- species differences (Johnson et
ruminants. al. 1968;

Table 3. Effects of urea suppementation on intakes of DM by swamp buffaloes and Brahman cattle
housed at 32° and given ad libitum access to NaOH-treated barley straw.

Urea supplement
(g/kg diet) Buffalo Brahman
0 61 64
14.5* 90 107
22 91 105

* Calculated to provide sufficient N and S for the rumen microflora on the basis of ARC (1980).

Since VFI has the largest influence on energy Moran et al. 1979; Moran et al. 1983; Bakrie et
available for work, this is an area which requires al. 1989) and yet others observing significantly
further careful study. Those designing such studies higher intakes by buffaloes (Williams and

should attempt to identify any factors e.g. Dudzinski 1982; Sharma and Mugdal 1975; Sharma
physiological, temporal or dietary which might and Rajora 1977)
prevent their experimental animals expressing, as J ’

greater VFI, increased appetite following work. If it is accepted on the basis of the limited data
available that VFI by temperate and tropical
Prediction of Voluntary Food Intake non-lactating animals is similar and that work has

Whilst many studies have identified factors no effect on VFI, we can use ARC (1980) equations
including physicaland chemical attributes of the to illustrate how diet quality may affect the ability
food, body size, sex and physiological status of the of working animals to achieve adequate energy
animal and aspects of the physical and social intake. The results of these computations are shown
environment which influence VFI, methods for in Fig. 1. These calculations predict that, when no
przdicting Vll;”! are still relativei!y poorly deveéomd concentrates are fed, the metabolizability of the
and are subject to many lmitations. Some dietary ener needs to be approximately 0.47
prediction equations (ARC, 1980) developed in (eqtl‘;ii?;lent tgglsll/)D of 8.7 MJ I\:g/kg DM) {)efore

temperate areas for non-lactating Bos taurus . .

animals and using the metabolisability of dietary VFI matches energy expenditure equalent to 1.3
energy (q) as the key predictor appear to describe M. To reach 1.8 M, q must be approximately 0.56
VFI by Bos taurus and Bos indicus cattle and by (equivalent to 10.3 MJ ME/kg DM). Fig.1 also
buffaloes under tropical and sub-tropical conditions shows that if concentrates equivalent to 0.2 of DM
where severe heat stress is avoided (Mathers et al. intake are fed, then the overall q of the diet required
1985). However, the spread of observations around to meet energy needs can be s]ighﬂy reduced.
the predicted line is large and suggests that other Energy intakes of 1.8 M are substantial and would
factors need to be considered if the power of be sufficient for 0.8 — 1.0 kg growth/d in a

rediction is to be improved. Direct comparisons of . . . .
pVFI by temperate catfle and buffaloes inl;Edinburgh non-working animal of 300 kg liveweight fed a good
quality diet with q = 0.6. Clearly many

suggested that the latter had the lower food intakes, ) 3
on a metabolic body weight basis (kgo'75 ) but that unsupplemented and unmodified tropical forages

differences between the species were reduced at would be incapable of supporting intakes of this
higher environmental temperatures and with poorer magnitude.
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VOLUNTARY INTAKE AND ENERGY NEEDS

MAXIMUM ME INTAKE (Mj/d)

w:=300

120

03 04 05 06

03 04

05 06

METABOLIZABILITY OF DIETARY ENERGY

(q= ME /GE)

Fig. 1

Predicted (ARC 1980) ME intakes (—) and requirements ( ) when the metabolisability

of dietary energy (q) varies from 0.3 to 0.6. Predicted intakes are shown when the proportion
of concentrates in the diet DM (P) is zero and 0.2. In most circumstances, mean energy
requirements for working animals will lie between 1.3 and 1.8 M.

Improving the Quality of West African
Feedingstuffs to Increase
Intake

Workbulls and/or oxen in West African graze on
natural rangeland during the rainy season.
According to Kowal and Kassam (1978) estimated
rangeland dry matter productivity in the areas where
AT is popular is low (Table 4). The quality of
available grasses at the beginning of the rainy season
is high (crude protein content of about 8-9%) and
highly digestible (Zemmelink 1974; Saleem, 1986).
This high protein and attendant digestibility of
fodder from native pasture observed at the
beginning of the rainy season does not persist for
more than six months of the year in locations where
AT is popular. Biomass on offer at the beginning of
the rains is generally low. As the rainy season
progresses, forage biomass and lignin content
increase but there is a reduction in crude protein
content and digestibility thereby leading to low
voluntary intake,

Studies by Reddy (1988), Sangare et al. (1988)
in Mali, Otchere et al.(1988) in the northemn
subhumid part of Nigeria and Bangura (1988) in
Sierra Leone indicated that farmers who owned
animals for traction did not consider rainy season
feeding as a bottleneck. In Mali and Nigeria, owners
of workbulls reported dry season feeding as a
problem (Reddy 1988; Sangare 1988; and Otchere
et al. 1988). In the major AT areas, the rainy season
is of a shorter duration (often less than four months)
and overgrazing is widespread. In Sierra Leone,
however, Bangura (1988) reported that the feeding
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of animals for traction is not a major problem
because of the relative availability of green pasture
year-round.

Thus, in the Northern Guinea Savanna of
Nigeria, de Leeuw and Agishi (1978) reported that
over a dry season of six months duration, cattle on
natural  grazing lost 40g/head/day  while
supplemented groups on the same natural forage
gained 350g/head/day. Animals were stocked at the
rate of 150 kg liveweight per ha in each group.
Zemmelink (1974) reported that unsupplemented
cattle on natural grassland in the Northern Guinea
Savanna of Nigeria lost 300400 g body
weight/head/day while Otchere (1981) reported that
mature Bunaji cows in the Southern Guinea Savanna
of the Kaduna Plains in the subhumid zone of
Nigeria lost about 16% of their body weight in the
1980/81 dry season.

Cereal Crop Residues and Dry Season Feeding

Crop residues predominantly from sorghum, millet
and maize form a major component of the forage
biomass on offer in the areas where AT is
traditionally popular or in the area beyond the
Northern Guinea Savanna of the Western African
sub-region. Crop residues of legumes such as
cowpeas and groundnuts are also offered to
workbulls as supplements to cereal crop residues. In
Nigeria, Alhassan (1985) estimated that if all the
crop residues from sorghum, millet and maize could
be harvested after allowing for 50% loss in leaves
due to shattering and trampling and assuming leaf
dry matter intake of 4 kg/head/day, there would be



enough material to feed about 8 million cattle over
a 6 month dry season. Their availability for
utilisation is, however, seasonal and immediately
after harvesting crops, they have been shown to
contribute immensely to the total roughage on offer.

The chemical composition and digestibility also
exhibit considerable variation due to the length of
time that the crop residue remains in the field after
harvesting. The fluctuation in the quality and
quantity of the potential components of the diet of
grazing cattle in the subhumid zone (SHZ) of
Nigeria is shown in Table 5 for grazable sorghum
and millet residues. The chemical composition of
the major crop residues (sorghumand millet) and the
time spent grazing them indicate that they form a
major source of nutrients during this period (Powell
1985).

Studies by Alhassan and Nwasike (1987) and by
Alhassan et al. (1987) have also demonstrated
differences in the chemicalcomposition and
digestibility of different plant parts of several
varieties and cultivars of sorghum and millet in
northern Nigeria. Farmers recognize the need to
supplement cereal crop residues with oil seed
processing by-products, other agro- industrial
by-products or legume haulms for dry season
feeding of draught animals. In the northern and
southern tips of Kaduna and Katsina States of
Nigeria however, owners of animals for traction do
not regularly feed by-products like cotton seed cake
or groundnut cake because of high cost and
non-availability (Otchere et al. 1988). However, in
Kano State, workbull owners resist the idea of
feeding oilseed cakes or bran because they do not
want their bulls to be fattened. Owners indicate that
fattened bulls are lazy and sluggish (Mohammed
Badawi, personal communication).

Improving the Quality of Cereal Crop
Residues; Chemical Treatment of Cereal Crop
Residues

There is the technology for improving the feeding
value of cereal crop residues i.e. through chemical
treatment. Chemicals such as sodium hydroxide,

ammonium hydroxide, anhydrous ammonia, hydro-
gen peroxide and urea have been used to treat cereal
crop residues. Such chemicals enhance fibre
digestion through delignification or the swelling of
plant cell walls so that rumen polysaccharide-
degrading enzymes have better access to their
substrates. In addition, such chemical treatments
result in higher dry matter intake (Sundstol and
Coxworth 1984; Saadullah et al. 1981; Lufadeju et
al. 1985). Of the chemicals used, sodium hydroxide
is exceedingly effective in improving the
digestibility of the treated roughages but it is
expensive, difficult to handle and not available in
West Africa.  Similarly, other chemicals like
anhydrous or liquid ammonia are also not available.
Fertilizer-grade urea appears to be relatively easily
available in the sub-region.

It must be stressed however, that animal
nutritionists in the sub-region need to adapt these
technologies to local farmers’ use. In Nigeria, the
only report on widespread adoption of routine use
of chemicals (i.e. fertilizer grade urea) to treat crop
residues for animal feeding comes from the Kano
State Agricultural and Rural Development
Authority (KNARDA).

At KNARDA, the acronym for treating cereal
crop residues with urea is CRUPROCESS. The
process has been described in ’Cruprocess: dry
season feeding for cattle and sheep handbook’
(KNARDA 1985). According to Bunn et al. (1987)
and Mohammed Badawi (personal commu-
nication), the Cruprocess is gaining widespread
acceptance. Agricultural Devel- opment Project
staff from Borno, Kaduna, Sokoto, Katsina, Kwara
and Bauchi among others have undergone training
and are propagating the Cruprocess in their various
states. Table 6 shows the response of bulls to
Cruprocessed sorghum stover and other sup-
plements. The stover intake reported in Table 6
appears to indicate that the animals substituted the
treated stover with hay and concentrate because
intake of the treated stover was lower than the
untreated. This requires further investigation.

Table 4. Estimated annual rangeland dry matter productivity.

Northern Sahel
Southern Sahel
Sudan

Northern Guinea

Southern Guinea

1082 kg/ha
1742 kg/ha
2324 kg/ha
3097 kg/ha
3889 kg/ha

Source: Kowal and Kassam 1978.
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Table S. Components and quality characteristics of forage from sorghum and millet fields at the start
of grazing in the SHZ of Nigeria.

Sorghum Millet
Component % Millet %
D% CP% yield D% CP% yield
Immature panicles 60 7.8 1 65 12.6 2
Upper leaves 60 1.3 6 60 114 7
Lower leaves 54 33 8 59 7.6 10
Upper stalk 49 14 16 48 24 23
Lower stalk 45 1.3 35 46 25 38
Total cereal 48 2.8 66 50 4.1 80
Grasses and weeds 55 7.0 34 55 7.0 20
Average 50 4.2 3.3a 51 6.8 2.1a
Derived from Powell (1986). CP% = Crude protein content
D% = Dry matter digestibility a =tha

Table 6. Responses of growing cattle to Cruprocessed sorghum stover and other supplements.

Treatments
Legume* Control
Cruprocess hay + untr.  Feedblock untreated

(chopped treated stover+ad adlib34.7%  chopped
Parameters tover + 14% CP conc.) lib. CP stover alone
No. of animals 5 5 5 5
Days on trial 81 81 66 81
Initial wt. (kg) 175 176 172 173
Final wt. (kg) 224 193 178 166
Total wt. gain or loss (kg) +49 +17 +6 -7
Average daily 0.61 +0.21 +0.08 -0.08
gain or loss (kg)
Stover intake/day (kg) 25 2.7 33 3.8

Source: Bunn et al. 1987.

*  Hay was fed at 2 kg/head/day

**  Untreated stover contained 2.1% CP while treated stover contained 9.2% CP.
**% 20 kg stover was treated with 10% urea solution
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Physical treatment of poor quality roughages

Physical treatment of poor quality roughages
includes chopping, shredding, grinding and pel-
leting. The indications are that grinding and
pelleting of fibrous materials increases the surface
area exposed to microbial attack and accelerates the
rate of flow of digesta through the gastro-intestinal
tract. This grinding and/or pelleting results in higher
intake, up to 30% more (Kay, 1972). Studies in the
Sudan (El Hag and Kurdi 1986) showed that
physical treatment of bagasse was more feasible
than chemical treatment. Pelleting increases feed
intake and improves feed/gain, although the actual
mode of action is not fully understood. However, the
process of grinding and pelleting of roughages is
hardly practised in West African animal production.
This may be connected with the non-availability of
electricity and tractor power for grinding and

pelleting.

Nutrient: Disease: Work Interactions

A reduction in food intake is one of the most
common and important consequences of disease
whether caused by microorganisms or endo- or
ectoparasites. For chronically parasitized animals,
decreases in food intake are more marked on poor
quality diets (often the only food available to
draught animals) and account for most of the
reduced production (Dargie 1980). However, there
is little documentary evidence of the effects of
disease on work output. Rukmana (1979) found
buffaloes infected with Trypanosoma evansi
ploughed at only 0.71 of the rate of non-infected
animals. Pearson (1989b) reported, that a buffalo
team with an undiagnosed disease associated with
anaemia suffered increased heat stress, reduced food

intake and a rapid decline in work output. The stress
of work may reduce tolerance to diseases such as
trypanosomiasis and piroplasmosis while abrasions
and other wounds caused by inappropriate hames-
sing increase susceptibility to streptothricosis. Reh
(1982) recommended that draught cattle should be
regularly dewormed and treated for lungworm and
liver fluke.

Conclusions

To a large extent, the energy needs of working
animals are known and can be calculated factorially
with reasonable confidence. However, the
additional energy costs of working on rough, uneven
or soft surfaces requires further research. It is
unlikely that work per se increases the need for
protein or other nutrients independent of the need
for these nutrients to facilitate food intake and its
metabolism. Relatively low VFI attributable to low
digestibility of available forages and crop residues
may be an important constraint on work output by
draught cattle in West Africa. Whilst many physical
and chemical treatments for improving the
digestibility and VFI of roughages have been
developed, most, at present, are inappropriate for
West African use. However fertilizer grade urea is
often available and shows promise as an appropriate
treatment raising the crude protein content of
feedingstuffs, improving digestibility and with the
potential to increase VFI. Deficiencies of minerals
such as phosphorus and sodium reduce VFI and
local research to ascertain the presence and severity
of any such deficiencies would be beneficial.
Although it seems obvious that disease may limit the
work output of draught animals, this is an area which
is largely unexplored.

Résumé

Cette communication examine les chiffres repris de la littérature sur les besoins en
énergie et en protéines des animaux de trait, et évoque I’importance que revét I’ingestion
volontaire dans I’apport nutritionnel total. Bien que les variations de Iingestion
volontaire en fonction du travail effectué varient avec I’espéce, elles ne semblent suivre
aucun agencement systématique. Aprés une présentation des divers traitements
physiques et chimiques utilisés pour améliorer la digestibilité et I’ingestion volontaire
des fourrages grossiers de qualité médiocre, les auteurs indiquent ceux d’entre eux qu’ils
considérent les mieux adaptés aux animaux de trait.
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