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ABSTRACT

The aim of this study was to estimate the energy requirements of Thoroughbred racehorses in
active training for flat racing. Twenty-two Thoroughbred racehorses in England were
measured over periods from six to fifteen weeks, which included periods of active race
training and temporarily reduced training. Energy intake was determined by measuring daily
feed consumption. Energy output was measured using heart rate monitors during 730
training sessions, relating heart rate (HR) to oxygen consumption (VO,) and converting VO,
to energy. Field maintenance requirements were calculated by deducting the marginal energy
cost of training from energy input. The mean field maintenance expenditure during periods of
active race training was 0.1731 megajoules (MJ) of metabolizable energy (ME) / kg of
bodyweight (BW) / day (SD = 0.0174, ClI = 0.0073, n = 22 horses, 193 weeks). This result is
11% - 66% greater than the official guidance found in the US, France, Germany and the
Netherlands. Heart rate monitoring revealed a mean energy expenditure for exercise of
0.0212 MJ ME / day (SD = 0.0049, CI = 0.0007, n = 22 horses) for racehorses in active race
training, a result 70% - 82% below the official guidance. The total mean energy expenditure
for racehorses in active race training was 0.1943 MJ ME / kg / day (SD = 0.0177, CI =
0.0078, n = 20 horses 193 weeks), 4% - 22% less than the official guidance. Horses actively
racing had a 12% higher maintenance requirement than those in training but not yet racing (P
= 0.01). The two and three year old horses did not gain weight during active race training,
but grew slowly during breaks in training. This study explores the factors affecting energy
balance in racehorses, and provides updated findings for their maintenance and training
requirements.
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LIST OF ABBREVIATIONS
ADF, acid detergent fibre
BPM, beats per minute
BW, bodyweight
CP, crude protein
DE, digestible energy
DM, dry matter
EE, energy expenditure
EWpa, Energiewaarde paard
HR, heart rate
MBW, metabolic bodyweight
Mcal, one million calories
ME, metabolisable energy
MEe, metabolisable energy expenditure for exercise
MEm, metabolisable energy expenditure for maintenance
MJ, megajoule, one million joules
MOE, margin of error
NDF, neutral detergent fibre
RQ, respiratory quotient
UFC, Unité Fourragere de Cheval
VO3, volume of oxygen consumption

VO2max, maximal oxygen uptake
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EQUATIONS USED IN THIS STUDY

Digestible energy (DE) was calculated according to the methodology of the NRC (2007, p.4)
where DE / Mcal / kg DM = 4.22-0.11 x (%ADF) + 0.0332 x (%CP) + 0.0012 x (%ADF?).

Metabolisable energy (ME) was calculated from DE by deducting estimated renal losses
(per gram of protein, 0.008 MJ were deducted from DE) and methane energy losses (per
gram of crude fibre, 0.002 MJ were deducted from DE) according to Kienzle and Zeiner
(2010) and Hipp, et al, (2017).

Converting DE to ME for the purpose of comparing different national systems: the formula
DE x 0.8318 = ME was used. This factor is the mean ME/DE ratio from the 60 diets in this
study.

Unité fourrager de cheval (UFC) was converted to ME using INRA's ME value of 1 kg of
barley, 12.05 MJ, and converting MBW to BW on the basis of a 500 kg horse.

Energiewaarde paard (EWpa) is converted to ME using the CVB's ME value of 1 kg of
oats, 11.4 MJ, and converting MBW to BW on the basis of a 500 kg horse.

Metabolisable energy expenditure during exercise (MEm) was calculated from Coenen’s
(2010) formula (MEe in J / kg BW / min) = ((0.0566*HR! °°°°) — 68). 68 J ME was this
study’s finding for the energy expenditure of standing still / minute).
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INTRODUCTION

There are currently four major sources of guidance for determining the energy requirements
of horses in Europe and North America. The most widely used guidance has been published
by the National Research Council of the National Academies (NRC, 2007) and is based on
digestible energy (DE). The German guidance (Coenen, et al., 2011) was updated and
improved with the development of a metabolisable energy (ME) system incorporating
predictive equations for renal and methane energy losses, based on metabolic body weight
(MBW). France’s system (INRA, 2012) is based on metabolic chamber and field studies, and
is the most comprehensively researched. It uses the Unité Fourragere de Cheval (UFC)
energy unit. In 2016, the CVB (Central Bureau, Livestock Feeding, Netherlands) adopted a
Net Energy (NE) system (Energiewaarde paard (EWpa)) for horses which is similar to the
French system and uses a standard value of oats as the energy unit (Blok, 2016). None of
those systems were specifically designed for racehorses, although each one contains minor
adaptations meant to address Thoroughbreds or racehorses in training.

Pagan, et al.’s (2017) two month study recorded the water, concentrate, and hay intake of
Thoroughbred racehorses and is consistent with the NRC’s (2007) recommendations. Fortier,
et al. (2014) measured the energy expenditure of training Standardbred trotters, finding that
they consumed a mean of 11.5 MJ ME / day for exercise alone. Gallagher, et al. (1992a)
surveyed Thoroughbred trainers at a single Detroit racetrack and found DE intake to be
consistent with the NRC (1989) recommendations. Gallagher, et al. (1992b) also surveyed
Standardbreds at that track finding the DE intake to exceed the NRC (1989)
recommendations by 27%. Southwood, et al. (1993) surveyed racing Thoroughbreds in
Australia and found that their DE intake was 9.2% less than the NRC (1989) recommends.
Energy — related challenges faced by racehorse trainers include maintaining energy balance in
the face of changing training demands, reduced performance from weight loss including
exercise induced inappetence (Gordon et al., 2006), overtraining syndrome (McGowan and
Whitworth, 2008, and Evans, 2007) and the effect of gastric ulcers on appetite (Murray, et al.,
1996; Lorenzo-Figueras and Merrit, 2002; Gordon et al., 2006).

Although equine HR monitors have been in use for over twenty years, recent improvements
in monitors and their software have increased accuracy and reliability for measuring HR,
speed, pace, altitude and location, enabling this study. The formulas for the conversion of HR
to energy expenditure (EE) in horses using indirect calorimetry are well established (Robergs
and Burnett, 2003; Coenen, 2010).

The aim of this field-based study was to monitor the energy requirements of Thoroughbred
racehorses in active training for flat races. The objective was to provide up-to-date guidance for
racehorse trainers and other interested parties on:

1. the energy intake of Thoroughbred racehorses, and

2. the partitioning of intake into energy for maintenance (MEm) and exercise (MEe).
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MATERIALS AND METHODS

Experimental procedures involving animals

The experimental procedures were approved by the Royal Agricultural University’s Animal
Ethics Committee.

Approach

This study measured 22 Thoroughbred racehorses for periods ranging from six to fifteen
weeks.  All horses were stabled at a single flat-racing yard, licensed by: the British
Horseracing Authority and located in Lambourn, England. All horses were in training to
compete in flat races (not National Hunt races) at racecourses across England and Wales. All
training took place at the racehorse training facilities managed by Jockey Club Estates in
Lambourn, the second largest training facility of its kind in the UK. All of the Lambourn
gallops appropriate for flat race training were used to train the horses in this study. A total of
6 colts, 12 fillies, and 4 geldings were used in this experiment. Colts and fillies were 2-3
years of age, while geldings were 4-7 years old (Table 1).

Like human athletes, there are periods when racehorses are not training for a race, and the
rhythm of training is temporarily reduced. This could be in response to a less concentrated
racing calendar (such as the winter season in the UK when flat racing is limited to five all-
weather race courses), or to ease overtraining, or to provide a break for horses who have been
racing extensively, or to allow for healing after a set-back, from which virtually all racehorses
(and human athletes) suffer. Consequently, in order to examine the energy expenditure of
exercise, this study sorted training into two categories, “active race training” and “reduced
training”. Active race training includes two subsets, a.) horses actually racing and b.) those
preparing for their first race or coming back into training from a break.

All horses were individually stabled in individual boxes, with a mean area of 16m2 and in all
cases they were bedded on wood shavings. Welfare assessments in accordance with the UK
DEFRA Code of Practice for the Welfare of Horses, Ponies, Donkeys and their Hybrids
(DEFRA, 2018) were made by the authors on the first day they came into contact with a
given horse, with assessments continuing each time the horses were recorded during training.
All stables licensed by the British Horseracing Authority are required to meet its minimum
welfare requirements and are regularly inspected. All horses were judged to be in appropriate
health for their competitive demands for the duration of their inclusion in the study.

Horse measurements

Body weight (using an Equiscales 3-part portable Equine Scale, Equiscales Ltd., Doncaster,
UK), key dimensions (sternum height, heart girth, body length and front pelvis width) and
Body Condition Score (9 point scale of Henneke, et al.,1983) were recorded for each horse on
the day it entered the study, on a weekly basis and on the day it exited the study.
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Measurement of energy intake

Diets fed to each horse were individualised and developed by the trainer in consultation with
the feed manufacturer’s nutritional adviser. Manufactured feed (including chaff) was
measured at each feeding. Refusals of concentrate feed were infrequent and were measured
daily and assigned an energy content of 12 MJ ME / kg of gross weight, the mean energy
value of all concentrate fed during the study. Aside from manufactured chaff, the forage
provided was haylage of uniform quality from a single farm with a mean dry matter (DM)
content of 74.7%. This was fed ad libitum and was weighed every time it was fed (5,404
forage feedings were weighed) using a Smart Forage Wagon (designed by the author and
assembled by Equiscales Ltd., Doncaster, UK), which records the weight of the hay removed
from the wagon to the nearest 100g. Forage refusals were easily separated from the fine
wood shavings bedding each morning, and where these were estimated to exceed 150g, they
were weighed and deducted from total forage fed. = No consumption of bedding was
observed. Time spent in grass paddocks by the horses in this study was. limited so that the
energy intake from pasture was negligible or zero.

Digestion trials to determine the energy content of feeds were not practical, since conducting
them is laborious and expensive and, according to Pagan (1998), measuring the gross energy
of the faeces does not determine the DE of each individual feed but instead the overall
digestibility of a mixed ration. Therefore, energy content was estimated based on the
chemical composition of the feed. Energy values were calculated in terms of ME, since DE
systems overestimate the energy value of forage by about 15% (INRA, 2011). Haylage
samples were taken each time new haylage was delivered (infrequent). These were analysed
by the Irish Equine Centre (Naas, Republic of Ireland) which created quantitative analyses of
nutritional parameters using near infra-red reflectance (NIR) spectroscopy, reporting DM,
crude protein (CP), acid detergent fibre (ADF), neutral detergent fibre (NDF) and ash
contents. This data was used to calculate the DE content utilising the dry forages formula of
the NRC (2007, p.4) where DE / Mcal / kg DM = 4.22-0.11 x (%ADF) + 0.0332 x (%CP) +
0.0012 x (%ADF?). This formula was chosen due to its wide acceptance and the fact that it is
based on chemical components of the diet that were available from the laboratory. Haylage
with a DM content of 74.7% is preserved through a combination of drying and airtight
storage and not by ensiling and formation of lactic acid with a subsequent pH decrease.
According to Muller, et al. (2018), Miyaiji, et al. (2008), Miiller et al., (2009) and Muhonen,
et al. (2009), there is no significant difference between high DM haylage and hay as long as
the plant material used is of the same origin, and therefore using this formula without
adjustment is appropriate. Calculated DE values were converted to ME by estimating renal
losses (per gram of protein, 0.008 MJ were deducted from DE) and methane energy losses
(per gram of crude fibre, 0.002 MJ were deducted from DE) according to Kienzle and Zeiner
(2010) and Hipp, et al, (2017). The CV of the mean ME of the haylage deliveries was <1%,
and consequently the mean ME value was used for all calculations of haylage energy content.

All processed feed was sourced from Bailey’s Horse Feeds, Braintree, Essex, England. One
sample (following the laboratory’s sampling protocol) was obtained for each of the nine
manufactured feeds and analysed by the Irish Equine Centre using near infra-red reflectance
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(NIR) spectroscopy, reporting DM, ether extract, protein, crude fibre and ash. The results
were compared to the manufacturer’s nutritional disclosure. There were no differences
greater than 3%. Consequently, energy and protein values used in this study are based on
Bailey’s analysis, which was considered to be more accurate since it reflects mean values
over thousands of feed bags. DE was converted to ME using the formulas described above.

Table 2 sets out the chemical composition and the energy content of the feeds used in this
study.

Some of the horses in this study received medication specific to minor conditions diagnosed
by a veterinarian. Any horse whose condition was serious enough to require a break from
training was removed from the study. The most common medication ‘prescribed was
Gastrogard (Boehringer Ingleheim, Bracknell, UK) for the treatment of suspected gastric
ulcers.  No performance enhancing medication was administered. The medications
administered had virtually no energy value, and they would not be expected to have had an
effect on appetite with the possible exception of Gastrogard, which may have improved
appetite through the elimination of gastric ulcers.

Conventions used in both studies

MEm in this study is Field Maintenance expressed in MJ ME. It is defined here as the
maintenance requirement of the horse over a 24 hour period for all activities other than
specific training activities. MEe in this study is the energy expenditure for exercise during
specific training periods less a deduction for the energy expenditure (EE) of standing still (see
below). MEm plus MEe equals the total energy expended by the horse.

Energy Expenditure for Exercise (MEe)

Estimated MEe, expressed in MJ ME, was based on data acquired during training using Polar
equine heart rate monitors employing Polar H7 electrode units (Polar Electro Oy,
Professsorintie 5, FI - 90440, Kempele, Finland), recording average HR, speed, pace, and
GPS maps. These were fitted on the left side of the horse in accordance with the
manufacturer’s instructions with one paddle placed under the saddle and the other attached to
the girth strap. These were connected via Bluetooth to the Polar watch on the rider’s wrist.
L’Oreal Lisse Unlimited Serum was used as a lubricant under the paddles (leaves no residue).
Recording started when riders left the stable and stopped when they returned. For walker and
lunging sessions which excluded a saddle, a girth strap was used, manufactured by Polar as
an alternative to the paddle design. llle, et al. (2014) compared the HR obtained from a Polar
HR monitor to a simultaneously recorded electrocardiogram signal and found that the data
were highly correlated irrespective of the recording system and recording time (r> 0.99, P <
0.001).

Racehorse training has a distinctly weekly cycle, and consequently the data related to the
energy expenditure of training is presented here as either weekly data or daily means from
weekly training. This way, days off are included in the means. A weekly diary of all training
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activities was maintained for each horse on the yard’s record keeping system. Horses were
trained six days / week, with Sundays off, during which they spent one hour on a horse
walker. One walker session was recorded for each horse. Training sessions were monitored
three days / week for each week the horse was involved in the study, and included up to ten
different variations on the five gallops used, plus walker, lunging and flatwork sessions.
Since certain sessions were repeated during the week, previously recorded data could be used
for the other three days. In total, 730 training sessions were monitored with the Polar
equipment. Weekly records were compiled which included, for each day, the type of training,
distance, duration, mean HR, top speed, MEe, and all nutrients consumed.

It was not possible to affix HR monitors to horses at race tracks. Consequently, MEe on race
days was estimated using the metrics developed in fast training. Transport of the horse on
race days was estimated from a number of transport sessions where Polar’s girth strap HR
monitor was attached to the horse during transport in order to derive a mean energy
expenditure / kg BW / minute of transport. Estimates of energy expenditure for warm-up and
warm-down / kg BW / minute were developed from similar activities in the training yard.

HR was converted to energy expenditure by applying Coenen’s (2008) formula. The formula
uses the assumption that the heat equivalent of O, at a respiratory quotient (RQ) of 0.84 is on
average 20.1 J / ml VO,. The resultant equation is: MEe (J /' kg BW / min) = 0.0566*HR°,
which was used in this study to calculate MEe. The RQ of 0.84, which corresponds to a
mixed diet of carbohydrate, protein and fat, is consistent with the diets in this study. The
calculated energy expenditure reflects the  ATP production for muscle energy. According to
Coenen (2010), the calculated values can be taken as ME because the conversion of this
chemically - organised energy into Kinetic energy is associated with high heat losses.

The anaerobic component of exercise was estimated whenever HR exceeded 110 beats per
minute (BPM) using the methodology of Coenen (2010) which estimates the degree of
anaerobic energy metabolism on the basis of lactate accumulation in the blood. Modelling a
lactate accumulation curve allows the computation of the portion of total energy expenditure
which is anaerobic. The assumption was made that all horses in the study were of average
fitness, and therefore utilizing a curve corresponding to a lactate accumulation of 5.8 mmol /
minute when speed is 28.8 kph and HR is 180 BPM was appropriate.

Coenen’s formulas yield an estimate of total EE during exercise, which includes maintenance
energy expenditure during the exercise period, and therefore an adjustment is required to
avoid double counting. Winchester (1943) found that EE for standing was less than EE for
horses in a lying position. There are numerous studies which calculate the energy expenditure
of standing including Fortier, et al. (2015), INRA (2012), Coenen (2010), Minetti, et al.
(1999), Pagan and Hintz (1996a), Eaton (1994) and Winchester (1943). A standard rate of 68
joules ME / kg BW / minute (equivalent to 0.098 MJ ME / kg BW / 24 hours) was deducted.
The result after the deduction for standing still, expressed in ME, is referred to below as “HR
Derived MEe”.

0202 JoquianoN €0 UO Yn-oe'nesuspms@uageew Aq €e4ZS65/96 L EEXY/SBYEE0L 01 /10p/e|0IiB-80UBAPE/SB)/WO02 dNoolWepeoe//:sdiy Wol) papeojumoqg



This study introduces a metric, “training ratio”, which is calculated as the daily energy
expenditure for exercise divided by the standard energy expenditure for standing still for 24
hours. It allows for the comparison of training effort from week to week, between individual
horses and between groups of horses and can also be used on a daily basis to guide training
for a week.

Energy expenditure for field maintenance (MEm)

Energy expenditure for field maintenance was estimated by deducting the MEe from the ME
value of total feed intake (net of refusals).

Statistical analysis

The horse was considered to be the unit of observation. Weekly values. of all metrics for a
single horse over the full period of study (for example, intake, MEm and MEe) were
averaged. Each horse’s training was sorted into periods of “active race training” and
“reduced training” as described above, and weekly values for all metrics were averaged for
these periods. This provided three sets of means for each horse: full period, active race
training periods, and reduced training periods.

All data in tables and the text are presented as means, with CI’s and sample sizes disclosed.
The effect of time was evaluated by computing the CV and rate of change of each metric by
horse / by week. Student’s t-tests (two sample assuming equal variances) were used to
determine significant differences between groups. Independent variables analysed were: age,
sex, active race training vs. reduced training and within the active race training category,
horses currently racing vs. horses which had not yet raced. An a priori level of statistical
significance was set at P < 0.05 for all tests.

RESULTS
Nutrient intake
The mean dry matter and metabolizable energy intakes of the horses in this study are set out
in Table 3.

Table 3 is presented on an “as fed” basis, measuring intakes, and consequently the ME values
are aggregated. High concentrate diets would not necessarily be additive, as fibre
digestibility-may fall when the level of concentrate is elevated (Thompson, et al., 1984). The
racehorses in this study were fed haylage on an ad-lib basis throughout the day, all of which
was recorded, including refusals. There was considerable variation in haylage intake, with a
range of 0.0045 to 0.0134 kg DM / kg BW, and a CV of 23.6%. At the lower level, together
with the chaff consumed, total forage provided only 18% of total energy, compared to a mean
of 36% for all the horses in this study.
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Training regimes and energy expenditure for exercise

Training regimes were tailored to each horse’s temperament, ability, fitness, age, stage of
training, perceived best distance, racing schedule and recent injuries (if any). As described
above, most of the horses were two to three years old, being trained for sprinting and middle
distances. Table 4 illustrates two training weeks for two different horse types (a three year old
middle-distance horse and a two year old sprinter).

Although work programmes for horses in training for flat racing in the UK and Ireland vary
and are a function of the available facilities, the work programmes set out in Table 4 are
indicative. As described above, there were periods when horses’ training was reduced.
Horses in "active race training” normally trained six days / week on the gallops. Horses in
"reduced training” were normally active six days / week, but their training consisted of
walker, hacking (trotting) and easy cantering. Of the 22 horses in the study, only seven were
maintained in full race training for the entire duration of the study. However, of the 15 that
experienced “reduced training” at some point, this was limited to 1-3 weeks for nine of them.
Table 5 sets out the means for key metrics observed in all monitored training sessions,
segregated between “active race training” and “reduced training”.

Over the course of this study, 730 training sessions were monitored for 22 horses. Table 6
summarises these sessions by the type of facility used.

Table 7 summarises the correlations between training metrics. The energy expenditure of
training (MEe) is highly correlated to both distance and duration, with a slightly lower
correlation to maximum speed. The correlation to mean HR is low. As would be expected,
distance and duration are: highly correlated. The correlation between the training ratio and
MEe is 1.0, since the training ratio is simply MEe / kg BW / day divided by a constant, the
standard energy for standing still. The negative correlation between weekly changes in MEe
and weekly changes in the training ratio reflects a decrease in appetite as the horses in
intensive training trained even harder.

Energy expenditure for field maintenance
The field maintenance expenditure for the 22 horses in the study is presented in Table 8.

All horses were in continual energy balance during the periods recorded, which is defined in
this study as those periods covered by a flat trend line on a graph of weight vs. MEm (r2 <
.001). The mean inter-week CV of MEm for each horse was 10.7%, and is principally a
function of changes in training demands. Despite the considerable variation in training
programmes, the coefficient of variation of MEm / kg BW / day between horses was low
(11.3%). Differences between groups are illustrated in Table 9.

11

0202 JoquianoN €0 UO Yn-oe'nesuspms@uageew Aq €e4ZS65/96 L EEXY/SBYEE0L 01 /10p/e|0IiB-80UBAPE/SB)/WO02 dNoolWepeoe//:sdiy Wol) papeojumoqg



Field maintenance had a low positive correlation to the training ratio (r = 0.25), time spent
training (r = 0.13), mean HR during training (r = 0.29), distance covered during training (r =
0.29) and MEe (r = 0.23).

DISCUSSION

Discussion: Energy expenditure for exercise (MEe)

Table 10 compares the MEe, MEm and total energy requirements from this study to the four
leading sources of guidance.

Compared to the leading studies in the US (NRC, 2007), Germany (Coenen, et al., 2011),
France (INRA, 2012) and the Netherlands (Blok, 2016), this study’s finding for the MEm of
racehorses in active race training is 11% - 66% higher. The findings for MEe are 82% lower
than the NRC (2007) and 78% lower than both INRA (2012) and the Dutch guidance. The
findings for the total energy requirement are between 4% and 22% lower. This study’s
results for MEe were 1.8% greater than Meixner, et al.’s (1981) study which calculated
energy expenditure for each gait from oxygen consumption and the oxygen debt arising from
anaerobic expenditure.  Southwood, et al. (1993) surveyed Thoroughbred trainers in
Australia, reporting mean total intake of 129 MJ DE / day, 15.6% more than this study.
Gallagher, et al. (1992) surveyed Thoroughbred trainers in the USA, reporting mean total DE
intake 28.1% more than this study.

The significant differences between the level of MEe recommended by the official sources
and this study can be partially explained by differences in exogenous factors and the
definition and calculation of MEe.  The NRC (2007), for example, would not account for
activities such as travel in MEm. To a greater extent than in the UK, US horses compete in a
wide variety of environmental conditions (cold, hot, humid) that increase MEe. The NRC’s
(2007) estimates of MEe for racehorses are based on actual time on the track under saddle
and would not account for post-exercise periods when the horse is being bathed, hand
walked, etc. Different approaches to the efficiency of the use of energy during exercise would
also explain differences. The NRC (2007) notes that the conversion of DE during high
intensity exercise is less efficient, estimating that the efficiency of the use of DE for
strenuous exercise is 30%, and INRA (2012) reports an efficiency of 15 -20% for work.

There are also significant differences in training approaches. In the US and Australia, most
racehorses are trained at a racetrack or on a flat track, not on hillside gallops. National Hunt
racehorses are trained more for stamina than speed. The horses in this study followed a
regime similar to other flat racehorses in the UK and Ireland with training taking place six
days / week and racing once every 2-3 weeks. Training typically involves a warm-up on a
horse walker, followed by ridden walking and trotting (usually on the way to the gallop), then
one or two pieces of canter or speed work (5-8 furlongs each, separated by a walk) followed
by recovery at a walk on the return to the stables. The mean duration of training (excluding
hacking or round pen work) was 45.5 minutes / day (SD = 7.1, n = 598), however, only 6.7%
of that time (24.5% of the energy) was spent in canter or gallop. The fast work was intense,
but 75% of the work was not. As a consequence, total energy expended in training was a
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minor proportion of total energy intake. As a percentage of maintenance, it was only 12.1%,
but to put this into context, this study’s MEm is significantly greater than the official
guidance.

Field maintenance requirements

MEm for the periods of active race training was 31.5% greater than the requirement
recommended by the NRC (2007), 34.9% greater than INRA, 11.2% greater than Coenen, et
al. (2011) and 66.3% greater than the Dutch (Blok, 2016) recommendation. In terms of the
total energy requirement, the NRC’s (2007) was 28.7% greater, INRA’s (2012) was 15.6%
greater, and the Dutch (Blok, 2016) was 4.3% greater. Only the NRC (2007) and INRA
(2012) mention specific recommendations for the MEm of racehorses. Coenen et al. (2011)
and Blok (2016) mention the Thoroughbred breed.

MEm in the present study included all normal activity over an extended period but also
included transport (except to races, which was included in MEe), turn-out, ground training,
grooming, shoeing, and veterinary / osteopathic treatments. Time spent on horse walkers was
considered to be MEe. A notable feature of this study’s findings is the relatively low CV for
maintenance requirements of 11.3%, despite the fact that the training regimes ranged from
preparation for a first race, to regular racing, to reduced training during downtime. Mean
MEm during all periods of active training was 7.5% greater than periods of reduced training.
MEm during periods when horses were racing was 11% higher than the other periods of
active training. MEm for periods of active training but not racing was almost exactly the
same for the reduced training periods (0.9% greater). Therefore, the only significant
difference found was between currently racing horses and all the others. This infers that only
a significant increase in training intensity will increase overall metabolism (as reported by
INRA, 2012), with small changes in training having a limited effect on maintenance.
However, this increase in general metabolism does not appear to be linear. Individual horses
with a training — induced increase in general metabolism exhibit fluctuations in their
maintenance expenditure related to changes in training. Table 7 above discloses training
correlations. The change in weekly training intensity (training ratio) was negatively
correlated to changes in weekly MEm for the horses in active race training (already at a high
general level of maintenance energy). There were negative correlations (r’s between -0.09
and -0.93) for 19 of the 22 horses, with a mean r for those horses of -0.49. This is evidence
that for racehorses already in training, when they train harder (increased training ratio), they
tend to consume less energy, at least during a transition period. The horse that trained the
hardest (highest training ratio) ate the least haylage (only 20% of her ME input), had the
highest mean MEm / kg / BW (0.2107), the highest MEe / kg /BW (0.0243) but experienced a
high negative correlation (r = -0.68) between further increases in the training ratio and
changes in her high MEm requirements. These findings are consistent with those of Gordon,
et al. (2006), who found that as a training regime for Standardbred horses increased, they
began to consume less of a total mixed ration offered on an ad libitum basis. They called this
“training — induced energy balance mismatch”. This can be accompanied by short-term
fatigue. This should be distinguished from “overtraining”, which is a syndrome similar to
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chronic fatigue, associated with reduced performance that is not corrected by several weeks
of rest. Overtraining reduces appetite and BW, and involves a loss of interest in exercise
(Evans, 2007 and McGowan and Whitworth, 2008).

It is also possible that the increased training led to an increase in gastric ulceration. Gastric
lesions are highly prevalent in Thoroughbred racehorses in training (Murray, et al., 1996). In
their study, 93% of the 67 racehorses suffered from gastric ulceration, and the severity
increased with the intensity of training. The yard used for the present study was a low-stress
environment and feeding occurred throughout the day with chaff fed before exercise.
Nevertheless, the training would be expected to produce the increases in gastric pressure,
reduced volume and lower pH which Lorenzo — Figueras and Merritt (2002) found to
contribute to squamous mucosal lesions in the proximal portion of the stomach. Gordon, et al.
(2006) concluded that these contributed to the lower DE intake in their exercising horses.
This is one possible explanation for why fit horses may consume less feed when training is
increased.

The horses in this study were being trained for flat racing in the UK, where the majority of
horses racing are two to three years old. Eight of the horses were between 27 — 29 months
old (“two-year-olds”) during the study, with five of these running in one or more races during
the study. Ten of the horses were between 31 — 37 months old (“three-year-olds), with four
of these racing during the study. Published studies of the nutritional requirements of
Thoroughbreds up to 24 months old are abundant, however there are very few which report
on requirements during the crucial 24 — 48 month-old period for flat racehorses. According
to Staniar (2013), Thoroughbreds are still growing at the age of two, but very slowly, with
two-year-olds reaching 85 — 89% of their mature BW and three-year-olds having reached
95%, with withers height and cannon bone circumference maturing even faster. INRA
(2012) estimates 83% at 24 months and 95% at 36 months. Hintz (1979) found that
Thoroughbreds reached 80% of mature BW at 18 months. The NRC’s (2007) equation yields
very similar results and they note that the maintenance requirement of horses at 24 months is
the same as their “elevated” requirements for mature horses. Although not specifically
addressing Thoroughbreds, for young horses aged 30 — 36 months, INRA (2012)
recommends MEe of 6.2 UFC / day (equivalent to 0.1556 MJ ME / kg BW / d on the basis of
1 UFC = 12.05 MJ ME), which is within 10% of the result of this study. Horses in flat races
are_normally significantly younger than horses in National Hunt racing or harness racing,
with two and three-year-olds continuing to mature during training, which may explain the
higher MEm results of this study compared to others.

A distinction should be made between the maintenance requirements of these young horses
and their energy requirements for growth. As noted above, the horses in this study did not
gain weight during their three month participation in the study. The two year olds had a mean
weight loss of 1.3% (SD = 2.2%) during the study, whilst the 3YO’s had a mean loss of 0.9%
(SD = 2.1%). Examining the weekly weights from the inception of our study until one year
later, the young horses did gain weight, but very slowly: the two year olds gained a mean
5.8% (SD = 1.9%) and the three year olds gained 2.6% (SD = 3.1%). Applying the NRC’s
(2007) formula 1-3, expected growth would have been 9.6% and 3.4%, respectively. When
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yearlings commence flat race training in the UK at about 20 months old, they lose the adipose
tissue gained for the yearling sales, and gain muscle. When the training progresses towards
intensive training for a first race, weight gain ceases. Normally, two year olds are given a
break away from the racing yard at some point in the first year of training, and it is then that
they gain weight (D. Kubler, Kibler Racing, personal communication, 17 May 2020). The
calculated values for MEm in this study do not include energy required for weight gain,
because the horses in training (even temporarily reduced training) did not gain weight. This
is obviously also a function of effective diet management: feeding the appropriate energy to
match the intensity of training. For the young horses on a break, away from the training yard,
NRC’s (2007) equation 1-1 for MEm and 1-2 for weight gain would apply.

Anaerobic energy expenditure

This study utilized the methodology of Coenen (2010) to estimate anaerobic energy whenever
HR exceeded 110 BPM. The estimates ranged from 5.1% of total MEe for stalls training to
13.7% for sessions which included fast work on a track with a 3.2% gradient. Coenen’s
equation requires an estimate of the fitness of the horse, expressed as the quantity of lactate
per litre of blood at a given HR and speed. This study modelled anaerobic expenditure using
a blood lactate curve assuming 5.8 mmol lactate / Lat a speed of 29 kph and a HR of 180
BPM, a rate which is considered to be “average fitness” by Coenen (2010). The worst case
error from using an incorrect lactate curve assumption would occur during the most
demanding work. This study’s methodology would overstate MEe for a very fit horse
(concentration of 3.8 mmol / L) during a fast work session by 5.7%, and understate MEe for
an unfit horse (11.8 mmol / L) by 9.2%. The latter case would be unlikely, as unfit horses
were not trained in fast work until they became fit. Lacombe, et al. (2001) studied muscle
glycogen depletion and replenishment, reporting a maximal accumulated oxygen deficit
during fast training of 106 ml O, equivalent / kg BW. At the generally accepted rate of 20.1 J
/ ml O, (Blaxter, 1989), this would equate to 0.0021 MJ ME / kg BW. Aside from the most
intensive sessions, this is in-line with the anaerobic expenditure estimated here. The
repletion of muscle glycogen stores related to the accumulated oxygen deficit created during
a fast work training session does not occur within 24 h. However, by including an estimate
of anaerobic energy expenditure in the estimate of total MEe, and deducting MEe from total
intake to arrive at MEm, the creation of the oxygen deficit is properly classified here as MEe.

Because Coenen’s equation estimates the percentage of energy expenditure which is
anaerobic based on HR, not speed, it does not capture the total energy expended at the
initiation of a piece of fast work. According to Eaton (1994), at the onset of exercise, VO,
lags energy expended, and energy is supplied anaerobically. This is met by O, stores in the
body and anaerobic supply (Eaton, 1994). Eaton estimates that during fast work at a work
intensity of 125% of maximal oxygen uptake (VO2max), horses can reach 50% of VO,max IN
11 seconds, and 75% in 20.8 seconds. Coenen (2010) agrees that this period of oxygen deficit
at the onset of work is measured in seconds and concludes that it is of minor consequence.
This study investigated ten pieces of fast work to determine the difference between the
aerobic energy expended at the start of a sprint (based on HR) and the energy that would be
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expected based on speed, and found that the oxygen deficit at the start of a sprint can be up to
5% of the entire MEe. This was not accounted for in this study, and could be responsible for
a small (< 5%) underestimation of MEe for fast work sessions, but would not have a material
effect the overall findings. During flat race training and racing, this level of oxygen debt is
likely to take place only at the onset of a sprint, but for National Hunt racing, as well as polo
and show jumping, it is likely to play a greater role due to the multiple spurts of high
intensity exercise demanded by these sports.

Methodology

Previously published studies examining energy expenditure for maintenance are
predominantly based on feeding trials with inactive horses or horses in a confined space such
as a metabolic chamber. These include Winchester (1943), Wooden, et al. (1970), Hintz, et
al. (1971), Stillons and Nelson (1972), Pagan and Hintz (1986), Vermorel, et al. (1990),
Martin-Rosset and Vermorel (1991), Vermorel et al. (1997a) and Vermorel et al. (1997b). In
the feeding trials, bomb calorimeters were used to determine gross energy and DE was
determined by the heat of combustion of the faeces, producing more accurate results than this
study, which relied on the formulas created in those studies. By their nature, such studies are
limited to 4-5 days duration, cannot be run on days when the horse is exercising, do not take
place in a field setting, and place the horse in an unnatural state of forced inactivity. The cost
of the methodology precludes large sample sizes.

The methodology used here allows the measurement of actual ‘real-life’ training and
maintenance of racehorses over extended periods with a large sample size and therefore takes
into account the normal every-day stresses and strains that can influence energy expenditure
which are impossible to reproduce either in a metabolic chamber (maintenance) or on a
treadmill (exercise). This, in turn, provides a better understanding of variation and produces
results with a lower margin of error and high statistical power.

Using HR as the basis of measuring energy expenditure integrates any signal which induces a
change in metabolic effort. In particular, the slope of a track or the up and downhill on a
cross-country course, the weight of the rider and tack, additional weights applied for racing,
soft turf, riding against the wind, etc. will be recognized by HR if there is a change in demand
for oxygen. On the contrary, this parameter is compromised if horses are excited or suffer
from disease (Coenen, et al., 2011).

A shortcoming of this study’s methodology is that, in a quest for extended duration and a
large sample size, the entire sample was sourced from one training yard. Since flat racehorse
training in the UK is highly standardised, and because the study took place in the second
largest training centre in the UK, any resulting bias should be limited. The age profile of the
horses included in this study was broadly similar to the overall profile of UK flat racehorses
in training as reported by the British Horseracing Authority (2020). The advantage of using a
single yard was the reduction in the variation of exogenous factors.
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CONCLUSION

The mean field maintenance expenditure for racehorses in training for flat racing was found
to be 0.1694 MJ of metabolizable energy / kg of bodyweight (BW) / day (SD = 0.0192). The
maintenance requirement for horses actively racing was 11% higher than the others. The
overall result is 11 - 66% greater than the official guidance for Thoroughbreds in work found
in the US, France, Germany and the Netherlands, and can be partially explained by the
relative youth of flat race horses and the general increase in metabolism that takes place as
they train intensively. It also reflects the considerable variation in the definition of
maintenance in the literature. Including those actively racing, the level of variation in MEm
was low (CV of 10.7%) reflecting the homogeneity of the population. Since the young
horses in this study did not gain weight, there was no need to provision for average daily
gain, however the young horses gained weight slowly when given a break. Heart rate
monitoring of training revealed a mean estimated energy expenditure for training of 0.0212
MJ ME / kg BW / day (SD = 0.0049), based on a week’s training. This represents a multiple
of maintenance of only 12.3%, substantially lower than the official guidance. This can
partially be explained by the higher maintenance requirement in this study, the different
approaches to training across the world, as well as assumptions used for the efficiency of
energy use during periods of intense training. Overall, the total mean requirement for
racehorses in active race training is 0.1943 MJ ME / kg BW / day (SD = 0.0177), which is
4.2% to 22.3% less than the official guidance. Twenty-two racehorses were monitored over
283 horse weeks, and 730 training sessions were measured with HR monitors, making this
the most comprehensive field — based study of its kind undertaken to date.

Racehorses in training for flat racing exhibit a unique mix of characteristics affecting energy
requirements, including their youth, breed, changing body composition, variations in training,
the demands of racing and frequent alterations to high starch diets. This study only begins to
unravel the complex dynamics influencing energy balance in the racehorse.

17

0202 JoquianoN €0 UO Yn-oe'nesuspms@uageew Aq €e4ZS65/96 L EEXY/SBYEE0L 01 /10p/e|0IiB-80UBAPE/SB)/WO02 dNoolWepeoe//:sdiy Wol) papeojumoqg



DISCLOSURES
In order to ensure absolute objectivity, this study was entirely self-funded by the authors.
There are no conflicts of interest.

AUTHORSHIP

This study was a joint effort by the two authors, Prof. Meriel Moore — Colyer and Mark
Ebert. The original research question and concept was developed by Mr. Ebert, the study was
designed jointly, Mr. Ebert analysed the data and the article was jointly written.

End

18

0202 J18qWBAON €0 UO ¥n"oe’nesjuspnis@uagayiew Aq €Ev2S6S/961LBEXY/SBYSE0 0L /10p/ao1le-a0ueApe/se)/woo dnoolwepese//:sdiy wWoll papeojumod



LITERATURE CITED

Blaxter, K. L. 1989. Energy metabolism in animals and man. Cambridge University Press,
Cambridge, UK.

Blok, M. 2016. The EWpa systm, the actualised Dutch net energy system for horses. Central
Bureau Livestock Feeding (CVB), Product Board Animal Feed, Lelystad, The Netherlands.
http://www.docslides.com/the-ewpa system [accessed September 30, 2018].

British Horseracing Authority. 2020. BHA Racing Data Pack, February, 2020. British
Horseracing Authority, London.
http://media.britishhorseracing.com/bha/Racing_Statistics/Racing_Data_Packs_By Month_2
020/February.pdf [accessed July 20, 2020].

Coenen, M. 2008. The suitability of heart rate in the prediction of energy consumption,
energy expenditure and energy requirements for the exercising horse. In: Saastamoinen, M.,
and W. Martin-Rosset, editors, Nutrition of the exercising horse. EAAP publication No. 125.
Wageningen Academic Publishers, Wageningen, The Netherlands. p. 139 — 146.

Coenen, M. 2010. Remarks on the benefits of heart rate recordings. Proceedings of the 2010
Kentucky Equine Research Nutrition Conference. Kentucky Equine Research.

Coenen, M., E. Kienzle, I. Vervuert, and A. Zeyner. 2011. Recent German developments in
the formulation of energy and nutrient requirements in horses and the resulting feeding
recommendations. J. Equine Vet. Sci. 31:219-229. doi: 10.1016/j.jevs.2011.03.204.

DEFRA. 2018. Code of practice for the welfare of horses, ponies, donkeys and their hybrids.
https://assets.publishing. service.gov.uk/government/uploads/system/uploads/attachment_
data/file/700200/horses-welfare-codes-of-practice-april2018.pdf [accessed August 27, 2019].

Eaton, M. 1994. Energetics and performance. In: D. Hodgson and R. Rose, editors, The
athletic horse. W. B. Saunders Company, Philadelphia (PA). p. 49-61.

Evans, D. L. 2007. Welfare of the racehorse during exercise training and racing. In: N.
Waran, editor, The welfare of horses. Springer, UK. P. 181 — 201.

Fortier, J., G. Deley, A. G. Goachet, and V. Julliand. 2015. Quantification of the energy
expenditure during training exercises in standardbred trotters. Animal. 9:793-799.
d0i:10.1017/S1751731114003139.

Gallagher, K., J. Leech, and H. Stowe. 1992a. Protein, energy, and dry matter consumption
by racing Thoroughbreds: a field survey. J Equine Vet Sci: 12 (1): 42-48. doi:
10.1016/S0737-0806(06)81387-0.

Gallagher, K., J. Leech, and H. Stowe. 1992a. Protein, energy, and dry matter consumption
by racing Standardbreds: a field survey. J Equine Vet Sci: 12 (6): 382 - 388. doi:
10.1016/S0737-0806(06)81366-3.

19

0202 JoquianoN €0 UO Yn-oe'nesuspms@uageew Aq €e4ZS65/96 L EEXY/SBYEE0L 01 /10p/e|0IiB-80UBAPE/SB)/WO02 dNoolWepeoe//:sdiy Wol) papeojumoqg



Gordon, M. E., K. H. McKeever, S. Bokman, C. L. Betros, H. C. Manso-Filho, N. R. Liburt
and J. M. Streltsova. 2006. Training-induced energy balance mismatch in Standardbred
mares. Equine and comparative exercise physiology 3 (2): 73-82. doi: 10.1079/ECP200682.

Henneke, D. R., G. D. Potter, J. L. Kreider, and B. F. Yeates. 1983. Relationship between
condition score, physical measurements and body fat percentage in mares. Equine Vet. J.
15:371-372. doi:10.1111/j.2042-3306.1983.th01826.x

Hintz, H. F., S. J. Roberts, S. W. Sabin, and H. F. Schryver. 1971a. Energy requirements of
light horses for various activities. J. Anim. Sci. 32:100-102. doi:10.2527/jas1971.321100x.

Hintz, R. L., H. F. Hintz and L. D. Van Vleck. 1979. Growth rate of thoroughbreds: effect of
age of dam, year and month of birth, and sex of foal. J. Anim. Sci. 48: 3, p: 480 - 487. doi:
10.2527/jas1979.483480x

Hipp, B., K-H. Stium, A. Zeyner, G. Goren, and E. Kienzle. 2017. Renal energy excretion of
horses depends on renal hippuric acid and nitrogen excretion. J. Anim. Physiol. Anim. Nutr.
1-7. doi:10.1111/jpn.12756.

llle, N., R. Erber, C. Aurich, and J. Aurich. 2014. Comparison of heart rate and heart rate
variability obtained by heart rate monitors and simultaneously recorded electrocardiogram
signals in non-exercising horses. J. Vet. Behav. 9: 341-346. doi:10.1016/j.jveb.2014.07.006.

INRA. 2012. Equine nutrition: INRA nutrient requirements, recommended allowances and
feed tables. Wageningen Academic Publishers, Wageningen, The Netherlands.

Kienzle, E. and A. Zeyner. 2010. The development of a metabolisable energy system for
horses. J. Anim. Physiol. Anim. Nutr. 94:e231 — e240. doi: 10.1111/j.1439-
0396.2010.01015.x

Lacombe, V., W. Hinchcliff, R. Geor and C. Baskin. 2001. Muscle glycogen depletion and

subsequent replenishment affect anaerobic capacity of horses. J. Appl Physiol 91: 1782-1790.

doi: 10.1152/jappl:2001.91.4.1782.

Lortenzo — Figueras, M. and A. M. Merrit. 2002. Effects of exercise on gastric volume and
pH in the proximal portion of the stomach in horses. American Journal of Veterinary
Research 63: 1481-1487. doi: 10.2460/ajvr2002.63.1481.

Martin-Rosset, W., and M. Vermorel. 1991. Maintenance energy requirement variations
determined by indirect calorimetry and feeding trials in light horses. J Equine Vet Sci. 11-
1:42-45. doi: 10.1016/S0737-0806(06)81246-3.

McGowan, C. M. and D. J. Whitworth. 2008. Overtraining syndrome in horses. Comparative
Exercise Physiology 5 (2): 57 — 65. doi: 10.1017/S1478061508979202.

Meixner, R., H. Hornicke and H. Ehrlein. 1981. Oxygen consumption, pulmonary ventilation
and heart rate of horses during walk, trot and gallop. Univ. of Arkansas Press, Fayetteville,
AR.

20

0202 JoquianoN €0 UO Yn-oe'nesuspms@uageew Aq €e4ZS65/96 L EEXY/SBYEE0L 01 /10p/e|0IiB-80UBAPE/SB)/WO02 dNoolWepeoe//:sdiy Wol) papeojumoqg



Minetti, A. E., L. P. Ardigo, E. Reinach, and F. Saibene. 1999. The relationship between
mechanical work and energy expenditure of locomotion in horses. J. Exp. Biol. 202(Pt
17):2329-2338.

Miyaji, M., K. Ueda, Y. Kobayashi, H. Hata, and S. Kondo. 2008. Fiber digestion in various
segments of the hindgut of horses fed grass hay or silage. Animal Science Journal: 79, 339-
346. doi.org/10.1111/j.1740-0929.2008.00535.x

Miiller, C. 2018. Silage and haylage for horses. Grass Forage Sci.73: 815-827. doi:
10.1111/gfs.12387

Miller, C. 2009. Long-stemmed vs. cut haylage in bales — Effects on fermentation, aerobic
storage stability, equine eating behaviour and characteristics of equine faeces..Animal Feed
Science and Technology: 152, 307-321. https://doi.org/10.1016/j.anifeedsci.2009.04.016.

Muhonen, S., J. Lindberg, J. Bertilsson and A. Jansson. 2009. Effects on fluid balance,
digestion and exercise response in Standardbred horses fed silage, haylage and hay.
Comparative Exercise Physiology 5: 133-142. https://doi.org/10.1017/S1478061509342334.

Murray, M. J., G. F. Shusser, F. S. Pipers and S. J. Gross. 1996. Factors associated with
gastric lesions in Thoroughbred racehorses. Equine Veterinary Journal 28: 368 -374. doi:
10.1111/j.2042-3306.1996.tb03107.x

NRC. 2007. Nutrient requirements of horses. 6th rev. ed. National Research Council of the
National Academies; Natl. Acad. Press, Washington, DC.

NRC. 1989. Nutrient requirements of horses. 5th rev. ed. National Research Council of the
National Academies; Natl. Acad. Press, Washington, DC.

Pagan, J. D., and H. F. Hintz. 1986a. Equine energetics I. Relationship between body weight

and energy requirements-in horses. J. Anim. Sci. 63:815-821. doi:10.2527/ jas1986.633815x.

Pagan, J. D. 1998. Measuring the digestible energy content of horse feeds. Advances in
equine nutrition. Nottingham University Press. 71-76.

Pagan, J. D., A. Hauss, A. Swanhall, E. Ford, E. Rugg, A. Bouquet, and A. Pritchard. 2017.
Water, Concentrate, and Hay Intake in Thoroughbred Racehorses. Abstracts / Journal of
Equine Veterinary Science 52: 76-95. (Abstr.)

Robergs, R., and A. Burnett. 2003. Methods used to process data from indirect calorimetry
and their application to VO, max. J. Exerc. Physiol. 6(2):44-57.

Southwood, L.L., D. L. Evans, W. L. Bryden and R. J. Rose. 1993. Nutrient intake in
Thoroughbred and Standardbred stables. Australian Veterinary Journal: 70-5: 164-168. doi:
10.1111/j.1751-0813.1993.tb06119.x

Staniar, W. 2013. Feeding the growing horse. In: R. J. Geor, P. A. Harris and M. Coenen,
editors, Equine applied and clinical nutrition. Elsevier Ltd., UK.

21

0202 JoquianoN €0 UO Yn-oe'nesuspms@uageew Aq €e4ZS65/96 L EEXY/SBYEE0L 01 /10p/e|0IiB-80UBAPE/SB)/WO02 dNoolWepeoe//:sdiy Wol) papeojumoqg



Stillions, M. C., and W. E. Nelson. 1972. Digestible energy during maintenance of the light
horse. J. Anim. Sci. 34:981- 982. d0i:10.2527/jas1972.346981x.

Thompson, K. N., S. G. Jackson and J. P. Baker. 1984. Apparent digestion coefficients and
associative effects of varying hay: grain ratios fed to horses. Nutr. Rep. Int 30 (1): 189-197.
doi:10.1079/ECP200683

Vermorel, M., W. Martin-Rosset and J. Vernet. 1990. Energy utilisation of two diets for
maintenance by horses; agreement with the new French net energy standards. J Equine Vet
Sc. 10(6):449-452. doi: 10.1016/ S0737-0806(06)80142-5.

Vermorel, M., W. Martin-Rosset, and J. Vernet. 1997a. Energy utilization of twelve forages
for mixed diets for maintenance by sport horses. Livest Prod Sci. 47:157-167. doi:
10.1016/S0301-6226(96)01402-9.

Vermorel, M., W. Martin-Rosset, and J. Vernet. 1997b. Digestive and energy utilisation of
two diets by ponies and horses. Livest Prod Sci 51:n 13-19. doi: doi:10.1016/ S0301-
6226(97)00108-5.

Winchester, C. F. 1943. The energy cost of standing in horses. Science 97:2505.
doi:10.1126/science.97.2505.24.

Wooden, G. R,, K. L. Knox, and C. L. Wild. 1970. Energy metabolism in light horses. J.
Anim Sci. 30:544-548. doi: 10.2527/jas1970.304544x.

22

0202 JoquianoN €0 UO Yn-oe'nesuspms@uageew Aq €e4ZS65/96 L EEXY/SBYEE0L 01 /10p/e|0IiB-80UBAPE/SB)/WO02 dNoolWepeoe//:sdiy Wol) papeojumoqg



Table 1. Description of horses included in this study

Agein Weeks in No. of races up No. of races
Sex Study study BW to end of study during study
Filly 2 11 432 6 5
Filly 2 15 431 5 4
Filly 2 15 423 5 5
Filly 2 15 435 2 2
Colt 2 15 478 1 1
Filly 2 15 481 0 0
Filly 2 6 489 0 0
Filly 2 10 448 0 0
Filly 2 13 508 0 0
Colt 3 13 517 1 1
Colt 3 13 479 0 0
Filly 3 13 448 5 0
Colt 3 13 449 2 2
Filly 3 13 438 2 1
Colt 3 13 479 0 0
Filly 3 13 501 1 1
Filly 3 13 483 0 0
Colt 3 10 493 0 0
Gelding 4 13 457 3 2
Gelding 4 13 475 3 3
Gelding 5 13 496 0 0
Gelding 7 13 527 34 3

BW = body weight
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Table 2. Chemical composition and energy content of feeds

No.10  No.16 No.14 No. 19 No.21  Outshine
Racehorse Racing Low-cal Performance Easeand HighFat Alfalfa

Mix Lignt Balancer  Balancer Excel Supplement Blend Haylage

Crude protein (g/lkg/DM) 130 120 160 260 130 125 150 92
Crude fibre (g/kg/DM) 80 110 120 75 180 80 270

Starch (g/lkg/DM) 320 260 80 60 80 190 37

Oil (g/kg/DM) 85 45 45 70 105 260 40

Ash (g/kg/DM) 60 75 150 150 80 70 11 66
Digestible energy (MJ/kg/DM) 14.0 11.8 11.7 11.3 13.0 24.0 9.0 8.2
Metabolisable energy (MJ/kg/DM) 12.8 10.6 10.2 9.0 11.6 22.8 7.2 6.6
Acid detergent fibre 382
Neutral detergent fibre 759

All feeds except haylage were manufactured and packaged by Bailey’s Horse Feeds, Bramntree, Essex, England.
MJ = megajoule, DM = dry matter
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Table 3. Mean dry matter and metabolizable energy intakes for 22 racehorses

Mean dry matter intake / d Mean ME intake / d
kg DM™ Asa%of MIME" As a % of

kgBW™d Cl totaldiet ~ kgBW'd Cl total diet
Intake of haylage 0.0079 0.0008 40.3% 0.0529 0.0050 28.0%
Intake of chaff 0.0017 0.0001 8.9% 0.0152 0.0038 8.0%
Intake of concentrates 0.0100 0.0009 50.8% 0.1208 0.0133 64.0%
Total intake 0.0196 100.0% 0.1888 100.0%
Total for a 500kg horse / d 9.8054 94.4119
Intake of crude protein 0.0024  0.00031 12.0%
Intake of starch 0.0025 0.00034 12.7%

DM = dry matter, ME = metabolizable energy
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Table 4. Weekly average training programmes for a 3 YO (middle distance) and a 2 YO (sprinter)

Date Gallop name Surface Incline Activity  Intensity  Duration MEe MeanHR Distance Top Speed
% % min. MJ ME bpm km kph
Gelding Middle-distance (9F), BW =485 kg, Age 37 months (3YO)
Sunday walker 2.0% 46.9 1.0 54.3 1.8 6.3
Monday The Long Polytrack 2.0% 8 F canter 32.2% 64.0 15.3 94.4 8.5 45.9
Tuesday The Short Ecotrack 2.4% 5 F Canter 27.6% 65.1 13.1 88.4 7.7 39.0
Wednesday The Short Ecotrack 24% - SFCaner - yg g0 74.6 232 1033 10.4 56.1
The Long Polytrack 2.0% 5 F Gallop
Thursday The Short Ecotrack 2.4% 5 F Canter 27.6% 65.1 13.1 88.4 7.7 39.0
Friday Folly Road Fibresand 2.8% 7 F Canter 16.1% 32.0 7.7 93.4 4.0 37.9
Saturday The Short Ecotrack 24% - SECaner - yg g0 74.6 232 1033 10.4 56.1
The Long Polytrack 2.0% 5 F Gallop
Weekly Totals 29.0% 422 96.6 91.1 50.5 56.1
Fillie Sprinter (5-6F), BW = 436 kg, Age 29 months (2YO)
Sunday Day off walker 2.0% 46.90 0.9 54.3 1.8 6.3
Monday Folly Road Fibresand 2.8% 7 F canter 16.1% 32.00 6.9 934 4.0 37.9
Tuesday The Shor_t chotrack 2.4% 5 F Canter 41.5% 79,90 177 98.8 9.9 437
Fisher's Hill Activ Track 5.5% 5 F Canter
Wednesday Folly Road Fibresand 2.8% 7 F canter 16.1% 32.00 6.9 934 4.0 37.9
Thursday The Short Ec'otrack 2.4% 5 F Canter 41.5% 7290 177 98.8 9.9 437
The Long Activ Track 5.5% 5 F Canter
Friday Folly Road Fibresand 2.8% 7 F canter 16.1% 32.00 6.9 934 4.0 37.9
Saturday The Short Ecotrack 2.4% 5 F Canter 48.9% 74,60 20.9 1033 104 56.1
The Long Polytrack 2.0% 5 F Gallop
Weekly Totals 26.0% 363 92.6 57.5 44.0 56.1

Intensity, duration, MEe, mean HR, distance and top speed values are mean values for all horses in the study (from Table 6)
MJ ME = megajoules of metabolisable energy, bpm = beats/ minute, BW = bodyweight, YO = years old

Includes a 60kg rider and 8kg racing tack.
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Table 5. Summary of 283 weeks of racehorse training: means of duration, mean HR, distance, training ratio and energy expenditure

Mean SD Cl CVv MOE
Active race training: n = 193 weeks
Duration: Minutes exercised / week 333 75 11 23% 1.6%
Mean HR, BPM 89 13 2 15% 1.0%
Weekly distance trained, km 39 20 2.9 53% 3.7%
Training ratio 22% 5.0% 0.7% 23% 1.6%
MEe, MJ ME / kg BW / day 0.0212  0.0049  0.0007 23% 1.6%
Reduced training: n = 90 weeks
Duration: Minutes exercised / week 273 68 14 25% 2.6%
Mean HR, BPM 79 14 3 18% 1.8%
Weekly distance trained, km 20 8 2 37% 4.0%
Training ratio 11% 4.1% 0.9% 40% 3.9%
MEe, MJ ME / kg BW / day 0.0105 0.0042  0.0009 40% 4.2%

Horses in "active race training" normally trained six days / week on the gallops.
Horses in "reduced training™ were normally active six days / week, but their training consisted of walker, hacking (trotting) and easy cantering.
Training ratio is the energy expenditure of a training session divided by the standard energy

expenditure of standing still for 24 hours, 0.098 MJ ME / kg BW.

HR = heart rate in BPM, BPM = beats per minute,

MEe = metabolizable energy expenditure for exercise, includes a 60kg rider and 8kg racing tack
BW = bodyweight, MOE = margin of error
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Table 6. Summary of 701 training sessions for 22 flat racehorses at Lambourn, England, disclosing: mean duration, training ratio, maximum
speed, distance, anaerobic energy expended, average heart rate and energy expenditure by gait.

Traini Energy Expenditure (j ME) / metre /
ng kg BW

Durati Max Distan Anaerobic Avg
on  Ratio speed ce Walk Trot Canter Gallop EE HR
Training (gradient, distance) n= min % kph km jME  jME j ME j ME % of total EE BPM

The Short (2.4%, 5F) + Fisher's Hill Mea
(5.5%, 5F) 54 n 729 41.2% 43.7 9.9 4.3 3.8 5.3 4.1 7.0% 98.8
Cl 20 1.8% 0.9 0.7 0.2 0.3 0.3 0.3 0.9% 4.5

Mea
The Long (2%, 8F) 95 n 64.0 32.6% 45.9 8.5 3.7 3.3 55 4.8 11.3% 94.4
Cl 28 2.0% 2.2 0.3 0.4 0.3 0.6 0.7 2.5% 3.2

Mea
Folly Road (2.8%, 7F) 309 n 320 16.2% 37.9 4.0 3.7 4.4 4.4 4.3 9.4% 93.4
Cl 0.7 0.5% 0.5 0.0 0.1 0.1 0.1 0.1 0.5% 1.2

Mea
2 X Folly Road (2.8%, 7F) 4 n 41.6 29.4% 45.1 6.7 4.7 5.3 5.8 3.8 9.8% 110.8
Cl 50 7.2% 3.0 0.3 1.8 2.8 2.8 0.8 3.8% 11.1

Kingsdown, (3.2%, 8F) warm-up + fast Mea
gallop 7 n 75.6 53.6% 55.0 10.4 51 none 3.8 2.6 13.7% 1119
Cl 6.1 7.7% 3.1 0.5 0.7  none 1.1 0.7 5.1% 9.1

The Short (2.4%, 5F) + The Long Mea
(2.8%, 8F), fast 59 n 746 48.7% 56.1 10.4 4.9 3.9 5.8 4.9 10.0% 103.3
Cl 18 3.3% 1.9 0.5 0.3 0.3 0.4 0.6 4.5% 4.1

Mea
The Short (2.4%, 5F) 62 n 65.1 28.1% 39.0 7.7 3.5 3.3 5.1 4.7 8.0% 88.4
Cl 24 2.9% 1.7 0.2 0.3 0.4 0.5 0.6 1.8% 3.0

Mea
The Short (2.4%, 5F) + stalls training 8 n 712 37.9% 39.5 8.6 5.1% 86.8
Cl 59 45% 2.0 0.4 1.4% 21.1

Mea
Hack 58 n 45.0 14.5% 14.0 5.0 3.3 3.1 84.1
Cl 23  1.9% 0.5 0.3 0.6 0.3 4.5
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Walker then ridden in round pen

Walker, then lunged in round pen

Walker on day off, nervous

Walker on day off, mod. nervous

Walker on day off, calm

Total number of sessions

18

13

3

701

Mea
n

Cl
Mea
n

Cl
Mea
n

Cl
Mea
n

Cl
Mea
n

Cl

27.5
4.4

41.9
5.8

59.5
5.6

57.8
11.5

46.9
3.6

9.8%
1.8%

24.0%
7.6%

34.6%
6.7%

15.5%
2.1%

2.0%
1.1%

13.0
0.8

15.7
4.2

51
0.5

5.4
0.7

6.3
0.7

1.6
0.2

2.6
0.2

1.9
0.4

2.1
0.5

1.8
0.5

3.8
0.6

3.7
0.7

2.8 88.6
2.0 6.4

95.0
10.2

103.2
8.3

4.7
6.2

54.3
145

n = number in sample. Intensity = MEE for the session / standard EE of standing for 24 hours (0.098 MJ ME / kg BW / 24 hours). BW = body

weight.
HR = heart rate.

BPM = beats per minute. EE = energy

expenditure.

Anaerobic energy expenditure was calculated according to the methodology of Coenen (2010) as described in the Materials

and Methods section.
Includes a 60kg rider and 8kg racing
tack.
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Table 7. Energy expenditure of exercise correlations

Duration/ME e

Mean HR/ME e

Distance/ME e

Distance/duration

Max speed/ME e

Weekly change in ME e/weekly change in training ratio

0.913
0.294
0.947
0.970
0.770
-0.343

ME e = Energy expenditure of exercise
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Table 8. Energy expenditure for field maintenance for 22 racehorses in training for flat racing

Energy expenditure for field maintenance

Mean SD Conf. Int. Ccv MOE
MJ ME MJ ME MJ ME
Type of training n (horses) weeks kgBW/d kgBW/d kgBW/d % %
Active race training 20 193 0.1731 0.0174 0.0076 10.1% 2.2%
Reduced training 15 90 0.1609 0.0161 0.0077 10.0% 2.4%
Combined 22 283 0.1694 0.0192 0.0080 11.3% 2.4%

ME = metabolizable energy, BW = body weight, MOE = margin of error
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Table 9. Comparative maintenance energy consumption

MEm Difference P Value
Geldings 0.1707
2.7% 0.286
Fillies 0.1754 °
Two year olds 0.1757
2.4% 0.319
Three year olds and older 0.1717 °
i i ini 1731
All per!ods of active race .trz?unlng 0.173 7 506 0.020
All periods of reduced training 0.1609
Per!ods of act!ve race tra!n!ng, currenFIy racmg 0.1803 11.0% 0.012
Periods of active race training, preparing for first race 0.1623
Perlods_ of active race tralruhg, preparing for first race 0.1623 0.9% 0.419
All periods of reduced training 0.1609

MEm = Maintenance energy consumed / day, MJ ME / kg BW / day
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Table 10: Comparison of the results of this study for the energy expenditure of training and maintenance of racehorses to leading studies

MJ ME / kg BW / day
MEe: EE for Maintenance  Total energy

Source Horse type Activity Exercise  Requirement Requirement
This study TB racehorses Active flat race training 0.0212 0.1731 0.1943
This study TB racehorses Reduced training 0.0105 0.1609 0.1714
US: NRC (2007)! TB racehorses Racing TB's, very heavy work 0.1185 0.1316 0.2501
US: NRC (2007)" TB, SB, QH, Endurance Race training, middle stages 0.0724 0.1207 0.1932
France: INRA (2012)? TB / Standardbred Very intense competition, racing 0.0964 0.1283 0.2247
Netherlands: Blok (2016)3 TB mare / gelding Eventing, trot and racing sport, Class IV 0.0986 0.1041 0.2028
Germany: Coenen, at al. (2011) Thoroughbred Fully trained 0.1556

T US: NRC (2007): p.26 - Converted from DE to ME by multiplying DE by 0.866, the mean ME/DE ratio from the 22 diets in this study

2 France: INRA (2011): p.25 - UFC converted to ME by using the ME value of 1kg of barley, 12.05 MJ, converting MBW to BW on the basis of a 500kg horse,
adding 35% correction for "exercising TB / Trotter" status. Table 6.18 recommends equivalent of 0.2008 MJ ME / kg BW / d.

3 Netherlands: Blok (2016): p.7 - Ewpa converted to ME using the ME value of 1kg of oats, 11.4MJ, and converting MBW to BW on the basis of a 500kg horse
adding 0.021 Ewpa / kg MBW / d. supplement for working status.

4 Coenen, et al. (2011) - Thoroughbred guidance used. Converted MBW to BW on the basis of a 500 kg horse. 15% correction for "fully-trained" status

ME = metabolizable energy, BW = body weight, MEe = energy requirement for exercise

TB = Thoroughbred, SB = Standardbred (trotters), QH = Quarter horse
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