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Summary

The daily energy (E) balance of 6 healthy and 5 sick foals was measured on days 2, 4 and 7 post partum. The mean gross energy intake
(GE) of the healthy foals increased from 29.7 MJ d*! (day 2) to 32.8 MJ d"' (day 7). Metabolisable energy {ME) was between 97 and 99% GE.
Energy expenditure averaged 15.2, 16.7 and 19.0 MJ d"' on days 2, 4 and 7 post partum, respectively. The healthy foals were in positive E
balance and their mean body mass increased. For the sick foals, GE intake and E expenditure were low (mean 7.2 MJ d*' and 10.6 MJ d,
respectively) and ME was between 90 and 99% GE. Despite their low rates of metabolism, the sick foals were in negative E balance and
they consumed insufficient energy to meet metabolic demand.

keywords: energy balance, metabolic rate, neonatal foals, sick foals.

Wieviel Energie bendtigen kranke Fohlen im Vergleich zu gesunden ?

Am 2., 4. und 7. Tag post natum wurde die tagliche Energiebilanz von 6 gesunden und 5 kranken Fohlen gemessen. Die mittlere Bruttoener-
gieaufnahme pro Tag stieg bei den gesunden Fohlen von 29,7 MJ am 2. Tag auf 32,8 MJ am 7. Tag. Die umsetzbare Energie erreichte
97-99% der Bruttoenergie. Die tagliche Energieabgabe betrug am 2., 4. und 7. Tag 15,2, 16,7 und 19 MJ. Die gesunden Fohlen blieben bei
einer positiven Energiebilanz und nahmen an Gewicht zu. Bei den kranken Fohlen lag die tagliche Bruttoenergieaufnahme bei 7,2 MJ, die
Energieabgabe erreichte 10,6 MJ. Die umsetzbare Energie erreichte 90-99% der Bruttoenergie. Trotz der geringen Stoffwechselrate blieben

die kranken Fohlen in einer negativen Energiebilanz und nahmen zu wenig Energie auf, um ihren Bedarf zu decken.

Schliisselwérter: Energiebilanz, Stoffwechselrate, neugeborene Fohlen, kranke Fohlen

Introduction

The energy balance of a neonate governs its rate of growth
and development. To achieve growth, energy intake
must exceed metabolic energy expenditure and the ener-
gy lost as feces and urine. In neonatal foals, energy intake
is exclusively via mares’ milk. During the first 3 weeks
post partum healthy foals consume between 12 and 20
kg mik d', or approximately 23-28 % of their body
weight as milk (Doreau and Dussap 1980; Oftedal et al.
1983; Martin et al. 1992). Similarly, measurements of free
choice milk intakes by sick foals recovering from illness
suggest that they consume an amount equivalent to
20-28 % of their body weight per day (Koterba and
Drummond 1985; Koterba 1991).

The metabolic rates of healthy foals have been measured
(Ousey et al. 1991). Rates of energy metabolism usually
increase following illness or injury (Biesel 1975; Long et
al. 1979). For example, in adult man the resting metabo-
lic rate can increase by up to 80% following multiple frac-
tures, sepsis or major burns (Long 1977; Jequier 1987).
However in infants, illness is not always associated with
this hypermetabolic state. Babies suffering from hypergly-
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caemia, severe jaundice or prematurity have lower rates of
oxygen consumption than healthy, full term infants (Briick
1961; Scopes and Ahmed 1966; Hey 1969; Mestyan
1978). In contrast, infants with respiratory iliness, or follo-
wing major surgery, or small-for-gestational age, have
high resting rates of oxygen consumption compared with
healthy infants which are an appropriate size for their ge-
stational age (Scopes and Ahmed 1966; Hey 1969, Sin-
clair 1970; Chessex et al. 1984, Billeaud et al. 1992; Pi-
caud et al. 1994; Wahlig et al. 1994; Wilson and McClure
1994). For comparison, premature foals and those suffe-
ring from neonatal maladjustment syndrome have lower
metabolic rates than healthy foals of a similar post-natal
age and exposed to the same range of air temperatures
(Ousey et al. 1996).

The energy (E) requirements of neonatal healthy and sick
foals have not been documented in detail. Calculations
based on the free choice intake of healthy orphaned foals,
and data extrapolated from infants, indicate that foals
should consume daily approximately 540-630 kJ
(130-150 keal) kg which, for a 50 kg foal, is equivalent

231



How much energy do sick neonatal foals require compared with healthy foals?

to 12-13 litres of milk or 27-31 MJ gross energy (Koter-
ba 1990). However, it is not known how efficiently this
energy is utilised, particularly by sick foals in which ga-
strointestinal (Gl) problems occur frequently (Palmer
1985; Wilson and Cudd 1990). The aims of this study
were 1) to measure energy intake, metabolism and loss
in both healthy and sick neonatal foals, and to determine
how effectively the energy intake is utilised; and 2) to
establish protocols for the E requirements of sick foals.

Materials and methods
Energy intake

Healthy foals: 5 multiparous Thoroughbred (TB) mares
were studied on days 2, 4 and 7 post partum. Milk (ener-
gy) production, which is assumed to equal the foals’ milk
(energy) intake, was measured over 8 h periods. Alter-
nate sides of the udder were milked by hand every 2-3 h,
concomitant with the foal sucking and using oxytocin iv
(Ousey et al. 1996). At each milking, a milk sample was
retained for subsequent energy analysis.

Sick foals: 5 sick TB foals were studied once during the
first 8 days post partum. These foals were fed either mares’
milk or milk replacer via a bottle or nasogastric tube. The
total volume of milk consumed, litres (L), was recorded
over the study periods which ranged from 17-24 h. A
sample of mares’ milk, and of the 2 milk replacers, were
retained for energy analysis.

Energy loss and expenditure

Healthy foals: Because trle milking procedure may have
disrupted the foals’ energy intakes, the energy balance of
a separate group of 6 healthy TB or TB cross foals was
studied over 8 h periods on days 2, 4 and 7 post partum.
Before each study, the foals were weighed. Urine and feces
were collected and samples stored for energy analysis.
The rate of energy expenditure (kW) was determined by
open-circuit, respiration calorimetry (Ousey 1992). The
foals’ respiratory gases were collected over a 5 min period
on 6 occasions during the 8 h when they were recum-
bent and when they were standing. The total periods
(min) the foals spent recumbent or standing were recor-
ded. Air temperature in the loose box was measured by a
mercury-in-glass thermometer.

Sick foals: The methods were identical to those descri-
bed for healthy foals. It was not possible to measure oxy-
gen consumption by 2 sick foals. One of these foals (HS)
remained recumbent throughout the study period due to
sedation, and its energy expenditure was estimated from
values for sick, sedated foals (Ousey et al. 1996).

Analyses
The milk and fecal samples were dried, weighed and their

energy content determined by complete combustion in a
Parr adiabatic bomb calorimeter. The urine energy content
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was determined from the concentration (mol) of urea and
creatinine in each sample, measured by spectrophotome-
try, and their respective heats of combustion (urea, 632 kJ
mol'; creatinine, 2337 kJ mol-'; Blaxter 1989).

Calculations

The amount of milk obtained from one side of the udder
was doubled to give total milk production over 8 h. The
energy contents (MJ) of the milk, urine and feces, were
calculated by multiplying the energy content per unit
mass of each sample by its corresponding mass. Values
were summed to give the energy intake and loss over 8 h.
Energy expenditure (8 h) for each foal was determined
from its mean metabolic rate (kW), when recumbent or
when standing, multiplied by the corresponding period (s)
spent recumbent or standing. All energy values are ex-
pressed in units of MJ d'.

The energy available for growth (NEg) was calculated as
follows:

NEg = GE-FE-UE-NEm (1)

where GE is the gross energy intake from milk and other
fluids (eg iv glucose), FE is the energy content of feces,
UE is the energy content of urine and NEm is the energy
expenditure. The quantity (GE-FE-UE) is usually termed
metabolisable energy (ME). The term NEm includes ener-
gy utilised for maintenance (ie. basal metabolism, activity
and thermoregulation) and the energy loss associated
with feeding. Energy lost via the gaseous products of di-
gestion were assumed to be negligible in young foals
and, therefore, were not measured.

Results

Table 1 gives the gestational age, times to first stand and
suck, energy source and outcome for both groups of foals.
The healthy foals (3 colts, 3 fillies) were delivered sponta-
neously at full term, and stood and sucked within the
normal time (< 2.5 h). They had normal haematological
profiles and IgG concentrations (mean 11.8 g L") on day
2 post partum. The sick foals (1 colt, 4 fillies) suffered
from either prematurity (AR, HV, SS) or neonatal malad-
justment syndrome (PO, HS) following birth asphyxia or
hypoxia. All needed veterinary assistance and intensive
care for several days. All had a good suck reflex but were
either too weak or uncoordinated to stand and suck from
their dams. Consequently, the sick foals were fed via either
a bottle, and / or a nasogastric tube. Three sick foals re-
ceived mares’ milk and/or milk replacer, and 2 received
mares’ milk, and glucose iv. Additional iv. fluids (0.9 %
saline, 4.2% bicarbonate, Hartmann’s solution, mare’s
plasma) were also given according to clinical needs.

Table 2 shows the mean (xsd) energy balance compo-
nents (equation 1) for the healthy foals. Their mean daily
energy intake increased gradually with time but the ener-
gy intake per unit mass of foal decreased. FE was low

Pferdeheilkunde 12



Tab. 1: Comparison of healthy and sick foals: type of delivery and
gestational age, time to first stand and suck from the dam
without assistance, feeding regime and foal outcome.

Vergleich gesunder und kranker Fohlen: Art der Geburt,
Tragezeit, Zeit bis zum ersten Aufstehen und Saugen bei
der Stute ohne Hilfe, FUtterungsregime und weiterer Ver-

lauf
Criteria Healthy| Sick foalsn=5
n=6|AR HV HS PO SS
Delivery Sp |Sp Sp Sp Sp CS

Gestation (d) |335 |307 270 |325 361 334
First stand (h) [< 1 |Never |2 1.5 10 21

First suck (h) [<2.5|Never* {150 [Never |Never [Never*

Energy source|Mare | Mare / |Mare /{Mare Mare / |MRep
Gluc. iv {MRep Gluc. iv

Feed method |Mare | Bottle |Bottle |NG tube|Bottle / [Bottle
NG tube

Outcome Lived | Eu-28 d|Lived |Eu-4 d |Eu-5d |Lived

* Foal was orphaned.

Sp = spontaneous; CS = Caesarian Section; Eu = euthanasia;
Gluc. iv = intravenous glucose; MRep = milk replacer; NG tube =
nasogastric tube.

and increased concurrent with an increase in the mass of
feces produced (dry mass = 8.1 g [day 2]; 20.6 g [day 4] ;
41.6 g [day 7]). For each study period, 4 healthy foals

Tab. 2: Energy balance of healthy foals: daily mean (+ sd) values
of energy intake, energy loss (feces and urine), energy ex-
penditure, net energy for growth, and body mass on days
2,4 and 7 days post partum.

Energiebilanz gesunder Fohlen am 2., 4. und 7. Lebens-
tag: durchschnittliche tagliche Energieaufnahme (xs), En-
ergieverluste (Kot, Harn), Energieabgabe, Nettoenergie flr
Wachstum und Kdrpergewicht

Energy Day 2 Day 4 Day 7
Milk intake, GE (MJ) |29.7£4.3 | 30.3+5.9 |32.8+8.3
(mlkg-1) | 231 232 224
(kd kg-1) | 593 573 544
Loss-feces, FE =~ (MJ) |0.12+.27 | 0.49+.78 |0.94+1.8
Loss-urine, UE  (MJ) | 0.16+.04 | 0.14+.04 |0.15+.07
Urine produced (L) |6.8+2.1 9.3£2.0 10.0+3.1
ME MJ) |29.4 29.7 31.7
ME (as % GE) |99 98 97
Expenditure, NEm (MJ) | 15.2+3.5 | 16.7+3.9 | 19.0+3.7
(kd kg-1) | 307+26 318+24 319+37
Gain, NEg MJ) | 14.3 13.0 12.7
(kJ kg-1) 1285 246 210
Body mass (kg) |50.1£18.5| 52.9+13.9 | 60.3+13.4

For abbreviations see text (equation 1).
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produced no feces during the 8 h sampling period. One
foal, on day 2, produced loose feces which were impos-
sible to collect. The daily energy losses in urine were also
low despite the copious volumes of urine produced (6—-10
L d'). The ME values were high (97-99 % GE). The ener-
gy expenditure increased with time, as did the expendi-
ture per unit body mass. The healthy foals spent, on
average, 12.4 h standing on days 2 and 4 post partum;
this value increased to 13.8 h by day 7. The foals were in
positive energy balance on each day and this was asso-
ciated with an average mass gain of 10 kg between days
2 and 7 post partum. The air temperatures recorded du-
ring the study periods ranged from 7.5-25 °C. Two foals
shivered when exposed to air temperatures below 18 °C,
usually when they were recumbent.

Table 3 shows the energy balance components for each
sick foal, including its age. Their mean daily GE was 7.2
MJ (range 4.9-10.9 MJ), about 25 % of that for the
healthy foals (Table 2). Energy intake per unit mass for
the sick foals was less than 50 % of that for the healthy
foals. In general, the dry mass of feces (range 1.4-27.9 g)
produced by the sick foals, and FE, were less than for
the healthy foals. The sick foals produced between 0.1
and 3.0 L d"' of urine, with an associated energy loss be-
low 0.3 MJ. The ME values ranged from 90-99 % GE.
The sick foals spent a minimum of 22 h per day recum-

Tab. 3: Energy balance of sick foals: individual daily values of
energy intake, energy loss (feces and urine), energy ex-
penditure, net energy for growth, and body mass for 5
foals age 2-8 days post partum.

Energiebilanz kranker Fohlen am 2. bis 8. Lebenstag: tag-
liche Energieaufnahme, Energieverluste (Kot, Harn), Ener-
gieabgabe, Nettoenergie fur Wachstum und Ko&rperge-

wicht
Energy AR HV HS PO | SS
Age (days) |2 8 3 3 2
Intake*, GE M) |72 |73 |49 |109 |61
(kdkg" |182 [349 [122 [198 |125
Oral intake L |25 |80 |19 |37 |38
iv intake Ly {2.0 |- 1.6 |30 |0.39

Loss-urine, UE  (MJ 0.02 |0.22 |0.07 | 0.10 |0.21
0.15 [2.94 (0.59 |0.69 |2.47

)

Loss—feces, FE (MJ) |0.60 {0.52 |0.09 | 0.05 |0.30
)
)

Urine produced (=
ME MJ) |66 |66 |47 10.7 | 5.6
ME (as % GE) |9 90 97 99 92
Expenditure, NEm(M:J; ND 9.9 10.5" 12.3 [9.6
)
)

ND 473 [263 | 224 |192

(kd kg
Gain, NEg (MJ ND - - - -
Body mass (kg 38 21 40 55 50

For abbreviations see text (equation 1).
*includes energy from oral and iv sources; **estimated value;
ND = not determined.
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bent (asleep) and, not surprisingly, their energy expendi-
ture (mean value 10.6 MJ d-') was about two thirds that
of the healthy foals. The data indicate that 4 sick foals
were in negative energy balance; it is likely that the fifth
foal (AR), for which NEm was not measured and which
had the third lowest energy intake, was also in negative
energy balance. Of the 2 sick foals which survived, one
(HV) gained 2 kg during the first 2 weeks post partum.
The air temperatures ranged from 9.5-26 °C. The sick
foals were supplied with additional ,warmth* from
overhead radiant heaters. Three foals wore rugs, one of
which (HV) shivered when air temperatures were below
17 °C.

The gradual increase in GE with time by the healthy foals
(Table 2) was associated with a corresponding increase

Tab. 4: Mean (+ sd) rate of daily milk production and energy con-
tent for 5 Thoroughbred mares on days 2, 4 and 7 post
partum.

Durchschnittliche (x+s) tagliche Milchproduktion und Ener-
giegehalt der Milch bei 5 Vollblutstuten am 2., 4. und 7.

Laktationstag

Milk Day 2 Day 4 Day 7
Mare body mass (kg) | 56450 - -
Production
L 11.6+2.3 12.322.7 13.6+3.7
{ml kg-1)* 20.4£2.6 | 21.6£3.4 | 23.8+4.3
(ml kg-1)** 231 232 225
% foal body mass 23.6 23.8 23.1
Energy

iy (MJ L-1) 2.6+0.2 2.5+0.2 2.4+0.1
(MJ kg-1)* 21.4£1.5 | 20.6£0.4 | 20.8+0.7

*

based on body mass of mare
** based on body mass of foals
*** based on dry mass (milk)

in milk intake. Table 4 shows that the mass of milk con-
sumed daily increased and was equivalent to approxima-
tely 23 % of the foals’ body mass. However, as they gained
weight their milk intake per unit body mass remained fair-
ly constant at about 230 ml kg'. The average energy
content of the milk decreased slightly with time from 2.6
to 2.4 MJ L.

The energy contents per unit dry mass of the 2 mik re-
placers fed to 2 sick foals were 20.0 and 20.4 MJ kg.
One foal (SS) received milk replacer at half strength (ie 10
MJ kg') due to post prandial colic. A milk sample from
the mare which foaled at 270 days gestation (HV), had an
energy content of 20.3 MJ kg-'. The sick foals received
between 1.9 and 3.8 L of enteral fluids. Their total fluid
intakes (3-6 L d') were approximately one third that of
the healthy foals despite parenteral administration of
other fluids for clinical purposes (Table 3).
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Discussion
Energy intake

The data provide detailed information on the energy ba-
lance of healthy and sick neonatal foals. The milk volumes
and GE values for the healthy foals are similar in magnitu-
de to published values (Gibbs et al. 1982; Oftedal et al.
1983; Doreau et al. 1986; Martin et al. 1992). These au-
thors reported daily milk yields in the range 11-19 kg
between days 7 and 18 post partum for Quarterhorses,
Thoroughbreds, Standardbreds and heavy horses. They
also reported daily energy intakes by the foals of be-
tween 32 and 50 MJ. There are few citations of milk and
energy intakes of foals age < 7 days. This is a critical pe-
riod when foals adapt to an enteral diet, and when inten-
sive care and artificial feeding regimes for sick foals are
most likely to be implemented. Doreau and Dussap
(1980) reported an average milk consumption of 16.2 kg
(range 12-20 kg) in heavy horse foals (mean body mass
= 69 kg) during the first week post partum. Recommen-
ded GE values for foals of this age are approximately
520-630 kJ kg d!, or between 10-25 % of their body
mass as milk (Koterba and Drummond 1985; Koterba
1990). These recommendations are similar to the measu-
red milk energy intakes of the healthy foals in the present
studly.

In contrast, the milk volume and GE values for the sick
foals were substantially below those of the healthy foals.
Their low GE was a direct result of a decreased con-
sumption of fluid, rather than a reduction in the energy
content of either the mares’ milk or the milk replacers.
The fluid intakes of the sick foals were approximately
equal to the minimum recommended values (about 10 %
body mass) but fell short of the recommended energy in-
takes (see above). Four sick foals were fed by bottle and,
effectively, had a free choice intake. Only one of these foals
(SS) had its energy intake restricted, due to previous
bouts of colic post prandially. Clearly, the sick foals were
incapable of, or not interested in, consuming as much
milk (energy) as the healthy foals. This inability of sick
neonates to consume sufficient milk may be due to ga-
strointestinal and other problems (Hansen 1986; Settle
and Vaala 1991; Heird et al. 1992). Total parenteral nutri-
tion (TPN) is one method used to provide energy and
avoid the Gl tract, and is used frequently in premature in-
fants (Hack et al. 1991). There is some reluctance to use
TPN in foals, partly due to the expense and partly to
practical problems (Cudd 1993). However, TPN is proba-
bly the only way to achieve positive energy balance in
sick foals, and could be life-saving in some cases (Peek
et al. 1994).

Despite an increase with time in the total milk consump-
tion by the healthy foals, both the milk volume and ener-
gy intake, per unit body mass decreased. These decrea-
ses were due to an increase in foals’ body mass and to a
slight decrease in the milk energy content. (Table 4) The
milk energy content is of similar magnitude to values pub-
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lished previously. Ullrey et al. (1966) and Doreau et al.
(1988) reported milk energy values of between 2.4 and
2.6 MJ kg' during the first week post partum (excluding
colostrum), values which declined gradually with progres-
sive lactation. Presumably, the contribution by milk to the
energy intake per unit body mass of growing foals decli-
nes as other nutrient sources take over.

Energy losses

The large volumes of dilute urine produced by young foals,
and its biochemical constituents, have been documented
(Brewer 1990; Broughton Pipkin et al. 1991; Holdstock
1995). However, their energy losses via urine and feces
have not been reported. In this study, ME for healthy foals
was high and similar to ME values for neonatal lambs,
calves and piglets (91-99 % GE) reported by Blaxter
(1952), Walker et al. (1967) and Le Dividich et al. (1994).
However in healthy infants, ME is approximately 85-90 %
GE (Reichman et al. 1982; Whyte et al. 1983; Sauer et al.
1984; Freymond et al. 1986) and can be as low as 65 %
GE (Brooke 1982). In adult horses, a large component
(27 %) of GE is lost via the feces (Pagan and Hintz 1986).
Our data suggest that FE loss is not significant in
healthy, neonatal foals and that they digest milk (energy)
efficiently. However, FE may have been underestimated
because of the short sampling periods. We are not awa-
re of published data with which to compare our figures
on the mass of feces produced by healthy foals age less
than 7 d.

The quantities of urine and feces produced by the sick
foals were generally lower than those produced by the
healthy foals of the same age, and probably reflect the
fow milk (and fluid) intakes of the sick foals. Of the 3 sick
foals which had low ME values (90-92% GE), two (HV
and SS) were fed milk replacer (Table 1). For comparison,
in healthy, premature infants fed isocaloric diets of formu-
la or breast milk, there were no differences in ME be-
tween the 2 diets (Whyte et al. 1983; Brooke et al. 1987).
The digestibility of milk replacer has not been assessed
previously in neonatal foals, particularly sick foals, al-
though some authors report that heaithy foals fed milk
replacer experience diarrhoea, constipation or colic (King
and Neguin 1989; Cymbaluk et al. 1993). In our study,
one sick foal (SS) fed milk replacer had colic. Our data in-
dicate that the digestibility of enteral feeds may be impai-
red in sick foals and that this condition may be exacerba-
ted when they are fed milk replacer.

Energy expenditure

The energy expended by the healthy foals increased with
age. In neonates of several species, metabolic rate in-
creases during the early post-natal period (Hill and Ra-
himtulla 1965). In addition, metabolic rate is influenced by
several variables, in particular the thermal environment,
feeding and activity (Mount 1979; Chessex et al. 1981;
Freymond et al. 1986). In our study, there were no diffe-
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rences in the thermal environment or feeding patterns
between healthy foals of different ages. However, the foals
aged 7 days stood for approximately 1h longer during
the study period than they did when younger. This in-
creased activity probably contributed to the rise in energy
expenditure. When recumbent, the healthy foals’ meta-
bolic rate increased by 23 % between days 2 and 7 post
partum. Unfortunately, the recumbent foals became res-
entful of the gas collections as they grew older, beha-
viour which may have contributed to the increment in
metabolic rate (and energy expenditure) with age.

The energy expenditure (MJ d') of the sick foals was
much lower than that of the healthy foals. Because se-
veral variables can affect metabolic rate it is difficult to
quantify the impact of iliness on metabolism. The hyper-
metabolic state, observed in sick infants and adults follo-
wing surgery and disease, may have occurred in one sick
foal (HV). However, shivering during the respiratory gas
collections could account for this foal's high energy ex-
penditure (473 kd kg-1}. Ousey et al. (1992) reported that
metabolic rate doubled when healthy, young pony foals
were shivering at 15 °C below their lower critical tempe-
rature. The critical temperature for sick foals has been
estimated to be 24 °C (Ousey et al. 1996). It is probable,
therefore, that HV foal had raised its metabolic rate in re-
sponse to the cool air temperatures (< 17 °C) rather than
illness.

The most likely cause of the low energy expenditure by
the sick foals is inactivity. They spent most of the day re-
cumbent. If the mean daily energy expenditure per unit
mass of recumbent healthy foals is calculated, then the
values are 235, 258 and 260 kJ kg' for days 2, 4 and 7
post partum, respectively. These values are of similar
magnitude to the rates of energy expenditure values by
the sick foals in Table 3 (mean value 288 kJ kg'). The
low energy expenditure by sick foals may also be a con-
sequence of the low GE. For comparison, Bhakoo and
Scopes (1974) and Chessex et al. (1981) suggested that
a restricted energy intake, lowers the metabolic rates of
infants. Interestingly, increasing energy intake in infants
appears not to raise their energy expenditure indepen-
dently of diet composition and the benefits of overfeeding
sick neonates have been questioned (Chwals 1994; Van
Aerde et al. 1994).

Energy for growth

The healthy foals had a positive energy balance on each
day of the study. The increase in their body mass (10 kg)
from days 2-7 post partum is similar to reported vaiues
(8 kg) for TB foals of the same age (Hintz et al. 1979). Ho-
wever, activity will reduce the energy available for growth
in free ranging foals below the amounts shown in Table
2. Also, exposure to cold temperatures outdoors will
decrease the energy available for growth compared with
horses maintained in warmer conditions indoors (Cymba-
luk 1990). Therefore, the values of NEg and NEm for
healthy foals in their normal environment are likely to be
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lower and higher, respectively, than the values given in
Table 3.

In contrast, the energy expenditure of the sick foals ex-
ceeded GE intake in all cases in which it was measured
and, therefore, energy was not available for growth. This
result is confirmed by the low initial growth rate of one of
the sick foals which survived. A negative energy batlance
indicates catabolism of existing body stores to meet me-
tabolic demands. However, these energy stores may be
negligible in the foal or diminished already, due to the
high metabolic energy demands at birth or to pre-partum
effects such as intra-uterine growth retardation or pla-
cental abnormalities (Fowden et al. 1991; Qusey et al.
1991). Coupled with possible increased demands for
energy and protein associated with illness, the sick equine
neonate is likely to suffer from undernutrition. The effects
of undernutrition in foals are unknown, but data for other
species indicate increased morbidity and mortality in mal-
nourished patients (Bartlet et al. 1982; Grosdidier 1993;
Wilson and McClure 1994).

Sick foals must have an adequate energy intake to avoid
undernutrition. Based on the energy expenditure data of
healthy recumbent foals (including a thermoregulatory
component, and assuming that ME is @0 %), we recom-
mend a gross energy intake of between 260 and 290 kJ
kg d' (equivalent to 62-69 kcal kg' d-') for sick neona-
tal foals during the first week post partum. This energy in-
take, the minimum required to maintain metabolic equili-
brium, should be used only as a guide; individual require-
ments may vary greatly and are best assessed by mea-
surement of metabolic rate. To gain weight and to meet
the increased energy demands associated with activity
{standing), we suggest that GE should be between 540
and 600 kd kg ' d-' (130 to 145 kcal kg' d), equivalent
to that of healthy foals. However, the feasibility of feeding
high energy diets to sick foals, and the partitioning of this
energy by foals, requires further investigation.
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